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A r s  E le c t r o n i ca 

F o r e w o r d  

"Whether we l i ke i t  o r  not. " writes O rtega y G asset .  " h uman  l i fe i s  a constant preoccupat i on  

with the futu re . "  As the  c l os i ng  decades of o u r  centu ry c l ea r l y  show, stepp i ng  ac ross i nto the new m i l ­
l e n n i u m  means  more than mere ly pass i n g  a mag i ca l  date .  I t  means  stepp i ng  i nto a n e w  futu re ,  the  
un fu r l i n g  of a terra i ncogn ita ,  the emergence of the d i g i ta l  wor ld  with a l l  i ts u n knowns .  

I t  means  tak ing l eave of a wor ld that has  been ma rked for over 500 years by the p r i n c i pa l  med i ­
u m  of the modern era ,  t h e  book .  Even t hough  the book  wi l l  n o t  c ease  to exi st, i t  w i l l  be su perseded as  

the pr i n c i p a l  med i um  by the d i g ita l med ia  with a l l  the i r  networks. Thus ,  "go ing  d i g i ta l "  stands  as  a s i g ­
natu re of transformat ion between these two decades before  and  after  the change  of the m i l l e n n i u m .  

T h i s  c u l t u ra l  t ransformat ion ,  th i s  med ia  d i s i nteg rat i o n ,  w a s  w h  at t h e  A r s  E l ectro n ica Fest iva l took as  a 
foc a l  po i n t  of ref lect ion at the end of the sevent ies  i n  L i n z .  

A r s  E l ectron ica began  i n  1 979 ,  open i n g  w i t h  the L i n ze r  " C l o u d  of Sound , "  a s  a fest iva l  for a rt .  

tec hno l ogy, and soc i ety. I t  was j o i nt ly organ i zed  by the Brucknerhaus  L i nz and  the ORF ( Österre i c h i sch ­

e r  R u ndfu nk )  U pper Austr i an  Reg iona l  Stu d i o .  The OR F  Uppe r  Austr i a n  Reg iona l  Stu d i o  later  added  
a nothe r  d imens i on  w i th  the P r i x  Ars  E l ectro n i ca ,  a compet i t i o n  for computer a rts ,  and  cont i n ued  t h i s  

d eve lopment  w i t h  t he  i n i t i at ive fo r  t he  A rs  E l ectra n i ca Center, a museum of the future .  

Today, Ars E l ectron ica has become a n  i nternat i o na l  t radema rk, the trademark of a c i ty fac i n g  

the future .  Yet Ars E l ectron i ca  i s  a l so an  examp l e  o f  h ow a trademark deve lops  out  o f  a n  i d e a ,  h ow  a n  
i d ea  b e g  i n s  to g raw fram concepts, how a n  i d e a  unfo l d s .  

S i nce 1 996 t he  Ars E l ectron i ca Center  and  the OR F  Uppe r  Aust r ian  Reg i o na l  Stu d i o  h ave  been  

co- respon s i b l e  f o r  t h e  festiva l .  As  head  o f  the O R F  Uppe r  Austr i an  Reg i o na l  Stud i o ,  I have been  a b l e  t o  
cont r i bute to the deve lopment o f  Ars E l ectran i c a  w i t h  i n i t i at ives a nd  i d ea s .  The centra l i s s ue  t h i s  

i nvo lves i s  recogn i z i ng  t he  e ra and t he  harb i nge rs o f  a deve l opment  at the r i g h t  t ime .  
The o r i g i na l  texts that fo l l ow prav i de  the reade r  w i t h  a g l i m pse i nto the wo r l d  o f  i deas  that 

have contr i buted to def i n i n g  the i nd i v i dua l  phases i n  the deve l opment  of Ars E l ectran ica fram 1 97 9  to 
the present. The a rti c l e s  a re taken from the respective cata l ogues  of Ars E l ectron i c a  and the Pr ix Ars 

E l ectron i ca  fram 1 979 to 1 998. 
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Idea and Concept 

On September  1 8 , 1 979 ,  when Ars E l ectron i ca  is opened in L i n z  for the f i rst t ime  i n  con junc ­

t i o n  with the I nternat i o na l  B ruckner  Fest iva l ,  th i s  event wi l l  be sett i ng  the cou rse for the future i n  sev­
e ra l  d i fferent ways. Th i s  e l ectro n i c  a rts event s i g na l s  a fu rther, l o g i c a l  expans i on  of the B ruckne r  

Fest iva l ,  add ress i n g  i n  t h i s  case a spec i f i c  s ubject matter. 

I n  t h i s  way, the L lVA and  the OR F  Upper  Austr i a n  Reg i ona l  Stu d i o  i ntend not on l y  to cont r i bute 
to the f u rthe r  d eve l opment  of the I nternat i ona l  Bruckner  Fest iva l ,  but a l s o  to prov i de  a dec i s ive i m p u l se 

for the future d i rect i on  of the deve l opment :  to i n i t iate i n  L i nz  a center for e l ectro n i c  a rts ,  a spec i f i c  but 
cruc ia l  f i e l d  of the avant-ga rde .  

The p resent  f undamenta l concept for the contents of  Ars  E l ectron i ca  o r i g i nated with the cyber­
net i c i st a nd  phys i c i a n  D r. Herbert W. Fra nke from Mun i ch ,  the e l ectron i c  mus i c i a n  and  compose r  H u bert 
Bogne rmayr, and  the head of the O R F  Uppe r  Austr i an  Reg i ona l  Stud i o ,  D r. Hannes  Leopo l d sede r. 

The pu rpose of Ars E l ectro n i ca i s  not to take stock of the past; it i s  o r i ented i n stead to the 

d eve l opments of tomorrow. Thus  t h i s  event  for e l ectron i c  a rts and  new expe r i ence  assumes  a cha rac­
ter of i n ca l c u l a b i l i ty, of r i sk ,  and  of dar ing to t ry someth i ng  new. At the same t ime,  h owever, Ars 

E l ectro n i ca poses a cha l l enge  to a rt i sts ,  techn i c i a ns ,  cu l tu ra l  cr it ics , and u l t imate l y  to the p u b l i c  

encounte r i ng  n ew  forms of express i o n  i n  a rt .  
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Electronics-Art-Society 

With the present program concept, Ars E l ectron i ca  80 is presented as an i nterd i s c i p l i n a ry 
forum for e l ectron i cs ,  a rt ,  and  soc i ety and  i nvolves f ive ma i n  object ives :  

1 .  Soc io -cu l t u ra l  a n imat ion  p rojects ( L i n ze r  Stee l  Symphony by  K l aus  Schu l ze ,  ste e l  workers and  

mach i nes  of the VOEST-ALP I N E  L i nz ,  L i nzer  K l angwo l ke by  Wa lter Haupt-symphon i c  open-a i r  conce rt 

with Bruckne r's 4th Symphony, J o i n  I n  Concert MUS I CA CR EATIVA in the ma i n  squa re of L i nz ) ,  

2 .  Perfo rmances of e l ectro n i c  mus i c ,  
3 .  Workshop  sympos ia  on  e l ectron i c s  i n  mus i c ,  i n  l i teratu re, i n  v i s ua l  de s i g n ,  and  i n  sc i ence  and  soc i ­
e ty  (w i th  pa rt i c i pat ion of e . g .  Bob Moog ,  Wendy Car los )

' 
4. Exh i b i t i o n  a nd  a u d i ence act iv it i e s ,  

5 .  Chess computer  wo r l d  champ ionsh i p .  

A r s  E l e ctron i ca  i s  i ntended to s e t  s i g n a l s  f o r  t h e  future .  Not on l y  as  an  attempt to l i n k  tra d i ­

t i on  and  avant-ga rde ,  but  a l so as  a c u l t u ra l  exper iment seek ing  to i n f l uence t h e  cu l t u ra l  awareness of 

the p u b l i c  in new ways. 
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Culture of the Information Society 

Ars E l ectron i ca  82 wi l l  beg i n  on September 24, 1 982-that i s ,  6 ,308 days before the year  
2000 .  For the year 2000,  econom i sts expect  the f i fth Kondrat i eff wave, with m i c roprocessors be ing the 

ca r r i e r  structu re .  As i n d u str i a l  soc i ety has  revo lved around the mach i ne ,  the age  of the m i c roproces­

so r-the  th i rd i n d ustr i a l  revo l ut i o n-wi l l  be determ i n ed  by informat i o n  and c ommun i c a t i o n .  

I nformat i on  soc i ety, w i t h  the deve l o pments o f  broadband cab l e  systems ,  home e l ectro n i cs ,  a nd  d i rect 



rad i o  sate l l i tes ,  w i l l  prod uce new modes of c u l t u ra l  behav i o u r  a nd-due  to the change  of tec h no l og i es 

a nd  med i a-a lso  new fo rms and  contents of a rt i s t i c  c reat iv i ty. 

F ive features have been ma i n  cons i de ra t i ons  in deve l o p i n g  the program for Ars E l ectro n i ca 82 :  

1 .  Ars E l ectron i ca  82 is concerned with Du r  future .  

2 .  Ars E l ectron i ca  82 is  d i rected at a def i nab l e  mun i c i p a l  c ommun ity and  a soc i a l  structu re for  wh i ch  

a n  expanded cu l tu ra l  concept i s  to be deve l oped .  Th i s  p rocess  i s  to evo lve  from ex i st i n g  cond i t i ons  and  
i s  to i n i t i ate c u l t u ra l  i ntra-c i ty commun i cat i o n .  

3 .  A r s  E l ectron i ca  82 wants t o  use n ew tech no l o g i e s  i n  a rt, i n  i nterd i s i p l i na ry concentrat i o n ,  a s  we i l  a s  
i n  n ew ways o f  commun icat i on .  

4 .  A rs  E l ectron i ca  82 str ives to  i ntegrate e l ectro n i c  poss i b i l i t i e s  a nd  med i a  and  the contents offe red­

the e l ectron i c  fac i l i t ies of rad i o  and  te l evi s i o n  a re not on l y  reproductive med i a  but i n i t i ators of a n i ma­
t ion ,  creat iv i ty, and  creat ive cu l tu ra l  a ch i evement .  

5 .  Ars E l ectron i ca  82 presents commiss ions exc l u s ive ly, that i s ,  p rojects deve l oped spec i f i ca l ly for Ars 

E l ectron i ca .  Thus  the c l a im  of i n novat ion and the spec i f i c  i dent i ty of L i n z  a s  a c u l t u ra l and i n d ustr i a l  
c i ty a r e  be i ng  taken i nto account .  

Ars E l ectron ica beg i n s  6 ,308 days before the yea r 2000 ,  i t  ends  6 ,300 days before the year 
2000 ,  as  we may see from the "Ca l enda r  2000" i n i t iated by the "Comm ittee 2000 . "  The days in 

between be l ong  to the future ,  to the sti m u l at i on  of forms of a rt for the i nfo rmat ion soc i ety. 
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The New Computer Culture 

" I t  is i nc red i b l e  but true :  one s i n g l e  new techno l ogy wi l l  rad i c a l l y  change  the l ives of a l l  of u s . "  

Th i s  t h e s i s  i s  the ep ig raph that D i eter Ba l k hau sen  puts at the front o f  h i s  books about  the "Th i rd 

I n d u str i a l  Revo l ut i on , "  renowned standards  by now. What Ba l khausen  form u l ated about  m i c roe l ec­
tron i c s  i n  the sevent ies seems to apply even more i mpress ive ly to another key techno l ogy :  to b i otech­

no l ogy. Both are bas ic i n novat ions ,  chang i n g  our economy, Dur soc i ety, and the who l e  of Dur l i fe :  they 
a re respons i b l e  for a new cu l tu ra l  stage of our c i v i l i zat i o n .  

T h e  trends  v i s i b l e  today a re presumab l y  no  mo r e  t h a n  p r ima ry tendenc ies .  T h e  new e ra wi l l  not 

estab l i s h  itse l f  un t i l  afte r a per iod of trans i t i on .  I n novat i ons  and changes  have one th i n g  in common ,  a 

new raw mater i a l :  not go l d ,  not stee l ,  not petro l ,  but  i nformat i on  and  know ledge .  I nformat ion  is the 
c u rrency of the new age .  As the i nd ustr i a l  soc i ety, sta rt i ng  from Ford 's Mode l  T. made the a utomob i l e  
a mass  product , so does  Du r  decenn i um  use  the product ion of i nformat i on a s  the prope l l i n g  force o f  its 

econo rny. And i f  i n  those days the trans i t i on  from the ag r i cu l t u ra l  to the i n d u str i a l  soc i ety changed  soc i ­
ety as a who l e ,  as we i l  as the l i fe of the i n d i v i d u a l ,  the change f rom the i n d u str i a l  to the i nformat ion 

soc i ety entra i n s  changes as far-reach i ng  as  then ,  with the d i ffe rence that today's trans i t i on  i s  a much 
faster one ,  tak ing less than one qua rter of the t ime of the forme r. Beca use  of the speed of th is change ,  

the o l d  system and the new, g rowi ng structure are very c l ose to each othe r, wh i ch  i s  a cause  of con ­
f l i cts and  negat i ve  conseq uences on one hand ;  on the othe r  i t  imp l i e s  that  o n l y  a " new g round  of th i nk­

i n g "  ( Frede r i c  Veste rl can cope with the passage from the technocrat ic  to the cybernet ic  era .  
Both c u l tura l  need and  cu l tu ra l  behav i o u r  u nde rgoes a permanent  transformat i on .  The 

Amer i can John Na i sb i tt expressed one of the " megatrends "  that a re c hang i n g  our l i fe in the formu l a :  
" T h e  h i g he r  t h e  tech no l ogy, t h e  h i gher  t h e  n e e d  f o r  contact .  T h e  more we  i ntroduce  tec h no l ogy i nto 
soc i ety, the more peop l e  c udd l e  togethe r  . . .  You do  not go  to the c i n ema  on l y  to see a mov ie ,  you 
rather  go to the c i nema to l a ugh  and cry with 200 othe r  peop l e .  I t  i s  an  event . " Peop l e  deve l o p  a new 



fee l i n g  of the "we" ;  i n  the a reas  of c u l t u re and a rt the need for events and  a dventure i n creases .  
Common expe r i ence  comes to the fore .  I n  the  last two decades ,  a wor l dw ide  i n c rease  i n  open-a i r  con­
ce rts can  be noted ;  rock concerts ,  g reat events ,  serve as a s igna l  of  co l l ect ive expe r i ence .  

The c h i l d ren  born i n  the O rwe l l  year  of 1 984 w i l l  be 35 years o l d  i n  20 1 9 . They  a re the gene r­
at ion that wi l l  be respon s i b l e  for o u r  soc i ety then .  Does 1 984 mark the beg i n n i n g  of a revo l ut i on  of o u r  
soc i ety-and w i l l  it be comp l eted by  20 1 97 Today's new bas i c  i nnovat i ons  wi l l  ra n k  among  the o l d  

techno l og i e s  by t h en ;  the i r  i nfrastructure wi l l  determ i ne  ou r  economy, o u r  soc i ety, a rt ,  and  c u l tu re .  T he  
e l ectron i c s  soc i ety wi l l  be i n  f u l l  b l o om .  Work ing o u t  t h e  tracks-th i s  i s  today's c ha l l e nge .  
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Ten Indications 01 an Emerging Computer Culture 

(The full text of "ren /ndications of an Emerging Computer Cu/ture " appears be/ow in this vo/ume.) 

1 .  Computer c u l t u re i s  a n  eme rg i n g  c u l tu re .  
2 .  Computer c u l t u re ca l l s  for a new a l phabet. a new language ,  a new way of th i n k i n g .  

3 .  Computer c u l t u re d emand s  t h e  computer- l i te rate l ea rn i ng  soc i ety. 
4. Computer c u l t u re req u i res  restructu r i n g  of work, l e i s u re t ime ,  and soc i ety. 
5. Computer c u l t u re req u i res  the screen as major  too l  in home and off i ce .  

6 .  Computer c u l t u re perm its a new type of a rt ist .  
7 .  Computer c u l t u re perm its a new wor ld of images and sound .  

8 .  Computer c u l t u re pe rm i ts new netwo rks .  
9 .  Computer c u l t u re perm its new med i a .  

1 0 . Com puter c u l tu re a l l ows new exper iences i n  a rt and cu l tu re .  
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The Fifth Cultural Technique 

Computer  cu l t u re thus  cha racter i zes a new step in cu l ture .  He rmann  Hesse 's G/asper/enspie/ 

revea l s  i tse l f  as a v i s i o n  of the computer  c u l tu re 's soc i ety. As the p l ayers of the g l a s s  bead game had 

i nvented "a  u nive rsa l l a nguage  and  method of express i ng  a l l  sp i r itua l a nd  a rt i s t i c  va l u e s  and  terms to 

g ive them a common d i mens i o n , "  the computer with  the b i na ry a l phabet c reates a n ew system of lan ­

guage  and  thought .  Hesse 's utop i a  i s  the q uest for an  answer to how a part of a soc i ety i s  deve l o p i n g  
towa rds computer  cu l t u re i n  r e l a t i o n  to a non-computer cu l ture .  

The req u i rements of a computer  c u lture go far beyond wh at i s  u s ua l l y  u nde rstood as  the 

"fo u rth c u l tu ra l tech n i q u e , "  computer competence ( i e . ,  competence i n  u s i n g  the compute r; be i ng  

acq u a i nted w i t h  the new a l phabet ) .  

Computer  cu l t u re i n d uces rad i c a l  changes i n  the h i story of cu l tu re .  A l l  the c u l tu ra l  tec hn i q ues  

h i the rto used-read i n g ,  wr it i n g ,  c a l c u lat i ng-may be taken  over  as such  by the computer. Com puter 
c u l ture asks for  a new eva l uat i on  of h uman  capac i t ies ,  asks for a change i n  t h i n k i n g ,  enab l es  a new 

sta rt .  J ust as read i n g  and wr i t i ng  go  together, computer cu l tu re with its b i n a ry cha racter ist ics req u i res  

the f i fth cu l tu ra l techn i q u e  i n  add i t i on  to the fou rth .  

Now, what does the f i fth c u l t u ra l  techn i q ue  mean7 I t  i s  the deve l opment  of the human um, of 
consc ience ,  of eth i cs ,  of i nte rp retat i o n ,  of c reat iv ity. Man must concentrate o n  those a b i l i t i es  beyond 

the compute r 's reach .  What i s  with i n  h uman  power m ight be beyond the computer 's in some cases, or 

e l s e  what i s  poss i b l e  for the computer  c o u l d  be unach ievab l e  for man. The goa l ,  t he refore, must be a 

coex istence of man and  mach i n e  rather  than  the rep lacement of man by the mach i n e .  But t h i s  imp l i e s  
a new d i st r i bu t i on  of tasks  between  man  and  mach i ne ,  between man and  compute r. 

Ln 



c.o 

I n  contrast to the too l s  and mach ines  h i the rto used ,  the computer  pushes forth i nto the empty 

spaces man has  a l l ocated for it. I f  pa rents g ive t he i r  c h i l d ren  the necessa ry attent i on ,  computer  games 
cannot ga in  cont ro l  of  c h i l d ren ;  i f  i nterpersona l commun i cat ion i s  g iven enough  room and  importance ,  

the te l emat ics  corner i s  no danger; i f  we l i sten to o u r  o lder  fe l l ow-men and  have t ime  for them,  the " o i e  
man  robot" that pat ient ly l i stens t o  t h e  s ame  o l d  stor i es  i s  no  r iva l to man .  B u t  i n  every c a s e  where man  

neg l ects h i s  spec i f i c  respons i b i l i ty, t he  mach i n e  wi l l  penetrate t h i s  vacant a rea .  Man  therefore must 

concentrate on such features as a re s i gn i f icant for h i m  as "man , "  where h i s  humanum is s ituated .  
David B e l l  sees the main resou rce  of a post- i n d u str i a l  soc i ety i n  its " h uman  cap i ta l . "  I t  

becomes necessary to def i ne  th i s  cap ita l-the spec i f i ca l ly human capac i t i es ,  separate f rom the 

mach i ne-and  to deve l op  i t  fu rther. The f i f th c u l t u ra l  tech n i q u e  i s  an  express i o n  of the fact that man 

i s  not endange red by the computer but rathe r  by h i mse l f  i f  h e  i s  not ab le to ca r ry out  h is  respons i b i l i ­
ty. T h e  contro l u n i t  for t h e  d e l im i tat i on  between  man  and  mach i n e  i s  i n  m a n  h i mse l f  a nd  n o t  i n  the 

mach i ne ;  man  must understand the need for " h i g h  touch" not a s  the consequence but rathe r  as  the con­

tro l of " h i g h  tech . "  

O n e  f i e l d  o f  cons iderab l e  importance f o r  t h e  deve lopment  o f  t h e  f i fth cu l tu ra l  tec hn i q ue  i s  a rt .  
I n  n o  othe r  a rea do  human i nte l l i gence and the often-d i scussed propert i e s  of "mach ine  i n te l l i gence"  
co me  so c l o se  to each  o the r  as i n  the a rt i st i c  c reat ive process .  

Art  was and  i s  an  act iv ity or i ented towa rds man  i n  the proper sense of the term;  he re the 

humanum of a l l  e ras i n  human h i story takes i ts shape  i n  the most d i st i n ct ive form .  Where does the 
a rt ist  f i nd  new opportu n it i es  for new images ,  new sounds ,  n ew mot i on ,  new d imens i ons ,  new i nterac­

t ive forms in l i te rature? 

In con j u nct ion with Ars E l ectron i ca ,  the O R F  i ntroduces  the Pr ix Ars E l ectron i c a :  a n  i nterna­
t i o na l  compet i t i on  for a rt i sts work i ng  with the med i um  of the computer in  a creat ive f i e l d ;  i n  g raph i c s ,  

i n  a n i mat i o n ,  i n  mus i c .  The resu l ts o f  the Pr ix  Ars  E l ectro n i ca 87 contest s hou l d  h e l p  u s  to read  the 

trends  i n  these sectors of the a rts .  Thus the Pr ix  Ars E l ectro n i ca 87 unde rsta nds  i tse l f  a lso a s  an 
imp u l se to u nde rstand computer a rt/computer-a i ded  a rt ,  the  use  of the computer in  the a rts not a s  an 
i s o l ated phenomenon but with i n  the overa l l  context of computer  c u l tu re .  
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The Golden Crossbar 

I n  a persona l  i nterv i ew, the b i ophys i c i a n  and  cybernet ics resea rcher  He i n z  von Foe rste r-one  
of the fathe rs of construct iv i sm-answered the q uest ion  of whethe r  t he re  i s  a r e l a t i o n  between t he  

h uman  bra i n  a nd  the computer w i t h  a "yes and  n o . "  Then he  added :  "No  computer  i s  a b ra i n ,  but a l l  

b ra i n s  are computers . "  So i t  i s  not b y  chance that h uman  ce reb ra l research a n d  computer  techno l ogy 
have been fo l l ow i ng  a fasc inat i ng  common deve l opment over the past decades .  

Med i c a l  ce rebra l  research has stressed its i nte rest i n  the d i ffe rent funct i ons  of l eft and  r i ght  

h em i spheres  of the human cerebrum .  
S c i e nt i sts and a rt i sts have deve l oped two d i st i n ct spec i f i c  u nde rstand i n g s  of the i r  ro l e :  t he  

sc i ent i st a s  the exponent o f  t he  l eft cerebra l  h em i sphere ,  the  a rt i st of the r i ght .  

The two hem ispheres of ou r  bra i n  a re connected by the corpus ca l l os um as an  i nterface .  As we 
know, the l eft ha lf of Dur body i s  contro l l ed  by the r ight h em i sphe re of the cerebra l  co rtex and v i ce  
versa . Commun i cat ion between  these  two d i sj u nct pa rts i s  s uppo rted by the corpus c a l l o s um ,  wh i c h  i n  
fac t  ac ts  a s  a connect i ng  c ross  member. Now, each of the two ha lves executes d i ffe rent f unct i ons .  I f  
the connect i on  by the corpus ca l l osum i s  i nterru pted ,  both  h em i sphe res ,  a l though  somewhat l i m ited ,  
i ndependent l y  reta i n  the i r  funct ions .  But the pe rfect i on  of the human m ind cannot be kept u p  except  by 
the i nteg rat i o n  of the two hem ispheres by the corpus  c a l l o s um .  



The g reat c reat ive ach i evements of a cu l ture ,  from sc i ence v ia  tech no l ogy to a rt ,  d e r ive from 
th is cooperat ion of the l eft and  the r i ght  hem i sphere .  The Amer ican astronomer  and  b i o l o g ist  Car l  
Sagan once expressed i t  that he  wou l d  be tempted to say that human cu l tu re i s  the funct ion of the co r­
p u s  c a l l o s um .  

I n  t h i s  f i e l d  of ten s i o n ,  the  computer  a rts , as a perfect examp l e  f o r  t h e  d ua l ity sketched above, 
acq u i re a key pos i t i o n .  With i n  the computer a rt i st. the sc ient i st meets the a rt ist .  In the computer  a rts ,  

thus ,  the  i nterp lay of the two hem i sphe res  of man i s  most d i st i nct ly rendered v i s i b l e .  The  compute r  
a rt i st has to dea l  with the poss i b i l i t i e s  of overcom i ng  the barr ie rs between a rt and  sc ience ,  of u nfreez­

ing the tra d it i o na l  u nde rsta nd i n g  of ro les in soc i ety, of u s i ng  the new syne rgy between  computers and 

the l eft cerebra I h em i sphe re on one hand and  the r ight hem i sphere on  the othe r  hand as  a c reat ive 
potent i a l .  I f  human c u l t u re i s  based upon  the  funct ion of the corpus ca l l o s um ,  th is str i n g  of ne rves sym­
bo l i zes in computer a rts what I s ho u l d  l i ke to ca l l  the "go l den  crossbar" which opens the door to a fru i t­

f u l  i nteract i on  of both hem i spheres ,  wh i c h  d i sc l oses the effect iveness of the who l e  h uman  capac ity i n  
a spec i a l  way 
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Art in a Time Warp-Time Warp into the Future 

I n  1 979 Ars E l ectro n i ca appea red as a t ime warp i nto the futu re :  a decade of " e l ectro n i c  a rt" 

becomes a rt i n  a t ime warp .  From the beg i n n i n g ,  Ars E l ectron i ca has been open to s i g n a l s  from the 

future ,  open  to expe r iments .  Th i s  openness i s  based on  the idea that i n  conj u nct i on  with the comput­
e r, the bas i c  techno l ogy of m i c roe l ectron i c s  is chang i ng  our work, ou r  economy, o u r  th i n k i n g ,  and u l t i ­

mate ly  o u r  c u l tu re ,  more than a l most any othe r  techno l ogy before. What  was on l y  g l o ba l ly p rophes i ed  

i n  1 979  has  become more c l ea r l y  ev ident  i n  1 989 :  ye t  even  now the  compute r  c u l t u re i s  st i l l  i n  i ts i nfa n­
cy; the ado l escence and  adu l thood of th is e ra a re reserved for the 2 1  st century. 

What is the cha racte r i s t i c  featu re that has been i nhe rent to Ars E l ectro n i ca from the beg i n ­

n i ng ,  t h a t  i mbued the fest iva l w i t h  the dynam i c  t o  take off fram L i n z  t o  become the i nternat i o na l  trade­

mark  of a spec i f i c  fest iva l ?  I n  a word :  openness .  I t  i s  the cont i nuous ded icat ion to openness ,  str i v i ng  

to break down the bounda r i es  and  overcome the bar r ie rs between i n d iv i d ua l  g en res  of a rt .  not sepa­
rat i ng  so-ca l l ed popu l a r  and ser ious a rt but rather  merg i ng  them.  Openness has become a fundamenta l 
character i st i c  of the festiva l :  open to new trends ,  open to the i nteract ions between a rt and  techno l ogy, 

open to that wh i ch  i s  yet u nf i n i s hed ,  open to contrad ict ions ,  open to new terr i to r i e s ,  bu t  espec i a l l y  

o p e n  t o  the encounters between a rt i sts , s c i e nt i sts, and those who are i nvo lved i n  d i s c u ss i ng  o u r  future .  
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Multi-Trends tor Millennium 111 

M i l l e n n i um  111 m i n u s  1 0 . Th i s  is where Pr ix Ars E l ectron ica 90 is s i tuated ,  an award l ook i ng  
back on  fou r  years of deve lopment  and  t ry i n g  to  g ive an  account o f  the tendenc i e s  of the l a st decades 

of t h i s  centu ry. 

The age  of the computer  wi l l  necess i tate a new not ion of t ime .  Speed has  become a phenom­

enon  of the changes  affect i n g  a l l  a reas  of o u r  l i fe .  

The new structures of computer  a rt become more and more readab l e .  The change  i s  putt i ng  
openness ,  dynam i cs ,  processes ,  movement. and chaos  i nto the foreground ,  and  o l d  systems of ord­

nance s h i ft i nto the background .  As a n  i nternat i ona l  computer a rts compet it i o n ,  Pr ix  Ars E l ectron i ca  is 

d i rect ly affected by the env i ronment  of th is deve l opment .  for the computer i s  an  agent of th is change ,  
and  a rt i sts do have  a n  extended sens i t iv i ty to the va r i ous  streams i n  o u r  t ime .  



CD 

From the prog noses for the year 2000 we can  deduce some m u l t i -t rends towa rds the 

M i l l e n n i um  111 that affect the env i ronment of Pr ix  Ars E l ectron ica ,  the env i ronment  of computer a rts :  
m u l t i -d imens i o na l i ty, mu l t i -m i nd ,  mu l t i -med i a ,  m u l t i -a rt a re the terms to be remembered .  These mu l t i ­

t rends a re becom ing  the pathways i nto the "Mentopo l i s "  of the m i l l e n n i um  to come .  
"The Happ i ness Mach i ne "  was dev ised for a nove l by Ray B radbu ry i n  1957 and  i s  desc r i bed 

as  a mach i n e  mak ing i t  poss i b l e  to c reate any p l ace and  any space where one  s hou l d  l i ke to be .  Th i rty­

th ree yea rs l ater, computer techno l ogy a l l ows for the creat ion of an a rt i f ic i a l  wor l d ,  an a rt i f ic i a l  env i ­

ronment  out  of n umbers and data .  A v i s i on  of l i fe i n  cyberspace as  desc r i bed i n  the nove l Neuromancer 

by Wi l l i am  G i bson ( 1984) is on the verge of i nt roduc i n g  a techn ica l  revo l ut i on  in the n i net ies .  

An a rt i f ic i a l  wor ld  w i thout  bounds o r  l i m i ts i s  set before us-new k i nds  of enterta i nment ,  new 
shapes of a rt ,  new expe r iences for the i nd i v i d ua l .  Poss i b i l i t i e s  i n  v i rt ua l  rea l i ty prognost icated today 
may be ab l e  to change our behav io r  and our wor l d .  "Art if ic i a l l i fe"  i s  g a i n i n g  shape .  

Some pred ict ions po i nt out tha t  the deve l opment of v i rt ua l  rea l ity i n  the ea r l y  1990s  may be 

compa red to the i nvent ion of the persona l  computer i n  the sevent i es .  V i rtua l  rea l ity may become  the 

v i rt ua l  d rug of the i nd iv i dua l  i n  the future .  The i n d i v i d ua l  i s  taken out  from h is  pass iv i ty, the computer 

a l l ows for an  i nte ractive i nterference and thus  for new sets of expe r i ences for  the i n d i v i d ua l  in  accor­

d ance with h i s  persona l  se i t .  The pass ive commun icat ion  med i um  of te l ev i s i o n  is re p l aced by the  act ive 

med i um  of the computer, the second g reat med i u m  of the centu ry. 

Wh i l e  te l ev is ion offe red a-i nc identa l l y  u n i ntent iona l-i nte ract ive opt ion  on l y  th ro u g h  the 
t e l ecommander, the remote contro l ,  bas ica l l y  by hard ,  i n stantaneous  ed it ing c uts between  the  aud i o ­

v i s u a l  mate r i a l ,  the computer focuses on i nte ract iv i ty. Art i f ic i a l  rea l i ty, v i rt ua l  rea l i ty, thus  i s  n o  new 

techn i q u e  but evo lves from the synergy of ex ist i n g  techn i q ue s  and  techno l o g i e s .  The refo re ,  the  goa l of 

the n i net ies must be the enhancement of the a u d i o-vi s u a l  capac i t i es  of the pe rsona l computer. The goa l  

i s  m u l t i -med i a .  
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The Myth of the Artificial 

In the year 1991 ,  the computer l ost its i n nocence .  On Janua ry 17 , 1991 ,  at 1 . 00 a . m .  Centra l 
E u ropean t ime ,  to be exact, when the f i rst l a se r-contro l l ed bomb met its target , the  G u l f Wa r had  sta rt­

e d :  the f i rst "tota l e l ectron ic war" ( Pa u l  V i r i l i o ) .  In no war before had the e l ectron ic command and  dec i ­

s i o n  system been  used t o  such a degree o f  comp l ex i ty. 
For Ars E l ectron ica ,  a festiva l that has  from the beg i n n i n g  a lways unde rstood itse l f  in a re l a ­

t i ona l  network of a rt ,  new techno l og i es ,  and soc i ety, a new era has beg u n .  
I n  1 9 9 1 ,  Ars E l ectron ica becomes f o r  the f i rst t ime  the " Fest iva l after, " a fest iva l after the f i rst 

tota l e l ectron ic war. 

V i rtu a l  rea l i ty-topic of a theoretica l  sympos i u m  at Ars E l ectron ica 90-is be reft of i ts p l ay­

f u l ness :  war becomes a staged rea l ity beyond rea l l i fe .  Jean  Baud r i l l a rd ca l l ed the G u l f  War an  "exem­

p l a ry spec imen  of s imu lat i o n . "  For the f i rst t ime ,  two wa rs take p l ace :  one  wa r on  the batt l ef i e l d ,  the 
othe r  war i n  peop le 's m i nds ,  c reated by the wor ldwide network of med ia .  The war of images ,  i n  rea l  
t ime  and  as  a l i ve batt lef i e l d  mov ie ,  becomes the f i rst aetu a l  "wor l d  wa r" i nvo l v i ng  peop l e  on  every 

cont i nent v ia  t he i r  TV sereens .  A wa r of images  present i ng  i tse l f  l i ke a v ideo c l i p ,  exempt ing death and  
s uffe r i ngs  and  s imu ltaneous ly  transform ing  the wa r r io rs i nto mov ie  sta rs .  

The G u l f  Wa r, though ,  d id not actua l l y  c reate the megatrend towa rds a rt i f i e i a l i ty, but  s h i fted i t  

f rom a sympos i um  topic i nto rea l i ty, even more e l ea r l y  po int ing out the beg i n  of a new myth :  the  myth 
of the a rt i f i e i a l ,  of a seeond Nature .  

The deve l o p ing myth of the a rt i f ic i a l  contr i butes to free i n g  o u r  m i n d s  from the cond i t i ons  of 



l i fe ( Lyota rd ) .  Ahead of u s ,  t he  tu rn  of the m i l l e n n i um  with its overa l l  top i c :  a rt i f i c i a l l i fe .  Art i sts work­

ing with new techno l o g i e s  wi l l  have to unde rsta nd themse lves with i n  th is re l a t i on :  from the  comput­
e r's i n nocence l ost in the G u l f  Wa r, to the evo l ut ion  of a v i rtua l rea l ity and of a rt i f i c i a l  l i fe .  

The a bove a rea of d eve l opment  wi l l  be of g reat importance for u s  a l l  i n  the decades to come,  

yet the a rt i sts work i n g  with computer tech no l ogy wi l l  be more immed i ate l y  concerned with these i n no­
vat i ons  and  t rends .  A fo rum for  th is concern i s  offe red by Ars E l ectron i c a .  

Ars Electronica 92 

AEC-Ars Electronica Center 

Museum of the 21st Century 

March  19 of t h i s  year  was a date of spec i a l  importance for Ars E l ectron i ca  i n  L i n z  and  for  the 
commun ity of computer  a rt i s ts :  i t  was the f i rst day of th i s  yea r's j u ry meet i ng  i n  L i nz ,  where the win­

ners were to be se l ected from 1 ,500 ent r i es .  

But  i t  was a l so the day when the C i ty Counc i l  of L i n z  dec ided to offer an  add i t i ona l  forum to 
computer  and  med i a  a rt i sts .  I n  add i t i on  to Ars  E l ectron i ca-s i nce 1979 the trad i t i o na l  fest iva l of a rt, 

tech no l ogy, and soc i ety-th e  Ars E l ectron i ca  Center (AEC) was to be i n sta l l ed  as  a "museum of the 
2 1  st centu ry" : a museum that does not po i nt i nto the past ,  but i s  a p lace of encounter p i n po i nt i n g  

i mportant deve l opments i n  t he  future .  
Three factors wi l l  be  c ha racte r i s t i c  of the AEC i n  L i nz :  i nteract iv i ty, scenar ios  i n  a v i rtu a l  space ,  

and  network i n g .  I n  th i s  sense ,  the AEC i s  no "center, "  but rather  a node i n  a dynam i c  " ne1 . " 

With the AEC ,  L i n z  a l so wants to offe r an add i t i ona l  home to the wor ldw ide commun i ty of 

a rt i sts a round  the Pr ix  Ars E l ectron i c a .  
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Ars Electronica. Prix Ars Electronica. Ars Electronica Center 

I n  the same way that o i l  was the energy of the 20th centu ry, i nformat i on  wi l l  be the " i nte l l i ­
gent  ene rgy" of the 2 1  S1 . For over a decade now, a trad i t i on  of a rt ist ic and  s c i ent i f i c  exam i nat ion  of t h i s  

i s sue  has  been tak i ng  root i n  L i n z .  With the found i ng  of A r s  E l ectron i ca  i n  1979 ,  the c i ty t ook  a sta nd 

for the need for a fest iva l of a rt ,  tec h no l ogy, and soc i ety. Ars E l ectro n i ca has  s i nce become the  f i rst 

cont i n uous  fest iva l of t h i s  k i n d  in the wor l d .  For a festiva l c i ty, stayi ng  one  step a head means  not j u st 
watc h i n g  the i n novat ion  cyc l e  at work i n  the deve lopment of techno l ogy, but  putt i ng  it to work i n  the 

fest iva l i tse l f .  Hence  Ars E l ectron i ca 's three futu re a reas of operat i o n :  the  fest iva l ,  the i nternat i o na l  

compet i t i o n ,  a nd  the A r s  E l e ctron i ca  Center, museum o f  the future .  

On  the one  hand ,  t he  Pr ix  Ars E l ectron i ca ,  which was set up  in 1987, lends the fest iva l a ce r­

ta i n  cont i n u i ty i n  its observat i on  of a rt and techno l ogy. Converse ly, the  Pr ix's  found i n g  p h i l osophy, 

wh i ch  is to l ook  at the computer  as  a med i um  for a l l  the va r ious forms of des i g n ,  is strengthened by 

i nformat ion  techno l ogy deve l opments ,  espec i a l ly in the a reas of mu l t imed i a  and te l epresence .  The Pr ix  
Ars E l ectro n i ca i s  i ntended to prov ide  a forum for a rt i sts and sc ient i sts work i n g  with new tec h n i q ues ,  

and to  ac t  a s  a showcase for p i onee r i ng  work . 
O n  Ma rch 25, 1993 ,  the  L inz C i ty Counc i l  u nan imous l y  reso lved to b u i l d  the Ars E l ectron i ca  

Center. I t  d i d  so on  the bas i s  of a n  extens ive project study prepared unde r  the supe rv i s i o n  of ART + 

COM ,  Ber l i n .  The Ars E l ectro n i ca Center  wi l l  offe r a new wo r ld  of l e a r n i n g  and  expe r ience with s imu ­

l a t i o n ,  a n i mat ion ,  m u l t imed i a ,  v i rt ua l  rea l i ty, te l epresence,  and art i f i c i a l  l i fe i n  the foreground .  

As the hos t  of the P r i x  A r s  E l ectron i ca ,  L i n z  wants to represent no t  on l y  a f o r um and  compet i ­
t ion ,  but  a stage  and  a pe rmanent, a n n u a l  cha l l enge for the a rt i sts and  s c i ent i sts who have i n novated 



and  c reat ive ly used  techno l og ica l  poss i b i l i t i es  to rea l i ze t he i r  i deas .  For i ts part the Ars E l ectron ica 

Center  wi l l  be a permanent node ;  a home for the future .  
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A Festival tor Advance Indications ot Media Disintegration 

I n  the  d i g i ta l med ia revo l ut ion ,  today's rad i o  and  te l ev i s i o n  broadcasters ,  i nc l ud i n g  the O R F, are 

fac i n g  what wi l l  p robab ly  be the b i ggest cha l l e nge  in the i r  h i sto ry. The deve l opments that are now con­

front i n g  the e l ectro n ic med ia  with a rad ica l  transfo rmat ion i n  the i r  pos i t ion ,  a reas of act iv i ty, a nd  ma r­
ket cond i t i ons  a re the same deve lopments that the O R F  t r i ed  to add ress i n  the l ate 70s by attempt i ng  
to obse rve and  foster them as i f  i n  a l aboratory env i ronment-th i s  i s  wh at the O R F's j o i nt i n i t iat ive 

with the Brucknerhaus  L inz  for an  e l ectron ic fest iva l was i ntended to br ing about .  
Wh i l e  today's mu l t i nat i ona l s  v iew the convergence  of compute r, t e l ev i s i o n ,  a nd  te l ecommun i ­

cat i ons  a r o und  the turn o f  t he  centu ry as one  of the a reas  w i t h  the mos t  g rowth potent i a l .  other 
researche rs l i ke Geo rge G i l de r  from the D i scovery I n st i tute in Seatt l e  see med i a  d i s i ntegrat i o n  a s  be i ng  

a quantum l eap  f u rther ahead .  As  he t r i e s  to  demonstrate i n  h i s  book Life after Television, te l ev i s i on  

and  te l ephone  s hou l d  be cons ide red obso lescent med i a  t ha t  wi l l  not s u rv ive the d i g i t a l  revo l ut i o n .  J u st 
as the centra l systems of ma i nframes and term i n a l s  l ost the uppe r  hand i n  the e i gh t i e s ,  G i l d e r  expects 

te l ephone  and te l ev i s ion to fade away i n  the n i ne t i es .  

H i s  v i s i on  of the  futu re l i es i n  the i ndependent  use  of computer networks by the i nd iv i dua l ,  

made poss i b l e  by t h e  enormous  i ncrease i n  comput i ng  power and  b y  t h e  g rowth o f  g l oba l  c ommun ica­

t i ons  n etworks .  We a re about to witness the b i rth of a new commun icat i ons  med i um ,  a majo r  c h a l l enge  
to present-day e l ectron ic med i a .  

The  next 15  yea rs-I ead i ng  up  t o  t he  yea r  2009-wi l l  ce rta i n ly be among  the mos t  adventu r­

ous  years of change .  If G regory Stock  of Pr i nceton U n ivers i ty i s  r i g ht .  " metaman "  wi l l  ove rcome the 
pa ins of b i rth i n  th is decade :  we a re at the dawn of a new e ra in our evo l ut i on ;  h uman  soc i ety i s  on its 

way to a g i oba i  s u perorgan i sm i n  which modern techno l ogy and commun icat ion  connect peop l e  togeth­
e r  l i ke the ce l l s  in a g reat body. 
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Welcome to the Wired World 

Not on l y  a re we at the end of a centu ry, we a re a l so a bout  to l eave the ana l og  age .  There is a 

d i g ita l wor ld before uso "Be i ng  D i g i ta l , "  as N icho l a s  Neg roponte c a l l s  h i s  b i b l e  for t h i s  new wor l d .  
I f  w e  move i nto t h e  d i g i ta l  wor ld so opt im i st ic a l l y  p ictured b y  Neg roponte ,  t h e n  speed i s  one  

of the most cr i t ic a l  phenomena of the change ,  a change  that ha rd l y  l eaves  t ime  to pause and  ref l ect, 

hard ly l eaves t ime  to learn .  
The rad ic a l  transfo rmat ion i s  chang i n g  o u r  work i n g  wor ld  j u st a s  i t  changes  o u r  c u l t u ra l  and  

soc i a l  l i fe .  With "Welcome to the Wi red Worl d , "  Ars  E l ectron ica  95 wants  to we lcome the dawn i n g  

t h i rd m i l l e n n i um-and take stock  a t  t he  same  t ime  of the " i nformat i on  myth , "  wh ich  has  caused  t h i s  

transfo rmat i o n  to a d i g i ta l a ge .  
"Welcome  t o  t he  Wi red Wor l d "  a l so has ano t he r  mean i n g ,  however. I f  the count r ies  of Ch i n a  

and  I n d i a  w i t h  t he i r  two b i l l i on  popu lat ion ,  f o r  i n stance ,  ofter  the i r  wo r k  capac i ty on  l i ne ,  t h i s  wou l d  
resu l t  i n  changes  i n  the a reas o f  economy a n d  l a b o r  i n  t h e  n ext centu ry that a r e  sca rce ly  imag i n ab l e  

now. 
The d i g i ta l  work s i te can be anywhere ,  the  d i g ita l work s i te  is a po i nt on the g l obe ;  it is i r re l ­

evant where o r  who i t  i so I n  Neg roponte's v iew of d i g i ta l  opt i m i sm ,  there a re four  dec i d i n g  q ua l i t i es  



that w i l l  u l t imate ly  succeed i n  ca rry i n g  out  the d i g ita l transformat i on :  decentra l i zat i o n ,  g l oba l i zat i o n ,  
ha rmon i zat ion ,  and  empowerment .  

The tra nsformat ion a l so rece ives add i t i ona l i mpetus through  the soc i a l  g i gat rend to i n d i v i d u ­

a l i zat i o n .  T he  d i g ita l wor l d  i s  a commun i ty of i n d i v i d u a l s ,  a commun i ty o f  g l oba l  c i t i z ens .  
A rs  E l ectron ica  95  i ntends to be a fo r um fo r  th i s  deve l opment; with the P r i x  A rs  E l ectro n ica ,  

pa rt ic u l a r l y  w i t h  t he  new Wor l d  W ide  Web category, ORF  wants t o  emphas i ze  the c u l t u ra l  d i mens i o n  

of t h i s  new med i u m .  Th i s  i s  the  f i rst t ime  t ha t  a j u ry f o r  Wor ld  W ide  Web s i tes i n  a money p r i z e  com­

pet it i o n  has deve l oped  c r i t e r i a  to add ress  the spec i f ic med ia  cha racter of the N et, for i n stance 
"Webness"  as  a way of be i n g  app ropr i ate to the poss i b i l i t i es  ava i l a b l e  on  the N et. o r  " Commun i ty, " 

wh ich  app l i es  to the fo rmat ion of commun i ty, a g i oba i commun i ty ena b l i n g  g l o ba l  consc i ousness .  
A long  the way, t he re  i s  o ne  t h i n g  becom ing  c l ea re r  and c l ea rer. I f  the a tom was the t radema rk 

of the sc i e nce of the twent i eth centu ry, t he  dynam ic Net wi l l  become the symbo l  fo r  the  twenty-f i rst 

centu ry. The dynam ic Net  i s  a n  icon  of a g i oba i  m i nd ,  a g i oba i  consc i ousness  in the sense  i ntended by 
Te i l ha rd de  Cha rd i n ,  the mystic of the e ra of i nformat i on .  The Net i s  to be unde rstood as a new form of 

h uman  commu n icat i on ,  as  a new g l oba l  med i um  cu rrent ly g rowing faster than te l ev i s i o n ,  rad i o ,  o r  the 

pr i nted med ia  ever d i d .  
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Frorn the Idea to Realitv 

John  Lasseter, ten years aga  the w inne r  of the f i rst Go l den  N ica ,  the Pr ix  Ars E l ectro n ica  for 

computer  a n imat ion ,  wi l l  rece ive h is th i rd Go l den  N ica i n  September 1996 for  h is work o n  "Toy Sto ry. " 

I f ,  fo l l ow ing  the l a n d i n g  of h i s  San  Franc i sco-Vi enna n i g ht f l i g ht. he dec i de s  to take a n  ear l y  t ra i n  to 
L i n z ,  he may be i n  for a b i t  of a s u rp r i se  at V ienna 's Western Stat ion . 

The stat i on 's l oudspeaker  wi l l  i nform h i m  that " Eu roc ity tra i n  EC 562 ,  Ars E l ectro n ica  from 

Vienna West with stops i n  L inz ,  Sa l zbu rg ,  and  Bregenz ,  i s  now depa rt i n g  from Track 6 .  Ars E l ectro n ica ,  

a l l  aboa rd ! "  S i nce  J u n e  1 ,  1996 ,  the  EC t ra i n  l i n k i ng  V i enna  and B regenz ,  the l o n gest s i ng l e  rou te  i n  

Austr i a ,  has been named i n  hono r  of Ars  E l ectron ica ,  t he  festiva l of a rt ,  techno l ogy, a nd  soc i ety. The  

l i st of s uch  names ,  spa n n i n g  the fu l l  spectrum of Austr i a n  cu l t u re and  i nc l u d i ng Moza rt .  Kep l e r, a n d  the  

V ienna  Ph i l h a rmon ic ,  now i nc l udes  tha t  of a contempora ry med ia  fest iva l wh ich ,  s i nc e  its fou n d i n g  i n  

1979 ,  has  esta b l i s hed a r ic h  tra d it i o n  u n s u rpassed by any fest iva l of i t s  k i nd .  

Austr i a 's 1 , OOO-yea r  a n n iversary i n  1996  ma rks a fu rther m i l estone for Ars  E l ectro n ic a .  Wi th  

the open i ng  of the Ars  E l ectron ica  Center  as  a museum of the futu re ,  the deve l opment  of t h i s  fest iva l  

has  reached another  h i g h  po i nt .  a nd  one  that s imu l taneous ly  po i nts the way for its s u bsequent evo l u ­

t i o n  i n  t h e  yea rs immed i ate ly  ahead .  

The  A rs  E l ectron ica Cen te r  sees i ts m i ss i on  as t ha t  o f  a "house  i n  prog ress , "  a l i v i n g  orga n i sm .  

Above a l l ,  t h e  A r s  E l ectron ica Center  wi l l  str ive t o  be a p l ace ded icated t o  t h e  format i o n  of consc i ous ­

ness-of the d i g ita l revo l ut i on  and  th u s  of the new stage of d i g ita l  c u l t u re which has  a l ready begun to 

u nfo l d  before u s o  
We sta nd at the dawn of t h i s  n ew e ra .  There i s  much t ha t  cannot ye t  be seen  o r  i d e nt i f i ed ,  

m uch  i s  st i l l  h i dden ;  no  one  rea l l y  knows yet  where the d i g ita l revo l ut i on  wi l l  l ead  i n  a new centu ry. 
The Ars E l ectron ica Center  is based upon a project proposa l wh ic h  I s u bm itted in 1 99 1 .  

Fo l l ow i ng  a hea r i ng  and  a presentat i o n  of a tota l o f  f ive project ideas i n  t h e  cou rse of the  proposed u s e  

d i scuss i ons ,  i n  Ma rc h  1992 ,  regard i n g  t h e  Donautor B u i l d i ng a l ready comp l eted a s  p l a nned  b y  the 

a rc h i tects W. H .  M ic h l  a nd  K .  Le i tne r, the  C i ty of L i n z  dec i ded i n  favo r of the rea l i za t i on  of t h i s  i d ea .  

W i t h  the tr i a n g l e  of A r s  E l ectron ica Fest iva l ,  P r i x  A r s  E lectro n ica ,  and  A r s  E l ectron ica Center, 

L i n z  has  esta b l i shed i tse l f  i n  a l e ad i n g  pos i t i on  i n  cyberspace ,  both reg i ona l ly and  wor l dw ide .  The u l t i-



mate a i m  of t h i s  Ars E lectron ica t r iang l e  i n  L i n z  i s  to enab l e  us to work tagether, b r i n g i n g  econom ic and  
soc i a l  effo rts i nto ha rmony i n  dea l i n g  effect i ve ly  with the d i g i ta l  transformat i on  of o u r  c u l t u re as  we  

move f u rthe r  a l o ng  t he  way to a cogn i t ive soc i ety i n  wh ic h  know ledge  i s  the mos t  dec i s ive resou rce .  
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Cyberart: Art of the Future-The Future of Art 

" I  want peop le  to recogn i ze  the c r i s i s  as the center  of modern a rt . "  stated Cathe r i ne  Dav id ,  

d i rector of Documenta X i n  Kasse l ,  formu la t i ng  he r  i ntent i on  for th i s  wor l d  exh i b i t i on  of contempora ry 
a rt .  " I  a m  seek i ng  to redef i ne  the p l ace of a rt . "  

Where i s  t h e  new p i  ace o f  a rt? " Have the f i ne  a rts co  me  t o  a n  e n d , "  as  Pa u l  V i r i l i o  asked ;  " i s  

t he re noth i n g  l eft? " 
The answers to th i s  q uest i on ,  seek ing  a redef i n i t i on  of a rt at the th res ho l d  of the m i l l e n n i um ,  

a re many. One  o f  the reasons f o r  th i s  i s  t h e  way a n ew commun icat ion  soc i ety has s e t  off i n  n ew d i rec­
t i o n s .  

I nformat i on  techno l ogy and te l ecomm u n icat ions  a re about  to esta b l i s h  themse lves as  t he  
l a rge st i nd u stry i n  the war l d .  G l oba l i zat ion and med i a  convergence  a re among the cha racte r i st ics of t he  

u p h eava l .  The l a ng uage o f  t he  dawn i n g  2 1  s t  centu ry i s  d i g i ta l ,  the new un iversa l l a nguage  of t he  com­

m u n icat ion  soc i ety 

Wa lter  Benj am i n  attempted a redef i n i t i o n  of a rt in 1936 in h i s  revo l ut i o na ry essay "The Work 

of Art in the Age of Mechan ica l  Reproduct i on "  in l i ght  of the eme rg i ng med i um  of f i l m  ( "The shoot i ng  
of a f i lm ,  espec i a l ly o f  a sound f i lm ,  affo rds a spectac l e  u n i mag i n ab l e  a nywhe re at any t ime  before 

th i s " ) .  Yet the attempt at a s im i l a r  redef i n i t i on  today, on  the verge of the d i g i ta l age, presents i ts e l f  in 

i ts fu l l  rad ic a l i ty. 

The Pr ix  Ars E l ectron ica has a lways unde rstood i tse l f  to be a l abo ratory and  test i n g  g round ,  i n  

wh ic h  t h e  ou t l i n e s  o f  a new d i g i ta l a rt may b e  i dent i f i ed .  
The examp l e  o f  the P r i x  Ars  E l ectro n ica  97 shows that  d i g i ta l and o n l i ne a re i nc rea s i n g l y  

becom i n g  the cha racter ist ic features o f  th i s  deve lopment .  Trad i t i o na l  med i a  and computer  a rt i s  on  t h e  

way  to becom i n g  cyberart .  
For t h i s  reason ,  the Pr ix Ars E l ectron ica 97 ,  n ow i n  the f i rst year of its second  decade ,  has  put 

the  term cyberart to the test of the d i scou rse .  The re i s  ha rd ly  a nother ward i n  the n i net ies  that has had 
a ca ree r  compara b l e  to that  of the ward "cyber. "  Even though  i t  has  a l so been ser ious ly  overused ,  i t  

neverth e l ess sta nds  a good chance of be i ng  tra n sformed from a pref ix to one  of the key terms of the 
21 st centu ry. 

"Where is the new p l ace of a rt? " I f  we attempt to respond to Cathe r i ne  Dav id 's q uest ion with 
at l east a s i n g l e  answer, one new p l ace of a rt w i l l  be cyberspace .  The Pr ix  Ars E l ectron ica i ntends to 

prov i de  a fo r um for forg i ng  th i s  new p i  ace of a rt .  
I f  the Pr ix  Ars  E lectron ica has been ab le  to f u l f i l l  its funct i o n  as  a l abo ratory i n  the f i e l d  of d ig ­

i ta l  med ia  s i nce  1987 ,  then th i s  shou ld  be espec i a l l y  t rue now for the second decade of deve l opment .  
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The Cybergeneration Takes Off 

"The c h i l d ren who a re born i n  the O rwe l l  year of 1984 wi l l  be 35 years  o ld  i n  the year 2019 , "  

I wrote i n  the 1984  Ars  E l ectron ica cata l ogue ,  cont i n u i ng ,  "They  a re the gene rat ion  t ha t  w i l l  be l a rge ­
I y  respons i b l e  for o u r  soc i ety the n . "  

I n  t h e  h i story o f  Ars E l ectron ica ,  t h e  P r i x  A r s  E l ectron ica 98 wi l l  a s s ume  a spec i a l  pos i t i on ,  



because  i n  add i t i on  to the a rt i sts ,  sc i en t i sts , and cybe ra rt i sts from a round  the wor l d  who are i nv i ted to 

take part in t h i s  compet i t i o n ,  as  pa rt of a p i l ot project and for the f i rst t ime ,  the Pr ix Ars E l ectro n ica  98 
has  c a l l ed upon  the gene rat ion  n ow grow ing  u p  with the computer to take part .  

For th i s  rea son ,  the Pr ix  Ars E l ectron ica 98 has i nvited the cybergene rat ion-U 1 9 ,  u nde r  1 9  i n  

other words-to take pa rt i n  a new i n i t i at ive ,  i n  a compet i t ion o f  i deas ,  i n  a c reat ive b ra i n storm i n g .  
T h e  t i t l e  w e  have chosen  i s  m o r e  t h a n  j u st a n a m e  f o r  a competi t i o n; i t  i s  a motto that i s  cha racte r i s ­

t ic of t h i s  gene rat i on  Freesty l e-do wh at you  want; dec i de  for you r se l f; show wh at you can  do with a 
com puter. 

A l though  Ma rsha l l  McLuhan  may be cons ide red the med i a  h e ro of the end of the 20th centu ­
ry, the freesty l e  cybergenerat ion i s  o r i ented less to McLuhan than to H owa rd Ste rn ,  the rad i o  and  TV 

sta r of Private Parts, who expresses the freesty le  att i tude bette r than anyone e l s e .  
N ext yea r, i n  1 999 ,  i t  wi l l  be 20 years s i nce  A r s  E l ectron ica was  i n i t i ated i n  L i n z .  Th i s  a n n iver­

sa ry wi l l  p rov ide  a n  occas i on  to ref l ect on the traces of the e l ectro n ic and d i g i ta l deve l opments of 

recent  decades ,  but a l s o  to l ook  ahead to the wor ld of the new cybergenerat ion of the 21 st centu ry. 
The cybergene rat ion  is sta nd i n g  on the verge .  W i l l  the d i g ita l revo l ut i on ,  with its upheava l s  i n  

genet ic e ng i n ee r i n g  and  b i otechno l ogy, l e a d  t h e  economy, a n d  with i t  t h e  i n d iv i d u a l ,  i nto a c r i s i s ;  o r  a re 

we a pproach i n g  a n  ent i r e l y  n ew e ra of prosper ity, of econom ic a nd  soc i a l  u pward d eve l opment, a s  

prognost icated b y  the Pu l i tzer Pr i ze w i n n e r  and Wall Street Journal reporter Bob  Dav ies  and  Dav id  
Wesse i i n  t he i r  recent  book Prosperity: The Coming Twenty- Year Boom and What It Means to You. 

One  th i ng  is ce rta i n  in any  case :  for Ars E l ectron ica and for the Pr ix  Ars E l ectron ica the re w i l l  

be no  l ac k  o f  top ics a n d  a rt i s t ic cha l l enges i n  the com ing  decades .  O n  t h e  contrary, more than  ever 

before ,  the  rad ica l changes  i n  our wor ld wi l l  need to be cr i t ica l ly ref l ected and a rt i s t ic a l l y  shaped .  
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A r s  E l e c t r o n i ca 

P r e f a c e  

Many gradually became convinced that they had made a big mistake by coming down from the 

trees. And a few even said that living in the trees had been a case of barking up the wrang tree, and 

we should have never left the aceans. 

Doug l a s  Adams,  The Hitchhiker's Guide to the Galaxy 

The d i g i ta l  revo l ut i on  and the theor ies and  techno l o g i e s  of i nformat i on  upon  which i t  is based 
have found  a d i rect correspondence i n  the emergence of a new type of a rt .  

E l ectron ic a rt ,  med ia  a rt ,  cyberart ,  net a rt-terms wh ic h  have co me  to be taken comp l ete ly  for 

g ra nted but neverthe l ess rema i n  amb i g uous  l a be l s  for the ways a rt i sts dea l  with the const i tuent  e l e­
ments of the i nformat ion soc i ety and  its techno l og ic a l  as we i l  as soc i a l  d i mens i on s-have l o ng  s i nce  
gone  beyond test i n g  o u t  what i s  techn ica l ly feas i b l e  and  have  deve l o ped i nto a broad spectrum of h i g h ­
I y  d iverse a rt i st ic forms .  

Even though the on ly aspect that the heterogeneous ,  hybr id  conf i g u rat i ons  of c u rrent works 
often have i n  common  is the i r  use  of the computer-that is ,  t h e i r  techno l o g ic a l  o r  mate r i a l  med i u m­
an  essent i a l ,  def i n i n g  featu re of th i s  new a rt i s  i m poss i b l e  to ove r l ook :  desp i te the exper ience that has 

been ga i ned a nd  the v i rtuos i ty that has deve l oped ,  med ia  a rt i s ,  a bove a l l ,  a n  expe r iment-one  that  
often b r i ngs  the c reators and proponents of th i s  new a rt i nto a n  assoc i at i o n  with eng i nee rs and 
researche rs .  

The un i que  character i st ic of med ia  a rt a s  " new a rt"  i s  the p rocess of gett i n g  beyond that  rea l m  

i n  wh ich  the computer a n d  its data process i n g  der ivat ives a re used mere ly  a s  o n e  more imp l ement o r, 

u l t i mate ly, as a med i um of representat i on  that wou l d  be i nterchangeab l e  with any n umbe r  of other 

ones .  As a counterpart to the convergence of product i o n ,  tra n sm i s s i o n  ( i . e .  med i a t i on ! ,  and  recept ion  
that i s  i n herent i n  t h i s  techno l ogy, a rt i sts emp l oy d i g i ta l  i nformat ion techno l o g i e s  not on l y  a s  a too l  and 
a mater i a l ,  but  a s  a subject as we i l .  

I n  do i n g  s o ,  they have taken l eave o f  fam i l i a r  doma i n s ,  have beg u n  t o  go  beyond bas ic forma l  
and  aesthet ic resea rch and de lve i nto t he  techno l o g ic a l  a nd  soc i oc u l tu ra l c ontexts of t he  process o f  
reorde r i ng  o u r  soc i ety i nto a g l oba l  i nformat i on  economy. I n  t h i s  the i r  h i ghest p r i o r i ty i s  accorded not 
to i nte rpretat i o n  and desc r i pt i on ,  but  rathe r  to ana lyt ic a l  i nvest i ga t i on  in order to shed l i g ht upon the 

mechan i sms and  funct iona l  p r i nc i p l es of that soc i ety's system ic foundat ions .  

I n  a s i t uat i on  i n  wh ich  the conf i g u rat ions  of softwa re and  h a rdware act  m uch  more powerf u l ­
I y  than laws as  determina nts o f  the freedom of movement  with i n  the new p u b l ic doma i n  o f  g l o b a l  net­
works , t h i s  a rt i st ic strategy is a l s o  endowed with immed i ate po l i t ic a l  re l evance .  



Faster than med i a  a rt theory ( i n  any  case l a rge ly  non-ex istent) is capa b l e  of offe r i n g  a descr i p ­

t i  on  of t h i s  phenomenon ,  a concept i on  of med i a  o r i ented upon transm i s s i on  and  d i ss em i nat i on  ( that  i s ,  
cent ra l i zed ,  u n i d i rect i ona l  d i str i b u t i on )  has  become passe i n  actua l  a rt i st ic p ract ice .  Th i s  conceptua l  

schema-one rooted i n  the i n d ustr i a l  e poch and i n  wh ich t he  overcom i n g  of geog ra p h ica l d i stance ,  the 

transfer of messages ,  and  thus speed a re i n he rent centra l parameters-is now countered by the con­
cept of omn i d i rect i ona l  and  part ic i pato ry sphe res of commun icat ion of wh ic h  the I nternet i s  the  p roto­

typ ica l  examp l e .  

These a re networks i n  wh ich  presence and commun i ty do no t  have  t o  co i nc i d e  phys ic a l ly, 
geog ra p h ica l ly, or even tempora l ly i n  o rder  for them to be ab l e  to take pi ace ;  these a re spaces  whose 

make-up  i s  p r ima r i l y  spec i f i ed by soc i a l  rather than geometr ic d imens ions ,  a nd  in  wh ich the n u m ber  of 
use rs and  the i r  act iv i t i es  become the determ i nat ive u n its of measure .  

I n  such scenar i os ,  in  wh ich part ic i pat ion i s  not a resu l t  but a precond i t i on ,  the re a r i ses a con­
centrated form of i nteract iv i ty wh ic h  can  fu l f i l l  a rt 's c la im to serve as  i nterface between  soc i ety/c u l ­

t u r e  and  sc i ence/techno l ogy. 

The image  of the e ng i n ee r/art ist and  researcher/a rt i st which has l o ng  s uff iced to desc r i be  the 

pract ice of med ia  a rt must be expanded by one yet-to-be- i nvented term, to refer  to the d i m i n i s hment  
of the l i nkage of a rt ist  and  a rtwork cha racte r i zed as  gen ius  and or ig i n a l  i n  favo r of a process-o r i e nted 

pos i t i on  as contextua l  network node .  

Med i a  a rt thus  does not re i g n  s u preme as a resu l t of t he  images  and  sounds  t ha t  i t  i s  a b l e  to  

ma rsha i and d i spatch ,  but  rathe r  a s  the q u a l i ty w i t h  which t he  exp l ic i t  cha racter i st ics of the emp l oyed 

med i a  a re orchestrated .  I t  i s  no  g reat ach i evement to transfer trad i t i ona l  a rt i st ic patte rns and behav­

i o r a l  schema i nto med i a  a rt; the c ha l l en ge  i s  to i nvent new ones .  

The products of t h i s  a rt sh ift from object to process ,  f rom i nfo rmat ion and  presentat i on  to 
i nteract ion  and  commun icat ion-or as  the Japanese researcher-art ist Masak i  Fuj i hata put  i t :  " f rom 

doc ument to event . "  Th is ,  however, s h o u l d  not necessa r i l y  be equated with a process of van i s h i n g  i nto 

v i rtua l i ty. Aesthetics as  a qua l itative category of sensory perception rema i n s  re l evant in cyberart as  we i l .  

I n  o rde r  t o  meet these demands ,  t h e  bus i ness o f  a rt must deve l o p  new strateg i e s  o f  med ia t i on  

and  d i ssem ina t i on .  A fest iva l cannot content  i t se l f  to funct ion  as an  expos i t i on  of t h i s  season 's mas ­

terp i eces ;  rather, i t  mu st open w i ndows to a rt ist ic/techno log ica l  work i ng  processes .  I t  mu st str ive to  

l i ve u p  to the p r i nc i p l e  whereby  transm i tter and rece iver a re mutua l ly eq uated .  The chance to accom­

p l i s h  t h i s  l i es  i n  the cong l ome rat ion  of many d i ffe rent network- l i n ked processes .  Sy e n ab l i n g  a rt i sts 

and t he i r  a ud i e nces to come togethe r  and meet one another, a fest iva l a s  a project workshop  can 

become a cata lyst of such work i n g  processes .  

Neve rth e l ess ,  a fest iva l of t h i s  k i nd  rema i n s  a venue  for  the product i on  of t h i s  a rt-though ,  

i ndeed ,  no  l onge r  the p l ace  where i t  i s  exh i b ited and wa rehoused,  but rathe r  one  where i t  o r i g i nates 

and has an  effect, where by the o r i g i nat i on ,  however, can no longer be accorded precedence  over the 

processes of med ia t i ng  and expe r i enc i n g  a rt and cannot be thought of separate ly from them .  

Ars  E l ectro n ica  seeks to maneuver i t s  scope o f  act i on  with i n  these  myr i ad  f i e l d s  tha t  d e l i neate 
its m i ss i on ,  in order  to be a b l e  to recogn ize tendenc i es  and ref lect deve l opments ,  and to re l ease  ene r­
gy gene rated by the c o l l i s i o n s  of pos i t i ons  with one another. 
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A r s  E l e c t r o n i c a  

R e a d y o r  N o t ?  

I. 

>- By the l ate 1 960s, the reve rbe rat i ons  of the techno l o g i e s  emanat i ng  fram the hot and co l d  war 
Cl) 

mach i n e s  were f i n d i ng the i r  way i nto the c u l t u re i n d u st r i es .  A l ong  with a panop ly  of apo l og i sts and  
pa rt i sans  ( John  von Neumann ,  Zb ign iew Brzez i n s k i ,  Wernher  von B ra u n ,  No rbert Wiene r )  came its con ­

na i s seu rs and  adversar ies (Ma rsha l l  McLuhan ,  Hans  Magnus  Enzensberger, . . .  ) .  But ,  mo re than a mere  
wate rshed for the " sc i ent izat ion o f  techno l ogy" ( i n  Ha bermas '  words) i n  the age of the m i l i ta ry- i nd us­

tr i a l  c omp l ex ,  the exp los ive per iod seemed to be cha racte r i zed by the ferment ing stra i n  of the enc u l ­

tu rat i on  of techno l ogy, resu l t i ng  i n  a "med i a - i nd ustr i a l  c omp l ex" framed b y  t h e  devastat i ng  l o g ic of 

"the myth of the mach i ne"  ( Lewis Mumford) ,  "the two c u l tu res"  ( C .  P. Snow), and/or "the techno l og ica l  
soc i ety" (Jacques  E l l u l ) .  

And wh i l e  the decade was fue led by mass ive imp l ementat i ons of techno l ogy, i t  was d r iven by 

soc i a l  i m pe rat ives i n d icat ive of deep p ub l ic c r i s i s ,  f ram c iv i l r i g hts and  gender e q ua l ity to ant i -war and 

eco l o g ica l  movements. The i ndust r i a l  h e i rs to M odern i ty were conso l i dat i ng  and  c ru m b l i n g  s im u l tane ­

ous ly. Autho r i ty was under s iege wh i l e  emerg i n g  techno l o g i e s  prov ided a rat i ona l e  for the sa l vag i n g  of  

a utho r i ty i n  the g u i se  of  expert i se .  So came the twi n  myst if icat i ons ,  the " g l oba l  v i l l a ge "  and  the "tech­

netro n ic e ra"  ( B rzez insk i ) ,  to i ndoctr inate both pa rt i sans  and  adve rsa r i es .  

Th i s  l e d ,  on  the  one hand ,  to the co l d  wa r's pe rve rse ly  eng i neered " eq u i l i b r i u m "  of command 

and  contra l ,  and ,  on  the  other, to  the attempt to d i sengage  com m u n icat ion f rom its m i l i tar i zed a u ra and 

i n se rt i t  as  commerc i a l ,  ava i l a b l e ,  necessary-though  ha rd ly  empoweri n g .  But the market i ng  of m ic ro­
e l ectran ics ,  cata lyzed by the trans i stor, l ed ,  i n  turn ,  not on ly to the c reat i on  of a new gene rat ion  of con­
s ume rs ,  but  to a generat ion that cou ld e n l i st techno l ogy i nto d i scou rses of oppos i t i on  and  i nto a 

nascent  encounter with the imag i nat ion .  
Th i s  b road oppos i t ion sh i rked the i n sti tut ion and  found its l og ic i n  events-marches ,  str i kes ,  s i t­

i n s ,  i ntervent ions ,  happen ings ,  perfo rmances-i n the p u b l ic sphere .  I n  t h i s  space ,  the ram if icat i ons  of 
act i o n  were not i n s u l ated fram med ia sc rut i ny. Yet, i n  the m i d st of the act ions ,  the chant  was not "the 

med i um  i s  the message" but "the who le wor ld i s  watc h i n g . "  I ndeed ,  the mob i l i zat ion of med i a-print ,  
rad i o ,  reco rd i n g ,  te lev is ion, v ideo-benefited fram the commu n icat ions boom and the wherewitha l  of a 

gene rat ion prampted to i nte rvene i n  its processes ,  praduct ions ,  and  po l it ics Nowhere is th i s  more c l ear­
Iy recogn ized than in Guy Debord 's d i s qu i s i t i on  The Society of the Spectacle, where " reason i ng  about 

h i story i s  i nseparab ly reason i ng about power. " 1  Thraugh  stu n n i n g  and dynam ic acts of product ive ref l ec­

t ion  and  specu l at ive empowerment, the "state apparatus" (A l thusser )  was understood as  imp l ic i t  i n  a 
theory of the med ia  apparatus as an i n strument of trans i t i on ,  t ranspos i t i on ,  and transformat i on .  

I n  f i l m  cu l tu re, theory, and h i sto ry, a s  i s  thoughtfu l ly documented i n  S i egf r ied Z i e l i n s k i 's 
Audiovisions: Cinema and Television as Entr'actes in History, appraaches  to the med i a  appa ratus 

emerged i n  the v i goraus i nteg rat i on  of "the t r i ad ic re l at i o n s h i p  of techno l ogy-c u l tu re-su bj ect . " 2 
Z i e l i n s k i 's a rchaeo l og ica l  approach strong l y  l i n ks the appa ratus to i deo l ogy and s ubj ect iv i ty and  evokes 

the powe rf u l  theor ies 01 Jean-Lou i s  Baudry and  Ch r i s t i an  Metz, app l y i ng  them to a read i n g  ol larms 01 
med i a  whose c umu l ative cogn i t ive effects, l o g i st ic a l  psycho l o g ic a l  effects, and d i st inct ly c u l tu ra l  
effects are a t  the c o  r e  0 1  contempora ry expe r i ence .  



But  wh i l e  the rad i c a l  exper i ments i n  c i nema and  ear ly  v ideo wound the i r  way th ro ugh  the a l ter­
nat ive env i ronments and i nto the ma i nstream ,  a second revo l ut ion was under way. S u rpr i s i n g l y  not i n  
t h e  terra i n  o f  te l ev i s i o n ,  t h i s  expe r imentat ion i nvo lved commun icat i ons  a n d  comput i n g .  Large l y  spon­
sored with ARPA and  DARPA funds ,  the trajectory of ear ly  research was not yet  i n  networks but  i n  game 

theory, s i m u l at i on ,  a nd  g raph i cs  ( and  t he i r  imp l ementati on ! ) . The ra nge of these projects , from 

Wh i r lw i nd  (deve l oped for f l i ght  s i m u l at i on  i n  the 1 940s and  1 950s )  to the SAG E ( Sem i -Automat ic  
Ground Env i ronment )  a i r  defense system ,  deve l oped i n  the 1 950s, responded to impe rat ives of the arms 
race and ,  c e rta i n ly, to the potent i a l s  of the 1 957 l a unch of Sputn i k  ( and  a few othe r  postwa r pa rano i a s )

' 
spu r r i ng  some stu n n i ng i n n ovat i ons  i n  the f i e l d  of e l ectron i c  defense tech no l ogy. Human -mach i ne  i nter­
act ion was o bvi ous l y  c ruc i a l  in a n  arena in which a utomat ion p layed an i n c reas i n g l y  i ntegrated ro l e .  

Th i s  i ntegrat ion su re l y  w a s  l e a d i n g  t h e  way t o  t h e  deve lopment o f  a n  i nterface that wou l d  prov ide  
access  to i nformat i on  i n  eff i c i en t  and  dynam i c  forms .  

Ivan Suthe r l a nd 's S ketchpad ( 1 963 )  i s  i ndeed one of the corne rstones of the l i n k i n g  of compu­

tat i o n  and  g raph i c s .  I ts  x -v  vector descr i pt ion a l l owed p l otted images to be assemb led  as  e l ements i n  

the representat i on .  "H i s  1 966 paper  on  ' ten  unso lved prob l ems i n  compute r  g raph i cs '  became the focus 

of future deve lopments i n  the f i e l d .  Suther land had po i nted to the impo rta nce of mak i ng  graph ics i n ex­
pens ive ,  fr i e nd l y  ( h e  ca l l ed th i s  'a  p ro b l em  of tech n i q uel and ava i l a b l e  in tona l  va l u e s  and co l o rs . . .  

H e  desc r i bed  the mot ion  l a n g uage  deve l o ped by Kenneth Knowlton at Be l l Laborato r i es  a nd  used to 
produce  a n imated f i l m s  . . .  H e  saw g raph i c s  as dest ined to make the unseen  v i s i b l e  he  ca l l ed for wh at 
later wou l d  be known as  sc i ent i f i c  v i s u a l i zat i on ,  and po i nted to the power of the tec hno l ogy not on l y  

to reprod uce v i s ua l  rea l i ty but  a l so to a i d  i n  represent i ng  new images  and  i deas . " 3  

Doug l a s  Enge l b a rt's mouse  ( 1 964) connected text entry and g raph i c s  capa b i l i ty. " Enge l ba rt and  

h i s  c o l l eagues  demonstrated s p l i t  s c reen  g raph i cs  and  text on t he  system and  supe r imposed image  and  
text. They  a l s o  demonstrated the use  of 'w indows' by  ' cutti ng a ho le '  i n  the  screen and  see i ng  a n  image  

i n  t ha t  space . " 4  The j o i n i ng  of "w indowi n g "  and g raph i c s  i s  i n dub itab l y  the tu rn i ng  po in t  l e ad i n g  to t he  

deve lopment  of t he  pe rvas ive g raph i c  i nterfaces i n  contempora ry comput i n g .  

Pa ra l l e l ed by asto n i s h i n g  i n novat ions i n  storage ,  t h e  sh i ft f r om  trans i stors t o  i ntegrated c i r­
c u its ( by the ear ly  1 960s ) ,  cons i stent form u l at ions  i n  the deve l opment of mu l t i - pu rpose programm i n g  

l a nguages ( FORTRAN ,  1 957 ;  COBOL, 1 959 ;  and  u l t i mate ly  UN IX, c .  1 969)5  l a i d  t h e  grou ndwork f o r  the 

annou ncement  of the PC i n  the ear ly 1 970s .  Stewa rt Brand ,  we i l  known for h is book The Media Lab, 

wrote of the pe rsona l  computer i n  a 1 972  essay i n  Rolling Stone: "Ready o r  not computers a re com i ng  
to  the peop l e .  That's good news ,  maybe  the bes t  s i nce psychede l i cs " 6  

S u re l y  the h i story of these p roj ects i s  cruc i a l  to  the deve lopment of what  wi l l  become the more 

freewhee l i n g  expe r iments of the l ate 1 960s and 1 970s ,  part i c u l a r ly those of EAT ( Exper i ments i n  Art 
and Techno l ogy) .  EAT's entry i nto the scene was powerfu l l y  ma rked by N i ne Even i n g s :  Theatre and  

Eng i nee r i ng  ( 1 966) ,  wh i c h  presented works  by Robert Rauschenberg ,  Yvonne Ran i e r, John  Cage ,  

Luc i nda  C h i l d s ,  Dav id Tudo r, a nd  others .  B i l l y  K l üver and  Rauschenberg j o i nt ly  s i gned  a statement that  
appeared i n  vo l .  1 ,  n o .  2 (June 1 ,  1 967 )  of EAT News. I n  part ,  i t read ,  "The co l l aborat ion of a rt ist  and  

eng i nee r  emerges  as a revo l u t i ona ry contemporary soc i o l og i ca l  process . "  The back cover of vo l .  1 ,  no .  1 

conta i ned the fo l l ow ing  

Maintain a constructive climate for the recognition of the new technology and the arts by a civ­

ilized collaboration between groups unrealistically developing in isolation. Eliminate the separation of 

the individual from technological change and expand and enrich technology to give the individual vari­

ety, pleasure, and avenues for exploration and involvement in contemporary life. Encourage industrial 

initiative in generating original forethought, instead of a compromise in aftermath, and precipitate a 

mutual agreement in order to avoid the waste of a cultural revolution. 



ro 

I n  1 968 Pontus H u l ten ,  c u rator at MoMA,  orga n i zed the exh i b it i on  "The Mach i ne  as Seen at 

the End of the Mechan i ca l  Age . "  One  year later London 's ICA p resented "Cybernet ic  Se rend i p i ty, " c u rat­
ed by Jas i a  Re i c ha rdt . Th i s  exh i b i t i on  was a compe l l i n g  encounter  with p i o nee r i n g  computer  a rt .  The 

t i t l e  page of its cata logue def ined "cybernet i c "  as  a n  ad ject ive ,  " a  sc i ence of contro l and  commun i ca ­
t i  on  i n  comp l ex e l ectron i c  mach i nes  l i ke computers and  the human ne rvous system , "  and  " se rend i p i d ­

i ty" as  " t he  fac u l ty o f  mak i ng  happy c hance  d i scove r i e s . "  Re i c ha rdt's i ntroduct ion  was  sober :  

" Cybernet ic  Se re n d i p ity dea l s  with poss i b i l i t i e s  rathe r  than  a ch i evements ,  a nd  i n  t h i s  sense i t  i s  p re ­

mature ly  opt im i st i c .  There a re no hero i c  c la ims to be made because computers have so far ne i the r  rev­
o l ut i on ized mus i c ,  nor art, nor poetry in the same way that they have revo l u t i on i zed sc i ence . " 7  

C l ea r l y  a new terr itory had been opened . I t  was to be s u sta i ned by a sma l l  g roup of a rt ists ,  
e ng i nee rs ,  and  c u rators wi l l i n g  to i ncorporate expe r imenta l med ia i nto the d i s cou rse of a rt .  By t h i s  

t ime ,  t oo ,  Wo l f  Voste l l ,  Nam June  Pa i k ,  t he  F l uxus and  Ze ro  g ro u ps ,  and many others f o und  i n  v ideo 
techno l ogy a f i tt i n g  terra i n  i n  wh i ch  to deconstruct both  the image  and  the i d eo l ogy of a c u l t u re 
e nve l o ped i n  TV and  pass iv i ty. But wh i l e  v ideo wou l d  dom i nate much  of the  p u b l i c  recept i on  of med i a  

d u r i n g  the 1 970s ,  i t  i ncreas i n g l y  was  i n f l ected by the i ntrod uct ion  of synthes i ze rs ( sound  and v ideo )  and  
a wi l l i n gness to push  representat i on  beyond shee r  o bj ect ive reco rd i n g  i nto ter r i to r i es  u n imag i ned by  

the corporate ma rketers . I n  1 976 Ge rd Rosche r  wrote i n  Video Magazin ( H amburg ) :  

Media specialists will be called upon to develop and test the required set  of carefully differ­

entiated instruments (in both technical and formal respects), and to make them available for discus­

sion. Independent co-ordinating bodies, or media centres, could offer a suitable forum for this, and it 

would be their task to provide open access to recording and playback facilities, until the day comes 

when these means of production are placed under social ownership. In response to the differentiation 

methods, it will also be necessary to devise suitable means of distribution, supplementing the direct 

channels used by the producers themselves. 

Apart from their primary function, media centres would offer a "politically interesting model of 

organization, " provided that they succeed in discussing and collectively resolving the problems of pro­

fessional collaboration in setting up institutions with an adversarial role B 

Museums  on ly  shy ly acknowledged v i deo  i n  t he i r  prog ra ms ,  wh i l e  much  of the f i e l d  found i ts 

a u d i ence on  the fr i nges-in a l ternat ive and expe r imenta l  venues w i l l i n g  to accommodate expe r imen ­

ta l ,  i nsta l l at i on ,  and  part i c i patory med i a .  But the re  were  s i g n i f i cant exh i b i t i ons  i n  th i s  t ime ,  most 
notab l y  the " E l ectra " exh i b i t i on  ( 1 983) c u rated by Fra n k  Popper  at  the Musee  d 'Art Moderne de  la Vi l l e  

de  Pa r i s .  Th i s  amb i t ious project, revo lv i ng  a round " E l ectr ic ity a n d  E l ectro n i c s  i n  t h e  Art o f  t h e  Twent i eth 
Centu ry, " i s  a c r uc i a l  marker in the conceptua l i zat i o n  of med i a  in the creative process .  Look i n g  com­

prehens ive ly  at the i nc l us ion  of techno l ogy i n  a rt .  the show ra nged  from Futu r i sm 's and S u rrea l i sm 's 

fasc i nat ions  with mechan i zat ion to Son ia  She r i dan 's " gene rat ive Systems  Progra m . "  Poppe r's extend­
ed i ntrod uct i on  out l i nes many re levant i s sues  and  thoughtfu l specu l at i o ns .  

What is the specificity of the computer as  a creative tool and how was cybernetics able to 

enter the field of art? 

The artists interested in these problems have been able to formulate three kinds of answers. 

One answer fully deals with the use of information processing devices with an artistic aim; a second 

seeks conformity between artistic and cybernetic systems; and a third ans wer denies the necessity of 

producing what is commonly called art by computer or any other telecommunications device but. on the 

contrary. sees their main role as a redefinition of the entire field of our aesthetic awareness.9 



11. 

Ars Electronica is the first event in which experts from all the arts have come together to 

demonstrate their progress to the public. Along with it, a discussion will be set off that has the effects 

of "creative electronics " as its objective. With all our most important technical developments we have 

always missed the opportunity to adjust in time to the resulting new realities, whether positive or neg­

a tive. It is to be hoped tha t  the best possible use will be made of Ars Electronica. It could provide us 

with the inspiration to once aga in place intellectual values before material on es. 

He rbert F ranke 

As i s  a b u ndant ly  c l e a r  i n  the exce rpts from Hannes Leopo ldsede r's prefaces  to two decades of 

Ars E l ectron i ca ,  the cha l l enges  set i n  p lace by a generat ion of committed but  d i s persed a rt i sts ,  e ng i ­
nee rs ,  wr iters ,  c u rators , a nd  theor i sts found a foca l po i n t  i n  the improbab l e  c i ty of L i n z .  F r om the out­
set Ars E l ectron i ca  set its g oa l s  dec i s ive ly :  to susta i n  a focused assessment of the i m pact of comput­

i n g  on a l l  a spects of c u l t u re a nd  c reat iv i ty. I ndeed ,  the vo l um i nous contr i bu t i ons  p u b l i shed  i n  the 

i nva l ua b l e  books that accompany the fest iva l ,  Pr ix ,  and sympos ium show that the  o rgan i ze rs have 
ma i nta i ned  a remarka b l e  pe rspect ive on  deve l opments i n  every aspect of the f i e l d .  No l o nge r  p i o nee rs ,  
t hey  c ha rted a terr i tory a n d  s im u l ta neous l y  sta ked a mora l  pos i t ion i n  s uppo rt of  a rt i sts ,  s c i e nt i sts ,  

theo r i sts ,  and ,  s i g n i f i ca nt l y, the  p u b l i c .  Ars E l ectron i ca 's exh i b i t ions have i ntrod uced  works by sever­
a l  g ene rat i ons  of a rt i sts; i ts p u b l i ca t i ons  revea l a f ie ld intense ly concerned with u n de rsta n d i n g  both 

its poss i b i l i t i es  and consequences .  I ts uncomprom i s i ng  advocacy for h i stor i ca l ,  c r i t i ca l ,  i n te l l ectua l  

a n d  art i st i c  d i s cou rses rema i n s  exhaust ive .  Its strong a n d  pub l i c  internat i o na l  p resence h a s  been a n  

i nf l uence  on n ea r l y  every othe r  i n i t i at ive i n  a f i e l d  now conceptua l i z i ng  the ro l e  of tec hno l ogy and  a rt .  

I ts i ntracta b l e  comm itment to se r i ous  a rt ,  se r i ous  th i nk i ng ,  and  ser ious  a u d i ences  ma ke i t  exemp l a ry. 
Th i s  antho l ogy is a g l i mpse i nto that h i sto ry. Wh i l e  noth ing c o u l d  rep l ace  a comprehens ive 

read i n g  of the fu l l  a rch ive of mater i a l s  ava i l ab l e ,  we hope to provi de a resource that c racks open the 
door to a h i story l a rge l y  u nknown,  to po i n t  to ideas ,  works, and h i sto r i es  whose reve rberat i ons  touch 

so much  of the f i e l d .  
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A r s  E l e c t r o n i c a  7 9  

P r o l o g u e  

With the advent of e l ectron i cs ,  a progress ive e l ement  e ntered o u r  tech n i c a l  wor ld  whose 

i n f l u ence i s  not l i m i ted to i n d u stry and  research ,  but  has  i m posed itse l f  o n  a l l  wa l k s  of l i fe .  A deve l ­
opment was thus set i n  mot i on  that c l eared the way for  many  a s pects that were s u rp r i s i n g  a nd  fan­

tast i c ,  but  that a l so  i nv ited much  cr i t i c i sm  and  s kept i c i sm .  The i n novat i o n s  b ro u g ht a bout  by e l ec­

tro n i c s  a re most ly  concerned with the transfe rra l of i nformat i o n-its storage ,  i ts retr i eva l .  a nd  its p ro­
cess i n g .  Modern e l ectron i c  mass media have g iven c ommun i ca t i on  a new founda t i o n .  The i r  effects 

reach as  fa r a s  our pr ivate l i festy l e  of thought  and behav io r. 
E l ectron i c s  has fo und  its own spec i a l  n i c h e  i n  the f i e l d  of a rt .  T h i s  not o n l y  a p p l i e s  to docu ­

mentat ion and  rep l icat i on ,  but  a l so to u nconvent i o na l  methods of compos i t i o n  i n  mus i c  as  we i l  a s  i n  

the v i sua l  a rts ,  i n c l ud i n g  computer-generated mus i c  a nd  v i deo  a rt and  computer  a rt .  
E l ectro n i c s  i s  a typ i c a l  examp l e  of a gen t i e  tec h no l ogy-a n ever g reater  pe rformance with an  

ever sma l l e r  amount of mate r i a l  expend i t u re .  A d i rect i o n  i s  t h u s  d rawn u p  that h e l ps ove rcome the  
i dea  of res i g n i n g  onese l f  to  ze ro g rowth :  g rowth i s  o n l y  dub i ous  whe re i t  b r i n g s  w i th  i t  i ncrea s i n g  con ­
s umpt i on  of i rre p l aceab l e  goods .  G rowth i s  not on l y  defe n s i b l e ,  bu t  des i ra b l e  when  i t  ra i ses  the q u a l ­

i ty o f  l i fe i nte l l ectua l l y. Among other t h i ngs ,  t h i s  m e a n s  a n  i m p rovement  i n  educa t i on ,  a re l ease  of 
creat iv i ty, and an i ncrease in sens i t iv i ty towa rds o u r  emot i o n a l  a n d  express ive c apa b i l i t i es-a bove a l l  
th ro u g h  art i st i c  act iv ity. 

Up to n ow, techn i c a l  progress has  entered soc i ety i n  a q u i te s imp l e  a nd  spontaneous  manne r. 
A debate on secondary consequences d i d  not occu r  u nt i l t he  esta b l i s hed  system s  fe i t  t h reatened by 

them .  The better cou rse wou l d  be to observe tec h n i c a l  c hange  c r i t i ca l ly f rom its very i ncept ion  a nd  to 
steer i t  in the r i gh t  d i rect i o n .  The term " e l ectro n i c  a rt "  denotes h e re that yo ung  sta ge  of deve l opment 

i n  wh i ch  e l ectron i c s  was used for the pu rpose of de s i g n  i n  i ts w i dest sense ,  whe reby the s u rp r i s i n g  
res u l t wa s  i t s  u n expected l y  c l ose re lat i onsh i p  to aesthet ic  q u est i ons .  Th u s  i t  wa s  t h a t  typ i c a l  c ha rac ­

ter i s t i cs  of gene rat ive e l ectron i c s  showed u p  exact l y  where the  a ims  were  a rt i s t i c  ones .  
The theme to  wh ich  Ars  E l ectron i c a  i s  ded i cated has  h e rewith been  o ut l i n e d .  I n  contrast to  

many  othe r  a rt i st i c a l l y  o r i ented sympos ia  a nd  cong resses ,  i t  i s  not  a ques t i on  of t a k i n g  stock of a com­
p l eted h i stor i c a l  process .  The object at i s s ue  i s  rathe r  the phenomena  that ,  t hough  they a re a l ready 
i n  the mak ing ,  wi l l  not be fu l l y  effect ive unt i l  some l ater  date .  Th i s  means  that so  me  of the o p i n i ons  
expressed h e re wi l l  be d i ffi c u l t  to  prove-mo re con jecture than  pred i ct i o n .  And a l so  that the se r i e s  



of demonstrat ions are l ess  that of f i n i shed  a rt in perfected tech n iques than  suggest ions  for tomor­

row's des ign  potentia l i t ies with a l l  the uncerta i nty of exper iments, but with the i nva l ua b l e  a dvantage 

of p resent ing g u i de l i nes  and  trends .  Thus ,  Ars E l ectron ica is  not the bottom l i ne b e h i n d  a past deve l ­

opment b u t  a s ign  f o r  n e w  o n e s  a n d  for  the d iscuss ions that wi l l  hopefu l ly e n s u e  before the chances 

for any k ind  of i ntervent ion  a re m i ssed .  

Man/Tech nology I nteractions 

A typ ica l  exa m p l e  of su bsequent repa i rs to an  existent phenomenon i s  the m a n/tech n o l ogy 

system ,  whose eco log i ca l  effects a re on ly now beg i n n i ng to be recog n ized .  The res u l t  i s  that cr i t i c ism 

has a l m ost a lways begun with the u n p l ea sant v is i b l e  consequences, and  n ot with the fa lse  p r i nc i p l e  

beh ind  t h e  a p p l icat ion o f  techn i ca l  system s .  The error l i es, above a l l ,  i n  t h e  fact that we d i d  n ot rec­

ogn ize  the l i m i tat ions to our Lebensraum i n  time, nor to the raw materia l s  it conta i ned . We l et o u r-

se lves be swayed by the o l d  b i o l og ica l  l aw that c l a ims  that a 

form of l i fe expa nds  u n t i l  it reaches  i ts  natura l  b o u n d a r i e s .  

It i s  e a s y  e n o u g h  to prove t h a t  a l l  the p reca r ious secondary 

conseq uences which occupy us today have, a l most without 

except ion ,  been caused by overpopu lat i o n .  I f ,  by means of a 
1III!!t!IIi1liJ" 

t ime ly  i ns i g ht, we had succeeded in stopp ing  th is popu l at ion  

g rowth,  we wou l d  have been s pa red  today's eco log ica l prob­

lems. This i s  the o n ly po int at wh ich  "zero g rowth " wou l d  rea l -

Iy have b e e n  necessary. An i ncrease i n  g rowth a l ong with a 
The problems of video-phone conferencing are being 

restricted popu lat ion  a utomat ica l ly enta i l s  an  increase i n  the studied in trialtests. The photo shows one of the con-

q u a l ity of l i fe.  We cou ld  then g l ad l y  l eave the e l i m inat ion of ference tables designed for thispurpose, with additional 
equipment for the conference director in the foreground. 

the consequences-espec ia l ly of the po l l ut ion that is respon-

s i b l e  for a l l  the unwelcome changes-to nature and its regenerative capa b i l ity. The fact that techno l ­

ogy today has seemed a curse rather than a b less ing  is  because every k ind  of techno l og ica l ly i n it i ated 

mater ia l  p rog ress has been tra n s l ated d i rectly or i nd i rectly into a rise i n  the popu lat ion .  

The deve l opment descr ibed  here a l so had another consequence. S i nce it was tec h n o l ogy that 

made the enormous d i ss e m i nat ion  of h u man ity poss ib l e ,  it i s  exactly these tech n o l og i c a l  means on 

which  we a re dependent .  Without  tec h n i ca l  he lp ,  most  peop le  wou l d  be condemned to death . Th i s  

means ,  h owever, that  b l i nd  oppos i t i on  to techno l ogy, wh ich  is  an  ever i nc reas ing  react ion  (and  a p r im­

i t i ve  one)  to the  eco log i ca l  s ituat i on ,  can  on ly  lead to a reduction in  the cha nces that  a re sti l l  poten­

t ia l ly i n  the cards .  For, th is  vita l b ut by n o  means harm l ess too l of  tec h n o l ogy wi l l  on ly  be mastered 

under  the present d i ffi c u lt c i rcu mstances if  we turn our  m inds to it in  a pos it ive way and d o  not ignore 

or re j ect it .  

The techno l ogy that has come under cr it ica l f i re i s  on ly  a sma l l  part of the w h o l e ,  name ly that 

based on phys ics and  chem i stry. Th is  i gnores the fact that technology means any  k ind of  systematic 

a pp l icat ion of sc ient if ic  knowl edge ,  i . e . ,  b iotechno logy, psychotechn ics ,  soc i a l  e n g i neer i ng .  Sy 

b i otech n o l og ica l means ,  m a n  succeeded i n  transforming h imse lf  from h u nter and  gatherer to fa rmer 

and  ra iser  of l ivestock .  The i nterventi on  i nto the eco l ogy that ensued caused, i n  the end,  much more 

i ntens ive changes in o u r  Lebensraum than a l l  other techn ica l i nterpos i t ions  ta ken together. A b i otech­

n o l ogy that i s  based on modern resea rch-that of genetics,  for examp le-can ca rry w ith it much b ig -

ger  revo l ut ions ,  whereby we can  o n l y  hope that, i n  contrast to the  past ,  newly  i ntrod uced techn iq ues 

wi l l  be d i scussed at a more general  l evel  of i nterest. Psychotechnics i s  st i l l  i n  its ear ly  stages;  here 

and  there it is used in teach ing  or in a dvert i s ing .  This a l so app l ies to soc i a l  eng i n e e ri ng-the de l i b-

erate i ntervent ion in the behavio r  of the popu lat ion ,  the man ipu lat ion of man as a soc i a l  g ro u p .  
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The subd iv is ion of the phenomenon tech n o l ogy ca n a l so be carr ied out from anothe r  po int of 

v iew:  one can d ifferent iate between a tech n o l ogy of energet ics and  of i nformat ion .  The former is one  

that  has  to do  w i th  mater ia l  goods,  and does  so by tra nsfo r m i ng l a rge amounts of energy. I nformation  

tec h n o l ogy, on  the  other hand ,  concerns the  vo l u me of i nformat ion ,  i t s  storage ,  d i str ibut i on ,  process­

ing, and ge nerat ion .  For,  i n  contrast to energy, i nformati on  can  be produced as  we i l  as  d e l eted,  and  

the essence of th is  seem ing ly  so genera l  and a bstract statement  has enormous  effects on the  a sso­

c i ated techn ica l p ract ices.  This i s  for i nsta nce the ca se for the raw mater ia l  of energetics tech no l ogy, 

wh ich  is l i m ited,  whi le  that of i nformation techno l ogy is not.  Th i s  means noth i n g  more tha n that for 

e d u cat ion or  a rt there i s  no mater ia l  l i m i t. And from this fo l l ows the i m portant bottom l i n e  that " l i m­

its to g rowth"  do not app ly  to the f ie ld  of i nformat ion .  

Natura l ly there has  been  a reason for gett i ng  these  cons iderat ions out of the  way before 

g o i n g  o n  to " e l ectronic a rt" and its assoc iated p ro b l em s .  I f  the use of techn ica l means i n  a rt is  cham­

p ioned ,  the q uestion is i m med iate ly posed as to whethe r  techno l ogy, which has proved so dangerous ,  

s h o u l d  not  at l ea st be  kept out of the  space rese rved for a rt .  The answer now i s  a n  easy  one :  the  tech­

n o l ogy needed here is  fundamenta l ly d ifferent from that at the center of the eco log ica l  d i scuss ion ,  

n a m e ly  energet ics .  I t  be longs  to i nformat ion  sc ience ,  wh ich  makes do with  a m i n i m u m  of materi a l  and  

e n e rgy. On  the other  ha nd-and l et there be no doubt of th is-the use  of techno logy leads  to a j ump 

i n  v o l u m e :  tasks that  were thought of as  u n reso lva b l e  a re so lved , the ta rgeted effects a re i ntens i f ied ,  

the space  i nvo lved is  extended . Wh at better wish  cou l d  we have i n  a wor ld  whose reserves a re 

exha u sted than f ind ing  de l ightfu l  compensat ion  in the a reas of the m i n d .  It is he re exact ly  that i nfor­

mation science can make its decis ive contr ibut i o n .  

As h i story shows, every techno logy deve lops  i n  d ifferent stages ,  beg i n n i ng w i t h  mechan ics 

v ia  opt ics a n d  e l ectr ic ity and up to e lectro n i cs and  a utomat io n .  Th i s  refl ects the s i m p l e  fact that 

mechan ist ica l ly determ ined phenomena a l l ow u s  the eas iest i n s i ght. whi le  other d i sc i p l i nes beg i n  in  

m o re a bstract reg ions that a re not d i rectly acces s i b l e  to our  i m a g i nati on .  Th is  path,  too, i s  one ma rked 

by d i fferent stages of growing effectivity. Mechan ics  represents the ,  so to speak, m ost u n ref ined tech­

n i c a l  stage, i n  wh ich heavy materi a l  masses a re moved-with a correspond i ng wear and tear and  an 

u navo i d a b l e  consumpt ion of energy. Optics and e l ectr ic ity a re based on i m mater ia l processes that run 

\ 
u nd e r  energet ica l ly more favo ra b l e  cond it ions a n d  therefore run cons idera b l y  faste r. Automati o n ,  

f i na l ly, i s  an  i nformational  techno logy i n  w h  ich  energy consumpt ion i s  t i n y  i n  compar ison t o  other  sec-

tors.  At issue here are gu idance and contro l ,  terms that a re m a n ifestly push-button processes, i . e . ,  

th ro u g h  mere d i rect ional  i ntervent ions i n  systems,  whereby a rb itra r i ly l a rge  masses and  h i g h  energ ies  

a re set  i n  m ot ion without any g reat expend itu re of energy. The prob lems that  have actua l  we i g ht he re 

a re in the f i e l d  of log ic ,  aga in  based on a cog n i t ive grasp of s ituat ions and  a ssoc iat ions .  

I t  needs no further su bstantiat ion that efforts made i n  th i s  f i e l d ,  i n  the sector of i nformat ion  

process ing ,  lead to  a much  more prop it ious hand l i n g  of mate r i a l  systems .  Thus ,  for exa m p l e ,  s i m p l e  

econ o m i es based on less consumption a re rather i neffective measures .  M uch bette r so l ut i ons  a re 

reached when one succeeds in activat ing t i l l -then-u nused reserves or in avo i d i ng l osses.  If m a n k i n d ,  

d u r i ng  t h e  ear ly  meta l a g e s ,  h a d  f o r  instance t r i e d  to cou nteract t h e  lack  of c o p p e r  by rat ion ing ,  its 

d eve l opment wou l d  have ended then and there. Only i nn ovat ion ,  i n  this case the acqu is i t ion  of knowl­

edge o n  the use of other  meta ls ,  cou l d  lead to i m p rovement.  Our h i story i s  a h i story of techn i ca l  i n no­

vati o n  and  wou ld  not have evo lved without it .  And i f  much of th i s  evo l ut ion  concerned en erget ics ,  

genera l  knowledge ,  prob l em-so lv ing methods ,  and  techn ica l  strateg ies,  etc . ,  be long  to the area of 

i nformat ion .  

Th is  i s  a l s o  the  reason that  i n novat ions that  concern i nformati on hand l i ng represent spec i a l  

m i l estones i n  t h e  course o f  h i storica l p rocesses.  T h e  f i rst o n e ,  l est w e  forget. i s  sti l l  part of o u r  b i o­

l og i c a l  deve lopmenta l stage:  the r ise of l anguage .  I ts consequence was no more and  no less  the r ise 



of Homo sapiens. If we want to d i scover the l aws of operat ion beh i n d  the modern e l ectro n i c  m e d i a ,  

we m ust k e e p  i n  m i n d  the s i g n i f icance o f  l a nguage .  With p l a nts a n d  a n i m a l s ,  n e w  forms of behav ior, 

l i ke better  a da ptati o n  to the env i ron ment ,  deve l o p  through genetic m utati ons .  Whateve r proves its 

effect iveness  i s  then reg i stered and passed on through i n her itance.  In order  to carry out  dec is ive 

stages i n  evo l ut ion ,  m i l l i o n s  of years are necessary. With the help of l a nguage ,  the period needed to 

a d a pt i s  reduced to a few yea rs or-count ing  the t ime for test ing efficacy-several gene rat ions .  

Knowledge  ca n ,  however, a l so be passed  on  "hor i zonta l l y" from man  to m a n ,  and  not o n l y  "vert i ca l ­

I y "  as  with b i o l og ica l  evo l ut i o n .  T h e  res u l t  i s  that from t h e  moment verba l com m u n i cat ion  i s  ava i l a b l e ,  

b i o l og i c a l  evo l ut ion  i s  re p l a ced b y  a nother, m u c h  more ra p id ly  fu ncti o n i n g  system o f  a d a ptat ion  a n d ,  

w i t h  i t .  a n  i ncreas ing  a b i l i ty to co pe w i t h  l ife .  

The next ste p in deve l opment ,  the f i rst resu l t  of human i nvent ion ,  i s  writ i ng .  It i s  a means of 

sto r i ng  and pass ing  o n  i nformati on  and en hances the effect ach ieved by l anguage .  A furthe r  expo­

n e nt iat ion  of effectiveness i s  that b rought  a bout by the i nvention of m ova b l e  type; as  a tech n i q u e  for 

d u p l icat ion i t  i s  a typ ica l  foreru n n e r  of modern mass med i a .  

A l s o  the exa m p l e  of i nformati o n  process ing  shows us that the path t a k e n  b y  tech n i c a l  deve l ­

opment f r o m  mecha n ics v ia  several  i ntermediate stages inevitab ly  l e a d s  to e lectro n i cs w i t h  a l l  its 

tec h n i ca l  potenti a l .  The m ethods of record ing  someth ing i n  writ ing or i n  print operate o n  a mecha n i ­

ca l  bas is ;  the next i m po rtant ste p took p l ace at the begi n n i n g  of the e l ectr ic  age-thro u g h  the t e l e­

graph and  the te l ephone ,  e q u i pment with which  one can t ransmit  e l ectric waves a n d  i m p u lses  at the 

s peed of l i g ht .  I n  th is  way the cost  i n  t i m e  for pass ing  on i nformation was reduced from weeks or  days 

to i m me d i ate,  no-de lay c o m m u n icat io n .  I t  i s  here that  one of those cases appear  where " q u a nt i ty 

tu rns i nto q u a l ity" : through the non-d e l ayed transmiss ion  of news, the d i a l ogue  v ia  the m ed i u m  

becomes poss i b l e  a s  a d i rect i nteractive conversati on .  T h i s  i s ,  a t  t h e  s a m e  t ime ,  a n  exa m p l e  of the 

fact  that the i ncrease i n  tec h n o l ogy ca n a lso  br ing huma n  aspects back i nto p lay that were b e l i eved 

l ost, i n  this ca se the h u m a n  voice-which far  exceeds the text i n  its poss i b i l i t ies for express i o n .  I f  the 

te l egraph  a n d  te lephone sti l l  a re i nd i v i d u a l  transmiss ion  systems, we have textbook exa m p l es of 

mass com m u n i cat ion in  the case of rad i o  and  te levis ion :  one broadcast ing  stat ion  norma l l y reaches 

a n  a ud i ence of m i l l i o n s .  I mportant news, whether  verba l ly or  vi sua l ly transmitted,  reaches the i nter­

ested p u b l i c d i rectly; in co ntrast to the b i o l og ica l  commun icat ion systems this i s  a n  u n be l i eva b l e  r ise 

i n  the effi c i ency of the too l ,  news.  The q uest ion rema ins ,  however, as  to whether  the poss i b i l i t ies  

offe red a re rea l l y  be ing  opti m a l ly a p p l i e d .  

N ew methods of docum entat ion  w e n t  h a n d  i n  h a n d  with t h e  w a y  news d i st r ibut ion  w a s  rev­

o l ut ion i zed through e l ectr ic i ty. The phonograph record and ta pe record i ngs  store acoust ic phenomena ,  

espec i a l ly verba l l anguage  a n d  m u s ic ;  f i l m  and  v ideo  tape a re means of preserv ing  v isua l events.  

Modern means of commun icat ion br ing with them a very rich cho ice of i nformat ion ,  w h i ch we 

a re beg i nn i ng to v iew from its negative s ide :  the m uch-c ited over load .  Com p l a i nts of th i s  k i n d  a re j u s­

t i f ied  when the i nformat ion i s  offered i m portunate ly, espec i a l ly when  l i n ked to no ise .  A q u ite othe r  

a s pect i s  t h e  fact that,  i n  order  t o  k e e p  u p  with th ings ,  people must perhaps co l l ect a n d  process a 

g reater a m o u nt of i nformat ion than was once the case.  In pr inc ip le ,  however, the ava i l a b i l i ty of i nfor­

mat ion ,  its cheap, rou nd-the-c l ock access i b i l ity i s  a posit ive aspect of our  wor ld .  I n  a state of wa ke­

f u l ness,  we cease l ess ly  take in i nformat ion via eyes, ears,  and other sense organs ,  wheth er  we l ive 

in a natura l or a mod ern tec h n i c a l  env i ronment .  Thus,  a lone ly  h i l i  farmer cou ld  j ust as  eas i l y  comp la i n  

of i nformat i o n  over load .  I n  t h e  meant ime i t  is  recogn ized that wh at matters i s  t h e  r i g h t  se lect i o n ,  

whether i t  i s  the v isua l a n d  acoust ic  exa m p l es from nature or  those f r o m  t h e  modern b i g  c i ty. Th i s  

means that  we have  the a b i l ity-or m ust acq u i re it-to separate tr iv i a l ,  use less, or  i n d i fferent i n fo r­

mat ion  from the more i m porta nt a n d  to d i rect ou r  attent ion to the l atter. When te lev is ion  v i ewers 

requ est broadcasters to p l ease end the i r  programs at e leven so that they may not m i ss bad ly  needed 
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s l eep ,  th i s  o n ly shows that the user  has m i sunderstood the system .  The mass  med ia  can  o n l y  adapt 

itself  to average requests that ar ise from broad port i ons of the p o p u l at ion ,  to those wishes that a re 

s i m i l a r  to genera l needs and expectations .  Other  med i u m s  a re ava i l a b l e  to cover i nd iv idua l needs,  

such as  l i brar ies ,  theaters and ci nemas,  lectu res and  courses,  n ot l east of which i s  the persona l  d i a­

logue .  When a l l  th i s  is added up ,  one must a d m it that at l east the popu l at ions  i n  democrat ic  countr ies 

l ive i n  a never-never- Iand  of i nformati on ,  where practi ca l ly every p i ece of i nformat ion  i s  access i b l e  

to eve ryone ,  and even t h e  costs p lay a fa i r ly  su bord i nate ro l e .  Th i s  i s  an  offer  that everyone c a n  use 

i n  re lat ion to the i r  own person a l i ty, for i nsta nce i n  order  to exte nd  the i r  knowl edge ,  to i m p rove the i r  

educat ion ,  t o  st i m u late the i r  m i n d ,  to l ea rn to t h i n k  cr it i ca l ly, to f i n d  d i fferent i ated i n s i g hts i nto a l l  

k i n d s  of p rob lems ,  a n d  t o  d raw the i r  own conc l us ions .  I f  m u ch t o o  l i tt l e  u s e  i s  m a d e  o f  t h i s ,  i t  i s  not 

the fa u l t  of the med ia  and the i r  o rgan izat i o n .  

Art i n  the  El ectronic Age 

The fi rst contact between a rt and e l ectron ics occu rred in the operat ions of record ing  and p l ay­

back .  When the med ia ,  such as the record and mag net ic tape,  go  i nto act ion ,  the actu a l  a rt ist ic  act, 

i .e . ,  the or ig i n  of the artwork, i s  a l ready at an  end .  Th is  i s  the reason the f ie lds  of  study that dea l  with 

a rt took only s l ight  notice. Art h i story was formerly d i rected ent i re l y  towa rds the creative phase and ,  

therefore, towards the  arti st's person .  Not  t i l l  l ater d i d  one beg in  to observe that  a rt i s  a commun ica­

t ive process whose effect rema ins q uesti onab le  if the a rtwork does not someti me,  somewhere reach 

a v iewing  p u b l i c .  Art recept ion became the magic word,  and  with it the e n o rmous i nf l uence of the 

record i ng and  d istri but ion  med i a .  I f  you look  at a rt as  a process ca rr ied out i n  soci ety, one  i n  which 

the p u b l i c  has its va l i d ity, then it  i s  easy to recog n ize  that the s ituat ion for a rt today i s  i nconceiva b l e  

without these med i a .  

I n  t h e  f i e l d  o f  m u s i c  t h e  ca se m a y  be t h a t  wo rks p l ayed v ia  sto rage  med ia  may offer better 

acoustic cond it ions than the norm a l  record i n g  i n  a concert ha l l .  The u pshot of th i s  is that e l ectron ic  

a i ds a re used to i m prove the perfo rmance, such as  i nstruments a n d  vo ices heard v ia  m i crophones and 

l oudspeakers .  At  f i rst the concept  was to render  a "true-to-nature" i mpress i o n ,  but l ater  the goa l  was 

m ore and more one of  " i m provement. " Many a l ive concert i n  the rock scene wo u l d  be u n i mag inab le  

without e lectron ic  equ i pment, and the  esta b l i shed g ro u ps b r i ng  a long  ent i re truck loads  of m ic ro­

phones, c a b l es,  a m p l if iers ,  and loudspeakers. The techn ica l  h i g h  point i s  reached in the stu d i os,  

where the music i s  often enough broken up i nto parts, aco ustica l ly i m proved o r  bent and l ater reu n it­

ed and super imposed.  The p iece now heard on the record has never exi sted i n  this form before . 

In contrast to mus ica l  i nstruments i n c l u d i ng synthes izers ,  photogra ph ic  and  te lev is ion  devices 

serve to rep l icate and not to generate p ictures .  N onethe l ess ,  the wish for a n  i nstru ment  has exi sted 

for a long  t ime that a l l ows us to b u i l d  up  from s i n g l e  e l ements a structure for v isua l dep ict ion .  One 

exa m p l e  of such an  idea  i s  a l i ght organ  that  can produce  f ree  v i s u a l  compos i t ions  i n  the same way 

as  mus ica l p i eces; severa l prototypes of such i nstruments go  back to the turn of the centu ry, but were 

never a b l e  to sati sfy expectat ions .  On the other  hand ,  in the h i sto ry of a rt-th ough se ldom in th is con­

text-severa l act iv it ies a re known that do have a certa i n  degree of v isua l  des ign .  The o ldest form i s  

that  of f i reworks as  practiced long  aga i n  anc ient C h i n a ,  a g e n u i n e  s pectac l e  for g reat masses of peo­

pie and thus very modern in  its concept ion .  Nota b l e ,  too,  a re waterwo rks, a rtfu l  fou nta i n  systems 

espec i a l ly found i n  the Baroq ue .  There a re a l so exa m p l e s  i n  Modern i s m ,  such as  the Viennese geyser 

founta i n  with its mova b l e  j ets of water l it i n  co lor from be l ow. The h ighest perfect ion  of th is  form i s  

that  staged as a specia l  effect before f i l m  showi ngs o r  var;etB performa nces.  M uch more modest i s  the 

ka l e idoscope, nota b le  for its mode of a rrang i ng structures coup led with cha nce processes.  I n  recent 

t imes l i ght has been used as a means of des ign .  Examp les  of this a re the l ight  scu l ptures of Hans-



M a rt i n  I h m e  or the " s u n  pa i n t i n g "  of Professor  Hoen i g ,  who,  by means  of a system of m i rrors a nd  
meta l p i e ces  of h i s  own  mak i n g ,  casts the ref l ect i ons  o f  t he  s un 's rays on to  the wa l l .  

Obv i ous l y  none  o f  these methods h a s  found  a f i n a l  so l ut ion t o  the o l d  p ro b l em :  the w i sh  for  
a n  i n d ependent i n strument  for  c reat i ng  v i s u a l  des i g n .  Th i s  seems to be  com i ng  to fru i t i o n  i n  a d i ffer­
ent way, and i s  d o i n g  so by deve l o p i n g  and rev i s i n g  old p l ayback methods .  Med i a  l i ke photography 

and  te l e v i s i o n  were at f i rst deve l oped  i n  o rder  to prod uce c l ose-to-natu re im itat i o n s .  N ot t i l i l ate r  was 

i t  rea l i zed  that eve ry copy d iverges 
from the o r i g i n a l  Th i s  becomes ve ry 

c l e a r, for  i n sta nce ,  when you ma ke 
b l a c k/wh ite cop ies  of c o l o r  scenes ,  
bu t  even the  s imp l e  p roj ect i o n  onto 

a p i ctu re p l a n e  enta i l s  a h i g h l y  mod­
i fy i n g  i n te rvent i o n .  The r e  is no 

q u est i o n  of a p l ayback of " re a l i ty. " 
It i s ,  however, re l a t i ve ly  s i m p l e  with 
a l l  t hese  med ia  to change othe r  

Ken C. Knowlton.- Images produced b y  the EXPLOR language 

cha racte r i st i cs  of p i ctures i ntent i o n a l ly, so as to ach i eve ce rta i n  effects .  The poss i b i l i ty ex i sts i n  pho­

tography a s  we i l  a s  i n  te l ev i s i on  to reproduce  scenes i n  fa l se  co lo rs o r  to enhance  the i r  contours .  A l so  

the s ha rpness  can  reduce  cop i e s  to a n  u n recogn i z ab l e  state, p i c tu res  can  be d i storted o r  ove r l a i d .  
There a re  n o  l i m i ts to methods of th i s  k i n d .  

The  f i rst attempts to get  away from t he  photograph i c  im itat i o n  o f  natu re were made  i n  t h e  

f i rst q u a rte r  of th i s  centu ry. The be s t  known advocates were Lasz lo  Moho ly-Nagy, Man  Ray and  H e i n z  
Ha jek- H a l ke .  They p l ayfu l l y  s o u n d e d  out  t h e  poss i b i l i t i es  t h e  camera offered f o r  ge ne rat i n g  g reat ly  
d i storted o r  a l so no n-f i g u rat ive p i ctu res .  As Moho ly-Nagy reported, wh i l e  photog ra p h i n g  and  deve l ­

o p i n g  h e  d i d  exact ly what w a s  cons i de red "wrong " :  he  swu ng the camera d u r i n g  t h e  take and  l e t  l i g ht 

fa l l  on the exposed f i l m .  Rema rka b l y  enough ,  the resu l t  was a ser i es  of extrao rd i n a ry p i ctu res that 

reca l l  ce rta i n  sty l e s  from the g r aph i c  a rts o r  pa i n t i ng  o r  prod uced the q u ite new effects of a " l i g ht 

g raph i c . "  The beg i n n i ng s  of v i deo  a rt a re a l so more re l ated to free expe r imentat i on  than  to a system­
at i c  work ing out  of a new method . The most important proponent of t h i s  movement  was Nam J u n e  

Pa i k , who  went p u b l i c  w i t h  h i s  a rt works i n  1 963 .  H i s  p i ctu res appea red on t h e  screens o f  t e l ev i s i o n  
sets t h a t  he  mod i f i ed ,  f o r  i n sta nce ,  b y  i n sta l l i n g  mag nets that caused image  d i stort i o ns .  

The d i rect i o n  that v i deo  a rt f i rst esta b l i shed l ed  back  to  i m itat i n g  na tu re .  Les Lev i ne  b u i l t a 

frame  that conta i n ed  fou r  c ame ra s  and  seve ra l te l ev i s i o n  screens  and  ca l l ed it "A Cybernet ic  
Scu l pt u re . "  The v i ewer c o u l d  rega rd h i mse l f  i n  them from d i fferent pe rspect ives a nd  i n  d i fferent c o l ­
o rs .  The wave o f  "v i deo  a rt "  was  a g a i n  i ntrod uced by  Nam June  Pa i k ,  who  t hen  used t h i s  as  a mode l  

for  many  o the r  dep i c t i ons :  w i t h  a s imp l e  v ideo recorde r  he documented a t ax i  r i de .  The tapes  f r om the 

fo l l ow i ng  yea rs-between  1 965  and  1 972-were s im i l a r  i n  concept i o n :  everyday scenes ,  often l eft 
u n c ut ,  but  somet i mes  sh uff l ed  a round ,  ove r l a i d ,  and  i ntent i o na l ly reprod uced with defect ive tech n i c s .  

Mos t  of t h e se  works a re u n bea ra b l y  bo r i n g ,  wh i c h  the a rt i sts state t o  be the i r  strategy f o r  sett i n g  free 

the v i ewe r's thoughts .  

A new d i rect i o n  was i nt roduced by the use of a v ideo synthes i ze r. Nam June Pa i k  construct­
ed the f i rst mode l  togethe r  with the e ng i nee r  Sh uya Abe. In pr i n c i p l e  t h i s  was a m i x i n g  desk  with 

wh ich d i fferent form a l  e l ements c o u l d  be gene rated and  combined .  For  the f i rst t ime the poss i b i l ity 

was rea l i zed to g r aph i ca l l y  imp rov ise abstract processes in moti o n ,  and t h i s  wi thout  any tec h n i c a l  

req u i rements wh i ch  make  the cor respon d i ng use o f  a mus i c a l  i nstrument so utte r l y  d i ff i c u l t .  I n  a pre­

m i ere perfo rmance Nam J u n e  Pa i k  ra n a four-hou r- I ong  sequence and  po i nted out  the fact that the l ay­

man  c o u l d  a l so potent i a l l y ope rate such  an " e l ectron i c  pa i ntbox . "  
r-­N 
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It has  occu rred more than once i n  the h i story of a rt that p i onee rs have esta b l i s hed  a connec­

t i  on between a ce rta i n  sty l e  and  the i r  new eq u i pment ,  so that th i s  assoc i a t i o n  i s  accepted a s  a g i ven .  

For  examp l e ,  " e l ectron i c  mus i c "  i s  norma l l y  imag i ned  to be aton a l ,  a l t hough  i t  need  not be .  S i m i l a r  
prej u d i ces  a rase v i s-a-v i s  v ideo a rt .  I n  t h e  meant i me ,  h owever, s uffi c i ent  examp l e s  ex ist  that show 
that the use  of t e l ev i s i on  tech no l ogy can c reate h i g h l y  c omp l ex aesthet ic  fo rmat i ons .  One  of the p i o ­

nee rs of t h i s  movement i s  A l exand re Vitk i n e ,  who p roduced h i s  own eq u i pment  for operat i ng  mod i f i ed  
te l ev i s i on  sets . I n  the meant ime d i fferent systems of h i g h l y  d i s c r im i na t i ng  v i deo  synthes i ze rs have 

been deve l oped ,  i n  Pa r i s ,  for examp l e ,  by Truq u e u r-Un ive rs e l  as we i l  as by Ludwig  Rehberg/EMS 

V ideos i ze r. W i th  t h i s  equ i pment ,  meanwh i l e ,  a se r i e s  of works  have  co me  i nto b e i n g  t ha t  a re f unda ­

menta l l y d i st i n ct f r am prev ious  v ideo a rt a composed sequence  of co l o r/fo rm synch ron i zed to mus i c  

t ha t  can  a l so be ca l l ed "g raph i c  mus i c . "  Among the mos t  nota b l e  of t h i s  movement's a uthors ,  a l o ng  
with Ludwig Reh berg ,  a re Ma nfred Kage  and  Pa u l  J e newe i n .  Works  that c ame  abou t  unde r  these  
def i n ab l e  object ives can a l s o  prov ide  a l i n k  to the compute r, a n d ,  i n  fac t ,  a connect ion  between  v i deo  

a rt and  computer  f i lm  i s  the l atest deve l opment .  Constructor a nd  o r i g i nator  Jean  F ran�o i s  Co l o nna  

dese rves to be spec i a l l y noted .  

One  form of dep ict ion bound u p  with tech n i c a l  eq u i pment  needs f i n a l  ment i on  here ,  name ly, 

t e l ev i s i on ,  wh i ch  deve l oped a utonomous forms of presentat i o n s  i n  a l l  f i e l d s ,  a l t hough  these were 
a l most without except ion based on rea l i st scenes .  Yet te l ev i s i o n  wou l d  be a n  exce l l ent  med i u m  for  

t ransm itt i n g  a bstract co l o r/form compos i t i ons ,  as  the he ra l d  of a new form of a rt that sp r i ngs ,  on  the 

one  hand ,  f rom v i deo  a rt and ,  on the other, from the compute r  f i l m .  There a re i n i t i at ives that do  j u st 

t h i s :  for i n sta nce ,  the sequences i n  some reg i o n a l  p ragrams  that i ntroduce  commerc i a l  spots. Bava r i a n  

Te l ev i s i on  f o r  some t ime  braadcast a ka l e i doscop i c  se r i e s ,  wh i l e  more  recent ly  i t  has  gone  on  to e l ec­
tron i ca l l y gene rated osc i l l ated images .  On  Austr i a n  te l ev i s i o n  the act iv i ty of co l ored l i q u i d s  were 

shown that ,  ref l ected i n  a vert i c a l  ax i s ,  suggested stra nge  orga n i c  forms .  Meanwh i l e ,  the  resu lts fram 

the  v ideo synthes i ze r  and fram the computer  used for  g ra p h i c  p u rposes seem made for  t e l ev i s i o n .  
Howeve r, u p  t o  n ow they have h a r d l y  b een  offe red as  a u t o nomous  praducts .  D r. Pa u l  J enewe i n  p u t  

togethe r  a p ragram ser ies f o r  Austr i an  te l ev i s i o n  i n  wh i ch  extrao rd i n a ry examp l e s  o f  t h i s  k i n d  c o u l d  
be seen .  V ideo-gene rated passages a r e  a l s o  u s ed  every n ow and  t h en  a s  i mmater i a l  backdrops for 

t e l ev i s i o n  p l ays o r  mus i ca l  perfo rmances .  What i s  remarka b l e  i s  that these k i n d s  of effects have 

become esta b l i s hed i n  the rock scene .  A l so  sc i ence  f i c t i on  f i l m s  made use  of these methods ,  not ,  
however, as  a rt forms but as  part of the p l ot a nd  mot ivated by some context o r  other. O ne  examp l e  of 

t h i s  i s  the play Die Stimmen der Sylphiden (Vo i ces  of the Sy l p h i des l .  for wh i c h  Ma nfred Kage s u pp l i e d  
the abstract scene ry. I t  cou l d  be t h a t  i n  th i s  way  the t e l ev i s i o n  a u d i e nce w i l l  b e come  u s ed  t o  t h i s  q u i te 
u n u s u a l  form of exp ress i on  and  that the p l ay  of abstract c o l o r-fo rms ,  " g r aph i c  mu s i c , "  wi l l  become a 

f ixed e l ement i n  te l ev i s i on  praduct i ons .  

Data Processing-Computer 

The med i a  d i scussed up to now have dea l t  with tasks of storage and  d i st r i bu t i on  of i nforma­
t ion .  These a s s i g nments can be regarded as  t r iv i a l  cases  of i nformat i on  movement ,  name ly, those in 

wh i c h  the i nformat ion  is to rema i n  una ltered .  The unavo i d a b l e  c hanges  that do  occur a re fe i t  a s  unde ­
s i ra b l e  s i de  effects .  A l t hough  the apparatus used to ca r ry ou t  these tasks  i s  pa rt of the da ta  process­
ing system,  i t  i s  st i l l  a c l a ss i ca l  phys i c a l  mach i n e .  

T h e  much  more d i sc r im i nat i ng  type of i nformat i on  tu rnover i s  i t s  pracess i n g .  I n  t h e  s imp l est 

case th is cou ld be s e l ect ion o r  orga n i zat i on ;  typ i c a l  examp l e s  of process i n g  a re c a l c u l at i o n  and l o g i ­
ca l deducti o n ,  bu t  a l so percept i on  and  t h i n k i n g  a re ca  ses of a h i g h l y  com p l ex convers i o n  of i nforma­

t ion .  And ,  f i n a l l y, c reat ive processes be long i n  he re ;  these can  be def ined a s  such  when they gene r-



ate i nformat i o n .  Th i s  i s  a tra nsfer  of i nformat ion that is cha racter ist ic  for so l v i n g  prob l ems  that can ­

not be reso lved determ i n i s t i c a l ly, i . e . ,  by means  of pu re ded uct ion f rom ce rta i n  l aws .  The a b i l ity that  
enab les  peop l e  to pe rform such  feats  i s  ca l l ed creat ive imag i nat ion .  The most i m po rtant examp l e s  of  

t h i s  a re sc i ent i f i c  d i scove r i e s ,  i nvent i o n s ,  and  a rt i st i c  creat iv i ty. 

J u st as man  c a l l e d  on mach i n e s  to so l ve h i s  ene rget ics prob l ems ,  he a l s o  has  mach i n e s  h e l p  

h i m  overcome t h e  vo l u m e  of i nformat i o n .  T h e  best-known examp les  a re a utomata s uch  a s  t h o s e  used 
to contro l  o r  mon i tor. I f  so me  of these so l ve q u ite comp l i cated ass i g nments ,  they a re e a s i l y  t rumped 
by the l atest representat ives of the i r  k i nd ,  name ly  by the computer i n  a l l  i ts vers i o n s .  

D a t a  proces s i n g  tec h no l ogy, t o o ,  t o o k  t h e  usua l  cou rse that beg i n s  w i t h  mechan i c s  a nd  ends  

with e l ectro n i c s .  The f i rst count i ng  i n stru ment-known s i nce h i story began-is the  bead  c a l c u l ator, 

the  abacus .  The n umbers a re represented by cou nters or beads that a re stru ng  on rods a n d  can  be 

moved across them. Ar i thmet i c  processes are dep i cted by the pos i t i on  of the mova b l e  cou nters ,  so 
that the u se r, w i thout  hav ing to c a l c u la te  on h is  own, a rr ives at the co rrect sumo  I f  the  abacus was 

on ly a s imp l e  too l ,  a rea l c a l c u l ator  was b u i l t by the astronomer Sch i c ka rd i n  1 623 that  was f u rther  
deve l oped by the mathemat i c i a n s  a nd  p h i l osophers Pasca l and Le i b n i z .  These were the  foreru n ne rs to  

those mech a n i c a l  c a l c u l ators that s tood not l ong  aga at the cash i er 's desk  of many shops .  The  ope ra ­

t i ons  they pe rformed were l i m i ted to add i t i o n ,  subtracti on ,  m u l t i p l i cat i o n ,  and  d i v i s i o n .  

Essent i a l  f unct i o na l  p r i n c i p l e s  of modern c a l c u l ators were an t i c i pated by the  E n g l i s hman  
Cha r l es Babbage  when he  constructed h i s  c a l c u l ators ,  f o r  examp le ,  a storage  u n i t i n  wh i c h  da ta  cou l d  
be stored u nde r  ce rta i n  i d ent i f i ca t i on  n u m bers ,  so-ca l i ed "addresses , "  a s  we i l  a s  a sequence  o f  

i n struct i ons ,  the  so-ca l i ed " p rogra m .  " 

The dec i s ive step to an e l ectro-mechan i c a l  tech no l ogy was taken i n  1 94 1  by the  Ge rman  

Kon rad Zuse ,  whose work was cut  o f f  by the war. I n  contrast, the Amer i cans  A i k en ,  S t i b i tz ,  Eckert and  
Mauch l y, a nd  others were  ab l e  to work  on  s im i l a r  prob l ems  without h i nd rance .  The b reakth rough  d i d  

n o t  co me unt i l they accom p l i s hed the t ra n s i t i on  t o  e l ectron i cs  with the i r  c a l c u l at i n g  u n i t ,  EN IAC .  I t  i s  

the  sta rt i n g  po i nt for  a l l  today's computers .  

The meteor i c  deve l opment of data process ing  techno l ogy i s ,  a bove a l l ,  d u e  to m i c ro-m i n i atu r­

i zat i on ,  a techno l ogy that a l l ows the most comp l i cated switch ing funct ions to be ope rated by ever 
sma l l e r u n i ts .  Modern m i c rop rocessors conta i n  f i ngerna i l -s i zed chips that perform the funct ion of over 

1 0 ,000 switches .  A l l  the c a l c u l ators ment ioned up  to now ope rate with n umbe rs and thus be l ong  to the 

so-ca l l ed " d i g i ta l c a l c u l ators . "  The other p r i n c i p l e  of ca l c u l at ing is known as  a na l o g ,  which a l so has  a 

mechan i c a l  precu rsor, the s l i de  ru l e .  I ts funct ion cons i sts in represent i ng  n umbe rs by u n i ts of l engths ,  
compar i ng  these l e ngths with one  another, str i ng i ng  them together, etc . S i nce these l engths are a na l o­

gous  to n umbers ,  the system is ca l l ed ana log  ca l c u l at i on .  Fu rther deve l opment used e l ectr ic s i g na l s  to 

express n umbe rs that one  can  compare and  comb ine  and so im itate ca l c u l a t i ng  procedu res .  Later, e l ec­

tron i c  means  were used to u pgrade the system to an  "ana log  computer, "  wh i ch ,  a l ongs i de  the d i g i ta l 

computer, is st i l l  a va l i d  i nstrument  for spec i f i c  tasks .  Th i s  type, by the way, used v i s ua l i zat ion re l at ive ly 
ear ly, i n  that the e l ectr ic s i g n a l s  appea red on screens i n  a pattern of c u rves .  S i nce  some of these were 

g raph i ca l l y  attract ive ,  f i rst attempts were then made that can be understood as  the foreru nne rs of com­
puter a rt . The p i onee rs he re were the G e rman Gerhard H i l l e  and the Amer i can  Ben F. Laposky. 

The manne r  i n  wh i ch  the data i s  p rocessed with i n  the com puter  is i rre l evant to the use r. It i s  

not necessary to  know i n  deta i l  the  comput i ng  procedure ,  the way i t 's o rg a n i zed ,  the t ime  i t  takes ,  

etc , a nd  for the l a rge r  computers i t  i s  scarce ly  poss i b l e .  What interests the user i s  the  i n c om i n g  and  

outgo i n g  data , or i n put  a nd  output ,  a s  i t 's known by the experts. For these tasks spec i a l  e q u i pment  i s  

necessary, wh i l e  the compute r  hand l es  data i n  a fo rm that  i s  d i ff i c u l t  for the l ayman  to u nde rstand­

ut i l i z i n g  what a re  known as  b i n a ry cha racters ,  i n  other words a n ume r i c a l  system that o n l y  cons i sts 

of the d i g its 0 and 1 .  These are encoded as e l ectr i ca l  p u l ses .  
cn N 



Thus ,  o ne  can v iew the i nput and  output  systems  as tra n s la t i on  a utomata,  wh i c h  convert the  

n ume r i c  system that  is on ly  unde rstandab l e  by mach i nes  i nto human  speech or text. S i nce t h i s  can  be 

accomp l i s hed  i n  a wide var i ety of ways , i t  depends  on  the i ntended app l i ca t i on  wh i c h  type of i n put  o r  

output  w i l l  be  s e l ected. F o r  examp le ,  t h e  i n put  c o u l d  be made  v i a  a n  a utomat ic  typewr iter, wh i c h  e i t he r  
t ransfers the i nformat ion to  a n  i ntermed i ate memory such  a s  punch  ca rds o r  magnet i c  ta pes ,  o r  pass ­
es  i t  d i rect ly to the computer. The opt ions ava i l a b l e  for the output  a re somewhat l ess  va r i a b l e ;  the com­

puted  res u l ts wi l l  e ither be pr i nted on paper  o r  they w i l l  be  d i s p l ayed on  a compute r  sc reen .  I n  many 
cases ,  a presentat ion as a g raph i c  image prov i des  a fa r better overvi ew; for  th i s  p u rpose ,  computer­

contro l l e d  mechan i ca l  drawi ng a utomata and  e l ectro n i c  d i sp l ay  term i n a l s  have been deve l oped .  He re  
aga i n ,  i t  was not i ced  that some of the d raw ings ,  created for s c i e nt i f i c  o r  techn i c a l  pu rposes ,  were  o f  

su rp r i s i n g  bea uty-impetus enough  to  i n i t i ate expe r iments with f ree  des i gns ,  the b i rth of com puter a rt .  

A pa rt i c u l a r ly  favorab l e  term i n a l  i s  found i n  the comb i nat i on  of i nput  and  o utput e q u i pment  that pe r­

m i ts a form of " d i a log operat ion . "  I n  th i s  case ,  the  computer  can  for examp l e  respond to a n  i n struct i on  
entered on the typewriter by  p r i n t i n g  t he  i ntermed iate res u l t  o r  by ask i ng  a q u esti o n .  S u ch  a d i a l og  can  
a l so be h a nd l ed o n  t he  screen o f  a computer d i s p l ay. I n  t h i s  case one  uses  a " l i gh t  pen"  to d raw l i nes  

across the s u rface of the sc reen o r  ente r  i n d i v i d u a l  po i nts ;  these a re then v i s i b l e  as  i l l u m i nated dots o r  

l i nes  on  the screen .  The  computer can unde rsta nd  the en t r i e s  made  i n  t h i s  manne r  a nd  can  respond ,  

fo r  exa mp l e  by chang i ng  the  g raph i e  image .  The n ewest deve l opment ,  wh i ch  i s  cu rrent ly j u st f i nd i ng  

i t s  f i rst pract i c a l  app l icat i on ,  i s  computer ou tpu t  v i a  synthet i c  speech ,  thro ugh  the spoken word . There 

a re a n umber  of app l icat i ons for wh ich th i s  method i s  pa rt i c u l a r ly  we i l  s u i ted ,  such  as for  the a utomat ic  

provi s i o n  of i nformat ion o r  for ass i stance i n  l e a r n i n g  fore i g n  l a ng uages .  
I n  the l atter cases ,  commun icat ion  with the computer  i s  hand l ed  i n  a manne r  that i s  fu l ly 

adapted to man .  I n  the f i n a l  stage ,  th i s  deve l o pment wi l l  be c u l m i nated by a computer  system that 

c an  accept i n struct ions i n  the form of spoken commands  w h i l e  a l so b e i n g  c apa b l e  of recogn i z i n g  p i c ­

tu res  that  i t  i s  s hown.  W i th  the f i rst types of computers ,  the re were st i l l  f undamenta l  c ommun i ca t i on  
p rob l ems ;  with each  system, one cou l d  on l y  c ommun i cate v i a  the  respect ive spec i a l  a n d  q u i te c l u msy 

encod i n g  system .  Later, these mach i ne-or i e nted progra m m i n g  l a nguages  were rep l aced  by app l i ca ­
t i o n -o r i e nted ones ,  such as ALG OL  and  FORTRAN,  wh i c h  were u nde rstood by the majo r i ty of the com­

me rc i a l  systems The tra n s l at i on  i nto the "mac h i n e  code"  was pe rformed by the respect ive  b u i l t- i n  
converters ,  the  " comp i l e r s . "  I n  t h e  cou rse o f  t ime ,  efforts we re made  to de s i g n  s imp l i f i ed  l a nguages  

t ha t  cou l d  a l so be u sed by  persons without any  spec i a l  t ra i n i n g .  N o neth e l ess ,  even  today a knowledge 

of prog ra m m i n g  l a nguages i s  i n d i spensab l e ,  i f  o ne  w i shes  to take advantage  of a system 's fu l l  ra nge  
of a p p l i c a t i ons .  

Machine Intelligence and Society 

Mach i n e s  he l p  peop l e  by perfo rm i n g  a w ide  var i ety of tasks .  But ,  these tasks a re not restr i ct­

ed  s imp l y  to prov i d i ng some re l i ef in the work process .  On the cont rary, they often represent funda ­
menta l c hanges ,  for  examp le ,  i n  the ut i l i zat i on  of raw mate r i a l ,  i n  the  imp rovement of p rod u cts ,  and  
i n  red u c i n g  p r i ces ,  mak ing  wh at was  prev i o us l y  restr i cted to a p r i v i l e ged few ava i l a b l e  to the  common 
man .  A l l  t h i s  cannot  occu r  without hav i ng  a n  i m pa ct o n  soc i ety, o n  types of work  u p  to now ded i cat­
ed  to man u a l  act iv i t i es  and now performed by the mach i n e ,  and o n  the use rs o r  consumers of goods  
that now appea r  a s  i ndustr i a l  products. What  seems  except i o na l l y benef i c i a l  for  l a rg e  po rt i o n s  of the 
popu l a t i o n  br ings mass ive prob l ems  for other s m a l l e r  groups ,  for  examp l e ,  the c raftsman  who f i nds  

h i s  f i n a n c i a l  f oundat i on  has now beeJl pu l l ed ou t  f rom unde r  h i s  fee t .  Aga i n ,  i t  i s ,  i n  refe rence to the  
mech a n i za t i on  of Eng land i n  the prev ious  centu ry, ce rta i n ly q u i te j u st i f i ed  i n  speak i ng  of t h i s  a s  a n  
" i n d u str i a l  revo l u t i o n . "  



One  can  a l ready see s i g n s  today that the appearance of effect ive data p rocess i n g  mach i n e s  

a l so  i m p l i e s  t h a t  a n othe r  i nd u st r i a l  revo l ut i on  i s  on t h e  ho r i zon .  And  o n c e  a g a i n  the re a re i mpress ive  

benef i ts to be noted ,  for  examp l e ,  re l i ef from t ime-cons um i n g  or s imp ly  bo r i ng  menta l effort. the  sav­

i n g s  i n  t ime ,  the red uced  p r i ces  for  a m u l t i t ude  of serv ices and  so on ;  neverthe l ess there a re a l so l a st­
i n g  changes  to the affected occu pat i o n a l  g roups .  However, one s hou l d  not ove r l ook  the fact that a 

usefu l techno l ogy can  i n  p r i n c i p l e  be i nt roduced i n  such  a way that it b r i ngs  a gene ra l  i nc rease i n  the  
q u a l i ty of l i fe .  Whereby, the  task  st i l l  rema i n s  of ensu r i ng  tha t  the benef its a re e q u a l l y  d i st r i b uted 
among a l l  concerned and  that the immed i ate ly  affected p rofess ions  a re re l i eved of the worst  negat ive  

consequences .  The p ro b l ems  that need  to be ove rcome a re ,  i n  th i s  ca se ,  not tech n i c a l  bu t  soc i a l .  

Less remarked ,  but .  i n  t h e  l o n g  r u n ,  certa i n ly more mean i ngfu l a re a l l  t h e  changes  that the  

new tech no l o g i e s  b r i n g  to soc i ety i n  gene ra l .  The app l i cat ions  tha t  computers f i n d  i n  s c i ence ,  i n d u s ­

t ry, a nd  t h e  off i ce  a re a l ready so commonp l ace that one  n eed  n o t  e l a bo rate o n  t hem .  A t  the s ame  

t ime ,  the  expa ns i o n  o f  the compute r  i s  i n  no  way at a n  end .  I t s  i n f i l t rat i on  i nto p ro b l em  a reas ,  wh i c h  

a p p e a r  scarce ly  o p e n  t o  so l u t i on  by the rat i o na l  methods o f  comput i n g  and  l o g i c a l  conc l u s i ons ,  may  
seem q u i te shock i ng  to s ome .  Examp l e s  of t h i s  can  be found  i n  

i t s  a pp l i ca t i on  i n  hosp ita l s ,  where i t  n ot o n l y  h e l ps hand l e  the 

a d m i n i strat i o n ,  bu t  a l s o  a i d s  in d i a g no s i s ,  the rapy, and  the 
obse rvat ion  of pat ients .  Today, c omp l i cated operat i ons  a re 

sca rce ly  conce iva b l e  w i thout  the a i d  of computers .  Another 
f i e l d  i n  which p reparat i o n s  a re b e i n g  made  for ut i l i z i n g  com­

puters i s  the j u d i c i a ry. I n  p r i nc i p l e ,  the  a dm i n i strat i on  of j u s­

t i c e  cons i sts of the a p p l i ca t i on  of ce rta i n  reg u l at i ons  from 

wh i c h  a dec i s i o n  rega rd i n g  r i gh t  o r  wrong and the app ropr i ate 

p u n i s hment  can be read .  Some of these reg u l at i ons ,  for exam­

p i e ,  those for the wor lds of f i n ance  and taxes ,  have become so 

comp l ex-thanks  to the m u l t i t ude of changes  and adaptati ons  

for spec i a l  cases-that humans a re sca rce l y  capab l e  of keep­

i ng  them i n  pe rspect ive . I n  t h i s  case ,  o ne  can  we i l  use the 
compute r's spec i a l  stre ngths ,  i ts huge memory capac i ty and  its 

ra p i d  and prec i s e  ope rat i o n .  I t  wou l d  a l ready be a s ubsta nt i a l  

adva ntag e  i f  one  cou l d  u t i l i ze  t h e  computer  t o  h a n d l e  m i n ima l  

cases ,  wh i c h  wou l d  free the  h uman  l awyers and  j u d g e s  f o r  the 

more d i ff i c u l t  and  se r i o u s  ones .  Tra n s l at i o n  prog rams ,  with 

wh i ch  the speech ba r r i e rs that h i nde r  i nternat i ona l  coopera ­

t i  on  c an  be  overcome ,  a re a l so be ing  deve l oped .  Even i f  the 

p ro b l em  of gene rat i n g  a l i n g u i s t i ca l l y f l aw less  l e t  a l one  a good 

l i te ra ry tra n s l at i on  i s  not so lved ,  the respect ive programs do 

i ndeed  d e l iver  unde rsta n d a b l e  text. wh i ch  on l y  req u i res ed it­

i n g  by a spec i a l i s t  t ra n s l ator. A l so  worth ment i o n i n g  in th i s  

connect i on  a re the data bases ,  the  e l ectro n i c  i nformat ion cen -

ters that re p l a ce  today's l i b ra r i e s .  The advantages a re obv i ous :  
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whatever i s  stored i n  s u c h  a database can  be tra nsferred with pract i ca l ly no de l ay  to any po i nt on the 

g l obe  where there i s  wh at  i s  known a s  a "term i n a l . "  To hand le  the transfer, one  can  use  the te l ephone  

network .  M ode rn databases ,  however, a l s o  se rve funct i ons  othe r  than s imp l y  sto r i n g  a nd  fo rwa rd i n g  

i nformat i o n .  T h ey  can  sea rch  f o r  spec i f i c  l i teratu re on t h e  ba s i s  o f  t h e  entered k ey  words .  They a re 
a l so c apab l e  of gene rat i n g  extracts a nd  su mmar i es ,  and  i n  the future they w i l l  a l s o  so lve  the noted 

tra n s l a t i o n  tasks as we i l ,  so  that one can rece ive every text i n  any l a nguage .  



N (Y) 

With th i s  examp l e ,  it is eas i l y  seen that ,  as a conseq uence  of cont i n u a l l y  expa nd i n g  func ­

t i o ns ,  a n  ever g reater perfo rmance can be a c h i eved-wh i ch  i n  t u rn b r i ngs  a n  ever broade r  ra nge  of  
poss i b l e  app l i cat i o ns .  Th us ,  for examp l e ,  on l y  a s u pp l ementa l p rogram i s  req u i red to t u r n  the a bove­

noted database i nto a centra l system for teach i n g .  To a l a rge  pa rt ,  th is cons i sts of prepa r i n g  the tra i n ­

i n g  mater i a l  i n  a f o rm  eas i ly ass i m i l ated by  the use r, s u bd i v i d i n g  i t  i nto "tra i n i ng packets" adapted to 
each  i n d i v i d u a l  capac ity to ass i m i l ate the data .  The n u m be r  of repet i t i ons  req u i red  to i n s u re that the 

t ra i n i n g  mate r i a l  w i l l  be reta i ned  i s  determ i ned  a utomat i ca l ly .  I n  contrast to the pedagog i c a l  systems 
u sed i n  the past ,  t h i s  i s  a f l ex i b l e  system ,  wh ich  can  be adapted to su i t  the perso na l  c a pa b i l i t i e s  of  

each  i nd i v i d ua l  u se r. For th i s  pu rpose ,  the answers g i ven  d u r i n g  the q u e ry phase  a re eva l uated sta­

t i st i ca l l y  and  then the i n struct i on  tempo ,  the n u m be r  of repet i t i o n s ,  etc . ,  a re adj u sted to matc h .  Even 

with the a id  of the computer, students are not spa red the necessa ry effort, bu t  they need  no l o nge r  

batt l e  boredom or  s l a c k  per iods ,  no r  a re they ove rtaxed ,  a nd  have  t he i r  own  i n d i v i d u a l  p a t h  t o  success 
ma rked out  for t hem .  Th i s  work  method has  a remarka b l e  s ide  effect : n ame l y, that there i s  no  l o nge r  
a need f o r  a centra l schoo l ;  everyone can  wo r k  t h r ough  the cu r r i c u l u m  at home at  t he i r  own  pace .  Th i s  

need  not l e ad  to i so l a t i on .  Enough  study a reas  rema i n  wh i c h  c an  on l y  be pract iced i n  a g roup ,  for 
examp l e ,  extemporaneous spea k i ng ,  d i scuss i o n ,  mu s i c  and spo rt ,  and these c o u l d  be g iven more 

atte nt ion  when i n d i v i dua l  study is o rgan i zed i n  a mo re concentrated manne r. 

S i m i l a r  effects cou l d  a l s o  come about  i n  profess i o n a l l i fe .  I n  a t ime  i n  wh i ch  o n l y  a l i m i ted 
n umbe r  of workers have d i rect contact with t he i r  mate r i a l ,  bu t  use reg u l at i o n  and cont ro l  systems  to 

pe rform t he i r  work with l evers ,  pushbuttons ,  and keyboards ,  i t  is no l o nge r  necessa ry for them to gath­
e r  at a common workp lace .  I f  one  used the app ropr i ate t e l e process i n g  systems-i n the majo r i ty of  

ca ses th i s  wou l d  be poss i b l e  v ia  the te l ephone  l i nes-a l a rg e  pa rt of the j o b  cou ld  be hand l e d  from 
one 's home. In  exam i n i n g  th i s  scenar io for the futu re ,  i t  q u i c k l y  becomes obv i o u s  that the  ava i l a b i l i ty 

of ce rta i n  tech n i c a l  means i nterposes on o u r  soc i a l l i fe .  I n  the ca se descr ibed a bove, one  wou l d  expect 
a c l o se r  fam i l y  l i fe to evo lve ,  g reater freedom in the d i v i s i o n  of the work, with the re laxed and com­
forta b l e  env i ronment that  i s  on l y  found  i n  the home .  I t  wou l d  mean  that those huge facto r i es  and 

off i ces ,  wh i ch  have engu l fed who l e  u rban a reas ,  wou l d  d i s a ppea r, to be re p l aced by study and  work 
rooms i n  p r i vate dwe l l i ngs-as i s  a l ready usua l  i n  the  free l a nce  p rofess i o n s  today Th i s  wou l d  a l so 

have q u ite a pos i t ive effect on the vo l ume  of traff i c ;  o ne  wou l d  o n l y  spend  a few ho u rs i n  schoo l  o r  

off i ce  for j o i n t  act iv i t ies ,  red uc i ng  the often dange rous  t r i ps  to schoo l  as  we i l  a s  much  of the dead ­
e n i n g  rush-hou r  traff i c .  I t  i s  to be expected t ha t  the conseq uence  of the red uct i on  i n  stress as  we i l  a s  

the t ime  won  by m i n i m i z i n g  c ommu t i n g  wou l d  i n s p i re y e t  a nothe r  i n c rease  i n  p roduct iv i ty. 
Furthermore ,  i t  wou l d  be q u ite easy to ensu re that the re l ocat i on  of the work to the p r ivate sphere  d i d  
n ot l e a d  t o  l a z i ness or se l f- i n d u l gence ,  s i nce  t h e  e l ectro n i c  systems m a k e  i t  e a s y  t o  determ i n e  how 

l o ng ,  as  we i l  a s  how effect ive ly, the user ope rates .  
As essent i a l  as the changes under d i s c u s s i o n  m i ght  be ,  they a re n o neth e l ess  on ly seconda ry 

effects .  The g reatest impact of mach i ne  i n te l l i g e nce  that  i s  made  ava i l a b l e  wi th  computers l i e s  i n  
t h e  n ew patte rns o f  th i n k i n g  a n d  behav ing  that res u l t  f rom wo rk i n g  togeth e r  w i th  these mach i n e s .  
T he  ra p i d  d i st r ibut ion o f  i nformat ion made  poss i b l e  b y  the pr i nter 's a rt ,  l a t e r  e ven  fu rthe r  acce l e rated 

by the mass med i a ,  had last ing consequences on  our common idea of the wor l d ,  the  l eve l  of our edu ­
cat i on ,  o u r  c r i t i ca l capac ity, e t c .  Wi th  the compute r, we are now confronted with the prospect of 
i ncrea s i n g  the h uman capac i ty for i nte l l i g ence by an order  of magn i tude .  Th i s  effect has thus  fa r o n ly 

been not iceab l e  i n  those p l aces where an access to ma i nframes  was ava i l a b l e ,  i n  other words i n  sc i ­
ent i f i c  i n st i tutes ,  i ndustr i a l  p l a nts, off i ce a dm i n i stra t i ons ,  o r  the m i l i ta ry, to n ame  but  a few. A gene r­

a l  ut i l i zat ion of such a potent i a l  cou l d  come a bout  th rough access to databases  and  centra l i nformat ion  
systems ,  someth i n g  that  can a l ready be seen i n  connect ion  with o u r  te l ev i s i o n  n etwo rk where a pp l i ­

cat ions ex ist such  a s  t h e  so-ca l i ed "te l ev ised newspapers" t h a t  t a k e  advantag e  o f  t h e  empty phases  



between  p i cture sequences ,  bU T  a l s o  oth e r  new i nformat ion  serv ices that a re a l ready u nde r  deve l op ­

ment .  Thus  today  one  can  phone  i n  a request fo r  tra i n  sched u l e  i nformat i o n ,  wh i c h  i s  t hen  d i s p l ayed 
a s  te l etext on  your t e l ev i s i o n  sc re e n .  This method too can be extended a rb i tra r i l y  so that ,  for exam­

p i e ,  i n  t he  future i t  wi l l  be  poss i b l e  to esta b l i sh  a v i deo  l i n k  v i a  you r  te l ev i s i o n  to the  depa rtment 
stores and to order  the a rt i c l e s  v i s i b l e  on  the screen at the press of a b utto n .  

H owever, a l o o k  at t h e  h i sto ry o f  techno l ogy shows that deve l o pments d o  n o t  a l ways take the 
expected route .  Th i s  has  happened i n  a m u l t i tude of cases such as the a rt i f i c i a l  head  stereo that made 

the step to q u ad raphony a n  i l l u s i o n .  I t  i s  t hus  poss i b l e  that a new tec h no l ogy c o u l d  take the p lace of 

the data base  systems .  What I mean h e re i s  the "decentra l i zed i nte l l i g e n ce "  that i s  h e ad i n g  our  way 
in the form of the m i c rop rocessor. T h i s  dev ice has the comput ing perfo rmance  of a med i u m-sca l e  com­

puter, wh ich  j u st f i fteen  years aga  wou l d  have cost  a bout as much as  a l ux u ry a utomob i l e .  Today such  
comput i ng  pe rfo rmance i s  ava i l a b l e  for  no  more than the pr i ce o f  a convent i ona l co l o r  te l ev i s i on .  Th i s  
began  with the pocket c a l c u l ators ,  wh i c h  have  spread l i ke wi l d-li re these l a st few years ,  a n d  the re  i s  

n o  doubt that t h e  " h ome  com puters"  n ow  a ppear i ng  on t h e  ma rket, wh i c h  ofte r a n  e v e n  g reater mu l ­

t i t ude  o f  poss i b i l i t i e s ,  wi l l  f i n d  compa ra b l e  ma rket accepta nce .  

Even i f  the comput i ng  pe rfo rmance  of a m i c roprocessor-based dev i ce  i s  asto n i s h i n g  enough ,  
i t  i s  l i ke l y  t ha t  i t  wi l l  be  the concep t i o n  beh i n d  i t ,  the " p h i l osophy, " wh i c h  prov i des  the i m p u l se  for its 

gene ra l  a pp l i c a t i on .  So  i t  seems to be mere l y  a concess i on  to the profe s s i o na l  user that  one can  pro­

gram these dev ices  with the a i d  of one of the common ly  ava i l a b l e  prog ra m m i n g  l a n g uages ,  gene ra l ly 

BAS I C ,  with the resu l t that these dev i ces  can  a l so so lve any of the p ro b l ems  i n  mathemat i cs  or l o g i c  
t h a t  can  be hand l ed  by computers of convent iona l construct i on .  However, wha t  i s  new a nd  so spec i a l  

a bout  these dev ices i s  t h e  fact t h a t  t h e y  ofter new and fa r more " h uman "  poss i b i l i t i e s  f o r  commun i ­
cat i o n .  Among t hese  use r-fr i e nd l y  a spects i s  t he  ut i l i zat ion of t he  s c r een  o n  wh i c h  one  can  write o r  

d raw and  o n  wh i ch  the compute r's response i s  d i s p l ayed .  A few modern va r i a nts a re a l so  capa b l e  of  
acoust i c  responses ,  wh i ch  c an  be used for examp l e  to output  a po lyp hon i c  me l ody o r  speech .  To a l l  

t h i s ,  w e  now have a new c l a ss o f  what a re i n  some ways su bord i nate p rog rams ;  they a re stored i n  
"modu l e s "  a n d  c a n  be p l ugged  i nto t h e  dev i ce .  They prepare the dev i ce  t o  hand l e  a spec i f i c  task ,  and  

provi de  a pa l ette of a l l  the necessary ope rat ions  so that  the user  can s imp ly  s e l ect, sequence ,  and  com­
b i n e  funct ions  fo l l ow i ng  a very obv i o u s  system-without recou rse to  any  progra m m i n g  l anguage .  Th i s  

i s  accomp l i s hed  u s i n g  s e l ect i on  l i sts ,  what a re known as  "menus , "  wh i c h  desc r i be  the va r i o us  opt i ons  
ava i l a b l e  i n  s ho rt exp l a n atory texts, so that the re  a re no lu rther bar r i e rs  between the u se r  and  the  

immed i ate app l i cat i o n .  F u rthe rmore ,  these programs are constructed and  secu red  i n  s u ch  a way that 

e rrors ,  dead ends and the l i ke a re sca rce ly  poss i b l e .  

The resu l t i s  t h a t  i nteract i on  w i t h  t h e  computer t h u s  takes on  a f o rm  t h a t  has  n o  s i m i l a r ity to 

the former u s ua l  p rogra m m i n g-with the m u l t i p l e  tr i a l  runs ,  the exhau st i n g  t ro u b l eshoot i n g ,  and the 

l o ng  de l ays .  The computer  now reacts immed i ate ly ;  i f  necessary, it comments on  the use r 's dec i s i o n s  

and  thus  g u i des  h i m-in  st i m u l a t i n g  i n te ract ion-to the des i red so l u t i o n .  The most conv i n c i n g  app l i ­

c a t i o n  for  a l l  the  p rofte red poss i b i l i t i e s  l i e s  no l onge r  i n  computat ion ,  but  i n  f r ee  c reat ive work ,  such  

a s  i n  des i gn  and  i n  the a rts .  

Computer Music 

The f i rst a rea of the a rts ,  i n  wh i ch  the computer has been app l i e d ,  i s  mu s i c .  For  t h i s  concept 

we have a p rom i nent  foreru n n e r, n ame l y  Moza rt, who gave i n struct ions  for  compos i ng  wa l tzes on the 
bas is of notes se l ected by the ro l l  of the d i ce ;  i n  othe r  words he had recogn i zed the p r i n c i p l e  of the 

i nteract i on  between o rde r  and chance i n  the a rts .  I t  wou l d  be abso l ute l y  no  t ro u b l e  to i nco rporate h i s  

i n struct i ons  i n  a program a nd  t o  t h u s  gene rate a n y  n umber  o f  compos i t i ons .  



One  of the f i rst to app ly  e l ectron i c  a i d s  to c reate mus i c  was the psycho l o g i st and  cybernet i ­

c i st Peter Scheffl e r  at I nnsbruck U n ivers ity. To create a f lawless ra ndom numbe r  gene rator, h e  assem­
b l e d  a battery of G e i ger  cou nters that  react to the hammer i ng  pu l se  of cosm i c  rays . Each  " h i t "  t r i gge rs 

a to n e .  A l t hough  t h i s  is an examp l e  of pu re ly  ra ndom mus i c ,  there were nonethe less  remarkab l e  aes­

thet i c  effects, s i n ce  Scheff l e r  used extreme l y  p u re ,  g ra d u a l l y  r i s i ng  and  fa l l i n g  tones .  O n  the  othe r  

h and ,  a p u r e l y  s u bj ective eva l uat ion o f  h i s  " e l ectro n i c  o rchestra " f i nds  i t  q u i c k l y  bor i ng-the re a re 

a b so l ute l y  no concentrat ions or c l i maxes, no repet i t i ons  a nd  no s ubd i v i s i o n s .  The f i rst ones to c reate 

prog rammed mus i c  by e l ectron i c  means therefore i m posed a few r u l e s  for s e l ect i o n :  not every tone 

t r i gge red  by a ra ndom number generator wi l l  be used, fa r  mo re a type of " I og i c a l  f i l te r" wi l l  be b u i l t 
i n  that .  for examp l e ,  serves to cut out d i scordant notes ,  s uch  as those wh i c h  s u pe r i mpose two d i ffer­

en t  notes wh i c h  d i ffer by on ly a s i n g l e  p itch . S i m i l a r  r u l e s  cou l d  a l so be made to h a nd l e  the sequenc ­

i n g  of n otes-a n o rde r i ng  pr i n c i p l e ,  wh ich can  be de s i g ned to be a s  comp lex  a n d  extens ive a s  de s i red .  
I n  p r i n c i p l e ,  i t  s hou l d  be poss i b l e  t o  create every fo rm of mus i c  i n  t h i s  manne r. The f i rst examp l e  o f  
com puter  mu s i c  was  supp l i ed by  M .  K l e i n  a nd  D .  Bo l i tho .  I n  1 956 ,  t hey  gave  a pub l i c  presentat i on  o f  
a compos i t i on  c a l l ed  "Push  Button Bertha , "  a mu s i c  p i ece  f r om a Datatron e l ectro n i c  computer. 

If o ne  pe rforms a stat ist i c a l  ana l ys i s  of a se r i e s  of mu s i c a l  p i eces ,  one  can  d i st i l l  a n umbe r  

of c h a racte r i s t i cs ,  wh i c h  can t h e n  be u s ed  a s  r u l e s  to cont ro l  a l a t e r  synthe s i s .  I n  the  cou rse of t h i s  

process i t  became  obvi ous  t ha t  bes ides t he  c l a s s i c a l  pa ra m eters t ha t  are used  to desc r i b e  compos i ­
t i o n s ,  for  examp l e ,  beat. key, counterpo i nt .  etc . ,  t he re a re o t he r  factors t ha t  a re even  mo re impo rtant 

in determ i n i n g  the sty le  of the mus i c .  Qu i te remarka b l y, the  majo r i ty of these pa ramete rs were the 
res u l t of exten s ive stat i st i ca l  stud i es ,  wh i ch  pe rm i tted statements to be made  rega rd i n g  the deg ree  

of chance  a l l owed or t h e  re la t ionsh i p  between  o r de r  a nd  chance .  Thus  i t  was  the phys i c i st Wi l h e l m  
Fucks ,  i n  h i s  stu d i e s  o n  t h e  stat ist ica l ana l y s i s  o f  mu s i c  at t h e  U n ivers i ty o f  Aachen ,  w h o  esta b l i s hed  

that  we have u nde rgone a n  i n c rease i n  the i n f l u e nce  of chance  du r i ng  the cou rse of o u r  c u l t u r a l  h i s ­
to ry. The mu s i c o l og i st Norbert Boeker-He i l  fo u n d  a number  of desc r i pt ive factors that cou l d  be  
exp ressed  i n  a d i a g ram d rawn i n  perspect ive a n d  t hus  p resent  a k i n d  of c ha rt of the respect ive com­

pos i t i o n .  I n  t h i s  manner, i t  i s  poss i b l e ,  fo r  examp l e ,  to d eterm i n e  the i dent i ty of a composer  for  wh ich  
n o  data i s  ava i l a b l e .  

A pa rt i c u l a r ly spectacu l a r  poss i b i l i ty i s  na tu ra l ly t he  i dea  o f  the s u bsequent  synthe s i s  that 
l e ad s  to the  creat ion of add i t i ona l compos i t i o ns  by a poss i b l y  long dead  compose r. What c reated s uch  
a pub l i c  st i r i s ,  on  t he  one hand ,  re lat ive ly  u n i nterest i n g  to the c reat ive mus i c i a n  a nd ,  o n  the othe r, 

h a s  for  mus i c o l o g i sts an ent i re ly  d i fferent rat i o na l e  t han  that of sensat i o n .  It i s  s imp l y  a q uest i on  of 
test i n g ,  by means  of a subj ect ive impress i o n ,  whether  o r  not the se l ected pa rameters a re t ru l y  c ha r­
acte r i s t i c .  

Compos i ng  mus i c i ans  uses e l ectro n i c s  with a n  en t i r e l y  d i fferent g oa l  i n  m ind .  They a re i nter­
ested in c reat i n g  someth i n g  new; towa rds th i s  end the  va r i o u s  tone-gene rat i n g  systems ,  e . g . ,  the 

m u s i c  synthes i ze r, prov ide  a g reat opport un i ty. For  composers the t rans i t i o n  to p rogrammed mus i c  has 
proceeded step by step-ever more effects were l eft to a utomat ion  and no  l o nge r  needed to be  cre­
ated man u a l ly .  Composers p lay a phrase o n  the keyboa rd and then have i t  r ep l ayed a s  often a s  de s i red 
at  any  of a va r i ety of vo l ume  leve l s ,  t imb res ,  and speeds .  Once  a n  appea l i ng res u l t  i s  fo u nd ,  they can 
proceed to the next phrase ,  wh ich  can then be  c reated in  a s i m i l a r  manner o r, s h o u l d  i t  seem appro­

p r i ate for  t h i s  p i ece ,  by mod i fy i ng  a copy of the  prev i o u s .  In th is manne r, the  mus i c  i s  a s semb l ed  beat 
fo r  beat and voice for voice . I n  the l a st stage  of d eve l o pment. even the keyboard i s  u n necessa ry. By 
en te r i n g  ce rta i n  codes, the frequency and d u ra t i on  i s  d eterm i n ed  and othe r  pa ra meters a re a s s i g ned ,  

s u c h  a s  t im bre ,  b u i l d u p  and  decay processes ,  etc . At the end  one  has  a p i ece  of mu s i c  t ha t  a ppea rs 

to be p l ayed i n  stereo or quad raphony by a l a rg e  sonorous  o rchestra ,  a l t hough  the en t i re compos i t i on  
ex i sts t hus  fa r on l y  i n  the memory o f  a da ta  process i n g  system .  For some t ime ,  systems of t h i s  type 



were concentrated i n  a few most ly  s c i e nt i f i c  mus i c  stud i o s .  When they were used for  free compos i ­
t i o ns  at  a l l ,  t h e se  we re compos i t i o n s  t ha t  p i cked up  the th read o f  forego i n g  e l ectro n i c  m u s i c .  
E l ectro n i c  a i d s  a re ,  however, i n  n o  way o n l y  su ited t o  a spec i f i c  sty l e  o f  m u s i c ,  bu t  can  be  u sed  t o  
rea l i ze compos i t i o na l i d e a s  i n  any  mus i c a l  d i rect i o n .  Recent ly, t h e  eq u i pment i s  a l so b e i n g  u s e d  i n  t h e  
commerc i a l  sector, s u ch  a s  f o r  prod u c i n g  f i l m  sound tracks o r  m u s i c  f o r  enterta i nment .  Bu t  he re a ga i n ,  
a n e w  deve l opment  i s  i n  t h e  off i n g :  with h o m e  computers ,  t h e  pub l i c  at l a rge  wi l l  g a i n  access  to e l ec ­

t ro n i c  systems fo r  compos i ng  mus i c ,  so that  aga i n  what  was  prev i ous l y  restr icted to a t i ny  e l i te  w i l l  
u ndergo a comprehen s ive popu l a r i za t i on-with a l l  i ts assoc i ated pos i t ive a nd  negat ive as pects .  

Visual Computer Art 

Georg Nees: Siemens in der Welt 
© Nees/Siemens 

The year  1 965  ma rks 

the b i rth of computer g ra p h i c s .  

I t  was  t h e n  that ,  s i m u l taneous ­
Iy  and  yet  i n dependent l y  t rom 
o ne  a nothe r, F r i ede r  N a ke ,  
Geo rg Nees ,  a n d  A .  M ic h ae l  

N o l l  d i scovered t h a t  the com-

pute r  cou l d  be set u p  to com­
pete  w i th  the c l a ss i ca l  too l s  of 
a rt a s  a new and u nconvent i on ­
a l  i nstrument .  The a rt c r i t i c s  

and  a rt i sts took u p  the c h a l ­

l e n g e .  Heated d i sc uss i ons  fo l ­
l owed rega rd i n g  the def i n i t i o n  

of a rt a n d  t he  q u e st i o n  o f  

whethe r  a g r aph i c  prod uced  by  

a computer can  be cons i dered 

a rt .  Today, th is  q u est i on  i s  st i l l  
undec i ded ,  but  one  o f  the  mo re 

h e a rte n i n g  c o n s eq ue n ce s  of 

th i s  conf l i ct has  been the span ­

n i ng  of a b r i dge  between the t rad i t i o na l  a nd  the techn i c a l  sect ions of D u r  c u l tu re .  
I t  wou l d  ma ke l i tt l e  sense  to deve l op  a computer  p rog ram to produce a s i n g l e  g ra p h i c .  But  

they a re at  l e a st wr i t ten to a l l ow one  to change a ra nge  of pa rameters ,  a nd  i n  many  ca ses the p a l ette 
of opt i ons  i s  so  great that i n d i v i d u a l  rea l i za t i ons  from the same prog ram a re often sca rce ly  recogn i z ­

a b l e  a s  such .  St r i ct ly  speak i n g ,  th i s  i s  the  reason that the s ing le  image i s  not a n  adequate form i n  

wh i ch  t o  present compute r  a rt; i t  i s  m u c h  better dep i cted as  a ser ies .  I f ,  f rom o n e  p i ct u re t o  t h e  next .  
o ne  ma kes on ly sma l l  a dj u stments to the parameters , the resu lt  appears i n  phased images that  can 

be seen  a s  sequences of movements .  They prov ide  the raw mate r i a l  for com puter  f i l ms ;  t hus  work i n g  

w i t h  compute r  systems  makes a step a p p e a r  obvi ous  that convent i o na l  a rt wa s  n o t  a b l e  to t a k e .  Wh at  

i s  meant he re i s  the t rans i t i o n  trom a non -representat i o na l  p i cture to a mov ing  form of dep i ct i o n ,  a s  

we f i n d  a n a l ogous  to the a ud i tory f i e l d  of mus i c .  Even i f  computer a rt d i d  n o t  accomp l i s h  a nyth i n g  

e l s e ,  t h i s  a l o ne  wou l d  be adequate compensat ion  f o r  t h e  effort. What has  on l y  b e e n  vag u e l y  h i nted 

at  in f i rewo rks ,  waterworks ,  and  ka l e i doscopes ,  has  now matu red i nto a manageab l e  form of repre­

sentat i on ,  I t  i s ,  however, st i l l  so stra nge  and  u n u s ua l  that i t  wi l l  certa i n l y  take centu r i es  before these 
new poss i b i l i t i e s  can  be fu l ly exp l o ited 
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The best known prod ucer  of computer  f i l m s  i s  J o h n  Wh i tn ey, who p rev i o u s l y  a l so made  

ab stract exper imenta l f i lm s  and  worked i n  the f i e l d s  of both  mus i c  a n d  photogra phy. I n  1 966 ,  I BM 
gave h im the opportun i ty to take part i n  a n  i n -depth  t ra i n i n g  i n  the use  of e l ectra n i c  data-process i ng  

systems .  S i nce then he has  worked c l o se l y  w i t h  Jack  C i t ron at the I B M  Sc i ent i f i c  Cen te r  i n  Los 

Ange l e s .  C i tro n ,  who had prev i o us l y  been p r ima r i l y  concerned with computer g ene rated mus i c ,  con ­

verted a program used to gene rate sound for  e l ectra n i c  mus i c  i nto a system for  prod u c i n g  f i l m s .  

CharIes A .  Csuri.· "Hummingbird. " 1967 
© Charfes A.  Csuri 

I n  t he  mean t ime ,  p i ct u re 

process i n g  methods h ave a l s o  been 
app l i ed to the tec h n i q u e  used for  

computer f i l m s ,  wh ich  means  that 

these f i l ms c an  now take advantage 

of representat i o n a l  i mages  with a l l  

t h e i r  temperaments a n d  d i stort i ons .  

As a med i u m  for i n put ,  the v ideo  

camera was a n  obv i o u s  cho i ce ;  due  

to its p r i nc i p l e  of ope rat i on  i t  a uto-

mat i ca l l y  " d i g i t i zes"  the p i ctu re ,  convert i n g  i t  i nto i n d i v i d u a l  e l e ments s i m i l a r  to a mosa i c .  In t h i s  d i g ­

i t i z e d  f o rm ,  the g raph i c  i nformat ion can then  be stored f o r  pracess i n g  l ater. Th i s  a utomat ica l l y  pra­
duces a n  i nterest i ng  comb inat i on  of computer f i l m  and  v ideo tec hno l ogy, a hybr id pracess that is 

i n c rea s i n g l y  pe rvad i ng th i s  ent i re sector. An extreme l y  versat i l e  system which ope rates in th is man ­

ne r  i s  Jean  Fran�o i s  Co l onna 's EAAO ( enseignement audiovisuel assiste par ordinateui), wh i ch  i s  

desc r i bed  i n  deta i l  i n  another  sect i o n .  
F i n a l ly, the Amer icans have a ch i eved tru l y  asto u nd i n g  resu lts i n  the a rea of " computer a n i ­

mat i o n . "  Today there a r e  pragrams ava i l a b l e  t h a t  make  i t  poss i b l e  t o  c reate a rea l i st i c  image  o f  every 

ima g i n a b l e  ob ject-even ones that have never ex i sted i n  rea l i ty. For t h i s  p u rpose ,  one  o n l y  need enter  

a descr ipt ion of the form, such  as  a l i st of the coord i n ates in  space ,  and  i t  w i l l  appear on  screen ,  
three-d imens i o na l ly, i n  the co rrect perspect ive ,  v iewa b l e  f r am every d i rect ion  a nd  w i t h  any  conce iv­

a b l e  movement .  F u rthermore ,  you can choose fram a w ide  se l ect ion  of s u rface forms ,  for  examp l e ,  
smooth ,  g raoved ,  o r  tra nsparent .  Meanwh i l e  even the ref l ec t i ons  f o u n d  i n  the re l evant  env i ronment 

and  the opt i c a l  refract i on  assoc i ated with transpa rency a re  c a l c u l ated a utomat ica l ly a nd  a re present­

ed app ropr i a te ly  on the unde r l y i ng  shape of the object .  Th i s  i s  a l so a step towa rds pe rfect i n g  the tech­
n i q u e s  of i l l u s i o n ,  by means of wh ich  the p u b l i c  can  be de l uded  with non -ex istent wor lds of fanta sy. 

Cybernetic Art 

From a modern way of l ook i ng  at t h i n g s ,  a rt can  be cons i de red a spec i a l  k i n d  of commun ica ­

t i o n  whose effect i s  based on st imu la t i ng  the v iewer to perce ive ,  fee l ,  a nd  th i n k .  C l a s s i c a l  a rt .  mean­
wh i l e ,  p roves to be typ i c a l  for one-way i nformat i on  i n  so fa r a s  i t  o n l y  f l ows i n  one  d i rec t i on ,  i n  th i s  
ca se fram the a rt i s t  v ia the a rtwo rk to the v i ewer, l i stene r, o r  reade r. Vet i t  has  been  known for some 

t ime  that a much  g reater deg ree of act ivat i on  i s  a c h i eved when " b i - d i rect i o n a l  c ommun icat i o n "  i s  pos ­
s i b l e ,  for examp l e ,  a d i a l og ue ,  a q uest ion -a nd-answer game .  These poss i b i l i t i e s  a re c l osed to the 
c l a ss i ca l a rtworks ,  s i nce they a re stat i c ,  predeterm i n ed l y  f ixed and  una l tered objects .  Through i nfor­

mat ion  sc i ence  and cybe rnet ics a who l e  new s i t uat i on  is c reated :  a rtworks can be  conce ived as 
a utomata wh i ch  evolve the i r  own act iv i ty o r  react to we l come i ntervent i ons  from the p u b l i c .  Such  
objects a re cons i de red to  be cybernet ic a rt .  

Th i s  movement a l so has  its fore ru n ne rs .  Ca l d e r  and  Ti n g ue l y  were among the f i rst to use 
mechan i c a l  a ids  to prod uce movi ng  a rtworks . Those a rt i sts i nte rested in  k i net i cs  put  e l ectromechan i -



c a l  dev ices to use .  Thus  H a n s  G e i pe l  a nd  Ma rtha Hoepftne r  used e l ect r i c  motors to d r ive ref l ect i ng  o r  
po l a r i z i n g  e l ements ,  wh i c h  presented eve r  new comb i nat ions  and ,  w i th  them ,  new i mpress i o n s .  Hans ­

M a rt i n  I hme  i ntroduced  e l ect r i c  c i rc u its to c reate l i ght  scu l ptu re t ha t  was mod i f i a b l e .  The l i g h t  frames  

by V l ad i m i r  Bonac i c  can  be cons i de red i n dependent spec i a l -pu rpose computers :  a s q u a re network o f  
l amps ,  each  one  o f  wh i c h  can  be tu rned on  o r  oft. T he  computer i s  the  contro l l i n g  dev i c e  t h a t  deter­

m i nes the d i str i b u t i on  of l i g h t  acco rd i n g  to certa i n  mathemat ica l ru l e s  a nd  makes  these v i s i b l e  as l i g h t  

patte rns .  They  a re mod i f i ed  i n  phases ,  at adj usta b l e  speeds ,  and do not  r epea t  t hemse lves ove r  many  
years .  Because  of th i s  constant change ,  the v i ewer i s  kept  interested for a l o n g  t ime-a c l e a r  

i n c rease i n  eftect v i s-a-v i s  sta t i c  conf i g u rat ions .  

However, v i ewers st i l l  p l a y a pass ive ro l e :  they must be content  to take i n  the p rocesses  p re ­

se nted to them and  have no  poss i b i l i ty of i ntervent i on .  Th i s  s i tuat ion was found  to be want i ng  i n  othe r  

f i e l d s  o f  a rt i s t i c  act iv i ty a s  we i l ,  wh i c h  i s  the rea son that i n  museums  and  at exh i b i t i o ns  the p u b l i c  i s  
mo re and  mo r e  i nv i ted t o  pa rt i c i pate .  V iewers can ,  f o r  i n sta nce ,  b e  ofte red penc i l s  a n d  p a i nts t o  work 

wi th ,  a s  was the ca se  at the F i rst I nternat i o na l  Youth Tr i e n na l e  i n  the Kunstha l l e  N ü rn be rg ,  staged by 

C u rt H e i g l .  At a row of workp l a ces ,  i nte rested v i s i tors were set before m i rrors a n d  a sked to d raw t he i r  

own  portra i t ;  the  be s t  works we re  awarded pr i zes .  The  aud i ence i s  s u pposed to pa rt i c i pate even  more 
i ntense ly  at Happen i n g s ,  a n  a rt form that i s  o r i ented espec i a l l y towa rds the common act iv i ty between  

the a rt i st-as-d i recto r a nd  h i s  o r  h e r  p u b l i c .  A d i sadvantage ,  but  perhaps  a l so the st i m u l u s  beh i n d  t h i s  
act iv i ty, i s  t ha t  often enough  rath e r  chaot i c  events a re t r i ggered .  E l ectro n i c  a utomata ofter a q u i te d i f­

ferent way to a c h i eve s i m i l a r  g o a l s .  
T h e  best known Ge rman  representat ives o f  th i s  movement a re  Wa l te r  G i e rs a n d  Peter Vog e l .  

T h e i r  obj ects a re very ref i n ed  and  c l ever ly  dev ised c i rcu its that are so  a r ra nged a s  t o  g ive t h e  v i s u a l  

i mpress i o n  of be i n g  scu l ptu re .  Beyond t h i s  they i n c l u de  both i nput  a nd  o u t p u t  u n i ts ,  for  examp l e  
m i c rophones f o r  record i n g  sound  and  photoe l ectr ic c e l l s  f o r  sens ing  l i g ht ,  a nd  a l s o  l o u dspea kers a nd  

l amps wh i ch  a l low a response to outs i d e  st i m u l u s .  Th i s  can be s imp l y  a c l a p  of the hands ,  a spoken 

word ,  o r  a l so pass ing by a n  o bj ect a n d  so chang i ng  the i nc i dence of l i gh t .  The res ponse  comes i n  the 

form of switc h i n g  o n  ce rta i n  conf i g u ra t i ons  of the l amps  and  of sound eftects , wh i c h  a re pa rt ly  in  
accord with the l o udness of the a coust i c  st i m u l u s ,  but can a lso be va r i ed  by ra ndom n u m be r  gene ra ­

tors .  The i nteract ion i s  most ly  a consequence  o f  t h e  v is i tor beg i n n i n g  to u nde rsta nd the  act iv i ty of t h e  
object a s  a response to h e r  own  a c t i o n s  and  i n  a ser ies  o f  tr i a l s  attempt i n g  to recogn i ze the r u l e s  

beh i nd  the system .  Because  chance  i ntervenes at t imes ,  t h i s  makes i t ,  o n  the one  h a nd ,  mo re d i ft i c u l t  
a nd ,  on the othe r, fa r mo re i nterest i n g .  

W i t h  these systems ,  the  exchanged  "messages" a re l i m ited to re l a t i ve ly  s imp l e  s i g n s .  I t  i s  

f i rst poss i b l e  to fu l l y exp l o i t the  p rom i ses  of comp l i cated a utomata l i ke the com puter  when i nterac­
t ive aesthet ic programs  e n ab l e  a c l ose c o up l i n g  of the use r's c reat ive fantasy and spontane ity Thus 

fa r, such forms of act iv i ty h ave been g ro u ped under the head i ng  " computer  g ra p h i c s , "  a l t hough ,  in 

t ruth ,  they represent a who l ly new a rt form with an  expanded range of poss i b i l i t i e s .  

H owever, i n  p r i n c i p l e ,  a l l  c a n  a l ready be fo und i n  stat ic g raph i c s .  As p rev i o u s l y  no ted ,  a rea­

sonab l y  des i g ned  g raph i c s  program a lways supports the prod uct ion of a se r i e s  such a s  one  needs for 

a f i l m  sequence .  In rea l i ty t hough ,  t he re i s  a g reat dea l  of d i fference; the  o rder  of the  p i ctu res i s  not 

presc r i bed  and  makes  it poss i b l e  to sp r i n g  from one p l ace  to the next th roughout  the  program with­
out  fo l l ow i ng  any  f ixed o rde r. As a consequence ,  from a s i n g l e  program one  can,  i n  p r i n c i p l e ,  c reate 

a n  arb itra ry n umbe r  of f i l m s .  
I f  one  keeps th i s  spec i a l  manne r  of operat i on  i n  v iew from t h e  very beg i n n i n g ,  i t  i s  poss i b l e  

t o  stretch the creat ive s p a c e  i n  th i s  p rogram t o  s u c h  an  extent that t h e  n umbe r  o f  potent i a l  i n d i v i d ua l  

rea l i zat i ons  i s ,  for  a l l  p u rposes ,  i n f i n i te .  But  i n  th i s  manne r, one w ins  a f o rm  o f  u n ive rs a l  dev i c e  for 

drawing o r  p a i nt i n g ,  i . e . ,  a tool with wh i ch  a u n i q ue  a rt i st i c  act i s  poss i b l e ,  n ame l y  g r aph i c  im provi-



sat i o n .  J ust as occu rs with the notes and  sounds  of mu s i c a l  i n str uments ,  o ne  can  now create a mov­

ing sequence  of p i ct u res that demonstrate aesthet ic  q u a l i t i e s  not o n l y  in the i r  i n d i v i d u a l  dep i ct i o n ,  but 
a l so in t he i r  mu t ua l  re lat i o n sh i p  d u r i n g  the sequence .  Na tu ra l l y, w i th t h i s  too l ,  i t  i s  a l so poss i b l e  to 

proceed in accord with c l a s s i c a l  mode l s ,  t h u s ,  for  examp l e ,  to campase stat i c  i mages  o r  i mage  

sequences for  l ate r  presentat ion and  performance .  H oweve r, i n  t h i s  way  one  wou l d  a l so retu rn to c l a s ­
s i c a l  procedu res ,  to works of a rt t ha t  a re shown to the  pub l i c  a nd  thus  bau  nd  to a pass ive att i t ude .  

The fa r  more i nterest ing poss i b i l i t i e s  affe red  by the  compute r  a nd  cybernet ic  a rt a re to be fo und  i n  

p re c i s e l y  the fac t  that the  a rt ist  a ch i eves-with the  prog ram he  conce ived-a l ive ly  i nteract i o n  w i th  
the pub l  i c .  

Graphie Musie 

The l i n k  between mus i c  and  movement  is an o l d  o ne-fo r  examp l e  in the dance  and  i ts  a rt i s ­

t i c a l l y  s u b l i mated fo rm ,  the ba l l et .  F rom the sta ndpo i nt of man 's h a b i ts of percept i o n ,  a need seems 

to ex i st that events  ta k i ng  p i  ace i n  three-d imen s i o n a l  space be  acoust i ca l ly accompan i ed ,  wh i ch  from 
the standpo i nt of pe rceptua l  psycho l ogy i s  comprehe n s i b l e  e n o u g h .  As we i l  a s  they go  tagethe r, how­

ever, bas i c  d i ffe rences exist between mus i c  and dance  movement .  Wh i l e  mu s i c  w i th i n  its broadest 
bounda r i e s  i s  f ree i n  its a r rangement. dance i s  bound to the  h uman  body, whose l at i tude i s  r e l at ive l y  
l i m i ted .  Th us  the thought  i n ev i tab l y  a r i ses of com b i n i n g  mus i c  with sameth i n g  j u st a s  free l y  d eter­

m i n a b l e  as i t se l f ,  name ly  v i s ua l  sequences .  S i nce the  tec h no l ogy of v i s u a l i za t i on  i s  a demand i n g  one ,  
i t  i s  not at a l l  s u rp r i s i ng  t ha t  i t  appeared re l a t i ve ly  l ate i n  h i sto ry. The f i rst attempt i n  th i s  d i rect i on  

was the " l i g h t  o rg a n , "  a praject ion fac i l i ty that a l l ows c o l o red  l i g h t  to be s upe r imposed on  a sc reen .  
S i nce  the sequences  occu r  by  means  o f  mechan i ca l ly ope rated l e n s  and  m i rror systems ,  the poss i b i l ­

i ty o f  contro l l i n g  t h e m  l eaves m u c h  t o  b e  des i re d .  B u t  they have found  the i r  n i c h e  and  have b e e n  f u r­

the r  deve l oped  i n  modern stage l i ght i ng .  
A new stage  i n  th i s  se r i e s  o f  deve l opment  was reached  with the a i d  of e l ectr ic  techno l ogy and  

e l ectran i c s .  Th u s  there a re same dev ices wh i ch  pe rm i t  the e l ectro n i c  convers i o n  of mus i c  i nto mov i ng  
p i ct u res .  The opportun ity ex ists i n  the phenomena  of v i brat i o n ,  wh i c h  i n c l udes  bo th  sound  and  e l ectr ic  

waves .  In  te l ephone  and rad i o ,  the sound waves a re  converted by a m i c rophone i nto e l ectr ic  waves ,  
wh i ch  are l ater reconverted i nto sound by a speaker. I t  h a s  tu rned out  to be very easy to make a l l  forms 

of v i brat i on  v i s i b l e-even those that a re not acoust i c-and the resu lts a re g raph i c a l l y  q u ite i n te rest­
i n g  p i ctures ,  so-ca l i ed L issajous  f i g u res .  I f  one  is work i n g  with a mechan i c a l  or sound  wave, t h i s  can  

then  be v i su a l i zed by  mount ing m i rrors on the osc i l l at i n g  med ia ,  for examp l e  tun i ng  fo rks ,  a nd  then  
ref l ect i n g  a l i g h t  beam f ram th i s  to a projec t i on  sc re e n ,  o n  wh i c h  the L i ssaj o u s  f i g u res  w i l l  a ppea r. 

A dev ice we i l  s u i ted to the task of v i sua l i z i n g  e l ectr ic  waves i s  the osc i l l oscope .  I n  the CRT of the asc i I ­
l oscape ,  a n  e l ectron i c  beam i s  d i rected towa rds a phospho r-coated screen that i s  v i s i b l e  t o  t h e  v i ew­

er; i f  an e l ectr i c a l  voltage i s  app l i ed to contro l  the e l ectron beam ,  say a reg u l a r  wavefo rm,  the same 
fo rm of patte rns w i l l  appea r  on the screen .  I f  these a re  the waves  that  a re gene rated by a mus i c a l  
i n strument. the  resu l t  i s  sameth i ng  l i ke "v i s i b l e  mu s i c . "  Systems l i ke t he se  a re st i l l  occas i o na l ly u sed  

a s  background  effect. but i n  t h e  end t he  resu lts a re n ot very sat isfy i n g .  T ha t  may, i n  l a rge  pa rt .  be  d ue  
to the fact t h a t  the convers i on  i s  t a o  s imp l e  and  thus  most l i ke l y  a l so t ao  monotonaus .  The refo re ,  for 
somewhat mo re demand i ng  pu rposes, one a pp l i e s  a rathe r  mo re com p l i cated method to convert the 

sound/ i mage .  An examp le  of such a system wou l d  be  one  i n  wh ich the waves were presented i n  the 
image of a sta r, where the ang le i n d i cated the f re q uency and  the rad i u s  the vo lume l eve l .  I f  co lo r  o ut­
put e q u i pment i s  ava i l a b l e ,  i t  i s  easy to represent ce rta i n  c ha racter ist ics of the mus i c  in co l o r. An even 
more comp l i cated convers i on  p r i n c i p l e  was used by A l exa ndre  Vitk i n e  in h i s  "Sonoskap , "  a system 
composed of mod if ied te lev i s ion  sets . Imp ress ive effects were a l s o  a ch i eved by Manfred Kage with h i s  



"Aud i oskop , "  i n  wh i c h  the v i b ra t i ons  were passed on v ia  an e l ectron i c  amp l i f i e r  to a membrane .  Th i s  

memb rane  cons i sts o f  a n  o i l l ayer, on  wh i ch ,  under  t he  i n f l u ence o f  t he  v i b rat i ons ,  d i fferent wave  f i e l d s  
d eve l o p  i n  accord w i t h  the respect ive acoust i c  t imbre .  When  th i s  is i l l um i nated w i t h  co l o red l i g ht .  t h e  

res u l t  projected on  the screen i s  a n  i nterest i ng  image  o f  t he  mus i c  t ha t  one  i s  l i sten i ng t o .  

Arra n gements o f  t h i s  type can  a l s o  be u sed  without mus i c ,  by gene ra t i ng  the waves e l ec ­
t ron i c a l l y a nd  feed i n g  them d i rect ly to the sc reen  o r  the membrane  e q u i pment .  I n  th i s  man ne r, o ne  
does  a pprox imate q u ite c l ose l y  the o l d  i d ea  o f  a n  " e l ectron i c  l i ght orga n . "  The bes t  i n stru ment  f o r  
rea l i z i n g  t h i s  i d ea ,  h owever, i s  a l ready ava i l a b l e-the  prev io us ly  ment ioned i nteract ive computer  

g ra p h i c  system ,  with wh i ch  one  can  a l so  c reate movi ng sequences .  What i t  l acks  for the t ime b e i n g  

i s  a sc reen project i o n  t h a t  i s  l a rg e  e no ugh .  I t  i s  expected that t h i s  d i ff i c u l ty wi l l  d i sappea r  o n  i t s  own,  

s i n ce ,  for ent i re ly  other  reasons ,  i nvestment i s  be ing made to deve l op  l a rge  a rea d i s p l ays fo r  te l ev i ­
s i o n  that  can  be  h u ng  o n  the wa l l  to s u p p l ement te l ev i s i o n ,  g iv ing i t  su bstant i a l l y g rea te r  effect ive­

ness .  As a consequence  one  wou l d  have a k ind of home c i nema ,  but a lso the poss i b i l i ty, v i a  t e l e v i s i o n  

b roadcasts ,  to r each  a g reater  n u m be r  of peop l e .  Systems t ha t  c an  pe rform th i s  t a s k  are a l ready com­

me rc i a l l y ava i l a b l e ,  bu t  they  a re for  the  t ime  be i ng  st i l l  q u ite expens ive .  But  he re aga i n  the  p r i ces  w i l l  

c e rta i n l y  a l so fa l l  i n  t h i s  sector j u st a s  they have i n  other e l ectron i c  f i e l d s .  

"Vi s u a l  mu s i c , "  o r  f r e e  v i s u a l  s equenc i ng ,  i ntroduces a thoro ugh l y  n ew a rt f o rm  u n known t o  

the c l a s s i c a l  a rts .  T ha t  i t  s eems  to be h i g h l y adapted t o  human  needs  l a s  we  a re a bove a l l  s i g ht-o r i ­

ented l  i s  to be expected ,  s i nce  i t  has  gone  through  a deve l opment s i m i l a r  to that  of mus i c .  Espec i a l l y  
rema rkab l e  a re those aspects that a re c l ose l y  re l ated t o  t h e  techn i c a l  systems u s e d .  I t  i s  obv i o u s l y  

not ye t  su ff i c i ent ly  recogn i zed ,  even  i n  mu s i co l og i ca l  c i rc l e s ,  that mus i c  a s  we  know i t  i n  o u r  western 

t rad i t i o n-i . e . ,  h i g h l y  comp l ex structured mus i c  with many and d iverse systemat i c  r u l es-can  on l y  
evo lve u nde r  q u ite spec i f i c  tec h n i c a l  prereq u i s i tes ,  name ly  when  t he  means  a re ava i l a b l e  to desc r i b e  

the wo r l d  of sound  t ha t  i s  s e t  u p  as  p rec i se l y  as poss i b l e  and t hen  to produce and  reproduce  i t  with 

g reatest exactness .  I f  one  re jected th is  type of prec i s i on  i n  mus ic-as i t  has  i n  pa rt been  rejected in  
a rt-deve l o pment wou l d  become stuck at a much  l ower leve l ,  s imp ly because the s u pe r i m pos i t i on  

necessa ry for  po l yphony  wou l d  l ead  to d i scordance .  Pu t  i n  another way, the accu racy with wh i c h  the 

tech n i c a l  eq u i pment  ope rates-of on ly  sc i ent i f i c  and  techn i ca l  s i g n i f i cance i n  the eyes of many  a n  

a rt i st-is  wh at make s  the va r i ety o f  express ion  poss i b l e ,  e . g . ,  that fo und  today i n  o u r  repe rto i re of 
c l a s s i c a l  mu s i c .  Vi ewed from th i s  aspect ,  i t  i s  very s i g n i f i cant that i t  i s  the computer  with its g r aph i c  

o u tpu t  u n its t ha t  ope rates w i t h  compa ra b l e  prec i s i o n .  And  th i s  co u l d  mean  t ha t  the " g ra p h i c  mus i c "  

we a re spea k i n g  of he re g reat ly  exceeds  i n  i t s  structures what c l a s s i c a l  pa i n t i ng  has  b rought  fo rth ,  
a nd  that s i m i l a r ly c omp l ex and  d i fferent i ated systems typ i ca l  fo r  mus i c  wi l l  fo rm-q u ite a p a rt from 

the i r  dyn am i c  cha racter. Th is l i n e  of d eve l opment i s  without doubt the most i nterest i ng  one eme rg i n g  

from computer  a rt .  

I n  t h i s  context, the  p ro b l em  of the accord between image and  sound  is  aga in  posed .  I t  i s  eas­

i l y  poss i b l e-a nd has  a l ready occu rred i n  pub l i c  pe rfo rmances-to let  computer  f i lm run  w i thout  a ny 
acoust i c  accompa n i ment .  The react i on  of the p ub l i c  has been contrad i ctory. Some spectators f i n d  the 

s i l e n ce  ag reeab l e ;  others demand the add i t i on  of sound .  I n  any case ,  exper ience conf i rms the  fact that 

mu s i c a l  accompa n i ment  g reat ly  e nhances the effect and  he l ps stee r  the assoc i a t i ons  a nd  i nte rpreta­
t i o n s  of the a ud i e n ce  in the des i red d i rect i on .  I n  th i s  way music wi l l  ce rta i n l y  a l so rem a i n  i m po rtant 

for  the new e l ectro n i c  " g r aph i c  mu s i c . "  Accord i ng  to the few expe r iments that have been  u n de rtaken 
he re ,  for exa mp l e  d u r i n g  a sympos i u m  on  f ree jazz ,  i t  tu rned out that  synchron i c ity between  sound and  

image ,  s uch  as  ra i s i n g  the vo l u m e  du r i ng  an  i n c rease i n  the dyna m i sm  of the events ,  had  a n  u n sat i s ­
factory effect .  I n  contrast to no rma l f i lm mus ic ,  wh i ch  shou l d  be used to accompany, s uppo rt .  and 

i ntens i fy the v i sua l  events ,  i t  has  been  a l l owed to preserve i ts  autonomy to a much  h i g h e r  deg ree .  

Appa rent l y  i t  wi l l  be  necessa ry to compose image  and  mus i c  i n  mutu a l  re l a t i onsh i p  to each  other, 
m 
M 



whereby not synchron ism,  but sameth i n g  more l i ke cou nterpo i n t  s h o u l d  be the goa l .  What sta nds  t h i s  

method  i n  good stead is t ha t  the computer  h e l ps to overcome the separat i o n  between i n d i v i d u a l  a rt i s ­

t i c  d i sc i p l i nes .  I n  p r i nc i p l e  one  uses the same method of p rogramm i n g  whethe r  compos ing  g raph i c  
sequences ,  mus i c ,  or texts . 

Electronics-Popularization of Art 

Norma l ly i n  processes of popu l a r i zat i o n  it i s  the  negat ive a spects that a re not i ced ,  wh i ch  can  
be c ha racte r i zed a s  s imp l i f i cat ion  and  tr iv i a l i za t i o n .  From a soc i o l o g i c a l  standpo i nt ,  a nd  t h i s  m ust be 

g iven g reat we i ght , popu l a r i zat ion means a lso the  i n f i l t ra t i on  of ce rta i n  concepts i nto b road sect i ons  
of soc i ety, a nd  t h i s  phenomenon i s  to be rated pos i t ive ly. But  even  when j udg i ng  so l e l y  f r om a n  a rt i s ­

t i c  standpo i nt ,  i t  has  proven to be the case that a w ide- rea c h i n g  a nd  genera l  i nte rest i s  a n  exce l l ent  
med i um  for c reat ive and progress ive i deas .  A lone from the f i n anc i a l  s ide ,  the poss i b i l i t i e s  offe red by 

a nu t r i ent med i um  can on l y  be put to fu l l  use when  i t  i s  s uppo rted by ma ny. 

E l ectron i c s  has proved to be a n  impo rtant factor of popu l a r i zat i o n  in a l l  poss i b l e  f i e l d s .  Th i s  

i s  owed ,  a bove a l l ,  to t he  tech no l ogy of sem i conductor c i rc u i t  e l ements that  b rought  a who l e  stage  o f  

i n novat i on  i n  i ts wake  and awaits fu rther  expa n s i o n .  Th i s  popu l a r i zat ion  i s  a l so espec i a l l y  t rue for  d i f­
ferent b ranches of a rt ,  for examp l e  for the mus i c  that v i a  rad i o ,  record d i s k ,  and  tape reaches  the most 

modest hut-a nd with re lat ive ly  l i tt l e  effo rt a n d  cast even i n  the best q u a l i ty. And a l so te l ev i s i o n ,  

com p l a i n  about  i t  as  you  wi l l ,  a l l ows a broad sect i o n  of the popu l a t i o n ,  fo rmer ly  cu t  off f r om the c u  1-
tura l c l i mate ,  to pa rt i c i pate in i t  d i rect ly . Natu ra l l y t h i s  says noth i n g  abou t  how fa r the potent i a l i t i es  

on  offer are be i ng  used ,  but one shou l d  not fa rget  that the prereq u i s i te  for  i ts rat i o n a l  a n d  pu rposefu l 
u se  i s  a l so i n  i tse l f  an educat i ona l  process that i s  o n l y  j u st b e i n g  set i nto mot i o n .  I n  any  case  many 

of the negat ive  as pects, w i th  wh ich  the med i u m  i s  reproached ,  a re more the res u l t of the h ab i ts and  

demands  of the users ,  and imp rovement can o n l y  be i ntroduced from th i s  d i rect i o n .  
T h e  e l ectron i c  eq u i pment that h a s  fou n d  i t s  way i nto a l most eve ry home can  be categor i zed 

a l most without  except ion as  be l o ng i n g  to the reprod uct ive var i ety of comm u n i ca t i on  a nd  espec i a l l y of  
a rt .  Th i s  has ,  without doubt, some d i sag reeab l e  s ide effects , for  i n stance ,  a t ra i n i n g  i n  pass iv ity f rom 
wa l l -to-wa l l  n ews and  mus ic .  I t  wou l d  be wrong to conc l u de  from t h i s  that  we s h o u l d  red uce  e l ec­

tro n i c  med ia and  i mpede any fu rther  i ntroduct i o n  of them. J ust the oppos i te i s  co rrect :  o ne  s h o u l d  use  
the advantages  of d i str i but ion  and  reprod uct i o n  to promote the act ivat i on  of the p u b l i c  that i s  be i ng  

r i g ht l y  demanded .  
I t  i s  often over looked that  a h i gh l y  reg a rded commun i ca t i on  med i u m ,  such  a s  the book ,  a l so 

req u i res  a use r  that is qu ite pass ive .  On l y  a very spec i f i c  type ,  for examp l e ,  that of i nstruct i o n  manu ­

a l s  f o r  p u z z l e s  and  games, i s  d i rect ly o r i ented towa rd a n  act ive reade r. I n  a l l  o t he r  ca  ses ,  f r om  the sc i ­
ent i f i c  account  to the nove l ,  whethe r  o r  n o t  a reade r  w i l l  s u bsequent l y  a nd  i ndependent ly  a pp l y  t h e  

acq u i red know ledge  i s  l eft up  t o  h i m .  And  a l s o  he re the e l ectro n i c  a utomata a re creat i n g  a who l ly new 
s i tuat i o n .  J u st n ow the stage has  been reached at which i nteract ive e l ectro n i c  a i d s  a re beg i n n i n g  to 

become esta b l i s hed .  The f i rst examp l e  was the a l ready noted packet ca l c u l ator ;  the next g e ne ra t i on  

i s  founded on  the m i c roprocessor, represented for the p resent  by the home computer. Th i s  new too l  
for  everyday l i fe cou l d  b r i ng  on effects that  a re q u ite enormous .  Th rough  the comb ined fo rce of both 
h uman  and mach i n e  i nte l l i gence ,  performance based o n  i n te l l i gence  c o u l d  i n c rease exponent i a l l y, a nd  

t h i s  no t  o n l y  i n  i n st i tutes, u n ivers i t i es ,  and  i n d u str i a l  works ,  but  i n  the pr ivate sphe r e ,  the  f am i ly .  
In deve l o p i n g  the home computer, its const ructors kept seve ra l goa l s  in m i n d ,  wh i c h  a i med  to 

expa nd the pocket ca l c u l ator 's capa b i l i t i es  eno rmous l y. However, t ime  and a g a i n  what occu rred was 
that q u ite unforeseen perspect ives opened up a n d  offe red s u r p r i s i n g  new a p p l i ca t i ons ,  a n d  f i na l l y the 
conv ic t ion  set i n  that the compute r's use had sca rce ly  any l i m i ts .  The a rea of i ts a pp l i ca t i on  does  not 



j u st cover, as was expecte d ,  those tasks and  act iv i t i es  to wh ich mathemat i ca l c a l c u l at i o n ,  menta l 

ref l ect i on  and  dec i s i o n s ,  etc , a re l i n ked ,  but a bove a l l  those that d e a l  with d e s i g n .  Th i s  can be the  
i nte r i o r  deco rat i on  of a n  a p a rtment  o r  a homemade patte rn for a d ress .  With one 's own com pos i t i o ns  
for ca rpets ,  fa b r i c s ,  a nd  wa l l pa pe r, we a re a l ready i n  the f i e l d  o f  des i g n ,  a nd  f r om he re the step to the 

f i n e  a rts i s  the next  l o g i c a l  one .  A l so ,  these dev i ces  have the advantage that they very q u i c k l y  s upp l y  
v i s i b l e  res u l ts ,  mak i n g  the pract i c e  of a rt a pu re p l easu re .  T he  poss i b i l i t i e s  t h u s  opened  have  been  
desc r i bed  i n  deta i l ;  the  rea l ly remarka b l e  aspect i s  t ha t  w i t h  t he  home  computer  t hey  become acces­
s i b l e  to a nyone i nte rested e n o u g h .  The ava i l a b i l i ty of a wie ldab le  med i u m  that ma kes aesthet ic  v i s u ­

a l i za t ion  p l ayfu l l y  s imp l e  s h o u l d  i n  retrospect f i nd  express i on  i n  othe r  f i e l d s .  For  i n sta nce ,  a l l  k i n d s  o f  
assoc i a t i ons  between the const ruct ion  of aesthet ic structures and games  a re poss i b l e ,  i n  compa r i s on ,  
say, to J a pa nese G o ,  whose  appea l  i s  enha nced by  o r i g i n a l  g raph i c  a r ra ngements .  I n  add i t i o n ,  v i s u a l ­

i za t ion  i n  educat i o n a l  p rograms s h o u l d  g a i n  i n  importa nce .  An attract ive g ra p h i c  i m p l ementat i on  o f  

mathemat i ca l  form u l a s  c o u l d  offe r  a n  ent i r e l y  n ew access t o  u ndersta n d i n g  t h em ,  by wh i ch  t h e  l e a rn­

e r 's sens i t iv i ty to forms wou l d  p l ay a ro l e .  Th i s  examp l e  shows that the  i n f l u ence  of tech n i c a l  med i a  

i s  not o n l y  restr icted to mate r i a l  a spects ,  b u t  q u ite def i n i te ly  a l so extends  to the  i nte l l ect, affect i n g ,  
f o r  examp l e ,  o u r  way  of th i n k i n g  a nd  the nature o f  o u r  imag i nat i on .  

And aga i n  i t  wi l l  b e  i n ev i ta b l e  that the advent o f  new tech n i q u e s  w i l l  l e ad  to changes  i n  that  
profess i o n a l  g roup  that once  m a n u a l l y  accomp l i shed the tasks  now done  by the mach i n e :  i n  t h i s  case ,  

the a rt i s t .  Some a rt i sts a re  em phat i ca l l y  preserv i ng  the o l d  fo rms of a rt; i t  i s ,  i n  t he  end ,  a quest ion  
of keep i n g  what i s  to them dange rous  techno l ogy out of the f i e l d  of a rt ,  of c reat i n g  a sanctuary where 

one  can  ref l ect on t ra d i t i o n a l  ways and  trad i t i ona l  va l ues .  But there a re j u st as great a n umbe r  of 
a rt i sts who are, in p r i n c i p l e ,  open -m i nded  towa rds modern techn i ca l a cq u i s i t i o ns  and recogn i ze the  

poss i b i l i t i e s  they  u n i q ue l y  b r i ng ,  a s i t ua t i on  tha t  any c reat ive person shou l d  act ive l y  we l come .  At  the 

o utset of computer  a rt when progra m m i n g  was fraught with d i ff i cu l ty, teams between  a rt i sts and  pro­

grammers were formed which ca  me  u p  with aston i s h i n g  resu l ts .  D u r i n g  the  cou rse of f u rther  deve l ­
opmen t ,  mo re and  mo re a rt i sts began  to l e a rn the programm i ng  l a nguages ,  a nd  today  t he re  a re q u i te 

a few that have not on ly mastered the method ,  but offi c i a l l y teach i t  to others .  In  th is  way computer  

g raph i c  methods have fo u n d  the i r  way i nto the u n ivers i t i es ,  a we l come measu re to prepare th i s  p ro ­

fess i o n  for the new med ia  that  w i l l  be  i n  gene ra l  use one gene rat i on  from now. Of cou rse ,  anyone i s  
at l i be rty to app l y  ma n u a l  a rt i s t i c  methods ,  j u st as anyone can work  with a g raph i c  computer  prog ram 

to prod uce  a esthet i c a l l y  p l e a s i n g  p i ctu res .  But ,  unde r  these  c i rcumstances ,  wi l l  th i s  rema i n  the spe­
c ia l  prov i n ce  of a rt i sts? The re a re i n d i cat i ons  that  po int  to a comp l ete l y  new unde rsta nd i n g  of th i s  

p rofes s i o n .  

I n  the  Cent re Pom p i d o u  the phys i c i st and  i nformat ion sc ient i st C h r i s t i a n  Cavad i a  s e t  u p  a 

depa rtment  concerned with prepa r i n g  the gene ra l  p u b l i c  for modern c reat ive e l ectron i c  methods .  

Open  to the p u b l i c  and free of charge ,  a few systems have been made ava i l a b l e ,  by the use  of wh i c h  

even  ra ndom ly  pass i n g  v i s i to rs can  s top  and  create the i r  own p i ctures with l i tt l e  d i ff i c u l ty. To a ch i eve 

th is goa l ,  a thoro u g h  prepa rat i o n  was necessary, and  th i s  l ed  to the concept ion  of a meta-prog ram .  

Th i s  p rogram conta i n s  n o t  o n l y  a reperto i re o f  im a g e  e l ements ,  not o n l y  a se r i e s  o f  operat i ons  that 
se rve to h a nd l e  the i r  d i str i b u t i o n  over the p i cture l ayers ,  but a lso a system that exc l udes  the majo r i ­

ty  of r i d i c u l ous  o r  ae sthet i ca l l y  mea n i n g l e ss va r i a nts . I n  th i s  manner, the  u se r  a rr ives at a sense o f  

a th i evement, even  i f  h i s  i n st ruct i o n s  come about rathe r  ra ndom ly  a nd  without  h i s  comprehend i n g  

the i r  consequences .  

A s i m i l a r  task  was beh i nd  the concept ion  of the mod u l es tha t  were su pposed to be used fo r  

a rt i s t i c  act iv i ty on  the  f i rst t rue  home  computer, the T I  d i a l o g  computer. I n  t h i s  case ,  i t  was  f i rst 

p l a nned  that the p i c t u res  wou l d  be constructed step for step with v i s u a l  i n s pect i o n ,  u nt i l a sat i sfac­
tory res u l t eme rges .  T h i s  image  can then be saved ,  documented,  or kept in so me  other way. In a s im -



i l a r  manne r  it is na tu ra l ly a l s o  poss i b l e  to des i g n  sequences ,  i n  othe r  words ,  computer  f i l m s .  H owever, 

a fu l l y  new concept was a l s o  deve loped to g ive the u se r  the poss i b i l ity of g r aph i c  i mprov i sat i o n ,  with­

out  req u i r i n g  the s l i g htest pre l i m i na ry exerc i s e .  For  th is  p u rpose ,  a n  a utomat ic  process i s  f i rst sta rted 
in wh i c h  d i fferent random numbe r  gene rators cause  an i n c rementa l  c hange  in the i mage .  The c a l ors 

and  e l ements a re s e l ected so that they match ,  a l t hough  the  i n d i v i d u a l  conste l l a t i ons  a re n ot pre­
d i cta b l e .  I f  the  user does not i ntervene i n  the events ,  h e  g ets a k ind of mov i ng  p i ct u re to which h e  can 

pass i ve l y  devote h i mse l f ,  for examp l e ,  i n  med itat ive contem p l a t i o n .  H owever, i f  he  dec ides to i nter­
vene, th i s  wi l l  switch off the ra ndom n umber  gene rators ;  the const ruct ion  wi l l  now fo l l ow the i n struc­
t ions g i ven pe r  keyboard ,  and  the user  can ,  step by step ,  i m pose h is  own w i l l  o n  the process .  I f  he  

t a kes  a b r eak ,  the  movement does  no t  co me to a sta ndst i l l ,  rathe r  the system cont i n ues  the ope rat i on  
spec i f i ed  by the l a st i n struct ion o r  reapp l i e s  the ra ndom n u m be r  gene rators to determ i n e  the struc­

t u ra l  s h ap i n g .  Tha n ks to th is system,  the process acq u i re s  an immense  dyna m i c .  Th is makes work i n g  

w i t h  s u ch  a system a very spec i a l  form o f  aesthet ic  p l ea su r e .  I n  the  cou rse of the work ,  va r i o u s  k i nds  
of i nteract i ons  deve l op  between the program and  the u se r :  fo r  examp l e ,  i n  that the ra ndom numbe r  

gene rators s upp l y  ce rta i n  bas i c  forms,  wh i ch  he  can  then  take u p  a n d  rewo rk .  

A l l  th i s  res u l ts i n  i nterest i ng  j u d i c i a l  p ro b l ems :  who i s  the  o r i g i nator  of the f i na l  conf i g u ra ­

t i ons ,  the  prog ra mmer  who i s  beh i nd  a l l  these concept i ons  o r  the person at the keyboard who d i rects 

the i n d iv i d u a l  s equences? Ou ite apart from the u n reso lved l e g a l  s i t uat i o n ,  i t  seems c l e a r  that des i g n ­
i n g  a program i s  a c reat ive a c t  o f  a h i g he r  order ;  on  i t  depends  wha t  the program i s  at a l l  capab l e  of .  

Yet i t  c o u l d  tu rn  out  that the " a rt i st-programme r" wou l d  never  even a rr ive at ce rta i n  ideas that the 
u se r  i m p l ements ,  for  i nsta nce ,  i f  h i s  taste tended in  a nother  d i rect i o n  o r  because ,  l a c k i n g  a n  a b i l i ty to 

d i fferent iate ,  he  fa i l ed to make use of a l l  the nuances  that h i s  own program offe red .  I f  one cannot  d i s ­

t i n g u i s h  t he  g iven  tasks accord i n g  t o  t he  catego r i e s  of " gene ra l "  a n d  " spec i a l , "  t h i s  i s  n o t  necessa r i ­
I y a va l u e  j u d gment .  On the othe r  hand ,  what  i s  c l ea r  i s  that  the o r i g i nator  of the " spec i a l "  p i ctures 

o r  sequences does  not need any spec i f i c  tra i n i n g ,  so  that the task  of c reat i n g  a rtworks can  be passed 
on  f ram the profess i ona l  a rt i st to the l ayma n .  I n  contrast ,  the  one  who conce ives of the " gene ra l "  p ro­
g ram m ust have a thorough  g round i ng  i n  d i ffe rent f i e l d s ,  t ram v i s u a l  des ign to pe rceptua l  psycho l ogy. 

Ta a l l  i ntents and pu rposes,  th i s  wi l l  i n  the futu re be a job a s s i g ned  to a rt i sts .  
A l l  these perspect ives a re t ied to a who l e  se  r i e s  of q u e st i ons  re l ated to aspects for  the 

futu re .  How s ho u l d  the pub l i c  be p repared for the new poss i b i l i t i e s ?  Does  i t  make  any  sense to t ra i n  
a rt i sts trad i t i o na l ly7 What shou l d  a rt i n struct i on  i n  t h e  modern  m e d i a  l o o k  l i ke? T h e  p rob l ems that a re 
add ressed here  c an  on ly  be reso lved if we have a ce rta i n  b road overv iew of wh at the future wi l l  b r i n g .  

And  t h i s  can  o n l y  be der ived from a l l  those deve l opments t h a t  a re j u st ove r the ho r i z o n .  Th i s  i s  t h e  
reason we  s h o u l d  n o t  d i sm i ss s u c h  i n i t iat ives t h a t  seem at  f i rst fantast ic  o r  u to p i a n .  J ust a s  i m po r­
tant for  j u d g i n g  the s i tuat ion ,  however, is a knowledge of ae sthet i cs  based on perceptua l  t heo ry and  
i nformat ion psyc ho l ogy. You can c reate a rt without  u nde rsta n d i n g  theory b u t ,  w i thout  theory, you can ­

no t  make  any  tenab l e  o r  pract i cab l e  ana l y s i s .  
A r s  E l ectron ica i s  the f i rst event i n  wh i ch  experts t r am a l l  the  a rts have  come tagethe r  to  

demonstrate the i r  progress to  the pub l i c .  A l ong  w i t h  i t ,  a d i s c u ss i on  wi l l  be  se t  o f f  t ha t  has  the effects 

of " c reat ive e l ectron i cs"  as its object ive .  With a l l  our most i m porta nt tech n i c a l  deve l opments we have 
a lways m i ssed the  opportun ity to adj u st i n  t ime to the res u l t i n g  new rea l i t i e s ,  whether  pos i t ive o r  

negat ive .  I t  i s  to be hoped that  the best  poss i b l e  u se  wi l l  b e  made  of Ars E l ectro n i c a .  I t  cou l d  prov i de  

us  with the i n s p i rat ion to once  aga i n  p l ace  i n te l l ectu a l  va l u es  before mater i a l  ones .  



A r s  E l e c t r o n i c a  8 4  

A M e d i u m M a t u r e s  
Video and the Cinematic Enterprise 

Let us beg i n  by d i s abu s i n g  o u rse lves of myths .  For i nstance ,  the  i dea  of v i deo  a rt .  I s ubm i t  

there i s  no  such  th i n g .  I n  the f i rst p i  a ce ,  a rt i s  a lways i ndependent of the med i um  th ro u g h  wh i ch  i t  i s  
pract i ced .  T h e  doma i n  i n  wh i c h  someth i n g  i s  deemed t o  be a rt h a s  noth i n g  to do with h ow i t  wa s  p ro ­
duced .  I n  the second p l a ce ,  the  boundar ies  of v ideo a rt a re c i rcumscr i bed by a much  l a rg e r  h i sto ry­

that of the c i nemat i c  enterpr i se i n  a l l  its d ivers ity-which conta i n s  v i deo  and  def i nes  i ts poss i b i l i t i e s .  

A l though  v i deo  i s  u sua l ly i d ent i f i ed  with the f i ne  a rts tra d it i on ,  i t s  prope r  context i s  the  t rad i t i o n  of pe r­

sona l c i n ema ,  outs i de  of wh i c h  its a ch i evements cannot be assessed on any l eve l  mo re se r i o us  than 

that  of a rtwor l d  fash i o n  o r  " sens i b i l i ty. " V ideo i s  a c i nemat ic  med i um  and  the prod uct i o n  of mean i n g  
th ro ugh  i t s  u n i q u e  propert i es  i s  c i nemat i c  pract ice by  def i n i t i on ,  rega rd l ess o f  the a rt i st 's c u l t u ra l  a l l e ­

g i ances .  We can  l e g i t imate ly  speak  of c i n emat ic  a rt and  v i s ua l  a rt ,  a l t hough  they a re not  the same .  

Bu t  the te rm "v i deo , "  wh i ch  we wi l l  c e rta i n ly cont i n ue  to use ,  refe rs o n l y  to c raft, n ot to the  o bj ect o f  

c i nemat i c  d e s i re that actu a l ly c l a i m s  o u r  attent i on .  What  we rea l l y  mean  by "v i deo  a rt "  i s  pe rson a l  

c i n ema  pract iced e l ectro n i c a l l y. 

Anothe r  myth i s  that v i deo  has  a nyth i n g  to do with te levi s i o n  as we know it today. It i s  appa r­

ent that v ideo a rt i s  not te l evi s i o n  a rt .  Yet the myth pers i sts that v ideo is somehow synonymous with 
te l ev i s i o n  i n  e i ther  a pa rt i san  o r  adversa ry way-e ither  that the mark of success i n  v i deo  i s  to be te le­

v ised ,  o r  that its va l u e  l i es  i n  offe r i n g  a n  a l ternat ive to ,  o r  c r i t i que of, te l ev i s i on .  A l though we may f ind 
these a rguments tra nspa rent , the i r  p u rchase  on v ideo 's p ub l i c  image i s  so comp l ete that they dese rve 

attent i o n .  In the f i rst case, we need on l y  remember that a rt and commun icat ion  are f undamenta l ly at 
cross pu rposes .  Art i s  a process of exp l o rat ion  and  i n q u i ry. Its subj ect i s  human potent i a l  for aesthet ic 

percept i o n .  I t  asks :  How can  we be d i fferent? Wh at i s  other? I n  a bas ic sense ,  then ,  a rt i s  a l ways non­
commun i cat ive : i t i s  a bout  person a l  v i s i o n  and  a utonomy; its a im i s  to produce non-sta nda rd obse rvers .  

Te l ev i s i on  i n  its present form represents exact ly the oppos ite . I ts goa l  i s  the product ion of sta n­

da rd observers th rough  commun i cat i on  unde rstood as a doma i n  of  sta b i l i zed dependency re l a t i ons  that  

ma i nta i n  constant the cogn i t ive doma ins  of the popu l a t i on .  Thus ,  the not ion  that v i deo  a rt " be l ongs  on  

te l ev i s i o n "  i s  bo th  a contra d i ct i o n  of te rms  and  a confus i on  of i s sues .  Persona l  v i s i o n  i s  not p u b l i c  
v i s i o n ;  a rt i s  n o t  t h e  stuff of ma s s  commun icat i o n .  T h e  i ssue ,  o f  course ,  i s  spec i a l i zed e l ectro n i c  pub ­

l i s h i ng-that hero i c  prom i se  of the V ideo Revo l ut i on  imp l y i ng  an a l te rnat ive fo rm of te l ev i s i on  whose 

structures have yet  to be rea l i z ed .  Th i s  begs the po l i t i ca l q uest ion ,  but  the cr i t i q u e  of the mass  med ia  

was a l ready def in i t ive and  comp l ete by the ear ly  1 970 's ,  and  today there i s  rea l ly noth i n g  new to be 
sa id .  We know that  me rcena r i es  have i nvaded the l anguage ,  that  they occupy eve ry image ,  every word .  



We know that the on l y  a lternat ive to the i r  perceptua l  i m pe r i a l i sm is cont i n uous  and  pervas ive access 

to counter-def i n i t i ons  of  rea l i ty (the u l t i mate po l i t i c a l  mean i n g  of v ideo a rt) but  those l ong  d reamed-of 
c h anne l s  sti l l  d o  not exist . 

These ref lect ions ob l i g e  us  to acknow ledge  that v i deo  a rt rema i ns ,  afte r e i g hteen years, both 

tec h no l og i ca l ly and cu l tura l l y immature .  Tech no l o g i ca l ly because as  a c i nemat i c  med i um  i t  i s  st i l l  an 

i n d u st r i a l  rathe r  than persona l  too l ;  c u l t u ra l ly because  i t  i s  st i l l  p r ima r i l y  i dent i f i ed  with a s i n g l e  spe­

c i a l - i nterest g roup ,  the a rt wor l d ,  whose academ i c  and commerc i a l  venues  const i tute its o n l y  ma rket .  
A too l  may l e g i t imate ly be descr ibed as  mature o n l y  i n sofar a s  i t  i s  easy to use, access i b l e  to every­
one ,  offe r i ng  h i g h  q u a l i ty at l ow cost. and  cha racter i zed by a p l u ra l i s t i c  rather  than  s i n g u l a r  pract i ce ,  
se rv i ng  a mu l t i tude of contrad i cto ry va l ues .  To pa raph rase  Susan  Sontag ,  v i deo ,  l i ke photogra phy, i s  not  

a n  a rt fo rm the way pa i nt i ng  and  poetry are ,  and  i f  photography l ends  i tse l f  most strong l y  to the not i on  

of a rt wh i ch  says  that  a rt i s  obso lete ,  then v ideo s u re l y  sta nds  as  the pa ragon  of that  postu re .  I t  i s  tru ly  
a "med i um "  i n  the envi ronmenta l sense ,  l i ke l a n g uage ,  l i ke water, and  i t  w i l l  have reached  c u l tu ra l  

matu r i ty on l y  when i t s  amb ient and  p l u ra l i s t i c  status  i s  t aken  for g ran ted .  On l y  then  wi l l  v i deo  a rt tru ly  

f l o u r i s h .  
To be s u re ,  v ideo does  seem po i s ed  on  the b r i n k  o f  rea l i z i n g  i t s  potent i a l .  I t  i s  becom i n g  ever 

more f l ex i b l e  a s  a c i nemat ic med i um ,  and  there a re ent i re subcu l t u res  of enth u s i a sts for whom "v ideo 

a rt" has  noth i n g  to do w i th  the i ssues  of the post-modern  i st  f i n e  a rts trad i t i o n .  These are encou ra g i n g  
s i g n s ,  bu t  t h e  best i s  yet t o  c ome .  Tru ly  revo l u t i o na ry deve l opments 1 0 0m  l a rge  on t h e  hor i zon o f  v i deo 's 

futu re .  It has become apparent that two grand themes-one techno l o g i ca l ,  the other c u l t u ra l-wi l l  
shape  the med i u m  i n  the 1 980's ; and  a s  w e  app roach the m i l l e n n i um  a th i rd force ,  more po l i t i c a l  i n  

natu re ,  wi l l  p rope l  v ideo towa rd its h i sto r i ca l  dest i ny a s  the centra l i n st rument  i n  the soc i a l  construc­
t i  on  of rea l i ty. 

By fa r the most importa nt deve l o pment ,  on  wh i c h  the other two depend ,  is the i m m i nent me rg­

i ng  of v ideo with computer tech no l ogy. Among other  th i ngs ,  t h i s  wi l l  a bo l i s h  the d i st i nc t i on  between 
profess i o na l  a nd  amateur  i nsofar as  that's determ i ned  by the too l s  to wh ich  we have access as  

a utonomous i n d iv i d ua l s .  And  th i s  i n  turn wi l l  prec i p itate a New Rena i ssance i n  the aud i o -v i s u a l  a rts .  
By the end  of the decade ,  v ideo w i l l  rep lace f i l m  a s  the u n ive rsa l med i um  of c i nemat i c  pract ice ;  a s  a 

resu l t .  the  c r i t i ca l d i scourse present ly strugg l i ng with i s sues  of "v ideo  a rt" wi l l  merge with that of the 
c i nemat i c  enterp r i se ,  forc i ng  a rad i ca l  reconstruct i on  of the theory of c i n ema .  

The th i rd force t o  s hape  t he  futu re o f  v i deo  wi l l  be  t h a t  l ong-he ra l ded  myth i c a l  t ransformat ion  

of c u l t u re and  consc i ousness known as the Commun i cat i ons  Revo l ut i on ,  wh i c h ,  for at l east a gene ra ­
t i on ,  has  seemed pe rpetu a l ly about  to happen .  I t  i s  not u n reasonab l e  to expect  that by the m i d - 1 990 's 
we sha l l  at l a st f i nd  ourse lves on the th resho l d  of a g e n u i n e  revo l ut i on  i n  commun icat i ons ,  wh i c h  wi l l  

occu r  on l y  after  the computer-v ideo revo l ut i on  that i s  mak i n g  i t  poss i b l e .  A commun icat ions  revo l ut i o n  
i s  n ot a bout techno l ogy, i t 's a bout poss i b l e  re l a t i ons  among  peop l e .  I t  i m p l i e s  a n  invers i o n  of ex i s t i ng  

soc i a l  re l a t i ons ,  whereby today's h i e rarch i ca l  mass  c u l t u re wou l d  d i s perse i nto a utonomous  se l f -con­
st i tut i n g  " rea l i ty-commun i t i es "-soc i a l  groups of po l i t i ca l l y s i g n i f i cant  magn i tude ,  def i ned  not by 

geog ra phy but by consc iousness ,  i deo l ogy, and  de s i re .  I t  seems to me  that w idespread use  of person­
a l  too l s  for s im u la t i on  (computers )  and  conversa t i on  (two-way v ideo)  make the r i se  of such commun i ­

t i  e s  a l l  but  i n ev i tab l e ;  a nd  as the i r  const i tuents we cou l d  produce mode l s  of poss i b l e  rea l i t i e s  ( c i n ema )  
a nd  a l so contro l  t h e  cu l tura l  contexts i n  wh i ch  t ho se  mode l s  we re  p u b l i s hed and  perce ived .  I b e l i eve 

t h i s  is not on l y  poss i b l e  but essent i a l  for h uman  d i g n i ty a nd  s u rv iva l .  The cont i n uous  s i m u l a t i on  of 
a l ternat ive rea l i t i e s  with i n  a utonomous rea l i ty-commun i t i e s  wou l d  const i tute a New Rena i ssance  i n  

wh i ch  t h e  a rt i st-des igner  m i ght add ress t h e  p rofound  soc i a l  a nd  po l i t i ca l  cha l l enges o f  D u r  t ime .  
I sha l l  return t o  t h i s  t h eme  l ater; meanwh i l e  l et u s  c on s i d e r  the i n teg rat ion of v i deo  and  com­

puter  techno l ogy. I t  w i l l  occur i n  at l east fo u r  ways :  th ro ugh  d i g i ta l  v i deo ,  th rough computer-contro l l e d  



ed i t i n g ,  th raugh computer-contra l l ed  or " i nteract ive" v ideod i sks, a n d  th raugh computer a n i mat i o n .  
E a c h  may  be  rega rded a s  the fo undat i on  of a n ew  a rt form : e a c h  ca r r i es  i m po rtant aesthet ic  a nd  p h i l o ­

soph i c a l  i m p l i cat i ons ,  each  offers u nexp l o red poss i b i l i t i es  f o r  t he  e l a borat ion  of c i nemat i c  l a n g u a g e .  
I da  n o t  mean  t o  imp l y  t h a t  c reat iv i ty depends o n ,  o r  i s  even re l ated t o ,  techno l ogy. Of cou rse i t  i s  con ­

tent ,  not tec hn i q ue ,  that  matte rs-a l l  one  rea l ly needs i s  a porta pak a n d  i n s p i rat i o n .  However I a m  sug ­
gest i ng t ha t ,  a l l  e l s e  be i n g  equa l ,  the v i deo  a rt ist who  u ses  the computer wi l l  p r aduce  mo re  i nterest­

ing and comp l ex  work than those who da  not .  He re a re same reasons why: 

Digital Video 

One  of the fundamenta l ut i l i t i es  of the computer is its a b i l i ty to t ra n s l ate the cont i n u o u s  phe­

name na of the ana log  wor ld  i nto the d i s c rete un its of the d i g ita l  doma i n .  Th i s  confers upon the p ra­

cess ing of a u d i ov i s ua l  i nformat ion the s i n g u l a r  advantages of transpa rency and  contro l .  Tra nspa rency 

means that the med i u m  i ntroduces  no  a rt i fa cts i nto the i nformat ion b e i n g  pracessed .  The concept of a 
s i g n a l -to-no i se  rat i o  becomes mean i n g l ess  because there is no no i se .  The sou rce  is reprad uced with 

1 00% f i d e l i ty, a nd  the 50th gene rat ion  i s  as  c lean as the f i rst. Contra l  means  exact ly  wh at i t  says .  
Thraugh the use  of the framebu ffer, a v ideo frame ,  wh i ch  i s  otherwi se not a n  object but  a dynam i c  t ime  
event, becomes a "v i rt u a l  vo l ume , "  a n  o bject i n  data space ,  whose every e l ement ( p ixe l )  c a n  be 
add ressed and  man i p u l ated by the computer. Whereas the bas i c  u n i t  of creat ive construct i on  i n  f i l m  i s  

t h e  fu l l y  formed photogra ph i c  image ,  d i g i t a l  v ideo g i ves us access i n  p r i n c i p l e  n o t  on l y  to t h e  f ra m e  b u t  
t o  e a c h  of t h e  1 , 000 sca n l i nes  that wi l l  const itute i t  i n  1 990, a n d  n o t  o n l y  that ,  b u t  access t o  each  of 

the 1 , 000 p i xe l s  that wi l l  compr i se  each l i n e .  That's l i ke be i ng  ab l e  to add ress i n d iv i d ua l l y  each  g ra i n  
o f  emu l s i on i n  a f i l m  frame ,  a s s i g n i n g  t o  i t  any o n e  of, say, 250 g rey-sc a l e  leve l s  o r  co l o u r  h u e s .  The 

sma l l e r  the bas i c  un i t  the g reater the var i ety of poss i b l e  construct i ons-witness the b r i c k  hause  ver ­

s u s  the p refa b .  
Ph i l osoph i c a l l y, t h i s  suggests the poss i b i l i ty of understand i n g  c i nemat i c  pract ice as  the co l l i ­

s i o n  o f  codes with i n  t h e  frame  as  opposed t o  the c l a ss i ca l l a nguage i n  wh i ch  "codes"  a re constructed 
fram the co l l i s i o n  of frames .  The aesthet ic imp l i cat ions a re no less profound .  On  a p u re l y  form a l i st i c  
l eve l ,  i t  means  t ha t  a n  image-event can  be subm itted to  nea r l y  i n f i n i te spat io-tempora l  tra n sforma­

t ions ,  s i nce the " i mage"  i s  on ly  a matr ix  of codes i n  a data space .  I t  means  that a ny e l ement  of any  

image  can  be i n se rted i nto any  othe r  image  seam less ly, without the appearance of be i n g  a n  " effect . "  

I ndeed ,  the concept o f  spe c i a l  effects i s  rendered mean i n g l ess i n  d i g ita l v i deo  s i n ce  a l l  e l ements of t he  

image  ex i st i n  the same phenomeno l o g i c a l  doma i n .  The  onto l og i c a l  status of the c i n emat ic  image ­

event i s  a l tered th ra ugh  d i g i ta l v i deo-it becomes a hybr id rea l ity sta n d i n g  somewhere between  pho ­

tography and  a k i nd  of pa i n t i n g .  The i n e l uctab l e  cou p l i ng of camera and  wo r l d  i s  repr i eved-the i mage ­

event  comes to represent both  the imag i nat ion o f  the observer and the u n iverse obse rved,  with e q u a l  

i n f l ect i o n .  

The  q u est ion o f  a c ces s  to d i g i ta l  v i d eo  techno l ogy by  autonomaus  i n d i v i d u a l s  i s  therefore fa r 

fram tr iv i a l .  The trends a re encou ra g i n g .  On one hand ,  a na l og-ta-d i g ita l convers i on  can  now be pe r­

formed by a s i n g l e  m i c rach i p  that cou l d  eventua l l y  be b u i l t i nto eve ry v i deo  camera and  tape recorde r  
manufactured ;  a nd  the prod i g i o u s  ba ndwidth req u i red to store d i g i t a l  v i deo  i nformat ion (p resent ly  the 

p r i n c i p a l  ba r r i e r  to i ts commerc i a l  rea l i zat ion )  w i l l  soon be p rov ided by a revo l ut i ona ry breakth rough  
c a l l ed perpend i c u l a r  record i n g ,  i n  wh i ch  magnet ic doma i ns  a re generated vert i ca l l y  i n  the depth of the 

record i n g  med i u m  rathe r  than  ho r i zonta l l y a l ong its s u rface ,  y i e l d i n g  u p  to forty t imes the capac ity of 

present magnet i c  record i n g  tec hn i q ue s .  O n  the othe r  hand ,  framebuffers are expected to cast a bout  
f ive d o l l a rs by m i d -decade and  wi l l  be b u i l t  i nto every te l ev i s i on set  for  v i deotex recept i on .  I n  add i t i o n ,  
advances i n  m i c rac i rcu i t ry d i g i ta l image  processors capab l e  of perfo rm i n g  a l l  the post-praduct ion  v i deo  
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" effects" today req u i r i ng  $ 300,000 i ndustr i a l  too l s  l i ke the Quante l  M i ra ge  or c ustom use r-bu i l t 

dev ices l i ke Dan  Sand i n 's d i g i ta l Image  Processor  or Woody Vas u l ka 's D i g ita l  I mage  Art i c u l ator, c o u l d  

by  the end of the decade be i n corporated o n  a s i n g l e  board o c c upy i n g  a s i n g l e  s l ot i n  one 's persona l  

computer. 

Computer-Controlled Editing 

The c i n ema  is not a v i s ua l  a rt, it is a t ime  a rt .  In the  c i n ema  we do not l ook  at p i ctures ,  we wit­

ness events .  In a p u re ly techn i c a l  sense, the h i sto ry of v i deo  i s  the  h i story of becom i ng  a c i nemat ic  
med i u m  by offe r i ng  ever  more cont ro l  over  " the t ime of the frame . "  I n  the beg i n n i n g  there was no 

v i deo ,  on l y  l ive t e l ev i s i on .  V ideo recorders were not i nvented u nt i l ten years af te r  te l ev i s i on  was com­

merc i a l l y  i ntrod uced ,  and they d i d  not provi de  frame-accu rate ed i t i n g .  I t  was not unt i l  1 974, with the 
i ntrod uct ion of the  CMX computer-contro l l ed ed i t ing system ,  that v i deo  acq u i red  the e l ectron i c  equ iv­
a l ent of sprocket h o l es and became a c i nemat i c  med i u m .  But even then ,  so fundamenta l a c i nemat i c  

tec h n i q u e  as  s l ow mot ion was i mposs i b l e  i n  v ideo ,  and  i t  was not unt i l  the  i ntroduct ion  of the one- i nch  

h e l i c a l  VTR i n  1 978  that  both  the order and d u rat ion  of the image event  i n  v i deo  cou l d  be subm itted to  

the contro l l i ng l og i c  o f  the  computer. 
As we a l l  know, sty les  i n  v ideo a rt have ref l ected t h i s  evo l ut i o n  from rea l t ime  down i nto the 

a b i l ity to store and  man i pu l ate t ime  i n  a way that i s  c omp l ete ly  d i ffe rent from f i l m :  for one  advantage  

of a pproach i n g  the  c i nemat ic enterpr ise f r om the e l ectro n i c  s i d e  l i es  i n  compute r-add ressab l e  t ime ­
code ,  such  t ha t  the o rga n i zat ion of the c i nemat i c  space  becomes  p u re a bstract structura l i sm de r ived 

from mathemat i c s .  I n  othe r  words, computer-contro l l ed ed i t i n g  not on ly removes c i nemat ic  pract ice 
from the ted i o u s  req u i rements of manua l  sk i  11 ,  p l a c i n g  emphas i s  on  the sou l with i n  the idea; i t  actu a l ­
I y  prov ides  a context f o r  conceptua l i z i n g  strateg i e s  of tempora l  man i p u l a t i on  t h a t  do no t  a r i s e  i f  one  i s  

n o t  u s i n g  t h i s  too l .  I t  suggests comp l ete ly n ew  approaches to the syntax of c i nemat i c  image-events . 
In computer  edit ing one works with someth i n g  ana l ogous  to a mus i c a l  sco re-the Ed i t  Dec i s i on  

L i st as  a g raph i c  representat ion of aud i ov i s ua l  events t ha t  wi l l  u nfo l d  i n  t ime .  I t  represents the c i  ne ­
mat ic  compos i t i on  a s  a who l e ,  the way we th i nk  of mus i c  a s  a who l e .  Us ing  th i s  conceptua l  too l i t  i s  
poss i b l e  to a pproach t he  creat ion  of a c i nemat ic  wo r k  f r om the " oppos i te end , "  a s  i t  were,  such  t ha t  t he  

ed i t  l i st d i ctates s hoot ing the way a mus i ca l score d i ctates i ts i n st rumenta l  performance .  I n  th i s  way 
c i nemat i c  pract i ce  becomes a more ho l i st i c  process and the c i nemat i c  text becomes an organ i c  u n i ty, 

s i n ce  the ent i re compos i t ion may be entered i nto the computer before any part of it is ed ited . 
Th i s  i s  u np recedented i n  the h i story of c i n ema .  Among other t h i ngs ,  it s uggests a reth i n k i n g  of 

the i dea  of structu ra l i sm, wh ich  takes on new mea n i n g  as data structu re or data space i n  the comput­

e r. No one has revea led  the aesthet ic potent i a l  of these concepts with g reater v i s i o n  and e l oq uence  
than B i l l  Vi o l a ,  whose s i ngu l a r  project const i tutes a profo und  i nvest i gat i on  of those spec i f i ca l ly tem­

pora l man i p u l a t i ons  of image and  sound by  wh i ch  the attent i on  of the w i tness  i s  choreographed and  
mea n i ng i s  p roduced  i n  t he  c i nemat ic  space .  H e  may we i l  be the o n l y  a rt i st i n  the  wor l d  today who  i s  
n o t  on l y  systemat ica l ly address i n g  th i s  i s s u e  b u t  actu a l ly beg i n n i n g  to spec i fy n ew  trajecto r i es  f o r  the 
a u d i ov i s ua l  t ime a rts ,  whose evo l ut i on  henceforth wi l l  depend on  and  be  i n sepa ra b l e  from the com­

puter, that most i nte l l igent of poss i b l e  c locks .  
Today computer-contro l l ed ed i t i ng  i s  a comp l ex i n d u str i a l  process access i b l e  to most a rt i sts 

on l y  th rough  outs i d e  fund i ng  and the i ntermed i a ry of a tra i ned  eng i nee r-operator. There is every i n d i ­
cat i o n ,  h owever, t h a t  these resou rces wi l l  be ava i l a b l e  to a utonomous i n d i v i d u a l s  re lat ive ly  s o o n  . 

A l ready, persona l computers interfaced with consumer  v ideo  recorde rs a re be i ng  used i n  p l ace  of h i g h ­
t e ch  one - i n c h  fac i l i t i es ,  and w i t h  read-write opt i ca l  v i d eod i s k s  and  mo re " user-fr i e nd l y" contro l  struc­
tu res  now unde r  deve l opment. access shou l d  be w idespread by the end of the decade .  



Computer-Controlled Videodiscs 

The opt i ca l  v i deod i s k  w i l l  a l s o  f i g u re i n  a comp lete ly  new a rt form wh ich  neverthe l ess can  be  

rega rded  as  a n  extens i o n  of the  c i n emat i c  enterpr ise-the i nteract ive movi e ,  i n  wh i c h  the  v i ewer 
essent i a l l y  c reates h is  o r  h e r  own pe rsona l i zed exper ience as they branch th ro ugh  a re lat ive ly  open­
ended c i nemat ic  space i n  ways made  poss i b l e ,  but not d i rect ly determ i ned ,  by the au tho r  of that space .  

I t  i s  the  u lt imate case of Duchamp's d i ct um that  the a rt i st beg ins  the a rtwork a nd  the  witness com­

p l etes i t .  For the more i nteract ive a system i s ,  the more it becomes wh at you want to be  s ee i n g ,  what 
you want to be  do ing ,  what you want to be  exper i e nc i ng .  

The f i rst r ud imenta ry examp l e s  of so-ca l i ed i nteract ive d i scs  ( d i scs are no t  i nteract ive ,  on l y  

computers a re ! .  p r ima r i l y  educat i o na l  i n  na tu re ,  have  appea red on ly  recent ly. The most e l a bo rate and  
bes t  known i s  the Aspen  Mov ie  Map  p roduced  by  the Arch itecture Mach i n e  G roup  at  M IT. A more amb i ­

t i ous  project ,  a mov i e  map  of Boston ,  i s  c u rrent ly i n  product ion wh i ch  wi l l  a l l ow the v i ewer not on l y  to 

trave l down any street and i nto s e l ected b u i l d i ngs  to exam i ne  t he i r  contents ,  but a l so  to switch 
betwee n  d i fferent seasons of the year and even t imes of day. 

As impress ive as  they may be, such projects are fa i r ly stra i ghtforwa rd c ompa red  to more 
a bstract, poet ic ,  conceptu a l ,  or perceptua l  exper iments that a rt i sts m i g ht pu rs u e .  For  examp l e ,  B i l l  

Vi o l a ,  recent ly awarded a ma jo r  g rant  t o  produce a n  interact ive v ideod i sk ,  compare s  t h e  open-ended 
nature of the med i um  to the " i nf i n i te reso lva b i l ity" of rea l i ty. He  reca l l s  a sequence  of sate l l i te photos 
showi ng  f i rst the east coast, then the N ew York metropo l i tan area, then j ust Manhatta n ,  then j u st 

l ower Manhatta n ,  f i n a l l y  i s o l a t i n g  i n d i v i d u a l  b u i l d i ngs .  "What fasc i n ated me , "  he s a i d ,  "was that the 

prog ress i on  was not a zoom o r  a b l ow-up .  l 1 's not as  though they used four  d i ffe rent l enses  and  made 

fou r  d i ffe rent p ictu res .  A l l  the b u i l d i ngs  i n  the c l ose-up ex isted a l ready i n  the g l o b a l  v i ew because i1 's 

actu a l l y  a computer  data base  and  they ' re i n  the i nformat ion .  So the image  doesn 't l o se  deta i l  o r  

become g ra i ny  when i1 's e n l a rged  beca use  i1 's computer  enha nced .  Tha1's not l i ke zoo m i n g .  You d eter­

m i n e  the sca l e  of what you ' re s ee i n g  by p rocess i ng  i nformat ion tha1's a l ready there .  Tha1's h ow eag l e s  

see .  They  see a f i e l d  mouse  f r om 500  feet .  They're no t  zoom ing  the i r  eyes .  l 1 's l i k e  the  Wor l d  Trade 

Center  be ing  i n  the sate l l i te photo from 200 m i l e s  out .  Tha1's where  med i a 's go ing  i n  g e ne ra l-the  i dea  

tha t  record i n g  becomes  mapp i ng .  Eve ryth i n g  i s  recorded .  Everyth i ng  i s  encoded  i nto t he  system and  as 
a v iewer o r  prod uce r  you j u st d eterm i n e  wh at part you ' re revea l i n g . "  

Computer Graphics and Animation 

I have reserved for l a st a d i sc u s s i o n  of the med i um that wi l l  have the g reatest i m pact not on l y  

on the  future of c i n ema  but o n  the  theory of rea l i ty i tse l f .  Comb i n i n g  the appa ren t  o bj ect iv i ty of t he  

photog raph ,  the i nterpret ive s u bj e ct iv i ty of the pa i n t i n g ,  and  t he  u n restr icted mot i o n  of hand  a n i ma­

t ion ,  three-d imens i o na l  compute r  a n i mat i on  or " d i g i ta l scene s imu l at i o n "  i s  by fa r t he  most awesome 

and p rofo und  deve l opment i n  the  h i story of symbo l i c  d i scourse .  It i s  poss i b l e  to v i ew the  ent i re career  

not on ly  of the v isua l  a rts but  of human commun i cat ion i tse l f  as lead ing to t h i s  Promethean  i nstrument 

of representat i on .  I ts aesthet ic  a nd  p h i l osoph i ca l  imp l i cat ions a re stagge r i ng ,  a nd  they a re u l t imate ly  

of profound  po l i t i ca l conseq uence .  

I f  photography i s  mak i n g  ma rks w i t h  l i g ht, t hen  computer s im u l at i on  i s  a k i n d  of photogra phy, 

but one  i n  wh i ch  the " camera "  i s  o n l y  a po i nt i n  v i rtua l  space and the " I ens "  i s  not a phys i c a l  object 
but  a mathemat i ca l  a l go r i thm that desc r i bes  the geometry of the image  it creates .  I n  a way that i s  

h a u nt i ng  and  prophet ic ,  the mos t  advanced form of photography now imag i nab l e  retu rns u s  to t he  

Rena i ssance concept of perspect ive a s  a g eometr ic  rathe r  t han  opt i ca l p henomenon  a n d  s i t uates rea l ­

i ty once  a ga i n  i n  a doma i n  of mathemat i ca l  constructs .  
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Although it is not itse l f  v ideo ,  computer  image ry can  be encoded as a v ideo  s i g n a l  and  i nte­

g rated i nto the c i nemat ic space (as graph ics o r  a n i mat i on  o r  both )  provi d i n g  a r i c hness of p i ctor i a l  va r i ­
e ty  and  texture oth erwise unobta i n a b l e .  As usua l ,  the  techno l ogy of s imu la t i on  ( both ha rdware and 

softwa re) wi l l  f i l te r  down f rom h i g h-tech i n d u stry to the i n d i v i d u a l  use r, but at a prec i p i tous ra te ,  such  

that the comp l ex ity and soph ist icat ion of computer image ry ava i l a b l e  to autonomous i nd i v i d u a l s  w i l l  

i n c rease exponent i a l l y from now o n .  A s  a res u l t , mo re a n d  more a spects o f  t h e  c i nemat i c  space w i l l  

i s s u e  from t h e  computer, not the camera .  
Commerc i a l  c inema w i l l  prov ide the econom i c  mot ivat i on  for softwa re deve l opment that m i g ht 

not otherwise occur. By 1 990 most backgrounds  and  env i ronments i n  Ho l lywood f i l ms ,  a l though i nd ist in ­
g u i shab l e  f rom photograph ic  rea l ity, wi l l  be computer-gene rated and  actors w i l l  be  e l ectron i c a l l y  keyed 

i nto them. Human  imagery wi l l  take longer  to perfect: c rowd scenes w i l l  come fi rst, then i nd i v i dua l  c l ose­

ups .  I t  i s  expected that the f i rst a l l - s imu l ated featu re- I ength na rrative movie wi l l  be produced before the 
end  of the decade .  Although its human cha racters w i l l  l ook l i ke s imu lat ion ,  they w i l l  have more the 

appearance of three-d imens iona l  pa int ings than the f lat  ca rtoon f i g u res of trad i t i ona l a n imat i on .  

Of cou rse the fu l l  aesthet ic potent i a l  of t h i s  med i u m  wi l l  be rea l i zed on l y  when  compute r  
a rt i sts come to the i n strument f rom a rt rather  than f rom computer sc i ence ,  wh i c h  i s  gene ra l ly the case  

today. Th i s  w i l l  req u i re a new generat i on  of u l tra-powerfu l pe rsona l  computers at p r i ces  affo rd ab l e  by  
a rt i sts, as  we i l  a s  a new generat ion of  a rt i sts with the des i re to afford them and  the sk i l l s  to u se  them .  

Today the k i nd of s imu lat ion env i s ioned a bove req u i res  a $ 10  m i l l i o n  C ray- 1 s upercomputer, the most 

powe rfu l computer i n  the wor ld ,  p l u s  propr i eta ry softwa re that has  been more than  two decades in  

deve l opment .  But  the manufacturers of the C ray- 1  b e l i eve that by the ear ly  1 990 's computers with 

t h re e-fo u rths of its power (qu ite suff i c i ent for comput i ng  photograph i ca l l y  rea l i st i c  s im u l a t i ons  i n  rea l  

t ime at v ideo reso l ut ion )  w i l l  se i l  for approx imate l y  $ 20 ,000 l ess  than the cost of a porta pak  and  ed it­

ing system today. Such a device wou l d  have a n  eno rmous  ma rket potent i a l  and i t  i s  certa i n  that the 

s i m u l at i on  software wou ld  be ava i l a b l e  with i t .  F i n a l l y  access i b l e  to autonomous i n d iv i dua l s ,  the  fu l l  
aesthet ic  potent i a l  of computer s imu lat ion  wi l l  b e  revea l e d ,  and  the future of c i nemat i c  l a n g uage­

hence  the soc i a l  construct ion of rea l i ty-w i l l  be rescued from the tyra nny of perceptu a l  i m pe r i a l i sts 
and p l a ced in the hands of a rt i sts and amate u rs .  

Artistic Trends 

Two a rt i s t i c  trends d i rect ly re l ated to the me rg i n g  of v i deo  and  computer  techno l ogy w i l l  c ha r­

acter i ze v ideo a rt through the end of th i s  centu ry. The new techn i q ues wi l l  be extreme ly  i n strumenta l 
i n  meet i ng  the cha l l enge of a post-structu ra l i st c i n ema  wh i ch  seeks to i nteg rate two trad i t i ons  prev i ­
ous ly rega rded a s  i ncompat i b l e-fi rst. the c i n emat i c  t rad i t i on  ( i n c l u d i n g  su r rea l i s t  and  mythopoet i c  

t ra d it i o ns  of avant-garde persona l  c i nema ,  whether  actor/d i a l og-based o r  pu re l y  forma l i st i c )  with i ts 

emphas i s  on i l l u s i o n ,  spectac l e ,  and exte rna l refe rence th ro ugh  metaphor i c  o r  a l l ego r i ca l  na rrat ive ;  a nd  
second ly, t h e  post-modern i st trad i t i on  i n  t he  f i n e  a rts ,  c ha racte r i zed by m i n im a l i sm ,  se l f-refe rence ,  a nd  
a r i gorous ,  d i dact ic i nvest igat ion o f  t he  structures a nd  mater i a l s  o f  the med i um ,  w i t h  part i c u l a r  empha ­

s i s  on  deconstruct i on o f  representat i ona l  s c hemes  . 

For severa l years now the post-structu ra l i st movements i n  a l l  the a rts have sought  to reconc i l e  

these two h i stor ies ,  and a powerfu l  synthes i s  seems t o  have emerged : r i ch  i n  poet ic  resonance ,  roman ­
t i c ,  e ven  specta c u l a r  i n  form, it neverthe less  reta i n s  a po i g nant awareness of i t s  own  construct i o n .  I n  
pa i n t i n g  today it i s  represented b y  t h e  N e w  I mage  movement-C l ement i ,  S a l l e ,  F i sc h i ,  Longo and  the 
rest ;  i n  mus i c  i t  i s  Bowie and Byrne and  the New Wave ;  i n  theat re ,  Robert N .  W i l son ,  Mered i th Monk, 
a n d  Lau r i e  Anderson ;  in contempora ry c i nema  it is Goda rd (st i l l )  and  Stra u b-H u i l l et .  Ha ns-J ü rgen  

Syberberg ,  a nd  Manoe l  de O l ive i ra and ,  i n  q u ite a d i fferent way, Fassb inder. As yet. v i d eo  a rt can  c l a i m  



no pe rsona l ity of t h i s  statu re except perhaps B i l l  V io l a ,  but it is v ideo neverthe l ess that wi l l  u l t imate ly  
a rt i c u l ate a post-struct u ra l i s t  c i nema fa r more rad ica l and  robust than that wh i ch  theatr i c a l  c i nema has  

g iven us  so fa r-prec i se l y  d ue  to the p l ast i c i ty and i nteract iv ity o f  c i n emat i c  image-events made  pos­
s i b l e  by the computer. 

The second t rend ,  wh i ch  cou l d  be regarded as a su bcategory of the f i rst. is wh at i s  c u rrent ly 
be ing c a l l ed "v i s ua l  mu s i c "  o r  "mus i c  image . "  I prefer the term "opera " o r  operat ic  c i n ema .  I n  any  case 

l et me  q u i c k l y  d i st i n g u i s h  i t  from mov ie  mus ica l s  on the one hand and  rock v ideo on  the othe r. Whereas 

these a re t r iv i a l  i l l u strat i ons  of popu l a r  mus ic ,  the pract i ce I have i n  m ind wou l d  co nst itute a n  orga n i c  

fu s i o n  o f  image  and  s o u n d  i nto a s i n g l e  u n i ty, c reated b y  a s i n g l e  a rt ist  who  writes and  performs the 

mus ic  a s  we i l  a s  conce iv ing a nd  execut i ng  the images that a re i n sepa ra b l e  from it .  Cons i de r i ng  the 
awesome cu l tu ra l  fo rces  represented by the c i nema on the one hand and  mus i c  on  the othe r, a f u s i on  

o f  the two wou l d  seem to possess u npa ra l l e l ed potent ia l  f o r  emoti o na l  and  i nte l l ectu a l  d i scou rse and  

poet ic express i o n .  To my knowledge the on l y  No rth Amer ican a rt ist who even  comes  c l ose to sat i sfy­

i ng  these c r i te r ia  is E rnest G us e l l a  in New Yo rk, whose su rrea l i st i c ,  ope rat ic  songs and poems a re 
beg i n n i n g  to def i ne  a new trajectory for the d i a log  of image and sound .  I n  any case ,  I am conv inced 

that the " e l ectron i c  opera"  wi l l  deve l op  i nto a l a st i ng  cu l tu ra l  trad i t i on  th rough the i nteg rat ion of v i deo  

and  computer techno l ogy. 

Communication versus Conversation 

As v ideo me rges  with the compute r, and  thus with user-contro l l ed te l ecommun i cat i on  n et­

works ,  a commun icat i ons  revo l u t i on  wou l d  seem a l l  but i nevitab l e ,  b r i n g i n g  with i t  the r i se  of those 
a uto nomous  rea l ity-commun i t i e s  I ment ioned ear l i e r-commun i t ies def i ned  not by geography but  by 

consc i o u sness ,  i deo l ogy, and des i re .  Paradox i ca l l y, the m i g rat ion to autonomous rea l i ty-commun i t i es  

wi l l  not be a ch i eved th ro ugh  commun i ca t i on .  Commun i cat ion (from the Lat i n  "a  sha red space " )  i s  i nter­

act i on  in a common context ("10 weave togethe r" ) wh ich  makes commun i cat ion  poss i b l e  and deter­

m i nes  the mean i n g  of a l l  that i s  s a i d .  The control of context i s  the contro l of l a nguage  i s  the contro l of 
rea l i ty. To create new rea l i t i e s ,  the refo re ,  we must create new contexts, new doma i n s  of consensus .  

Tha t  cannot be done  th ro ugh  commun i ca t i on .  You cannot step ou t  o f  the context t ha t  de f i n e s  commu­

n i cat i o n  by  commun icat i n g :  i t  w i l l  l ead  o n l y  to tr iv i a l  permutat ions with i n  the same consensus ,  repeat­

ed l y  va l i dat i ng  the same rea l i ty. Rather, we need a creative conversat i on  (from the Lat i n  "to turn a round  

togethe r " )  t ha t  m i g ht l ead  to new consensus  and hence  to  new rea l i t i e s ,  but wh i ch  i s  no t  i tse l f  a 

process of commun i ca t i on .  " 00  you mean  th i s  or t h i s ? "  "No ,  I mean thus  and  s uch  . . .  " O u r i n g  th i s  

nont r iv i a l  process we  g rad u a l ly app rox imate t h e  poss i b i l ity o f  commun i ca t i on ,  wh i c h  wi l l  fo l i ow as  a 

necessa ry tr iv i a l  consequence  once  we have constructed a new consensus  and  woven togethe r  a new 
context. Commun i ca t i on ,  a s  a d oma i n  of sta b i l i zed non-creat ive re l at i ons ,  can  occ u r  on ly afte r the cre­

at ive ( but non-comm u n i cat ive )  conversat ion  that makes it poss i b l e-com m u n i cat ion  i s  a lways non ­

creat ive and  creat iv i ty i s  a lways non-commun i cat ive . Conversat ion ,  the prereq u i s i te f o r  a l l  c reat iv i ty, 

req u i res  a two-way channe l  of i nteract i o n .  That does not gua rantee creat iv i ty, but without i t  there w i l l  
be no  conversat ion  a n d  no  creat iv i ty at a l l .  That i s  why the worst t h i n g  w e  c a n  say a bout the mass  

med i a  i s  t ha t  they  can on l y  commun i cate-at a t ime when  creative conversat ions  on  a mass ive sca l e  

a r e  essent i a l  f o r  h u m a n  d i g n i ty a nd  s u rv iva l .  

Simulation and Desire 

Wh at is impo rtant to rea l i ze is that in ou r  conversat ions we c reate the rea l i t i es  we wi l l  ta l k  

about  b y  ta l k i n g  about  them ,  thus  w e  become an  autonomous rea l i ty-commun i ty. To b e  consc i o u s  

'C 
o 
o 

� � 
" 
c 
" '" 



o 
Ln 

observers we need language (verba l or v i sua l ) .  To have l a nguage  we need each other. The i nd i v i d ua l  

observer, sta nd i n g  a l one ,  i s  an  imposs i b i l i ty. The re  i s  o n l y  the obse rver-commun ity o r  rea l i ty-commun i ­
t y  whose  const i tuents can  ta l k  abou t  th i ngs  ( I i ke a rt ,  s c i e n ce ,  re l i g i o n )  because  t hey  c reate t he  t h i n g s  

t hey  ta l k  about  by  t a l k i n g  abou t  t hem .  As  const i tuents of a utonomous  rea l i ty-com m un i t i e s  we  sha l l  
h o l d  cont i n uous l y  before ou rse lves a l ternat ive mode l s  o f  poss i b l e  rea l i t i e s .  W e  sha i l l earn t o  des i re the 

rea l i t i es  we s i m u l ate by s imu lat i ng  the rea l i t i e s  we des i re ,  spec i fy i ng ,  th rough ou r  cont ro l  of both 

med i u m  and message ,  context and content-what i s  rea l and wh at i s  not .  what i s  r ight and wrang ,  
good and  bad ,  what  i s  re l ated to  wh a t .  and how. Th i s  i s  the  prafound  s i g n i f i cance o f  the computer­

v ideo revo l ut i on  and  the c i nema ,  understood as s i m u l a t i on ,  not f i c t i on .  The pu rpose of f i c t ion  is to m i r­

ror the wor ld  and  amuse the observer :  the pu rpose of s i m u l a t i on  i s  to create a wo r l d  and transform the 
observer. As v ideo a rt merges with the computer, transform i n g  c i nema i nto s imu l a t i o n ,  we sha l l  gath­

e r  i n  a utonomous  rea l ity-commun i t ies  and consp i re to a bo l i s h  once  and  for  a l l  the anc i ent d i chotom i e s  
between  a rt and  l i fe ,  dest iny and des i re .  

(From the catalogue "Second Link ") 
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O n  t h e  H i s t o r y a n d  A e s t h e t i c s 
o f  t h e  D i g i t a l I m a g e  

I 

Probab l y  the most s i g n i f i cant  event s i nce the very i nvent ion of the i mage  a re the c hanges i n  

man 's concept ion o f  t h e  i m a g e  that t h e  advent o f  the d i g ita l image is enta i l i ng .  H owever t renchant  and  

dec i s ive t h i s  may be ,  the h i story of the  image  a l ready prepa red the  g round  fo r  i t .  
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If we assume that the ma jo r  d i st i n ct i on  between the trad i t i o n a l  image  and  the d i g i ta l one  i s  

t ha t  the c l a s s i c a l  f o rm  of dep i ct i o n  i s  a n a l og i ca l-that i s ,  i t  fo l l ows the p r i n c i p l e s  of s i m i l a r i ty, con­

gruency and  cont i n u i ty-and that the e l ectron i c  form of dep i ct ion  is d i g ita l-that i s ,  i t  u ses  the sma l l -
a... 

est, d i scont i n uous ,  non -homogeneous  e l ements-then we can sepa rate o u r  ref l ect i o n s  on t h i s  top i c  
f r om  t hose  movements i n  a rt wh i c h  advanced t he  rupture i n  t he  trad i t i o na l  concept i o n  of the i mage .  
Th i s  extends  f rom the i n s u rrect i on  of the a bstract at the beg i n n i ng o f  t h i s  century to k i ne t i c  a rt .  

I n  accept i ng  th i s  d i st i nc t i on  ( f rom the concept of " d i g ita l a rt" evo lves  d i a l ect i ca l l y  the  concept 
of " a na l o g  a rt" wh i ch  by def i n i t i o n  s i g n i f i es  noth i n g  e l se than c l a ss ica l a rt ) ,  we m ust ove r l oo k  ce rta i n  

p h i l osoph i ca l  i n cong ruenc i es .  So ,  f o r  i nsta nce ,  t h e  fact that there are of cou rse a na l o ga u s  e l ements i n  
d i g i ta l  a rt a n d  d i g i ta l e l ements i n  a n a l og  a rt ,  s i nce i n  the l ast ana lys i s ,  a n y  cont i n u o u s  a n a l ogaus  

process can  be reduced to sma l l  d i scont i n uous  p i eces ,  i n  t he  same  way  a cont i n uous  l i n e  can  be con­

structed from d i scont i n uous  dots .  In  the l atter case ,  the d i stance between  the adjacent  dots i s  so sma l l  

that i t  c a n  n o  l a nge r  b e  d i scerned b y  the human  eye . Th i s  awakens the i l l u s i o n  o f  a cont i n uou s  l i n e  
when  i n  fact the d i sta nce ex i sts n u mer i ca l l y  and  can be represented .  D i g i ta l a rt does  exact ly t h i s :  i t  

a l l ows a n a l ogaus  processes i n  natu re to be represented d i g ita l ly . 
By means  of dots that cor respond to a spec i f i c  number, the computer  is a b l e  to gene rate a l i n e  

on  a connec t i n g  mon itor. The mon i tor  screen i s  a sort o f  n umber f i e l d  i n  wh i ch  each n u m be r  wh i ch  con­
s i sts e i ther  of a d i g i t ,  d i g it pa i r, o r  a sequence of d i g its ,  (e .g .  001 0 1 ) can  be matched  with a dot .  The 

representat i on  of n umbe rs i s  gene ra l ly pe rformed with two d i g its (0/1 ) ,  so-ca l l ed b i n a ry d i g i ts ,  s i nce 
t h i s  i s  the  on l y  way n umbe rs can  be  represented e l ectr ica l ly, that i s ,  by means  of e l ectr i c a l  imp u lses 

for 1 a nd  no  imp u l ses  for O .  Thus  we can  say that  d i g ita l representat i on  and  b i n a ry representat i on  a re 
l i n ked to each other. 

The computer  then computes the n umber  sequence ,  that i s ,  the sequence of dots wh i ch  on the 
connect ing mon itor c reate the i mpress i o n  of a l i ne .  Th i s ,  of course, i s  on ly  poss i b l e  when  the reso l u ­

t i o n  capac ity o f  t h e  mon itor screen i s  so g reat that t h e  d i stances between t h e  dots c an  be  made  s o  

sma l l  that t h i s  d i sta nce and  t h e  s i z e  o f  the dots c a n  no l anger  be d i scerned b y  t h e  e y e ,  a l t hough  they 

actu a l l y  ex i st n ume r i c a l ly. 
For g reater c l a r i ty, I wi l l  retrac k  same ground and go i nto further  deta i l .  When a mon itor screen 

has  on ly a sma l l  reso l ut i on  capac i ty, th is  means  that i t  i s  a f ie ld  of n umbe rs compr i s i n g  on ly few num­
bers .  So  that the sma l l  amount of n umbe rs 1= dots) can f i l l  the f i e l d ,  they must be  l a rg e  enough  s i nce 

of cou rse i t  i s  on l y  poss i b l e  to f i l l  th i s  f ie ld  with a sma l l e r  number  of dots when there a re mo re of them.  

E ight  l a rg e  dots , however, p laced next to each other l i near ly  over  the s u rface of the mon i tor  screen by 

no  means must appear  as  a l i ne .  Rather, one  needs a g reat number of dots i n  such  q u a nt i ty and  so 

m i n ute that they seem cont i n uou s  a s  a l i n e  does .  A d i sp l ay the s i ze of a norma l TV screen with a bout 



600 rows each with 800 dots is a number  f i e l d  cons i st i ng  of 480 ,000 dots .  It is easy to imag i n e  how 

sma l l  these 480,000 dots have to be to f i t  in the screen and thus how eas i l y the i l l u s i o n  of a l i ne can 

be awakened .  S i nce these dots can a l so have a d i ffe rent co l o r, i t  i s  poss i b l e  not only to prod uce  forms 

but  a l s o  co l o r  s u rfaces, so that the co lo red forms awaken the imp ress i on  of motion and authent i c ity 
when they a re changed, or rather, moved 25  t imes  a second . The g reater the reso l ut i on  capac i ty is, the 

g reater the numbe r  of dots o r  numbers ava i l a b l e  for dep i ct i on  is, the g reater the representat i o n 's 
a uthent i c i ty, the better the i l l u s i on  of rea l ness and  the more rea l i st i c  the dep ic t ion  actu a l ly a ppears .  

The effo rts to obta i n  a greater  reso l ut ion  (e .g .  1 , 000 rows)  a re born of the w i sh  to a ch i eve greater  v i su ­
a l  rea l i sm .  

I f  one  cons iders that t h i s  amount of n umbers and  dots i s  n o t  act ivated b y  s imp l y  tra c i n g  the 

i mage  i n put with a beam as i n  te l ev i s i on  but  rathe r  entered i nto a computer  for computat i o n ,  o ne  can 
imag i n e  the g reat number  of ca l cu la t i ng  ope rat i o n s  and  a l g o r i thms ( commands def i n i n g  the  steps )  

needed for creat i ng  the l i ne of a human prof i l e  on the mon i tor  screen .  He re there a re no images  o r  a 

rea l i ty to se rve as a mode l  but on ly  n umbers and  ca l c u l a t i ng  operat ions wh i ch  th rough  e l ectro n i c  trans ­
fo rmat ions  create forms that  then appear  on  the mon i tor  sc reen  as  fo rms .  Th i s  i s  ca l i ed a rt i f i c i a l  image 

gene rat ion ,  synthet ic  imagery, the  bas i s  of wh i ch  i s  the  n umber. I f  one  cons i de rs that  n umbe rs not  on l y  
co rrespond to the dots but a l so to  the i r  co l ors and  i ntens i ty, mean i n g  t ha t  the computer mon i to r  must 

dea l  with m i l l i o n s  of numbers for a s imp l e  co l o r  image  for wh i c h  the prog rammer  has  to come u p  with 

a n  a l g o r i thm (a sequence of commands for the ca l c u l at i n g  steps l .  one  can eas i l y  conce ive how much  

c a l c u l a t i ng  work  i s  needed to  make j u st one  non-mov i ng  d i g i ta l  image .  I f  t hese  images  a re s u pposed 

to move i n  a natura l  way too, need i ng  to be changed 25 t imes per  second ,  the amount of ca l c u l at i n g  
ope rat ions becomes excess ive ,  pos i n g  g reat demands  on  the ra p i d ness and comp l ex i ty of the com put­
e r 's c a l c u l at i ng  power. 

If we stra i n  our imag i nat ion a b i t  more ,  we wou l d  expect the l i n e  d rawn on a ta b l et with a l i ght  

pen  (j oyst i ck )  to appear immed iate ly and not on l y  after  l engthy ca l c u l at i ng  ope rat i ons  on the computer  

mon i tor  screen and  the movements on the ta b l et to be s imu l taneous l y  fo l l owed by the l i n e  appea r i ng  

o n  the mon itor s c reen .  By  the same token ,  one  wou l d  expect the sounds  a p i a n i st prod uces by h i tt i n g  
the keys t o  resound r ight away-and no t  later. Th i s  must t a ke  p l ace  i n  " rea l t ime " ;  thus  the p i a n o  can  

sa i d  t o  be a " rea l -t ime d i sp l ay. " 
The eno rmous amount of ca l cu lat i n g  that the computer must s u rmount with i n  a second of t ime  

can ,  of cou rse ,  on l y  be accomp l i s hed by  supercomputers .  For t h i s  rea son ,  the mot i o n  and  fo rms  of f i g ­
u res  on the screens  of  v ideo games a re c l umsy, the  l ow leve l  of the i r  mot ion and  representat i o n  ha rd­

Iy  awaken i n g  the i l l u s ion of rea l ness .  The ca l c u l at i on  procedu res  req u i red for h i g h e r  l eve l s  imp l ement­
ed  in m i croc h i ps s i mp ly can not be perfo rmed .  The same ho l d s  t rue for persona l computers .  

In  the f i e l d  of d i g ita l ly moved images ,  d i g i ta l  computer a n imat i on ,  the re i s  not on ly a demand  

for mon itors w i t h  g reater reso l ut ion but a l s o  fo r  s upe rcomputers t ha t  are i n c reas i n g l y  ra p i d  and  l a rge ,  
s i nce  on l y  t hese  computers a re ab l e  t o  perform the eno rmous  amount  of ca l c u l a t i ons  req u i red for  t he  

fo rms ,  co l ors ,  and  movements created numer i ca l ly by the computer to a ppear  on  the mon i tor  s c r een  or 

(tra nsm itted by l a se r) to appear on the f i l m  st r i p  with an  i mpress i o n  of rea l ness .  I f  one  cou l d  buy  the 

wor l d 's most ra p i d  computer, one wou l d  come c l ose r  to the goa l  of gene rat i n g ,  metapho r i ca l l y  speak­

i n g ,  co l o rfu l movi ng forms correspond i ng  to natura l  o bj ects i n  the rea l  wo r ld  by means  of comprehen­
s i ve c a l c u l at i ng  operat ions across the numbe r  f i e l d  of the mon itor screen .  Th i s  means  not o n l y  pro­
cess i ng  huge amounts of data regard i ng  pos i t i o n ,  i ntens i ty, co l o r, etc . ,  of h u nd reds of thousands  of dots 
with i n  fract i ons  of a second, but a l so comput i ng  the c a l c u l at i n g  operat i ons  needed for the i r  cont ro l  

(=fo rmat i on )  wh i ch  c a n  o n l y  be done numer i ca l l y  a s  we i l .  S uch  d i g i ta l l y gene rated image s  can ,  g iven 

the opt i ma l  reso l ut ion  and ca l c u l at i ng  capac i ty of s upe rcomputers ,  prod uce i n crea s i n g l y  rea l i st i c  s im ­
u l a t i ons  of 3-D objects and  events . 



D i g i ta l Praduct i ons  i n  Los Ange l es  has the most rap i d  computer i n  the wor ld ,  Cray- 1 , of wh i ch  
on l y  about  25  ex i s t  r unn i ng  24 hou rs a day. The  d i g ita l  image  i s  supposed to s im u l ate 3-D objects and  

events rea l i st ica l l y  by means  of " d i g i ta l  s cene  s imu lat i o n , "  as  t he  company  ca l l s  t h i s  method on  t he  
bas i s  of computer-gene rated mov ing  i mages .  A f i l m-des i gn  stud i o  creates rea l i ty by computer-th i s  i s  

the u l t i mate goa l  of the d i g ita l image .  O r  i s  i t ?  The  contra ry, I wou l d  say, s i nce it i s  the essence  of the 
d i g i ta l  image  rathe r  to c reate more than rea l ity by computer, but th i s  mo re l ooks more rea l .  The  bas i c  

pr i n c i p l e  ( i n  the sense of the i dea l i st i c  Ge rman  onto l ogy) of the d i g ita l image  i s  p rec i se l y  to make i rre­
a l i ty rea l i st i c  by computer. We don 't need any moving photographs but rath e r  the d i g ita l image  to move 

beyond these, transfo rm i ng  the dep i ct i o n  (of rea l ity) i nto a generat ion of i mages (of a new rea l i ty) .  

The d i g i ta l  image  u n ites the poss i b i l i t i es  of pa i nt i ng  ( subject iv i ty, freedom,  i r rea l ity) and of 

photography ( object iv i ty, mechan i cs ,  rea l i ty) .  Reprod uct ion and fantasy, the two exc l uded s i sters ,  a re 
reconc i l ed i n  the d i g i ta l  image .  I n  the futu re it may be poss i b l e  to speak of d i g ita l  f i l m  or d i g ita l v i deo ,  

s i n ce  the d i g i ta l  image  can  be rea l i zed i n  a ny med i um .  
T he  d i g i ta l  image  wh i c h  a l l ows one  t o  i ntervene i n  e a c h  sect i on  of t h e  p i c tu re su rface as  free l y  

as  the a rt ist  can  i n  the ca nvas to fo rm each port ion  o f  the p i ctu re as I w i sh  does not j u st emanc i pate 

the appa rat ive a rt fram its tortuous  and constr ict ing mechan ics  but a lso l i be rates our t h i n k i n g  in images 
par  exce l l ence from its many constra i nts .  Thus  the d i g ita l image  is the f i rst rea l forebod i n g  of the " I i b­

e rated image"  l i ke the d i g i ta l  sound  of " I i be rated sound , "  the program of wh ich  was set down at the 

turn of the centu ry. The a rt of the twent i eth centu ry has undertaken the emanc i pat ion  of the i mage  in  

two phases :  i n  the f i rst ha l f  of the centu ry with Futu r i sm ,  Cub ism,  Cubo-futu r i sm ,  S upremat i sm ,  
Dada i sm ,  S u rrea l i sm ,  etc . ;  i n  the  se cond  phase ,  with Act ion  Pa int i ng ,  F l uxus ,  Happen i ng ,  Pop Art, 

K i ne t i sm ,  Op-Art, Am b i ente ,  Arte Pove ra, act ions ,  performances ,  etc . 

Aspects of t h i s  emanc i pat ion  are v i s i b l e  as features of the d i g i ta l image .  I ment ion  o n l y  the 
co lor  forms of the abstract u p  to the I nforme l ,  the mach ine  i conography of Dada i sm ( f ram Hausmann  to 

P i ca b i a ) . synth et ic  image  f i n d i n g s  and obj ect transformat ions  of Su rrea l i sm (fram D a l i  to Mag r itte) .  the 

i nteract ion and part i c i pat i on  present i n  Happen i ngs ,  etc. In the v i sua l  mus i c  f i l ms ,  o r  v ideos ,  a bstract 
co l o r  i mpress i o n s  appea r  once aga i n ;  a l s o  S u rrea l i st c o l l ages ,  s i nce the d i g i ta l  image  i s  a c o l l a g e  
expa nded i n  terms o f  t ime  and  t h e  n umbe r  of spat i a l  l ayers, as  wei l .  Th i s  co l l a ge  i s  a compos i t i on  i n  

t ime  and ,  s i m i l a r  t o  mus i c ,  has  l eft t h e  two-d imens i ona l i ty o f  t h e  surface f o r  t h e  fo u rth d ime n s i o n .  The 

raster  tech n i q u e  ( L i c htenste i n ,  Wa rho l ,  D i eter Rot ,  S igmar Po l ke ,  etc . )  i s  st i l l  another  tac i t  cha racter is ­
t i c  of the d i g ita l image l i ke the pa rt i c i pat ion  of the aud i ence i n  v ideo a rt (fram i nsta l l a t ions  to v ideo 

games ) .  

Many of the aesthet ic  as pects of ea r l i e r  forms of a rt a re d i rect ive fo r  d i g i ta l  a rt wh i c h ,  how­
ever, transcends  these .  The examp l e s  one cou l d  st i l l  name for th i s  are too numerau s .  The p l otted l i n e  
o f  s o m e  d rawi ngs  b y  Mat i sse  u p  t o  Wa rho l  have ended i n  t h e  p l otter (a  d rawing dev ice o f  t h e  com­

puter ) .  From Po i n t i l l i sm to D i v i s i o n i sm  a l l  the way up to the raster tech n i q u e ,  there a re dot tec hn i q u e s  

t h a t  ca l l  p a i n t i n g  as a n  a na l o g  a rt i nto q uest ion The  synaesthet ic concepts o f  t h e  tota l a rtwork fram 
the tu rn  of the centu ry a l ready form u l ated the pragram of music v ideos :  to make v i s i b l e  wh at i s  a u d i ­

b l e .  The actua l  deve l opment  of e l ect r i ca l and  e l ectron i c  a rt b egan  i n  t h e  m i d -s ixt i es ,  on t h e  one  h and  

i n  popu l a r  mus i c :  l i ght  shows, s l i d e  project ions ,  f i l ms ,  p u l s i n g  f l u i d  e l ements ,  exper iments w i t h  t h e  
e l ectr i c a l  g u ita r; on  the oth e r  hand ,  i n  the ava nt-ga rde :  v i d eo  a rt which cou l d  reach ba c k  t o  the g reat 

trad i t i on  of the a bstract f i l m ;  neonworks, i n sta l l at ions ,  etc . I n  the med ia  a rt of today, one  ma i n l y f i nds  

m ixed fo rms ,  i n  a rt as we i l  a s  i n  pop u l a r  c u l tu re .  L ucas '  supe rproduct ions a s  we i l  a s  Lau r i e  Anderson 's 

mus i c  v ideos use  f i l m ,  v i deo  tec h n i q u es ,  and  d i g ita l techno l ogy to an equa l  extent .  We a re sta nd i n g  

before t h e  q uantum l eap :  d i g i ta l  image-works a re becom ing  i ndependent of other a rt i s t i c  forms ,  d i g i ­
ta l a rt i s  becom i n g  a uto nomous .  T h e  most not icea b l e  transformat ion o f  t h e  d i g i ta l  i m a g e  with respect 

to the phenomeno l ogy of its aesthet ics and its re lat ion to the c l a ss i ca l  a n a l ogous  image  ( i n  sp i te of a l l  
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genea l ogy) is best i l l ustrated i n  the trans i t i on  of the mon i tor  screen of TV to the computer sc reen .  

To the extent  that  the p i cture su rface of the TV has  become a fam i l i a r  sou rce  of image ry, the 

computer  mon i to r  screen seems a l i enat i ng and  d i st u rb i n g .  

Th i s ,  because t h e  f i rst, TV, car r ies on  with t h e  pass ive consumpt i on  o f  convent i o na l  p i ct u re 
codes ,  whereas the computer demands an i nteract i on  with new p i ctor i a l  codes .  The t ransformat i on of 

the TV screen i nto a computer screen through  the connect i n g  v i deo  d i sp l ay  wh i ch  make a computer out 

of a stat ic  object ,  a l so s i gn i f i es  another change :  the mon i tor  s udden l y  assumes new aesthet i c s  of i nfor­
mat ion and commun icat i on .  I f  i t i s  the spec i a l  featu re and advantage  of d i g i ta l  a rt that i t  i s  i d ea l ly su it­

ed for d i g i ta l l y dep i ct ing ana l ogous processes in nature, i f ,  i n  other words ,  a p icto r i a l  tech n i q u e  per­
fect ly matches  i ts object as d i g i ta l  scene s imu la t i on  ( the d i g i ta l  rea l i s t i c  s i m u la t i on  of 3 -D obj ects and  
eve r i n  t ime )  does ,  t hen  th i s  can on ly  mean that  the work  i t se l f  i s  d i g i ta l ly orga n i zed ,  t ha t  eve ryth i n g  
a na l ogous  i s  a l s o  express i b l e  i n  d i g ita l  form . T h u s  d i g i ta l  a rt i s  becom i ng  a more a nd  mo r e  adequate 

express i on  of o u r  wor l d .  

1 1  
Computer  graph ics can be sa id  to have forma l l y  begun  with the work of Iva n E .  Suthe r l and  i n  

1 963 . 1  Suthe r l and  i s  a d i s c i p l e  o f  the p i onee rs o f  i nformat ion  and  image  process i n g  mach i n  es  a t  M IT, 

C l a ude  Shannon ,  Marv i n  M i nsky, and Steven A. Coons .  Su the r l and  works n ow at the U n ivers i ty of Uta h ,  
Sa l t  Lake C i ty, a center o f  computer an imat ion  and  d i g ita l i m a g e s  i n  t h e  U n ited States .  I n  h i s  n ow  c l as­
s i c  thes i s ,  he  showed how a computer cou ld  be emp l oyed for i nteract ive des i g n  of l i ne d rawings  u s i n g  

a s imp l e  cathode- ray t ube  d i s p l ay and a f ew aux i l i a ry i n put contro l s .  Others had a l ready connected 
CRTs to computers in the early f ift ies to gene rate s imp l e  output  d i s p l ays .  But it was not un t i l  Suthe r l and  

deve l oped h i s  system fo r  man-mach i ne  i nteract ive fu tu re  generat ion that  peop l e  became aware of the 

potent i a l  offe red by computer  g raph ics .  
The rea l i zat ion of th i s  potenti a l ,  however, was s l ow to deve l o p .  Three major  bar r i e rs were 

encountered . The f i rst was the then h i g h  cost of comput i n g .  I t  was q u i c k l y  d i scovered that computer  
graph ics ,  espec i a l ly if i t  was to be i nteract ive ,  i mposed i n o rd i nate demands on  computers i n  terms of 
both process i n g  req u i rements and memory s i z e .  D u r i n g  the s i xt i e s ,  the cost of meet i ng  these demands  

cou l d  be j ust i f i ed  on ly  fo r  research  pu rposes i n  a few u n ivers i t i e s  and so me  l a rge  i n d u str i a l  research 
l a borato r i es .  

The second  ba r r i e r  was a lack of  unde rsta nd i n g  of the i nt r i ca c i e s  of the p i cture-gene rat i ng  
software that  wou l d  be needed fo r  an  effect ive computer  g raph i c s  system .  I t  was soon l ea rned that  one  
had to deve l o p  a data structure that  i n  some sense wou l d  m i r ror the often bare ly  rea l i zed but  v i sua l l y  

obv i ous  re l a t i onsh i ps i n herent i n  a two-d imens i o na l  p i ctu re .  ( I n  fact , t h e  o r i g i n  o f  m u c h  o f  today's data 
management  theory can be traced to ear ly work in computer  g raph i c s . )  A igo r i thms for h i dden - l i n e  

remova l ,  shad i n g ,  a n d  scan convers ion  were needed and  gene ra l ly proved f a r  mo r e  comp l ex t h a n  was 

f i rst ant i c i pated .  Even as ostens i b l y  s imp l e  a task as  d raw ing  a stra i g ht l i n e  segment  o r  a rc of a c i rc l e  
on  a d i g i ta l l y o r i ented d i s p l ay turned o u t  t o  req u i re a l go r i thms w h i c h  were b y  no m e a n s  tr iv i a l .  

Fortunate ly, a s  i t  h a s  many other techno l og i c a l  i n novat i ons ,  t i m e  favored computer  g raph i cs .  
The cost  of computer e q u i pment kept d ropp i ng  year a f te r  year, wh i l e  that of l a bo r  kept  i n c reas i n g .  

Operat i ng  systems were imp roved, a n d  D u r  a b i l i ty t o  co pe with comp l ex softwa re became more soph i s ­
t i cated .  Impress ive progress was made i n  the deve l opment  of a l gor i thms for gene  rat i ng  p i ctures ,  espe ­

c i a l l y those  i ntended to  represent vi ews of three-d i mens i o na l  o bj ects . The progress ,  t hough  s l ow, has  
been suff i c i en t  that  now, at the beg i n n i ng of the e i g ht i es ,  computer g raph i cs i s  f i na l l y  becom i n g  
accepted as  a n  effect ive ,  powe rf u l ,  a n d  econom i ca l l y  s o u n d  t o o l  o f  t h e  eng i nee r, s c i ent i st ,  des i gne r, 
manager, i l l u strator, and art ist 



Computer g raph i cs  enta i l s  both ha rdware and softwa re tech no l ogy. As wi th  convent i o na l  

n ume r i c a l  comput i ng ,  we may have  bo th  batch and interactive modes. I n  the batch ( o r  " pass i ve " )  mode ,  
the speed  w i t h  wh i ch  p i ctures a re gene rated i s  of secondary importance ,  and  t hey  may appea r  o n  a d i g ­
ita l l y contro l l ed pen p l otter, o r  a CRT. For the  i nteract ive (o r  "act ive" )  mode ,  the t ime  of p i ctu re gene r­

at ion  is c r i t i ca l ,  and the d i s p lay m ust appea r  on a CRT, or a p l asma pan e l .  
I n  t h e  ear ly  days o f  computer  g raph i cs ,  p r imary attent ion had t o  be g iven t o  the  ha rdwa re .  Th i s  

i s  much  l e ss  t r ue  today, s i nce  exce l l ent h i g h -performance hardware has  become ava i l a b l e  f r om many 
manufactu rers .  I n stead ,  the emphas i s  has  n ow sh i fted to the a l gor i thms  for gene rat i n g  the va r i ous  

k i nds  of p i ctu res that  a re de s i red ( I i n e  d raw ings ,  g raysca l e  shaded  p ictures ,  co l o r  p i ct u res ,  pe rspect ive 
proj ecti o n s  of th ree-d i mens i o na l  o bj ects ,  etc . )  and to the softwa re for conve n i ent ly  p rog ramm i n g  ( i e .  

" d rawi n g " )  t h e  p i ctu res .  

Graphics Systems 

Ti mothy Johnson 's paper2 may be cons ide red an extens ion of Suthe r l and 's work from two to 

three d imens ions .  In a s imp l e ,  stra i g htfo rwa rd manner, it g u ides the reader  through  the techn i ques  need­
ed to des ign 3-D ,  p l ana r-faced so l i d s  us ing the orthograph ic and perspective 2 -D project ions  fam i l i a r  to 
eve ry e ng i n eer  and des i gne r. Homogeneous  coord i nates a re i ntroduced to permit 3 -D t ra n s l at i on ,  rota­

t i on ,  and sca l i n g  to be accomp l i shed with a s i n g l e  matr ix mu l t i p l i cat i on .  Johnson  adopted t h i s  techn i q ue  

from Roberts' work3 re l a t i ng  to t h i s  desc r i pt i on  o f  3 -D  so l i d s .  The  paper addresses many of t he  s u bt l e  

prob l ems  encountered i n  try i ng  to des i gn  a 3-D p l ane .  I n  a rea l  sense, th i s  paper  i s  a s  much  the fore­

runner  of 3-D graph ics  as  Suthe r l and 's f i rst paper i s  the forerunner  of computer  g raph i c s  in gene ra l .  

A l ready i n  Suthe r l and 's paper, t h e  need i s  po i nted out for struct u r i n g  the image-def i n i n g  data 

in a way that wi l l  fac i l i tate the va r i o us  man i p u lat ions one needs to perform on  the data in a n  i nterac­

t ive computer env i ronment .  In succeed i n g  years ,  th i s  rea l i zat ion was strong l y  re i nforced as  more 

researche rs took u p  the cha l l enge  offered by computer graph ics .  Data transformat i ons  known to be 

conceptu a l l y  s imp le  cou ld  become hor rendous l y  cost ly  i n  computer t ime  without  ca refu l attent ion to  

data structure .  I n d i rect ly, i n  the  p rocess  of studyi ng how to do graph i cs  with a compute r, much  i n s i g h t  

was  ga i ned i n  how we humans  pe rce ive 2 -D and 3-D structures and s u bconsc i o u s l y  d raw on much  

"wor l d  knowledge" ava i l a b l e  to u s o  The deve lopment o f  effective data structures was recogn i zed as  

one  of the key  cha l l enges  fac i n g  compu te r  g raph i cs ; and much attent ion was  devoted to i t .  

Graphics Facilities 

I nteract ive computer  g ra p h i cs-the word " i nte ract ive" is a l most a lways assumed  when one  

refers to computer  g raph i cs-req u i res  the ava i l a b i l i ty o f  a d i sp lay med i u m  i n  wh i c h  a p i cture can 

appear  with i n  a fract i on  of a second afte r a l l  the necessary data fo r  i t  have been gene rated by the com­

puter. 

The "th i rd-gene rat i on "  g raph i c s  term i na l s ,  rather than re l y i ng  on softwa re to perform the 

transformat ions of sca l i n g ,  trans l a t i n g ,  a nd  rotat i ng ,  a re equ i pped with spec i a l  h i g h -speed ha rdwa re 

wh i ch  is used to perform these transformat ions "on the f ly"-that is, in a cont i n u o u s  manne r  as  the 

image-descr i b i n g  data l i st i s  converted by the d i sp l ay processor to e l ectr i c a l  a n a l o g  s i g n a l s  wh i c h  

cause  the des i red def lect ions  of the CRT beam .  As  a resu lt ,  t he  tra nsformat i ons  a re accomp l i shed 

essent i a l ly w i thout  any l oss  of t ime .  Prev i ous  graph ics  term ina l s  perm itted the d i sp l ay  of "movi ng "  

images  by havi ng  the d i sp l ay  processor tra nsform (sca l e ,  trans l ate, and rotate ) s l i g ht l y  the images  from 
one d i s p l ay frame to the next . This worked we i l  for s imp l e  images (generated by sma l l  image  l i sts ) .  For 

l a rge r  i mages ,  even the most powerfu l computers proved unab le to compute the req u i red transforma-

" 
" 

0.. 

Ln 
Ln 



" 
" 

I>. 

c.D 
Ln 

t i o n s  fast enough  to perm it  refresh i n g  the image  at the req u i red 30 frames per  second .  The u n p l easant 

f l i c ke r  of the image was the i nev itab l e  res u l t .  A l so ,  recogn i z i n g  the importa nce of fast  transfo rmat ion 

fo r  3 -D graph ics ,  Hagan and h i s  assoc i ates4 extended the ha rdware transformat ion capa b i l i ty at once 

to t h ree  d imens i ons .  The ready fac i l ity for mode l i n g  3 -D objects in motion represented an i mportant 

advance in the f i e l d .  I n  more recent years ,  h i g h -speed d i g ita l tra nsformat ion  has  rep laced the ana log  

c i rc u i t ry. H owever, the  genera l  des i gn  concepts desc r i bed  i n  th i s  paper  sti l l  govern  the a rch itecture of  
h i g h -pe rformance  g raph ics term i na l s .  

I n  recent years there has been  an  i n c r ea s i n g  i nterest i n  raste r d i s p l ays ove r vector d i s p l ays .  

Raster  CRT d i s p l ays offer the potent ia l  advantages  of pe rm i tt i n g  the use of i n expens ive b l ack-and­
wh i te o r  co lo r  commerc i a l  te lev i s ion  mon itors ,  of s imp l i fy i n g  the ref resh prob l em ,  and  perm i tt i n g  s e l ec­
t ive e rasu re .  The i r  main d i sadvantage i s  the need for  a re lat ive ly  cost ly refresh memory, a l though  with 

the  cost of computer memory dropp ing stead i l y  i n  recent years ,  th i s  d i sadvantage i s  becom i n g  pro­

g ress ive ly  l ess important. A second d i sadvantage  i s  that I i n e-d raw ing  data i s  norma l ly specified in vec­
tor  form,  that is ,  as  a sequence of l i ne segments def i ned  in a d i s p l ay f i l e  i n  terms of the coord i nates of 
the l i nes '  endpo i nts .  To d i sp l ay a l i n e  d raw ing  on a raster d i s p l ay req u i res  an  ope rat ion  known as  scan 

co nvers i on ,  i n  wh i c h  the or ig ina l  l i n e-segment-def i n i n g  data i s  converted to app ropr ia te ly  pos i t i oned 

dots i n  the b i t  patterns of sequent i a l  scan l i nes .  
Scan  convers ion i s  important no t  on l y  for CRT raste r d i s p l ay, but  a l so ,  of cou rse ,  f o r  the va r i ­

o u s  raster-scan  ha rdcopy dev ices such as e l ectrostat i c  p l otters and  l i ne pr inters .  

A l though l i ne pr i nters were never  i ntended to se rve as  g raph i c a l  output  dev ices ,  the i r  ready 
ava i l a b i l ity makes them appea l i ng  for both l i ne -d raw i ng  and half tone g raph i c s .  

Computer Graphie Terminals 

It i s  gene ra l l y accepted that a computer  g raph i c  term i n a l  is def ined as one  wh i ch  co nta i n s  

means  f o r  g raph i c  output (pa rt i cu l a r l y  i n  t he  f o rm  of a cathode- ray t u be  d i s p l ay) and  means  f o r  g raph ­

i c  i n put ( pa rt i c u l a r ly  i n  the  form of  a hand-operated e l ectro n i c  dev i ce  for the i n put  of p i ctor i a l  i nforma­
t ion and  for user i nteract ion with the d i sp lay ) .  The re a re i n n ume ra b l e  add i t i ona l  features norma l l y  asso­
c i ated with such  term i na l s ,  the most common one be ing the i n c l u s i o n  of a convent i o na l  keyboard ,  often 

a u g mented by a set of spec i a l  "funct ion button s , "  in the use r's conso l e .  The more soph i st icated term i ­
n a l  systems may a i so i n c l ude means fo r  q u i c k ly  gene rat i ng  ha rd cop i es  of d i s p l ayed p i ctures ,  means  

for  opt ica l l y  scann i n g  hard-copy i n put d rawi ngs ,  and  convent i o n a l  p r i nters of va r i o us  types .  
A l though  computer-dr iven CRT d i s p l ays were used ,  pa rt i c u l a r l y  for debugg i n g  pu rposes ,  i n  

some of the ear l i est d i g i ta l computer  systems ,  w idespread i nterest i n  g raph i c  conso les  i s  re lat ive ly  
recent and  i s  d ue  to the g reat emphas i s  p resent ly  p l a ced on  imp rov ing man-mach i n e  commun i ca t i on .  

I t  i s  c l e a r  t ha t  the p resent state o f  the  a rt i n  g raph i c  term i n a l s  has  been reached  as  a res u l t  o f  

1 )  effo rts to sati sfy req u i rements fo r  m i l i ta ry term i n a l  systems to a l low mach i n e  operat i ons  to  
q u i c k l y  comprehend and respond to  rea l -t ime  tact i ca l  s i tuat ions .  
2 )  recent  i mprovements i n  d i sp l ay ha rdware (e .g .  d i g i ta l -to-ana l og and  a na l og-to-d i g ita l con­

verters ,  vector and character generators ,  etc . ) .  
3 )  t h e  deve l opment o f  rea l - t ime computer  systems wh i c h  can  eff i c i e nt ly  h and l e  l a r g e  n umbe rs 

of i nterru pts from per iphera l  dev ices .  

Aigorithms tor Line and Curve Generation 

A s ubject of cons ide rab l e  importa nce to both des i g ne rs and  use rs of computer g raph i c s  sys­

tems is the deve l opment of effi c i ent a l gor i thms for gene rat i ng  l i nes and c u rves .  S i nce  a refresh  vector 



d i sp lay  image  must be redrawn at l east 30 t imes per second ,  the amount  of p i ct u re data that can  be 
d i s p l ayed depends  c r i t i ca l ly o n  the speed with wh ich  the data can be gene rated .  Much  effo rt has  gone 

i nto the deve l opment of fast ha rdware a l gor i thms for gene rat ing vecto rs ,  cha racters ,  c i rc l e s ,  a nd  free­
form cu rves .  The pro b l em  i s  e q ua l l y  impo rtant when d i sp l ay output i s  to appear in ha rd copy o n  a d i g ­
i ta l ly contro l l ed  pen p l otte r  o r  a raster- l i n e  p l otte r. 

The paper  by B resenham5 is gene ra l ly recogn i zed as the f i rst in wh i ch  the gene rat i on  of a d i g ­

ita l l i ne segment was  method i c a l l y  exam i ned .  T h e  paper addresses t h e  p rob l em o f  f i n d i n g  the b e s t  d i g ­
i t a l  app rox i mat ion to a l i ne s egmen t  spec i f i ed  by  t he  coord i nates o f  i t s  endpo i nts .  I n  a sense ,  i t  

desc r i bes  a " software vector gene rator" for a d i g ita l p l otter. 

A d i g ita l p l otter  cons i sts of a pen that can be contro l l ed to move stepwise i n  a u n it d i stance 
forward o r  backward i n  the  x d i rect i o n ,  a u n it d i stance (forwa rd or backwa rd) i n  the y d i rect i o n ,  o r  any  

comb i nat ion  of both  s i m u l taneous l y. I n  effect, the pen i s  constra i ned  to move f rom one node  of a n  

imp l i c it l y  def i ned s qua re mesh  to one  of the ne i ghbor i ng  modes .  It i s  t h u s  n o t  poss i b l e  to d raw a t rue 
stra i gh t  l i ne segment  at any  a rb i tra ry a n g l e .  I n stead every "stra i ght" l i ne  segment-and ,  i n  fact .  every 

c u rve-must be approx imated by a c ha i n  of t i ny, f ixed- I ength l i n e  segments .  The resu l t i s  wh at i s  

c a l l e d  a digital straight line. Exact ly t h e  same effect i s  obta i ned i f  a l i n e  o r  c u rve i s  t o  be d rawn with 

an  e l ectrostat i c  p l otte r ( o r  s imp l y  with a l i n e  pr i nte r ) .  However, i n  th i s  case the c u rve i s  a pprox imated 
by a c ha i n  of dots ( cha racters ,  in the ca se of the l i ne  pr i nter) l ocated at the mesh nodes, rathe r  than by 

tiny l i n e  segments connect i ng  mesh  nodes .  
The p rob l em  of f i nd i ng  the " best" such  d i g ita l a pprox imat ion to a c u rve has  i nterested a num­

be r  of i nvest igators .  Some have concentrated on a l g or i thms fo r  wh ich  the app rox imat i on  dev iates a 

m i n i m u m  from the t rue c u rve; othe rs have shown a wi l l i ngness to accept g reater dev iat ion i n  exchange  

for more ra p i d  ( o r  s imp l e r )  computat i o n .  

Eff i c i e nt a l g o r i t hms for gene rat i n g  good-q ua l i ty d i g i ta l  approx imat ions f o r  a l a rge  c l a ss  o f  

mathemat i ca l l y  de f i n ed  c u rves ,  for the gene rat ion of d i g ita l " c i rc l e s "  and  "free fo rm"  c u rves ,  were 

deve loped i n  the sevent i e s .  

Graphics languages 

The u sefu l ness of a computer g raph i cs  system is strong ly  dependent  on the effect iveness of 
the l a nguage  ava i l a b l e  fo r creat i n g  the req u i red abstract geometr ic structures and  for d i sp l ay i ng  them 

on a CRT o r  p l otte r. La nguages  for computer  g raph i cs-j ust l i ke compute r  l anguages  i n  gene ra l-can  

be g rouped i nto 

1 )  l ow- I eve l ,  a ssemb ly-type l a ng uages 

2 )  h i g h- l eve l ,  p rocedu re-o r i ented l a nguages 

3 )  h i g h- l eve l ,  process-or i ented ( app l i cat ion-o r i ented) l anguages .  

Du r i ng  the ea r l y  and  m idd le  s ixt i es ,  researchers deve l oped a var i ety of g raph i c s  systems i n  

str iv i ng  to fac i l i tate the app l i cat i on  of computer g raph ics  i n  a broad ra nge of prob l ems .  I n  gene ra l ,  the 

ear l y  attempts at d e s i g n i n g  graph ics l a ng uages emphas i zed the generat ion  of l i n e-draw ing  output  and 
were conf ined to the use  of g raph i c a l  p r im it ives i n  wh at were essent i a l ly assemb ly-type l a n g uages .  

Generation of  Halftone Images 

Al most a l l  the  ea r l y  work i n  computer g raph ics  was concerned with vector-type g ra p h i cs-that 
is ,  output was d i s p l ayed o n  a CRT whose beam was made to trace out  the actua l  l i nes of the gene rat­
ed l i n e  d raw i n g .  Th i s  was fu l l y  sat i sfactory for a l l  forms of eng i nee r i ng  d rawi ngs  and most arch itec-
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tu ra l  d rawi ngs .  However, it d i d  not read i ly l e nd  i tse l f  to gene rat i n g  ha l ftone  images  that c o u l d  be used 

for d i s p l ay i ng  a n  o bject i n  te rms of shaded o r  textu red s u rfaces .  I nte rest i n  gene rat i ng  ha l ftone images 

f i na l ly deve l oped i n  the late s ixt i es .  One of the f i rst dea l i n g  with th i s  top i c  was Boukn i g ht6 from the 
U n ivers ity of I l l i n o i s  at Urbana .  The a l gor i thm he  descr ibes can  be  regarded as  a n  exte ns i on  of the 

Wa rnock7 a l g o r i thm ove r wh ich  it ach i eved a cons i de ra b l e  speed i mprovement  by sca n n i n g  the image  

i n  raste r fash i o n .  I t  t hus  no t  on l y  generated a ha l f  tone p i cture but  s i m u l taneous ly  was  ab l e  to  remove 
h i dden  su rfaces .  Its use, however, was l i m ited to p l a na r-faced o bj ects . 

A major  advance i n  the render i ng  of ha l f  tone images  was made by Gou raud B Go u raud  app rox­
imated cu rved s u rfaces by means of sma l l  po lygons so that d i scont i n u i t i es  in s had i ng  at the boundar i es  

wou l d  be e l i m i nated .  He was ab le  to generate p i ctures of c u rved s u rfaces hav ing  remarkab l y  smooth 
textures .  The app l i cat ion of Watk i ns '  a l gor i thm read i l y  perm i tted the e l i m i nat ion  of h i d den  s u rfaces .  

Catm u l l 9 of the  New York I n st itute of Techno l ogy found  a method for produc i ng  shaded images  
of c u rved s u rfaces based  on the use of  c u rved ( b i cub i c )  patches  rathe r  than  po lygons .  The patches a re 

as sma l l  as a raste r e l ement .  P i ctu res of u n u s ua l  rea l i sm  were obta i n ed ,  i n c l u d i ng p i ct u res  of "tra ns­

pa rent" ob jects .  The work i n  many ways represents the a c h i evement of tru l y  q u a l i ty textu red p ictures .  

A ca refu l study of the prob l em of comput i ng  the i ntens i ty for  each p i xe l  of a shaded raster-d i s ­

p l ay  p i cture was made by B l i n n 1 0 of the Un ivers i ty of Uta h .  

Computer Animation 

I nterest in the use of computers to gene rate mot ion  p i ctu res  d eve l oped a l most i mmed iate ly  

with the advent  of computer  g raph i c s .  As ear ly  as  1 964, Knowlton 1 1  p u b l i s hed  a paper  descr i b i n g  the 
computer  product ion of an i mated movies .  Th i s  was ra p i d l y  fo l l owed by a v i rtua l  exp l o s i o n  of act iv i ty in 

th i s  f i e l d .  I n i t i a l  effo rts were concerned p r ima r i l y  with s i m u l ated mot ion of fa i r l y  s imp l e  o bj ects . The 
images were l i n e  d rawi ngs ,  and the objects were l i m i ted to po lygons o r  2 -D  project ions  of po lyhedra .  

I n  a l l  but the most tr iv i a l  cases ,  no prov i s i on  for h i dden - l i n e  e l i m i nat ion  was i n c l uded .  
A major  advance i n  computer an imat ion occu rred w i th  the pub l i ca t i on  of Rona l d  M .  Baecke r's 

1 969 paper  wh i ch  is based on h i s  doctorate thes i s  for h i s  PhO  at the Oepartment of E l ectr i ca l 

Eng i n ee r i ng  at M IT. Baecker ca refu l ly exam i nes the req u i rements for  an i nteract ive computer a n ima­

t i on  system ,  and  then ,  i n  a step-by-step manne r, t races th ro ugh  the var i o u s  tasks necessary to obta i n  

a computer-generated mov ie .  The paper prov ides  an  exce l l ent i nt roduct ion  i nto a l l  aspects o f  comput­
e r  a n i mat ion and shou l d  be rega rded as "must"  read i n g  for anyone i nterested in th is f i e l d .  

An i mat ion i s  t h e  g raph i c  a rt wh  i ch  occu rs i n  t ime .  Whereas a stat i c  image  may  convey com­

p l ex i nformat ion through a s i n g l e  p i cture ,  a n i mat ion  conveys equ iva l ent ly  comp l ex in format ion th rough  

a sequence  of images  seen  i n  t ime .  It i s  character ist ic  of t h i s  med i um ,  a s  opposed  to stat i c  image ry, 
that the actua l  g raph i ca l  i nformat ion at any g iven i n stant is re l a t i ve ly  s l i g ht .  The sou rce of i nformat ion 

for the v i ewer of a n i mat ion i s  imp l i c i t  i n  p i ctu re change ;  change in  re l at ive pos i t i o n ,  shape ,  and  dynam­
i c s .  The refo re ,  a computer i s  i dea l ly su ited to  mak i ng  a n i mat ion  "poss i b l e "  th ro ugh  the f l u i d  refi nement 
of these changes .  

McLaren 's d escr i pt ion of a n imat ion 

An i mat ion i s  not the a rt of drawings-that-move but  the a rt of movements-that-a re-d rawn . 
What happens between each frame is more impo rtant than  what ex i sts on each f rame .  
An i mat ion i s  therefore t h e  a rt o f  man i p u l at i n g  the i n v i s i b l e  i nte rst i ces  t h a t  l i e  between  the 
frames .  The i nterst ices a re the bones ,  f lesh and  b lood of the movie ;  what i s  on  each frame ,  
me re l y  the c l oth i n g .  



Although the compute r's ent rance  i nto a n imat ion has been a recent one  ( 1 964) .  the  g rowth of 
i nterest and act iv i ty has been phenomena l .  Expe r ience to date stro ng l y  suggests that the fo l l ow i ng  

statements a re tru e :  
1 )  T h e  a n imated d i s p l ay i s  a natu ra l med i um for t h e  record i n g  and  ana l y s i s  of computer  output  
fram s imu la t i ons  and  data reduct i on ,  and for the mode l i n g ,  presentat i o n ,  a nd  e l u c i dat ion  of 

phenomena of phys i c s ,  b i o l ogy, and eng i neer i n g . 1 2-1 4  Dep ict i on  th raugh a n i mat i on  i s  part i c u ­

l a r l y  apprapr i ate whe re  s i m u l taneous  act ions i n  some system m ust be represented .  I f  the an i ­

mat i on  i s  the p i cto r i a l  s i m u l a t i on  of a comp l ex, mathematica l l y  expressed phys i ca l theory, t hen  

the f i l m  can on l y  be made w i th  the a i d  o f  a computer. 

2 )  The computer  i s  an artistic and animation medium a powerf u l  a i d  i n  the  c reat i on  of beaut i ­
f u l  v i s ua l  phenomena ,  and  not mere ly  a too l  for the draft i n g  of reg u l a r  o r  repet i t ive p i c ­

tu res . 1 5-1 8 

Th ree aspects of the ra l e  of d i rect graph i ca l  i nteract ion  in computer g ra ph i c s  a re pa rt i c u l a r l y  
re l evant to compute r  a n i mat i o n :  

1 )  T he  ava i l a b i l i ty of i mmed iate v i s ua l  feedback o f  a l l  resu l ts ,  f i n a l  o r  i nte rmed i ate; 

2 )  The a b i l ity to factor p i ctu re construct i on  i nto stages ,  and to v iew the resu lts afte r each 

stage ;  and ,  
3 )  The a b i l ity to sketch p i ctu res d i rect ly i nto the  computer. 

The power of immed i ate v i s ua l  feedback i n  a n imat ion is str i k i n g .  The computer ca l c u l ates ,  
f ram its representat i on  of a dynam i c  sequence ,  the i nd i v i dua l  frames of the corre spond i ng  " mov i e . "  

L i k e  a v i d e o  tape recorde r, i t  p l ays i t  b a c k  f o r  d i rect eva l uat i on .  A sma l l  change  may  be made ,  the 

sequence reca l c u l ated ,  and  the res u l t  v i ewed aga in .  The cyc l e  of des ignat ion of commands  and  sketch­

ing by the a n i mator, fo l l owed by c a l c u l at i o n  and p l ayback by the computer, i s  repeated u nt i l a s u i ta b l e  
res u l t  i s  a c h i eved . T h e  t ime  t o  go  o n c e  a round  t h e  feedback l o o p  i s  reduced t o  a few seconds o r  m i n ­
utes .  I n  most trad i t i o na l  and  computer  a n i mat ion env i ronments, the t ime  is a few ho u rs or days .  The 

d i fference i s  s i g n i f i cant  for  now the a n imator can see and not mere ly imag i n e  the res u l t  of va ry i ng  in  

movement and  the rhythm of a dynam i c  d i s p l ay. Thus he wi l l  be led to pe rfect that a spect of a n imat ion  
that i s  i t s  core :  cont ra  I of the c hang i n g  spat i a l  and tempora l  re lat i onsh i ps of g ra p h i c  i nformat i o n .  

I nteract ive computer-med i ated a n i mat ion i s  t h e  pracess o f  construct i ng  a n i mated v i s ua l  d i s ­
p l ays u s i n g  a system conta i n i n g ,  i n  one  fo rm or  another, a t  l east t he  fo l l owi ng  e i g h t  components :  

Hardware: 

1 )  A gene ra l - p u rpose d i g ita l computer. 

2) A h i e ra rchy of aux i l i a ry storage .  Th i s  is l i sted separate ly  to emphas i ze  the  magn i tude of 

storage req u i red for the data structures fram wh ich  an an imat ion  sequence i s  de r ived and for 

the v i s ua l  images  of wh i ch  i t  i s  composed .  

3 )  An i n put dev ice such  as  a l i g ht pen ,  ta b l et p l u s  sty l u s ,  or wand ,  wh i ch  a l l ows d i rect d raw­
ing to the com puter in at l east two spat i a l  d imens ions .  The operat i ng  env i ro nment must. upon  

use r  demand ,  prav i de  at l east b r i e f  i nte rva l s  du r i ng  wh ich the  sketch may be made  i n  rea l t ime .  
The a n i mator must then  be ab l e  to d raw a p i cture without any i nterrupt i o n .  F u rthermore ,  the 

computer must record the "essent ia l  tempora l  i nformati o n "  from the a ct of sketc h i n g  

Samp l i n g  t he  state of the sty l u s  24 t imes  pe r  second often suff i ces f o r  o u r  p u rposes .  
4 )  An output  dev ice ,  such  as  a sta nda rd computer  d i sp lay scope or  a su ita b l y  mod i f i ed  TV mon­

i tor, wh i ch  a l l ows the d i rect v i ewi ng  of a n imated d i sp l ays at  a rate  such  as  24 f rames  per  sec ­
ond .  Th i s  i s  essent i a l  to enab le  the i nteractive ed i t i ng  of an i mat ion  subsequences .  The f i n a l  
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transm i ss i o n  of a "movie "  to the med i u m  of photog raph i c  f i l m  or v i deotape can  but need not 

use  the same mechan i sms .  

Software: 

5) A " I a n g uage"  for the construct i on  and  man i p u l a t i on  of stat ic  p ictu res .  

6 )  A " I anguage" for  the representat ion and spec i f i cat ion of p i cture change and the dynamics  of  

p i cture change .  We sha l l  i ntroduce i n  th i s  paper methods of spec ify ing dynamics  not poss i b l e  with 
trad i t iona l  an imation media and not yet attempted i n  the br ief h i story of computer  an imat ion .  

7 )  A set of programs that transforms the spec i f i cat i ons  of p i ct u re structu re and  p i ctu re dynam­
i cs  i nto a sequence of v i sua l  images .  

8 )  A set of programs that  stores i nto and  retr ieves f rom aux i l i a ry memory t h i s  sequence  of v i s u ­

a l  images ,  and fac i l itates both i t s  rea l -t i me  p l ayback for immed i ate v i ew ing  a nd  i t s  tra n sm i s­
s i on  to and  from permanent record i n g  med i a .  

W i t h  the deve l opment o f  raster g ra ph i cs i n  the ea r l y  sevent i es ,  effo rts were soon made to gen ­
e rate mov i ng  raster images .  The  work of Wy l i e ,  et .  a l .  ( 1 967 ) ,  G o u raud  ( 1 97 1 ) ,  Wa rnock ( 1 969 ) ,  a nd  

Watk i n s  ( 1 970 )  provided an exce l l ent backg round  for the h uman -face a n imat ion  deve loped by Parke 1 9  

o f  t h e  U n ivers i ty o f  Utah ,  Computer D iv i s i on  ( 1 972 ) .  

Parke's paper  desc r i bes  the representat i o n ,  a n i mat ion ,  a nd  data c o l l ect ion  tech n i q u e s  that  

have been used to prod uce " rea l i st ic" computer-gene rated ha l ftone a n imated sequences of a h uman  
f a c e  c hang i n g  express i on .  I t  was determ ined  t h a t  a pprox imat i ng  the s u rface of a face w i t h  a po lygona l  
s k i n  conta i n i n g  app roximate ly 250  po lygons de f i n ed  by about  400  vert i ces i s  suff i c i ent  to a c h i eve a 

rea l i st i c  face .  An imat ion was accomp l i shed u s i n g  a cos i n e  i nterpo la t i on  scheme to f i l l  i n  the i nterme­

d i ate frames between express ions .  Th i s  app roach i s  good  enough to prod uce  rea l i st i c  fac i a l  mot i o n .  
The  th ree-d imens i ona l  data u s ed  t o  descr ibe the express i ons  o f  the face were obta i n ed photogram­

metr i ca l ly u s i n g  pa i rs o f  photog raphs .  
The h uman  face i s  a cha l l enge for computer a n i mat ion  for at least two reasons .  F i rst the face 

i s  not a r ig id structure but i s  a comp lex f lex i b l e  s u rface .  How i s  the mot ion of such a s u rface spec i f i ed?  
Second l y  faces  a re very fam i l i a r  to us ;  we have a we l l -deve l oped  sense of wh at express i ons  and  

mot ions  a re na t u r a l  f o r  a face .  We not ice sma l l  dev ia t i ons  f r om ou r  concept of h ow a face  shou l d  

appea r. 
Act iv i t i es  i n  computer an i mat ion have become so vast and  widespread that it i s  imposs i b l e  

even t o  summa r i ze  them. A large co l l ect ion o f  computer-gene rated f i lm s-some o f  o utsta nd i n g  q u a l i ­
ty-ex ists, a nd  representative samp ies  c a n  u s u a l l Y  be s e e n  a t  t h e  va r i o us  a n n u a l  computer  confer­
ences .  Of part i c u l a r  i nterest to a reader seek i ng  i n s i gh t  i nto t h i s  ear ly  stag e  s hou l d  be the works of 
Wh itney ( 1 968 ) ,  Max ( 1 975) ,  Csur i ( 1 975) ,  and othe rs st i l l  to be named .  

The ref i nement o f  computer a n i mat ion  systems  to perm i t  persons w i t h  m i n i m a l  computer  

know-how to gene rate an i mated f i lms i s  desc r i bed  i n  the paper  by Hackathorn20 of the Computer  

G raph i c s  Research  Group at the Oh i o  State Un ivers i ty under  the d i rect ion of Cha r l e s  Csu r i . A powerfu l ,  

fu l l - co l o r  3 - D  a n i mat ion system i s  descr i bed .  T h e  system ut i l i zes  a soph i st i cated a n i mat ion  l a nguage .  
The ent i re system was imp l emented on a re la t ive ly  modest-s i ze m i n i computer. 

An a n i mat ion softwa re system has been  deve l o ped at the Computer  G raph i cs Research  G ro u p  
w h i c h  a l l ows a pe rson with no computer background  t o  deve l op  a n  a n imat ion  i d e a  i nto a f i n i shed c o l o r  
v i d e o  product w h i c h  may b e  seen a n d  recorded i n  r e a l  t ime .  T h e  a n imat ion  m a y  i n c l u d e  comp lex  po ly­

hed ra form i n g  words ,  sentences ,  p l a nts, a n ima l s , a nd  other creatures .  The a n i mat ion  system c a l l e d  
An ima  1 1 ,  has  as  i t s  three b a s i c  parts :  a data gene rat i on  rout i n e  u s ed  t o  make co l o red ,  three-d i men ­

s i o n a l  objects; a n  an imat ion l anguage w i t h  a s imp l e  scr i pt- l i ke syntax u sed  to desc r i b e  pa ra l l e l  mot ion  



and  d i sp lay  tra nsformat i ons  i n  a f l ex i b l e ,  schedu led  env i ronment; and the Myers a l gor i thm used i n  the 
v i s i b l e  s u rface and  raste r scan ca l c u l a t i ons  for the co l o r  d i s p l ay. 

The deve lopment  of compute r-gene rated, so l i d-object an imat ion is chang i ng  the way an a n ima­

tor approaches the documentati on  of an  idea. Conversati ona l  a n imat ion i nvo lves d rawing and  red rawi ng  

p l ana r  images  on  each frame  throughout  the ent i re sequence .  Image creat ion and image a n imat ion  a re 
very often the same process .  But i n  a 3-D computer an imat ion env i ronment. the use r  f i rst b u i l d s  a co l ­
o red  obj ect. then a n i mates i t  and  these  processes a re separate. The  approach o f  3-D co l o r  a n imat ion i s  

s im i l a r  t o  that found  i n  other d i sc i p l i nes s u c h  as c i nematography, theatre, and choreography. 

In the m i d-sevent ies  a trend begun  in wh ich  computer  an imat ion  began movi ng away from the 

doma in  of the computer  e ng i nee r  and  ente r i ng  that  of the p rofess i ona l  f i l mmake r, a s i g n  that the f i e l d  

has  tru ly  matured .  By the se cond  ha l f  of the sevent ies ,  extens ive u se  of computer a n i mat ion was  be i n g  

made t o  create educat i o n a l  and  enterta i nment f i lms  o f  commerc i a l  q u a l ity f o r  both t he  mov i e  and  t e l e ­

v i s i o n  i n d u st r i es .  

1 1 1  

Digital Images and the Computer Community 

The use  of computers is p ro l i fe rat i ng  in the a rts of f i lm  and v i deo .  Computers a re used for a l l  
a spects o f  the prod uct i o n  process .  I n  the form o f  m i c roprocessors they are i nterna I t o  v i rtu a l l y  every 

dev ice ,  and  i n  the a rea of mach i ne  contro l ,  computers a re fundamenta l to every procedu re .  Computers 
a re i ntegra l to the ve ry l a nguage  and  notat ion  of these k inet i c  a rt forms wh i ch  dea l  with the concepts 

of l i g ht, co l o r, and mot ion  in t ime  and space .  

The advent of computer  g ra ph i cs i n  popu l a r  c u l ture ,  such as spec i a l  effects for f i lm and  com­

merc i a l  advert i s i n g ,  has  resu l ted i n  the emergence of fac i l i t i es  where a rt i sts have he l ped to d i rect the 

focus of research and  exp l o rat ion  i n  image generat ion and synthes i s .  The i r  i n put has a l so affected the 

deve l opment of ha rdware and  softwa re systems .  
Concu rrent ly, the  tremendous  effect of persona l  computers and  v ideo game techno l ogy on the 

creat ive p rocess  and  a rt i s  j u st beg i n n i n g  to be ascerta i ned  and acknowledged .  Wh i l e  pract i t i one rs of 

more t rad i t i o na l  a rt forms such as  pa i n t i n g ,  scu l pture ,  and pr i ntmak i ng  are now q uest i o n i n g  the va l i d ­

i ty of the computer i n  t he i r  med i a ,  f i l m  and  v ideo a rt i sts have a lways stru gg l ed with such concepts a s  
the human -mach i ne  i nte rface and  the c o l l a borat i on  of the a rt i st/techno l og i st .  These  a rt i sts '  a c h i eve­

ments ,  and the reso u nd i n g  acceptance of their a rt form in maj or museums and  a rt i nst itut i ons  a round  
the wor l d  ( as  ev idenced by  t h i s  fest iva l ) .  h ave  served to free these a rt i sts from q uest i o n i n g  the va l i d i ­

t y  o f  techno l o g i c a l  a rt .  

I t  i s  the refore not s u rp r i s i n g  that these a rt i sts a re respons i b l e  for some of the most remarka b l e  
a ch i evements i n  t h e  f i e l d  o f  computer a rt .  They a re a rt i sts who have emb raced computers a s  too l s  of 

a rt i s t i c  express i on  to e i t he r  mod i fy image ry o r  c reate ent i re ly  new v i s ua l  rea l i t i es .  

The d i g ita l image ,  computer a n imat ion ,  and graph ics  a re  the most  s i g n i f i cant techno l og i c a l  
advances i n  the mov i ng  image  s i nce the very i nvent ion  of f i l m .  A t  present advances i n  computer a n i ­

mat ion  ( ca rtoon t r i c k  f i l m s  prod uced b y  computers) a re be i ng  made i n  u n ivers i t i es ,  i n d ustry, a nd  a rt .  A 
pa rt i c u l a r l y  i nterest i ng  a spect of th i s  deve lopment a re the cross-connect i ons  between these three 

a reas wh i ch  a re representat ive of i n d i v i d ua l  work as  we i l  as  of the who l e  state of the a rt .  
Resea rche rs a re l eav i ng  the u n ivers i ty for i n dustry, a rt i sts a re movi ng i nto the u n i ve rs i ty and  

commerc i a l  a reas ,  e n g i n eers are switc h i n g  over to a rt .  I n  the process ,  encou nters occu r  between  t he  

three ,  i nvo lv i ng  j o i n t  work .  



" 
" 

0.. 

N 
<D 

The fo l l ow ing  un ivers i t i es  are lead i n g  i n  the theoret i c a l  research  ba s i c  for both ha rdwa re and 

softwa re i n  computer cu l t u re and techno logy as  we i l  as  i n  the pract i ca l  imp l ementat ion  of t h i s :  New 

York I n st itute of Techno l ogy, the Ha rvard Computat i on  Laboratory of Ha rvard Un ivers i ty, Carneg ie ­
Me l l o n  Un ivers i ty, the Un ivers i ty of Utah  i n  Sa l t  Lake  C i ty, the Massachusetts I n st i tute of Techno l ogy, 

the Be rke l ey Computer G raph i c s  Lab of the Computer  Sc i ence  D iv i s i o n ,  the Xe rox Pa l o  A lto Resea rch  
Center, the Un ivers i ty of  I l l i n o i s  i n  Ch icago ,  the Ca l i forn i a  I n st i tute of Techno l ogy, etc . 

I n f l uen t i a l  i n  computer i n dustry are not on l y  m i l i ta ry i n st i tut i ons  such  as NASA, wh i ch  rece i ve 
exorb itant sums and  have thus  been ab l e  to make g reat advances  i n  computer  a n imat ion ,  but  a l s o  f i l m  

and  commerc i a l  f i rms s u c h  as  George Lucas Ltd . ,  Robe rt Abe l  Assoc iates ,  Cranston -Csu r i ,  D i g i ta l 
Effects, D i g ita l P roduct i on .  These f i rms prod uce  spec i a l  effects with computer g raph i cs  for movi es  and 

commerc i a l s ,  etc . A lso f i rms such as  Ata r i ,  App l e ,  etc . ,  wh i ch  manufactu re pe rsona l  computers and 

v ideo games ,  as  we i l  as Be l l  Te lephone Laborato r i es ,  IBM,  etc . ,  dese rve ment ion  when one  speaks of  
the computer  commun icat ion revo l u t i on .  Th i rd ,  the re ex i sts a g roup  of a rt i sts who i n  pa rt depend on 

i n st i tut ions and i n dustry for support .  Befo re I proceed to descr ibe some of the most i mportant exam­

p i es  of the cooperat ion between computers and  a rt, I wou l d  f i rst l i ke to dea l  with some of the cross­
connect ions ex i st i ng  between research ,  i n dustry, and  a rt wh ich a re typ i c a l  of the advent of computer  
c u l tu re .  Add i t i ona l  u sefu l i nformat ion  on th i s  top i c  can a l so be found  i n  the notes .  Tom A.  DeFant i  i s  
professor at the Department o f  E l ect r i ca l  Eng i nee r i ng  and  Compu te r  Sc i ence  of the U n ivers i ty of I I l i no i s  

i n  Ch i cago .  He  i s  a computer spec i a l  i st and computer  a rt ist  and  i s  present ly  se rv i n g  as cha i r  o f  the S I G ­
G RAPH g r o up .  Together with Dan  Sand i n ,  Bob Snyder, and  Jane  Veede r  ( on  whom Gene  Youngb l ood ha s  

written an a rt i c l e ,  so that it i s n 't necessary t o  go  i nto deta i l  h e r e )  and  others ,  he  be l ongs  to the Ch i cago 

C i rc l e  of Computer  Art .  H i s  computer g raph i c s  ianguage ZGRASS,  des i g ned for rea l -t ime  i nteract i on ,  
has been used by both Jane Veeder  and La rry Cuba ( Santa C ru z ) .  

Dan Sand i n 's D i g i ta l I mage Processor a s  we i l  as  Woody Vas u l ka 's D i g i ta l  Image  Art i c u l ator a re 

among the best too l s  for the further process i n g  of images  Ed Emshwi l l e r  can be named a l ong  with 

Veeder and Cuba as  one of the l ead i ng  computer  a rt i sts .  H is famous  product ion  " S unstone "  ( 1 979 )-3 

m i n utes prod uced i n  3 months at the New Yo rk I n st i tute of Techno l ogy, d i rected by A lexande r  Schu re­
was programmed by Lance Wi l l i ams and A lvy Ray Sm ith who works today for  Lucas F i l m .  F rede r i c  I .  
Pa rke (see h i s  a rt i c l e  o n  the computer a n imat ion  o f  faces ,  1 972 )  d i d  h i s  doctora l work a t  t h e  U n ivers i ty 

of Utah .  He now works as professor of computer  sc i ence at the New York I n st i tute of Techno l ogy and 
runs its Computer  G raph ics  Laboratory where Pa u l  S .  Heckbert a l so  works  on  the s u bj ect of "Beam 

Trac i ng  Po lygona l  O bjects " 
George Lucas Fi l m  Ltd . i n  San Rafae l ,  Ca l i forn i a ,  appears to be the major  center  of advanced 

computer  graph ics ,  d i g i ta l image  synthes i s ,  and  computer  a n i mat i o n .  Ed Catm u l l ,  who was former l y  at 

the Un ivers i ty of Utah and has written important a rt i c l e s  on  computer  g raph i c s ,  a l s o  works for Lucas 
F i l m .  There, he  i s  deve lop i ng  "an  ana lyt i ca l  v i s i b l e  s u rface a l go r i t hm for i ndependent  p i xe l  process i n g "  

wh  i ch  i s  so impo rtant f o r  P ixar. Loren Carpenter, whose f i l m  "Vo l  L i b re"  ( 2  m i n . ) ,  a computer-s i m u l ated 

tr ip through  a mounta i n  l andscape,  i s  a c l a s s i c  of v i s ua l  work, is now work i n g  at Lucas F i l m  on  the 
deve l opment of a l g o r i thms for h i dden  su rfaces (the A-Buffer, An Ant i a l i a sed  H i dden  S u rface Method ) .  

Adam Levi ntha l  i s  worki ng at Lucas F i lm on a "Chap-a S M I D  Processor" ; Rob  Cook i s  concentrat i ng  

on  " d i st r i buted ray  trac i ng , "  one o f  the newest tech n i q ues  with wh i ch  rea l i st i c  images  can  be gene r­
ated on the bas i s  of refl ect ions and shadows . C u rt i s  Abbott, a l s o  at Lucas F i l m ,  i s  work i n g  with d i g ita l 
sound .  Others work i ng  at Lucas F i l m  a re Rodney Stock, Thomas Porter, Tom Sm ith ,  and  Wi l l i am  Reeves .  
Stock i s  the G raph i cs Eng i neer i ng  Manager  and  togethe r  with the above-named ,  pa rt i c i pated i n  the 

project " P ixar. "  Apart from h is f i lm prod uct i ons  ( e . g .  " Sta r Wa rs '' ) ,  Geo rg e  Lucas '  major  concern i s  
deve l op i ng  a spec i a l  techn i q ue  fo r  d i g i ta l  f i l m pr i n t i ng  and  for the synthet ic  gene rat ion  of images  for 

f i lm ,  which a l low a n  i nteractive p lay ing  with the mon i to r  prod u c i n g  the image ry that I want to see ,  such  



as p i ctu res  from the a i r. These p i ctures obey my i n put and contro l  mechan i sms  ( e . g .  a f l i g h t  a round a 

rock i n  a canyon ) .  
Stock used to work  a s  g raph i c s  des i gne r  at Adage  I n c . ,  wh i ch  deve loped a g raph i c s  term i n a l  

(Stock d i d  t h e  vector gene rat i o n ) .  H e  went on  t o  work for Evans & Suthe r l and  Corporat i o n ,  where he  

d i d  ha rdwa re for f l i g h t  s i m u l a t i on  and  cont r i buted to  t he  deve l opment of ha rdwa re for  the Ampex  V ideo 
Art  Pa i nt System .  As you see ,  a l so the p ioneer  of computer graph ics ,  I .  E .  Suthe r l a nd  of the U n ivers i ty 

of Utah ( see h i s  work from 1 963 )  r uns  h i s  own computer f i rm where a l so Robe rt Schumacke r, M i chae l  
Cosman ,  and ,  o f  cou r se ,  Dav id  Evans  work .  L i ke Ata r i ,  Rea l Time Des i gn  i n  Ch i cago ,  etc . ,  i t  deve l ops  

i nteract ive compute r  g raph i cs systems .  James  T. Kaj iya d i d  h i s  doctora l  work  at the U n ivers i ty of Uta h ,  

t h e n  worked f o r  Evans  & Suthe r l and  Computer Co rporat ion ,  a n d  today i s  professo r  at t h e  Ca l i forn i a  
I n st i tute o f  Techno l ogy. 

I n  the l ate sevent i es ,  i mportant a rt i c l es on computer graph ics were wr itten by James  F. B l i n n  

w h o  i s  a l s o  a g raduate o f  t h e  U n ivers i ty o f  Utah a n d  i s  now work ing a t  t h e  J e t  Pro p u l s i o n  Laboratory 

of the Ca l iforn i a  I nst itute of Techno l ogy wh i ch  has produced computer-gene rated a n i mat ions  for NASA 

and  the famous  TV ser ies "Cosmos . "  Thomas Spencer  and R i chard R .  R i esenfe l d  a re a lso from the 

U n i vers i ty of Uta h .  R i esenfe l d  has  wr i t ten  important a rt i c l e s  and is head of the Computer  Sc i ence  and  
Computer-A ided Geometr i c  Des i g n  G ro up .  The Un i vers i ty of Utah ,  t he  New Yo rk I n st i tute of Techno l ogy, 
and  Lucas F i l m  Ltd . seem to be the strongho l d s  i n  the deve l opment of the d i g i ta l image  and  i nteract ive 

computer g raph ics systems .  

Compute r  commerc i a l s  o r  H i gh  Tech  commerc i a l s  a re commerc i a l s  that  a re actu a l ly prod uced 

with computers o r  have a neon - l i ke com puter l ook .  Such h i g h  techno l ogy commerc i a l s  and  spec i a l  
effects f o r  mov ies a re produced b y  f i rms  s u c h  as Robert Abe l Assoc i ates i n  H o l l ywood ,  o r  D i g i ta l  

Effects I n c .  i n  New York, o r  Cranston Csu r i  Product ions i n  Co l umbus ,  Oh io ,  o r  the Enterta i n ment Effects 
G ro u p  of Doug l a s  Trumba l l ,  Adr i an  Ma l o ne  Prod uct ion  or D i g i ta l  Prod uct i ons ,  both in Los Ange l e s .  

J u dson Rosebush who has written much  on  th i s  top ic i s  t h e  founder and  p res ident  o f  D i g i ta l Effects 
I n c .  Jeffrey K l e i se r  and Dona l d  Le i ch  work there in the computer an imat i on  d i v i s i o n .  Dona l d  L .  Stredney 

and  Wayne Car l son  a re com puter  a n i mators at Cranston-Csu r i .  Cha r l es  A. Csu r i  n ot on l y  prod uced a 

famous  computer  f i l m  i n  1 967 ,  but  a l s o  wrote important a rt i c l es  on computer a n i mat i on  d u r i n g  the sev­

ent i es .  Robert Abel stud i ed  u nde r  J o h n  Whitney S r. ,  the p ioneer  of the d i g ita l image  and computer f i l m  
and  v i s u a l  mus i c  at t h e  U n ivers i ty o f  Ca l i forn i a ,  Los Ange les .  H i s  best co-worker  i s  B i l l  Kovacs .  Pat 

O ' N e i l l ,  the famous  avant-garde f i l mmake r  on  the west coast in the s i xt i e s ,  has worked sporad i ca l l y  for 

Robe rt Abel a s  we i l  a s  for La rry Cuba ,  in add it i on  to his product ion of a bstract psychede l i c  f i lm s  in the 

sevent ies .  

H igh  Tech V ideos for  the gene ra l  p u b l i c ,  such as rock  v ideos ,  are made by Todd  Rundg reen  

( " Utop ia  V ideo , " "Woodstock i n  New Vo rn-see h i s  project "Wi l l  Powers , "  p roduced  i n  1 983 with 

Lynn  Go l dsm i th  for I s l a nd  Rec .-or M ichae l  Nesm ith ,  B i l l  Etra ( D I G ITAL I MAGE ) ,  Steve R utt ( LASER TV), 

etc .  Art i s t i c  l a se r  TV, l a se r  d i sc p rograms ,  sate l l ite TV proj ects a re prod uced by M o b i l e  Image  ( K i t  

G a l l oway / She rry Rab i n owitzl 
The most i nterest i n g  examp l e  of the i nterre l at ionsh i ps between  a rt and H i g h  Tech bus i ness i s  

D i g i ta l Prod uct ions i n  Los  Ange l e s ,  wh i ch  was  founded by  John Whitney J r. ,  the  son and  former  co ­

worker of John  Whitney S r. ,  the  a rt i s t i c  p i onee r  o f  computer f i lm ,  and Ga ry Demos .  
Two fu rther  co-workers unde r  60 a re Cra i g  Upson ,  who  worked together with the computer p i o ­

nee r  Ne l son Max on deve l o p i n g  c l oud  movements i n  computer an imat i on ,  and  She rry McKenna  who 

worked w i th  Robert Abe l on  h i s  famous  "7 -Up  Bubb l e  Commerc ia l . "  G a ry Demos ,  32 ,  worked as  ass i s ­

tant for Wh i tney S r. ,  who produced h i s  f i rst computer f i lm  "Cata log" i n  1 962 .  Larry Cuba  contr i buted to  
the programm i n g  of "Arabesque "  ( 1 975 ) ,  6 m i n .  

T h e  tech n i q u e  w a s  deve loped  b y  I nformat ion I nternat ion I n c .  (Tri p i e )  i n  1 974 ,  t h e  forerunne r  of 
M 
tD 
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D i g i ta l  Product i ons .  D i g i ta l Prod uct ions spec i a l i zes  i n  d i g i ta l  scene s im u la t i on ,  that i s ,  computer-gen ­

e rated i mages  that rea l i st ica l ly s imu l ate 3-D objects and  events .  With the he l p  of the  supercomputer  
C ray- 1 and  other now techn i ques ,  Ga ry Demos deve l oped the soph i st i cated softwa re p rogram at D i g ita l 
P roduct i ons .  

John  Whi tney, J r ,  37 ,  the son of John  Wh itney S r. ,  p roduced  "Te rm i n a l  Se i t" i n  1 97 1 . I n  t h i s  

p roject he depa rted from the  geometr ica l ly r i g i d  computer  f i lms  and  ach i eved a spat i a l  effect w i t h  f i g ­
u rat ive means .  H e  has a l so sporad i ca l ly worked togethe r  with the concept a rt ist  M ichae l  Asher  i n  a 

f i l m  by the l atter. Whitney Jr has worked togethe r  with h i s  fathe r  s i nce he was 1 5 , p roduced h i s  own 
a bstract f i l m ,  and des igned a number  of computer  systems  such as  the Hybr id Opt ica l Pr inter In 1 973  

h e  was nom i nated f o r  an Oscar f o r  h i s  contr i bu t i on  to "Westwor l d . "  Present ly, the f i rm  i s  work i ng  on  a 
20-30 m i n ute l o ng  d i g i ta l  scene s imu lat ion  for the mov ie  "The Last Starf i ghter"  A l s o  i n  p reparat i o n  

a re d i g i ta l s cene  s imu lat ions f o r  t he  fi lm  "20 1 0 , "  the  fo l l ow-up o f  "200 1 . "  Wh at i s  sensat i o na l  a bou t  
d i g i ta l  s cene  s i m u l at ion i s  that i t  a ims  at c reat i n g  computer  s cenes  t ha t  a re i n d i st i n g u i s h a b l e  f rom 

natu re a s  we i l  a s  rea l i st ic scenes nonex istent i n  natu re .  For  th is  p u rp'ose ,  the f i rm owns the wor l d 's 
most ra p i d  supe rcompute r Cray-1 (costs 1 2  m i l l i o n  d o l l a rs ) .  a n umbe r  of VAX and  I B M  sma l l  computers ,  

4 mach i n e s  for t ransform i ng  v ideo i nto 35 min f i l m ,  2 f i l m  scanne rs ,  3 Evans & Suthe r l and  i mage  sys­

tems ,  and 3 I M I  mot ion systems for attu n i n g  the i nteract i ons  with the objects .  Th i s  is u she r i ng  in the 

future of e l ectro n i c  f i lm :  a mov ie  s imu l ated 1 00% with scenes  that a re st i l l  photog raph i c a l l y  so rea l i s ­

t i c  that the a ud i ence  i s  not ab le to d i st i n g u i s h  rea l  l ive act ion from s im u l ated act i o n .  D i g i ta l scene s im ­
u l a t i on  i s  the future o f  t h e  d i g ita l i mage ,  o f  d i g i ta l a rt .  The examp l e  o f  D i g i ta l Prod uct i ons  and  the re l a ­

t i onsh i p  of fathe r  to son  shows how a former l y  ma rg i n a l i zed fo rm of a rt such  as  the abstract g ra ph i c  

f i l m  can  become the centerpo int  o f  a n ew i n d u stry. A l so ,  i t  becomes c l ea r  that the expe r i ence  a nd  
efforts ove r many  years i n  avant-garde f i l m ,  i n  pa rt i c u l a r, i n  a bstract f i l m  (from V. Egge l i n g  and  C .  

F i s c h i n ge r  i n  t h e  twent ies t o  the Whitney b rothers ,  James  and  J o h n ,  i n  t h e  fort i es )  po i nted t o  t h e  future 

and  l a i d  the foundat ions for a tech no l og i ca l  revo l ut i o n  of i n d u stry. From a bstract f i l m  to s i m u l a t i on  
computer f i lm ,  a new lorm 01  l i lm  i s  evo l v i ng ,  a new fo rm 01  v i s i o n  and  u n l i m i ted man i p u l a t i on  of v i s u ­

a l  data . S i nce the compute r-generated image ry can  be stored on  bo th  v ideo and f i lm  and  a l so be m ixed 

with rea l scenes ,  computer a n imat ion i ncorporates the future ;  the future can be named d i g i ta l  image .  

Digital Video 

A pre l i m i na ry stage  01 th i s  deve lopment is the  i ntegrat ion of v ideo and  computer techno l ogy :  
the  d i g i ta l  v ideo .  Th is amalgam i s  i n he rent to v ideo i tse l f .  I n  f i l m  the p i cture frame  rema i n s  u ntouched ;  

o n l y  f rom the c o l l i s i on  of two frames ,  f rom the i nterva l of two frames was i t  poss i b l e  to construct 
mea n i n g ,  mot i o n ,  act ion . By contras!, i n  v ideo i t  i s  poss i b l e  th ro ugh  computer tec h no l ogy to man i p u ­
l ate each  s i n g l e  p i xe l 's c o l o r  and form by  means  of a computer. The access t o  ea ch  01 the 1 , 000 p i x e l s  
o f  1 ,000 v i d eo  l i nes  by  means o f  t h e  computer, and  the poss i b i l ity of c hang i ng  ea ch  s i n g l e  p i xe l  as  one  

p l eases ,  a l l ow fo r  i nd ivi d ua l ,  s ubj ective man i p u l a t i on  of the i mage  as  i n  pa i n t i n g  and  a n  a uthent i c  rep­
resentat i on  as  in photography. After f i re and e l ectr ic i ty, the  d i g ita l image sta nds for the th i rd promethe­
i c  i n strument 01 a rt i st ic representat ion ,  that i s ,  s i m u l a t i on .  The h i g h l y  advanced tec hno l ogy of the d i g ­
ita l i mage ,  i t s  potent i a l  f o r  s imu lat ion th ro ugh  computer  tech no l ogy, g ive t h e  i n d i v i d u a l  u n l i m ited 
access ,  u n l i m i ted poss i b i l i t i es  to construct a new v i s ua l  c u l tu re ,  a new democrat ic R ena i ssance .  
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M I D I W h a t I t  I s  a n d  W h a t  
E l e c t r o n i c A r t i s t s  I t  M e a n s t o  

M I D I  sta nds for Mus i ca l  I n strument D i g i ta l I nterface .  I t  i s  a new sta nda rd spec i f i cat i o n ,  d rawn 
up by severa l prom i nent manufactu rers of e l ectro n i c  mus i c a l  i n struments, for tra nsfe rr i n g  i nformat i on  

among  e l ectron i c  mus i ca l  i n struments and contro l l i n g  computers .  Whereas  aud i o  cab l e s  enab l e  a mus i ­
c i a n  t o  send  sound mate r i a l  from one i n strument to another, a M I D I  network enab l e s  a mus i c i a n  to send 
mus i c a l  commands and gestures among two o r  mo re M I D I -eq u i pped dev ices .  Thus ,  for i n stance ,  a per­

former may " p lay" two or more sou nd-produ c i n g  dev ices ( such  as synthes i zers )  f rom a s i n g l e  keyboard ,  

use  one contro l pane l  to adj u st the operat i on  of severa l dev ices ,  synchron i ze  a network of i n stru ments 

with a "master c l ock , "  o r  use a persona l  computer  to record ,  process ,  and p l ay  back keyboa rd pe rfor­
mances ,  sequences ,  pa ne l  contro l  sett i ngs ,  and  so forth .  

M I D I -eq u i pped i n struments have 5 p i n  D IN  sockets that  accept o r  d e l iver  M I D I  s i g n a l s .  To 

i nterconnect M I D I -equ i pped i n struments , a mus i c i a n  s imp l y  uses  a sta nda rd two-wi re M I D I  c ab l e  that 
p l ugs  i nto the i n struments '  sockets . No  spec i a l  w i r i n g  o r  ad justments i s  req u i re d .  

Techn i c a l ly, M I D I  i s  a d i g i ta l ,  ser i a l .  b i d i rect i ona l  i nterface .  The term " d i g ita l "  means  t h a t  a l l  
i nformat i on  i s  represented as a stream o f  n umbers .  T h u s ,  f o r  i n stance ,  when  a mus i c i a n  p l ays a key­

board of a M I D I -equ i pped i n struments ,  n umbers co rrespond i n g  to the keys wh i ch  he  depresses are 

t ransm i tted as  the keys a re depressed .  The term "se r i a l "  means  that the n umbers a re transm i tted one  

b i t  at a t ime ,  a feature that  a l l ows i n strument  b u i l de rs to use  s imp l e ,  re l i a b l e  connectors and  cab les .  
Unde r  the M I D I  spec i f icat i on ,  the rate of  i nformat i on  transfer i s  a bout  30 ,000 b i ts per  second .  A com­

p l ete command ,  cons i s t i ng  typ i ca l ly of about th i rty b i ts ,  thus  takes  about  a thousandth of a second to 
tra nsm i t .  F i n a l ly, the term b i d i rect i ona l  means that i nformat ion  may f low in both d i rect i ons  between 

two M I D I -eq u i pped i n struments .  For i nsta nce ,  a keyboa rd i n st rument may be  connected to a M I D I ­
e q u i pped computer, and the computer used both to record and  p l ay back M I D I  i nformat i o n .  

A l t hough  M ID I  was  or i g i na l ly des i g ned  to  i nterconnect keyboard-contro l l ed e l ectro n i c  mus i c a l  
i n struments ,  d r um mach i nes ,  and sma l l  persona l  computers ,  i t  may a i s o  be used  to transm i t  a w i de  

var i ety of contro l  s i gna l s  o f  t he  types that a re used by  expe r imenta l mus i c i a n s ,  scu l ptors ,  dance rs ,  a nd  

othe r  a rt i sts who  emp loy networks o f  e l ectro n i c  i n st ruments .  One  feature of M I D I  wh i ch  i s  of cons i d ­
e ra b l e  impo rtance to  a l l  a rt i sts i s  the a b i l ity of an  i n st rument b u i l d e r  to ta i l o r  h i s  own a pp l i cat i on  to  

the sta ndard M I D I  protoco l .  Thus for i n stance ,  the same persona l  computer that can record and  p l ay 
back a keyboard performance ,  can a l so record and  p l ay back cont i n uou s  sound  changes ,  comp l ex l i g ht­
i n g  commands ,  and robot movements .  Ha rdware for record i n g ,  process i n g ,  a nd  p l ay i ng  back M I D I  com­

mands i s  gene ra l ly i nexpens ive and wide ly  ava i l a b l e .  With th i s  e q u i pment. a rt i sts who use  e l ectron i c  
i n stru ments f o r  performance o r  f o r  creat ion o f  env i ronments are now a b l e  to coord i nate the ope rat ion 

of a network of i n struments with u nprecedented ease and  conven i ence .  I n  my presentat i on ,  I dem on­
strate exact ly what is req u i red to adapt sta nda rd M I D I  i n struments and  software to contro l comp l ex 
sound changes ,  l i ght i ng ,  and mechan i ca l  movement .  My i l l ustrat ions  wi l l  i n c l u d e  a system with sever­
a l  touch sens i t ive contro l l e rs for use i n  an  i nteract ive env i ronment .  
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Te n I n d i c a t i o n s  o f  a n  E m e r g i n g  
C o m p u t e r  C u l t u r e  

The Ars E l ectro n i ca Computer  C u l t u re Days a im  at d i scuss i ng  and  try i ng  to represent the pos­

s i b i l i t i es  and  consequences of the changes  in our cu l tu re and i n  our  soc i ety, caused  by the basic tech­

no l ogy of m i cro-e l ectron i c s .  
The  exp los ive tec hn i c a l  deve l opment l e ads  t o  an  ever-grow ing  i nfo rmat i o n  de f i c i t  on  the pos­

s i b i l i t i es ,  but a l so on  the consequences  of the computer i n  a l l  spheres of our l i fe .  Thus ,  the Computer 

Cu l t u re Days want to be a forum for d i scuss i ng  poss i b i l i t i es  and prob l ems .  
The  foca l  po i n t  of Computer  Cu l t u re Days 1 986 at t he  ORF ( U pper  Austr ia  Reg i o na l  Stu d i o )  i s  

the new wor l d  of images .  A new d r i v i ng  force i s  added to  t he  a rt form of v i deo  by the poss i b i l i t i e s  gen ­
e rated by  the computer. For the f i rst t ime  i n  t he  Ge rman  speak ing a r ea ,  the  O R F-V I D E O NALE with i n  

Computer Cu l t u re Days i ntends t o  i nt roduce t h e  b road te lev i s ion  a ud i ence t o  t h e  a rt form o f  v i d e o :  a 

te l ev i s i on  week with d i fferent images .  
Today, the i mage  has  become a batt l eg round of d i fferent cu l tu res .  Not o n l y  does  the pe rcep­

t i  on  of rea l i ty change ,  a new wor l d  of images i s  evo lv i ng .  
Compute r  c u l tu re i s  unde rstood i n  the broader and i n  the  na rrower sense  of the word :  i n  the  

broader  sense ask i ng  the q uest ion  of how fa r the computer changes  o u r  l ives ,  o u r  soc i ety, and  o u r  att i ­

tudes ;  and i n  the more na rrow sense ,  how far the computer  as a too l  i nf l uences  c u l t u ra l  and  a rt i st i c  

processes and  a rt i s t i c  c reat ion and  i n  how far a new creat iv ity i s  emerg i n g .  The app l i cat i on  of the com­
puter i n  the sphe re of a rt and  i n  the med i a  has become an i ntegra l  part of overa l l  deve l opment .  

For t h i s  reason ,  a set of ten i n d i cat ions i s  to attempt a by no  means  com p l ete out l i n e  of the 
computer cu l tu re env i ronment-to be unde rstood as ref l ect ion st imu l i ,  env i ronmenta l d eterm i n at ives ,  

and  impu l ses .  

1. Computer Culture Is  an Emerging Culture 

Gene ra l ly speak i n g ,  the  computer  as key techno l ogy is st i l l  in i ts i n it i a l  sta ge .  Wou l d  we deter­

m i n e  the computer  age  by a per iod  of a h u nd red years, we wou l d  f ind o u rse lves somewhere a round  the 
year ten of th is e ra .  Today's preschoo l  c h i l d ren ,  growing up with v ideo c l i ps and  home computers ,  wi l l  

cons i de r  the computer  a s  a n  ever-ready i nstrument and too l .  

They wi l l  have d a i l y  contact with t h e  computer-on the i r  jobs a n d  a t  home .  A cu l ture i s  evolv­

ing that i s  cha racter i zed very dec i s i ve ly  by the computer i n  its req u i rements as  we i l  a s  in its poss i b i l i ­
t i e s .  When today's computer k i d s  wi l l  be grandfathers ,  computer cu l tu re may we i l  be i n  its p r ime .  

2, Computer Culture Calls lor a New Alphabet. a New language. a New Way 0 1  Thinking 

The Computer as a too l  has  b rought  forth a new a l phabet. a new l a nguage ,  i . e .  the b i n a ry 

a l phabet, b i n a ry t h i n k i n g .  The computer deve lops a l anguage of its own ,  a spec i f i c  computer  l a nguage .  

Ha rd l y  any othe r  techn i c a l  key  i n novat i on  has produced such a var i ety of new te rms ,  express ions ,  etc . ,  

at so g reat a speed .  T h e  c h i l d ren  who  g row u p  with t h e  computer learn t h e  compute r  l a n g uage  as  they 

learn othe r  sk i l l s .  They g row u p  with the computer a l phabet. 
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The computer  creates a new l anguage .  I n  tec hn i c a l  d i scuss i ons  on the computer terms a re 
be i n g  used that otherwise on l y  se rve to descr i be  h uman  t h i n k i n g  and  h uman  behav i o r. The computer 

deve l ops  a jargon of its own, the ja rgon of th i n k i n g .  N ew terms ,  such  as  " reprogram , "  a re smooth ly  
i nteg rated i nto c o l l o q u i a l  l anguage .  

3. Computer Culture Demands the Computer-Literate Learning Society 

Compared to other  tech n i ca l  i n novat i ons ,  the  computer  is a mach i n e  with i n te l l i gent  products .  
I t  i s  focussed o n  i nformat ion ,  on knowl edge .  N ew techn i c a l  d eve l opments have taken p lace at a l l  

t i m  e s ;  what i s  rea l ly new i s  the ra p id  success i o n  o f  these q u a ntum l eaps .  T h e  change b rought about by 
the computer  req u i res  understand i ng the computer, i ts l a nguage ,  its t h i n k i n g ,  its a l phabet .  In fact, we 

a re rea l ly l i v i n g  in a time of upheava l :  therefore, computer  c u l t u re l eads  to pros and cons  in o u r  soc i ­
ety: o n  the one  hand ,  its fo l l owers, t h e  computer- l i te rates ,  and  on  the othe r  h a nd ,  i t s  adve rsa r i es ,  t h e  

computer· i l l i te rates .  T he  computer t h u s  req u i res  constant l e a rn i n g .  
I n  a centu ry o f  upheava l ,  computer c u l t u re causes  t h e  tempora ry emergence of e l i tes ,  s im i l a r  

t o  t h e  e l i tes that had formed after t h e  i nvent i on  of the p r i n t i ng  press ,  those peop le  who  h a d  command 

of the a l pha bet .  To  be ab l e  to  make use of the med i u m  " book , "  of the written word ,  i t  i s  necessary to  

be ab le  to read ,  to be l i terate . The teach i ng  of the a l phabet to ever- i ncreas i n g  groups of the popu l at i on  

l e d  to a red uct ion  of e l i tes .  Th i s  process took  p l a ce  i n  the cou rse of severa l centu r i e s :  and  st i l l ,  even 
today l i tt l e  mo re than ha lf of the wor ld popu l a t i on  a re l i terates .  Wh i l e  the transm i s s i on  of knowl edge 
th ro ugh  the book req u i red read i n g  as a prere q u i s i te ,  the next ma jo r  med i a  i n novati o n ,  the  e l ectro n i c  

med i u m  te l ev i s i o n ,  through i t s  wor ld o f  images ,  once  a ga i n  made knowl edge access i b l e  without  pre­
cond i t i ons .  

And the computer, regarded as a med i u m ,  ofters a new poss i b i l i ty of ga i n i ng  know ledge :  he re  

aga i n ,  a s  was the case  500  years ear l i e r, when the p r i n t i ng  p ress  was  i nvented, knowl edge  of t he  
a l phabet  i s  necessary-knowledge o f  t he  computer a l phabet .  Those who master the l a nguage  o f  the 

computer  a re the refore to be counted among a n  e l i te ,  a n  e l i te that i s  stea d i ly g rowi n g .  
I t  i s  the  s im u ltaneous ex i stence o f  two c l asses ,  t h a t  o f  the computer· l i terates and  t h a t  o f  t h e  

computer- i l l i te rates ,  that confronts ou r  century of u pheava l ,  the centu ry of t h e  k ey  techno l ogy m i cro­

e l ectron i c s  with a l l  the prob lems that a re ,  at present ,  re l ated to the i nt roduct ion of new techno l og i e s  
i nto d i s cuss i ons  i n  ou r  soc i ety and i n  economy:  the threat of the i nd i v i d ua l  by  new techno l og ies ,  t he  

worry a bout  l o ss  of j ob ,  t he  fee l i ng o f  be i n g  at the me rcy of an  i n scruta b l e  g l oba l system .  
T h e  capac i ty of u s i n g  t h e  compute r, however, i s  n o t  e q u a l  t o  t h e  s imp l e  sk i l l  o f  b e i n g  a b l e  to 

read and write. The computer a l phabet i s  fa r more comp l ex :  i t  needs  the overa l l  u nde rsta nd i n g  of the 
computer 's mode of operat i on .  The computer a l phabet i s  mo re than the capac ity to use i t ,  i t  i s  a ques ­

t i o n  of an  overa l l  u nderstand i ng ,  espec i a l l y  when the computer  of the f i fth gene rat i on  wi l l  pract i ca l l y  

be a n  i nte l l i g en t  mach i ne .  
The computer a l phabet does  no t  ca l l  for the mathemat i c i a n ,  for  the wel l -t ra i ned ca l c u l at i n g  

g e n i u s ;  i t  ca l l s  f o r  homo universalis. 

4. Computer Culture Requires Restructuring of Work, Leisure Time, and Society 

We today l ive in an age in wh ich the quest i on  is not the fu rther  d eve lopment  of ex ist i n g  i nven­

t i ons  but  a tra n s i t i on  to  ent i re ly  new techn i q ue s .  Wh i l e ,  e .  g .  mechan i c a l  cont ro l  has  constant ly been  
imp roved ove r  the years, the e l ectron i c  reg u l ator  s udden l y  b r i ngs  the t rans i t i on  to a new era ,  at the 
same t ime  d i s q u a l i fy ing the work  of  decades .  The computer  rep laces  w ide  f i e l d s  of mechan i c a l  work .  



Therefore, computer  c u l t u re i s  ma rked by a dec i s ive change i n  the wor l d  of work ,  a nd  t hus  i n  
economy a n d  i n  t h e  effects on  l e i s u re t i m e ,  on o u r  ent i re l i fe .  As with a n y  othe r  pe r i od  o f  u pheava l ,  

computer  c u l tu re m a y  have a d rast i c  i m pact on t h e  i n d iv i dua l-Ioss o f  j o b ,  changes  i n  t h e  sphe re o f  
work, t he  necess i ty o f  on-the-j o b  reeducat i on .  

5. Computer Culture Requires the Screen as Major Tool in Home and Office 

The s i g n i f i cant  u n iversa l too l  of computer c u l tu re is the e l ectron i c  screen .  The screen is the  pet 

of computer cu l tu re-at home as  we i l  a s  i n  the off i ce .  The te levi s i o n  screen has  deve loped  i nto the 

u n iversa l commun i cat ion  med i u m  of the i nformat ion  age ,  the screen i s  the paper  of the G utenberg a ge .  

I t s  app l i cat ions  are mo r e  o r  l ess  u n l i m i ted .  And  t h e  screen has a l so become a new med i um  f o r  
the a rt i st .  

6.  Computer Culture Permits a New Type of  Artist 

Us i ng  the term " a rt i st, " most peop l e  th i n k  of pa i nters, composers ,  a rch itects ,  poets ,  s i n ge rs ,  
o r  ac to r s .  Compute r  programmers become a new type of a rt i st .  The i r  potent i a l  i s  c reat iv i ty. The i r  a rt 

can be the prog ramme .  Softwa re i s  the " hottest" commod i ty of computer c u l ture ,  t he  product of a cre­
at ive process .  

Pa i nters, des i gne rs ,  composers ,  g raph i c  a rt i sts work i ng  as computer prog ra m me rs i n  the i r  re l ­
evant sphe res o f  a rt do n o t  on l y  rece ive a n ew  too l-the computer a l so demands  a n ew  way  of th i n k­

i n g .  The computer b r i ngs  fo rth a new type of u n iversa l  a rt i st-in the sense of Leonardo da Vi n c i .  
Mathemat ica l - I o g i c a l  t h i n k i n g  a s  we i l  as a rt i st i c  concept a r e  i ntegra l  pa rts of the a rt i s t i c  

process .  Proceed i n g  f rom the programme r, computer  c u l tu re thus a l l ows for a new type of a rt i st ,  con ­
vent i ona l l i m i ts be i n g  pa rt i a l l y abo l i s hed .  

7.  Computer Culture Permits a New World of  Images and Sound 

" N ew i nstruments and  new techno l og i e s , "  says P i e rre Bou l e z  in an i nterv i ew with Newsweek 

in 1 986 ,  " b r i n g  someth i n g  i nto mus i c  that had not been there before . "  The computer  perm its a new 

wor ld  of sounds i n  mus i c .  H owever, the compute r's most  revo l ut ionary impact i s  that on  images :  the  

computer-generated image conta i n s  a new rea l i ty; i t  c reates a new i mage-rea l i ty. 

For centu r i es ,  a rt i sts had dreamt of the e l ectron i c  creat ion of images :  to be a b l e  to move a p i c ­

t u re ,  to transform a p i ct u re ,  to g ive a dynam i c  d imens ion  to  the p icture .  By comb i n i n g  v i deo  a nd  com­

puter g raph i cs  and  te l ev i s i on  tech no l ogy with the computer, the art ist i s  offe red new poss i b i l i t i e s-a 

new synthet i c  wor ld  of i mages  is created . 

The synthet ic images  have an autonomous degree of rea l ity; they a re products of the d i g ita l 
image  creat i on .  Te l ev i s i on  prov ides  us with a secondary rea l i ty, with a rea l i ty that cons i sts of the e l e ­

ments of p r imary rea l i ty. 

The computer-generated image ,  on the other hand ,  c reates an autonomous p r ima ry wor ld  of 

images that does not ex ist in our rea l ity: the world of images of computer cu l tu re i tse l f  turns i nto a pr i ­

mary rea l i ty. We no longer  dea l  with e l ements of an  actua l  rea l i ty but with a synthet i ca l l y  gene rated new 

rea l i ty. A rea l ity i n  three-d imens i ona l  space ,  i n  any imag i nab l e  mot ion ,  dynam i sm ,  and  transformat i o n .  

An essent i a l  c ond i t i o n  for creat i ng  the new wor ld of images i s  t o  be seen i n  the  comb i nat i on  

of v i deo  and  te l ev i s i o n ,  compute r  g raph i cs  and  a n i mat i on .  A new wor l d  of i mages ,  c reated by med ia  

a rt i sts ,  resu lts f rom the concu rrence of these spheres .  
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8. Computer Culture Permits New Networks 

The computer is a meta·mach i ne ,  a metaphys i c a l  mach i ne ,  as She rry Tu rk le  c a l l s  i t .  Be i n g  a 

u n ive rsa l mach i ne  it opens up new poss i b i l i t i es  of commun i cat i on ,  new networks .  The wor ld  of com­

puter  c u l tu re i s  su rrounded by g l oba l  networks :  d i sta nces change ,  space and  t ime are be ing set i nto 
new re la t i ons .  

The compute r  networks c reate an  ent i re l y  new leve l  of commun icat ion by comb i n i n g  comput­
e r, c i rc u i ts ,  and  sate l l i tes .  The g l oba l  networks a re st i l l  i n  the i r  i nfancy, te lecommun i cat i o n ,  e l ectron i c  

ma i l ,  te l econferenc i n g ,  etc . ,  c reate a new v i rt ua l  s pace  determ i n i n g  l i fe i n  t he  computer c u l tu re-fu l l  

o f  oppo rtun i t i e s ,  but a l so  fu l l  of th reats. 

9. Computer Culture Permits New Media 

The computer  estab l i shes  i tse l f  i n  computer  c u l t u re as a u n iversa l mach i ne ,  conta i n i n g  and  

i ntegrat ing a l l  med i a  and permitt i ng  new med i a .  O n l y  the comb i nat ion  o f  med i a  c reates new poss i b i l ­
i t i e s  i n  q uantum leaps .  T h e  magnet ic  storage m e d i a  a r e  st i l l  i n  the i r  beg i n n i n g s .  They m a y  we i l  become 

for e l ectron i c  i nformat ion wh at the penc i l  i s  for paper. 
Bes ide  the book, the CD-Rom d i sc m i g ht become a new c u l tu ra l  med i u m .  I n  the future ,  CD  d i scs 

wi l l  be  ab le to take over seve ra l  funct i ons of the book .  CD  d i scs wi l l  be  data-sto ra ge  dev ices for every­

one .  D i ct i ona r i es ,  encyc l oped i a ,  l i b ra r i es  wi l l  become access i b l e  to everyone  th ro ugh  the deve l o pment 
of the computer's storage techno logy. 

1 0. Computer Culture Allows New Experiences in Art and Culture 

The computer  as a u n iversa l  mach i n e  wi l l  become an effect ive too l  i n  pract i ca l l y  a l l  sphe res of 
a rt; i n  mus i c ,  in l i te ratu re, in theatre, i n  f i l m-new, u p  to now unth i n ka b l e  c u l t u ra l  exper iences wi l l  

evo lve .  
The compute r  as a too l  and i t s  un ive rsa l ity a s  a mega-mach i ne  causes a revo l ut i on  as  i t  f i n a l ­

Iy  i n f l uences a l l  f i e l ds  o f  a rt and cu l tu re .  The spectrum comp r i s e s  the new wor l d  of images ,  the new 

wor l d  of sounds ,  but also the mu l t i -med ia  and v i deo  theater and l a rge-sca l e  proj ects in open space .  A 
new envi ronment a rt is emerg i n g  and deve l o p i n g ,  as we i l  as new events i n  open  space-i n Austr i a ,  

the  spectrum reaches from t he  open-a i r  events o f  the L i n z  Sound  C l o ud  t o  And r e  H e l l e r's 'l i re Theatre" 
o r  the l a rge-sca l e  events by Jean M iche l  Ja rre . He  cha racter i zed the f ive-m i l l i o n-do l l a r  mu l t i -med ia  
spectac l e  that  he  created on the occas ion  of NASA's 25th  ann iversa ry i n  Ho uston ,  Texas ,  i n  1 986 as  fo l ­

l ows :  " i n  th i s  event, t he  computers a re no t  o n l y  necessary to safegua rd the techn i c a l  funct ions ;  t he  
computer i s  the I n strument as such ,  with wh i c h  the event can be created . "  
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A r t f r o m t h e  S c r e e n 

Those among  the construct iv i sts who used the f i rst mechan i c a l  p l otters for the rea l i za t i on  of 
the i r  concepts 2 5  years aga  were much  imp ressed by the exact prog ramm i n g  tech n i q u e .  Th i s  tech n i q u e  
n o t  on l y  prov ided  t h em  w i t h  t h e  poss i b i l ity o f  a prec ise representat ion  o f  g raph i c  e l ements b u t  a l so ,  for 

the f i rst t ime ,  with the chance  to i n c l ude  more comp l i cated objects in the i r  pe rformance .  With  the 

eme rgence of versat i l e  sca n n i n g  dev ices ,  t h i s  method was somewhat forgotten .  Today, o ne  prefers 
the spectac u l a r  photo-rea l i st i c  p i ctu res  trom the computer. I n  connect i o n  with these l atte r  p i ctu res ,  

however, the mathemat i ca l  method ,  a l so for  a rt i st i c  pu rposes,  has rega i n ed  i m po rtance ,  not so  much 

for  the prod uct i on  of works  of a rt t hemse l ves ,  but for the preparat i o n  of system s  des igned to fac i l i ­

t a  t e  t h e  work of futu re gene rat i o n s .  

T he  tasks i n  t h i s  f i e l d  do  not concern t he  prob l ems o f  "hardwa re , "  of the i n struments ,  bu t  t h e  

i n creas i n g l y  i mporta nt " softwa re"-i . e . ,  everyth i ng  dea l i n g  with the o rgan i zat i on  of ca l c u l at i o n  and  

l o g i c a l  processes ,  with the convers i o n  of data .  These act iv i t ies a re  a n  i ntegra l  pa rt of g raph i c s ,  too .  

Undoubted ly, the  deve lopment  of effect ive output-un its i s  o f  g reat impo rtance ;  at the same t ime ,  the 

i n c l u s i o n  of graph ic  i n struct i on  i nto the procedu re-o r iented l a nguages i s  i n d i spensa b l e  for ut i l i z i n g  th is  

very equ i pment .  I n  the cou rse of t ime ,  ent i re l y  new ideas were deve l oped that have the i r  i mpact on 

a pp l i ca t i on .  H e re one  has  to ment ion the so-ca l i ed " rubber  band g raph i c "  by Ivan E .  Su the r l and  who 

has, apart from othe r  p i o nee r  a c h i evements i n  the f ie ld of computer des i g n  systems ,  i nt roduced the fo l ­

l ow ing  see m i n g ly s imp l e  p r i n c i p l e :  with a sort o f  penc i l  t h e  user i s  a b l e  t o  d raw stra i gh t  l i nes  a t  the i r  

endpo i nts a l l  over t h e  screen ;  a s im i l a r l y  pract i ca l  dev ice i s  a procedu re t o  f i x  t h e  exact pos i t i on  of 

po i nts; a l l  yo u need to do  i s  to des i g nate to the computer, with a penc i l ,  a ce rta i n  po i nt on  the ta b l e a u ,  

nea r  t h e  exact pos i t i on ;  then ,  the  computer w i l l  determ i ne  t h e  exact coord i n ates on  t h e  bas i s  o f  g en ­
e r a l  data such  as  t h a t  the po i n t  ought  t o  l i e  on a g iven screen or at the cross-po i n t  o f  two l i nes ;  t h e  

computer chooses the nea rest po i n t  to wh i ch  t h e  g iven data app ly. 

Step into the Third Dimension 

I n  the  f i e l d  of softwa re we have witnessed an important step s i m i l a r  to the one  taken with the 
trans i t i on  from the p l otter to the scope screen .  Th is  i n novat ion i s  the progress from the two-d imen ­

s i o na l  t o  the th ree-d i mens i ona l .  A t  a n  ea r l y  stage ,  computer des igners had found  out  t ha t  the i r  systems 

were  not  o n l y  su i ta b l e  for the g raph i c  representat ion  o f  data l i sts but  a l so for the p roduc t i on  o f  

a utonomous g raph i c  documents .  Thus ,  they turned to  c i rcu i t  d iag rams ,  maps ,  and  arch itectu ra l ho r i -
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zonta l and  vert i ca l  project i ons .  A l l  these are l i m i ted to the two-d i mens i o na l  sphe re-the a rch itectu ra l  

examp l e  suggest i ng  the  product ion o f  p i ctures i n  perspect ive apa rt t rom the mere project i ons .  I n  p r i n ­
c i p l e ,  a three-d i mens iona l  conf i gu rat ion i s  suff i c i e nt l y  d eterm i ned  by ho r i zonta l and  vert i ca l  projec­

t ions ,  thus  mak ing a drawing i n  perspect ive a me re matte r of rout i n e .  He re ,  certa i n  mathemat i ca l  meth­

ods  a re needed that do not pose any bas ic  d i ff i c u l t i es ,  that wou l d ,  however, were they ca r r i ed  out  by 

hand ,  take up so m ueh time that the a rch i tect prefers to use a three-d i mens i ona l  mode l  in o rder  to g ive 
a not ion of the comp leted b u i l d i ng .  The fast computer  manages  ca l c u l at i ons  l i ke these i n  no  t ime,  a 

fact that b rought  a bout a g rad ua l  trans i t i on  from the second to the th i rd d i mens i on .  
W i t h  h i g h-capae ity systems, t he  ea l c u l a t i on  i s  ca r r i e d  out  with i n  fract i ons  of seconds ,  as  a 

res u l t  of wh i ch  one  can ca l c u l ate the vi ews of permanent ly  c hang i n g  pe rspect ives at such  speed that 
the sequence of images equa ls  a tou r  around the b u i l d i n g  o r  the tu rn  of a eamera to the b u i l d i n g  o r­

if so des i red-into the i nter ior  of the b u i l d i n g .  Th i s  method ,  CAD ( computer-a i ded  des i gn ) ,  was deve l ­
o ped  for  the pu rposes o f  too l mak i n g  and mechan i c a l  e ng i n ee r i n g .  Freq u ent ly, one  restr i ets o ne se l f  t o  

a schemat i c  d rawi ng  i n  wh i c h  on l y  t h e  edges o f  the env i saged objeet a re shown, to a so-ca l l ed " net­

g raph i c . "  S u ch  objects a re transparent and have the d i sadvantage that one cannot eas i l y  determ i n e  

w h i c h  parts a re i n  t h e  foreground  a n d  wh ich  i n  t h e  background .  Bu t  th i s  p rob l em ,  too,  can  be so lved 

mathemat ica l l y. I t  i s  poss i b l e  to i neorpo rate rout i nes  i nto the programmes  that determ i n e ,  o n  the bas i s  

of g iven da ta ,  wh i ch  parts o f  the su rface have  to be cove red , t hus  prod u c i n g  fa r more rea l i st i c  images .  
Wh i l e  prev i o us l y  hav i ng  had to  dea l  w i t h  a network ,  a t ranspa rent  ske l eton ,  the g raph i c  image  with 

covered s u rfaces i s  no l onger  a strueture of edges but  a structure of p l a nes .  Th i s ,  however, ra i ses  a 

new p rob l em ,  the prob lem of i l l u m inat ion ,  of shadows.  Aga i n ,  we need mathemat i cs-on the one  hand  

i n  o rder  to ca l c u l ate those parts Iy i ng  i n  the shadow, and  o n  the o the r  hand  to dete rm i ne  the  so -ca  l i ed 
" I i g htness of the p l a ne . "  Here ,  one uses opt ic  laws accord i n g  to wh ich one can ca l cu l ate what part of the 
l i g ht resort i ng  from the souree and ref l ected by p l anes of d i ffer ing i n c l i nat ion ,  wi l l  reach the v i ewer. Th is 

ca l c u l at ion  i s  extremely comp l i eated as it has to be carr ied out for every s i n g l e  po int of the image .  
Even  at th i s  stage we have sti l l  not  reached  fu l l  rea l i ty, a s  the ob jects with wh i ch  we are eon­

f ronted are norma l ly not  def i ned by l eve l  p lanes l i ke those of a po l i shed d i amond .  The images resu l t­

i n g  f rom n et-g ra ph i cs a re the refore on l y  an a pp rox i mat i on  to the rea l form,  reached  by g rad u a l l y  
red u c i n g  t h e  s i z e  o f  the p l ane-parts t o  s u c h  a n  extent that we g e t  a s i m u l a t i on  o f  a cont i n uou s  
process ,  a s u rface c u rvature .  I t  i s  un necessa ry to stress the fact t h a t  the ca l c u l a t i on  of t h i s  k i n d  o f  
de s i g n  i n  pe rspect ive takes ve ry much t ime .  

I n  the f i e l d s  o f  se ience ,  techno l ogy, and  a rch i tectu re one  can manage  w i t h  schemat i c  images  

t ha t  d i ffer su bstant i a l ly from a rea l i st i c  representa t i on .  H e re ,  one  has  a rr ived at the l im i t  t h a t  i s  d e c i ­
s i v e  f o r  pract i ca l  u se .  Any improvement o f  q u a l ity beyond t h i s  l i m i t  l eads  i nto t he  sphe re of a esthet ic 

tasks ,  i n  no way to be unde rstood as pure ly  a rt i s t i c  ones-the  necessary means a re ha rd l y  ava i l a b l e­
but foremost those of the so-ca l i ed app l i ed  a rts such  as commerc i a l  des i g n ,  i l l u strat i o n ,  etc .  The costs 

for prod uct i on  i n c rease dramat ica l l y if one does not l i m i t  onese l f  to s i n g l e  images but  w ishes  to have 
sequences  of i mages ,  f i lms; i n  th is case ,  the c a l c u l a t i on  work descr i bed a bove has to be repeated 25  

t imes  a second .  I n  o rde r  to  so lve prob lems l i ke these ,  one  needs  the l a rgest  computers i n  the wor l d ,  
a nd  even  they  do not manage to perform them i n  rea l  t ime .  The necessary ca l c u l at i n g  t ime  l i e s  fa r  
a bove the req u i red 25th part o f  a second .  Therefore ,  the mate r i a l  for f i lms  i s  be i ng  de l ivered i n  s i n g l e  

image s  that a re be i n g  p u t  togethe r  as i n  o l d - t ime t r i c k  f i l m s .  The necessary f u n d s  can  be ra i sed by 
wea l thy i n st i tut ions  on ly. Therefore, this method has up to now been  p r ima r i l y  used in fantast ic sc i ­
ence-f i c t ion f i l ms and  i n  advert i s i n g .  The exp l anat i on  i s  s imp l e :  fantast i e  f i l m s  show scenes that do not  

ex i st i n  rea l i ty-f i g u res f rom fa i ry ta les ,  l andscapes of sc i enee  f i c t i on ;  computer a n i mat ion  i n  photo­
rea l i st i c  representat i on  has c reated an unbe l i evab l e  semb l ance  of rea l ity in the fantast i c  f i l m  and  
exp l a i ns i t s  cons i derab le  prosper ity. Advert i s i n g ,  espec i a l ly i n  the Amer i can  "eommerc i a l s , "  has  s im i -



l a r  tasks .  Often ,  a product has  to be i ntroduced that has j u st gone i nto product i on  a nd  i s  the refore not  
ava i l a b l e  for f i l m i n g .  Here ,  the  method of computer des i gn  i s  ab l e ,  on  the bas i s  of construct i o n  p l a n s ,  

to p roduce  images  of a n  object that t h e  v i ewer cannot detect a s  havi ng  b een  c reated by t h e  computer. 
The h i g h  cost for the prod uct ion  of scenes l i ke that is caused-as i n d i cated a bove-by the  

demand  for photo-rea l i s t i c  reproduct i o n .  The costs fo r  the procedu re can be l owered s u bsta nt i a l l y  i f  
one  i s  sat isf ied with the s o l ut i o n  of a pprox imat ion .  A poss i b l e  fo rm of app l i ca t i on  i s  s i m u l a t i on ,  fo r  

examp l e  i n  the tra i n i n g  of astrona uts ,  p i l ots ,  or  eng i ne  dr ivers .  Fo r  these  pu rposes ,  o ne  uses  cab i ns  i n  

wh i c h  the cockp i ts are reproduced true to nature ,  on l y  the wi ndows a re rep l aced by sc reens .  And i t  

needs  a compute r  system that  reg i sters a l l  the tra i nee 's act ions and  ca l c u lates images  that  cou l d  be  
seen t h rough  the w i ndows i f  the maneuvers were carr ied out correct ly . As one can not foresee whether  

the learner  wi l l  act co rrect ly, the  system has  a l s o  to react  to u nforeseeab l e  orde rs; a nd  he re one  needs 

rea l t ime .  Consequent ly, s im u lator images  are st i l l  rather schemat i c ,  part ly beca u se  of the l a c k  of 

deta i l s  and  the abandonment  of the exact ca l cu la t ion  of opt ic refl ect i o n .  
The users of c a l c u l at i n g  systems who  try to so lve new tasks w i t h  them have  a two-fo l d  f unc ­

t i o n :  on  the one  hand ,  t hey  ded i cate themse lves to the i r  very spec i a l  prob l em  t ha t  t hey  w i l l  h ave  to 
br ing i nto an  adequate form for process i n g  by the computer, e .g .  by trans l at i ng  i t  i nto a prog ra m m i n g  

l a nguage .  On  t h e  other h a n d ,  they do p i onee r  work b y  determ i n i n g  with these prog rammes  t h e  gene r­

a l  out l i n e s  of a softwa re that w i l l  be ava i l a b l e  to future users .  Once the method has  been  s uffi c i e nt l y  
e l a borated i t s  a pp l i cat ion  becomes rout i n e :  the task  i s  reduced to the sc i ent i f i c ,  tec h n i c a l ,  or  a rt i s t i c  

top i cs .  I n  the f i e l d  of two-d imens i o na l  g raph ics th i s  process i s  we i l  advanced .  There even ex i sts a mo re 
or l ess  off i c i a l  norm,  the so-ca l i ed G KS (graphisches Kernsystem-graph i c  core system) .  choos i n g  of a 

m u l t i t ude of pr i n c i p a l l y  ava i l a b l e  poss i b i l i t i e s  a certa i n  number of poss i b i l i t i es  offe r i n g  the best pre­

req u i s i tes for g ra ph i c  work with the computer. No  norms have as yet been set u p  for three-d imens i o n ­
a l  g ra ph i cs ;  certa i n  methods have ,  however, a l ready emerged that wi l l  fac i l itate the i r  u s e .  One  of these 
methods  i s  the construct i on  of stereoscop i c  objects f rom s imp l e  e l ements ,  the forms of wh i c h  a re  so 

h i g h ly soph i st i cated that by the i r  comb i nat ion  and by add it ive or s u btract ive ove r l a pp i n g  a var i ety of 

forms becomes presenta b l e .  By m u l t i p l e  app l i cat ion of th i s  method, espec i a l ly by sp l i tt i n g  u p  i nto ever 

sma l l e r u n its ,  one  can  ach i eve an  opt i o na l  approx imat ion to any g iven rea l form. 

Even poss i b l e  movements are a l ready preconce ived i n  spec i f i c  systems .  Thus ,  i t  i s  poss i b l e  to 

a ch i eve the rotat i o n  of a three-d imens i o na l  object i n  perspective i n  rea l t ime, by means of a manua l  

operat i on ;  a s u i ta b l e  i nput- i n st rument  i s  the  so-ca l l ed ro l l - ba l l .  I t  c a n  be s unk  i nto a ta b l e  t o p  w i t h  o n l y  

a sma l l  pa rt .  adapted t o  the s i z e  of t h e  h a n d ,  protru d i n g .  T h e  ba l l  i s  mob i l e  and  can  be moved a l on g  

any  c ho sen  ax i s  of rotat i o n .  The system can be estab l i shed i n  a manne r  that a l lows the drawing o n  the  

sc reen  to rotate i n  the desc r i bed  way, thus  becom i ng  v i s i b l e  from d i fferent ang l e s .  Th i s  movement  can  

a l s o  be unde rstood i n  the sense of the v i ewer or the camera go ing  round  the object .  F u rthermore ,  i t  i s  

poss i b l e  to c h a n g e  the v iew ing  p o i n t  to a n y  other pos i t ion ;  as with rotat ion ,  t h e  computer has  to ca rry 

out certa i n  transformat ions  in rea l t ime ,  in order to s imu late a cont i n uous  sequence of movements .  

These preconce ived rout i n e  modes of v iewing offe r i nterest i ng  aspects for a rt i s t i c  u se .  Among them 

are u n u s u a l  perspect ives such  as  v i ew ing  b u i l d i ngs f rom be l ow, and ,  l ast but not l east ,  specta c u l a r  

moves of a camera t h a t  wou l d  be i m poss i b l e  i n  rea l i ty. A sequence f o r  a f i l m  i n  t h e  se  r i e s  " S t a r  Trek , "  

prod uced by  the computer i nst itute of the Lucas  F i l m  Company, caused  some exc i tement :  the str i p 

s hows a n  approach from space to a p l a net . pass i n g  on to a f l i ght over a re l i ef of mounta i n s  and  l a kes  

and  f i n a l l y-view back to the p l a net fa l l i n g  beh i nd-Iead i ng  back  i nto space .  

Expens ive ca l c u l a t i ng  methods have to be app l i ed i n  order  to ach i eve an effect of rea l i ty. Apart 

from methods serv i n g  to i mprove the q u a l i ty of p i ctu res ,  not to be descr ibed i n  deta i l  he re ,  it is a q u es­

t i  o n  of pe rspect ives ,  ove r l app i ngs ,  shadows, and the d i st r ibut ion of l i g ht .  The necessary programmes  
are part l y  deve loped by i n st i tut ions  t ha t  a l so produce t he  image  sequences ,  be i n g  p r ima r i l y  ava i l a b l e  



:;; 

to t hem on ly. Bes i de  the a l ready ment ioned g roup  of Lucas F i l m-they have i n  the meant ime estab­

l i s hed  a n  i ndependent  f i rm ,  P IXAR-one has to make spec i a l  refe rence to two u n ivers i ty i n st i tutes 
assoc i ated with enterpr ises :  one of them i s  the Laboratory of Computer G raph i cs at the New York 

I n st i tute of Techno l ogy, NYIT. the other one the I nst itute of Computer  G raph i c s  of the Oh i o  State 

U n ivers i ty in Oh i o ,  unde r  the d i rect ion of Cha r l es  C s u r i .  The affi l i ated enterp r i ses  a re respon s i b l e  for 
the commerc i a l  d i st r i but ion of the systems afte r test i n g .  

We  can suppose that prob l ems  o f  computer  g ra ph i cs re l ated t o  geometr i c  q u est ions  have been 
gene ra l ly so lved .  Today, the ma i n  effo rts i n  deve l o pment  a re to be found i n  the representat ion of ce r­
ta i n  structures ;  one  m i ght say they have sh i fted to the sphe re of semant i cs .  With the h e l p  of Computer 

Aided Des i gn  i t  has become poss i b l e  to produce  photo-re a l i s t i c  images  of a l l  tech n i ca l ly produced 
obj ects ,  mach ines ,  veh ic les ,  b u i l d i ngs etc . A cur ious p rob l em  a r i ses  when us ing CAD i n  the f ie ld  of a rt :  

eve ryth i n g  appear i ng  on the sc reen i s  as perfect ly c l ea n  and  fa u l t l ess  a s  wou l d  ha rd l y  be the case i n  
rea l i ty. So ,  i f  s u c h  obj ects were t o  appear  e . g .  i n  rea l i st i c  f i lm s ,  one  wou l d  have to " age "  t h em  b y  some 

spec i a l  programm i n g  method .  As far as we know, experts u p  to now have evaded t h i s  q uest i on  as  i t  

seems to be fa i r ly  easy to produce rust sta i n s  o r  sc ratches i f  req u i red .  At the moment there rema i n s  a 

suff i c i ent  n umber  of comp lex prob l ems ra i s i n g  f undamenta l q uest i ons  and  demand i ng  the app l i cat ion  

of new methods .  Th i s  i s  the case when natu ra l fo rmat i ons  a re to be dep icted ,  s uch  as  the s u rface of  
p l a n ets o r  the re l i efs of mounta i n  ranges wi th  va l l eys i n  between .  Yet. he re one  i s  st i l l  concerned wi th  
so l i d  unchangeab le  objects to wh ich  one can rea d i l y  app l y  the rout i nes  of geometr i ca l  opt i cs .  A d i ffer­

ent  q u est ion is accord i ng  to wh ich  po i nts of v iew a mounta i n  l a ndscape ought  to be composed .  
Ce rta i n ly it i s  no prob lem to construct a spec i f i c  mounta i n  o r  even a spec i f i c  l a ndscape by means  of  

computer  des ign .  H oweve r, the experts of the i n st itutes i ntend someth i n g  e l se :  they w ish  to f i nd  a gen ­
e ra l ly app l i c ab l e  method for the rout i ne  representat i on  of such  s u rface forms .  I n  t h i s  context i t  seems 
des i rab le  that  the bas i c  formu l a s  conta i n  parameters by wh i c h  i t  i s  poss i b l e  to desc r i be  cha racte r i s t i c  

features of the objects .  Ta ke the examp l e  of a mounta i n  ra nge-such  parameters m i g ht be the aver­
age  a l t i tude above zero leve l ,  the average i n c l i nat i on  of the s l opes ,  the deg ree  of c l eavage ,  etc .  With 

th is task an  important step i s  be ing taken towa rds a scope of pro pos i t i ons  that a re no  l o nge r  tech n i ­
c a l l y  but  predom i nant ly aesthet i ca l ly or iented .  Wh i l e  there a re d i ffe r i ng  tech n i c a l  as  we i l  as  a rt i s t i c  
a p p l i cat ions of the var ious procedu res of the th ree-d i mens i o na l  representat i on ,  the programmes for the 

set- u p  of landscapes, of  c l ouds, water, p lants, and an ima l s  are on ly  important i n  the f i e l ds  of app l ied and 
" pu re "  a rts . Once aga in ,  they a re aesthet i ca l ly o r i ented tasks ;  the means  of the i r  s o l ut i on ,  however, a re 

to be found i n  mathemat ics and prog ramm i ng  tech n i q ue s .  Strange l y  enough ,  t h i s  i nvo lves mathemat i ­

c a l  p r i n c i p l e s  that hard ly eve r a re a pp l i ed i n  techno l ogy but  seem to be espec i a l ly adapted to natu ra l  
p rocesses .  Apart from any a rt i st's goa l s ,  t h i s  opens u p  a m u l t i tude o f  fasc i na t i ng  q u est i ons  connected 

to the structu ra l  p r i n c i p l es  of mounta i n  format i on ,  g rowth processes ,  and s i m i l a r  phenomena .  

� Random Distributions and Fractals 

C lose l y  re l ated to th i s ,  we f i nd  a pr i n c i p l e  that has been tendered by computer  softwa re ever 

s i nce  the very beg i n n i ngs of computer des i gn ,  i . e .  the p r i n c i p l e  of ra ndomness .  Th i s  seems a contra­
d i ct i o n  i n  itself ,  cons ide r i ng  the computer as  a mach i ne  for the gene rat ion  of order, whereas ra ndom­

ness  i s  cha racter ized by the very absence of any o rder. I n  fact ,  i t  I S  not rea l  ra ndomness  that i s  be i n g  

prov ided i n  the framework o f  va r i ous  programm i n g  l a ng uages  but  a so-ca l i ed pseudo- randomness .  Th i s  
i s  to say  t ha t  i n  sp i t e  o f  an  outwa rd appearance of c hao t i c  d i str i bu t i on ,  comb i nat i on  of co l o r, etc . ,  there 

does  ex ist a h idden pr inc i p l e  of order. One  m i g ht take th i s  as  a sta rt i n g  po in t  for d i scuss i ons  o n  the d if­
ferences between ra ndomness and pseudo-randomness ,  i nvo lv i ng  i nterest i ng  mathemat i ca l  and a l so 
p h i l o soph i ca l  cons i derat ions .  As for the app l i cat ion  in a rt, howeve r, the on ly t h i n g  that matters i s  the 



fact that those who dea l  with the prod uct , poss i b l y  a work of art ,  a re u n a b l e  to detect any  order  i n  the 

mu l t i tude of fo rms that cou nt .  I n  t h i s  connect ion one m i ght ra ise a n u m be r  of very i nterest i n g  q uest i ons  
o f  i nformat ion psycho l ogy and  percept i on  theory w i t h  a v i ew to  aes the t i c  effects t ha t  w i l l ,  however, 
not be dea l t  with i n  t h i s  paper. 

Be it ra ndom ,  be it pseudo- random-there a re on l y  a few a p p l i ca t i ons  i n  sc i ence  and  techno l ­

ogy, e . g .  f o r  the va r i o us  tasks of s i m u la t i on ;  on t he  other h and ,  the  f i rst a rt i st i ca l ly i nterested pro­
g rammers a l ready used th is phenomenon  by i ncorporat i ng not on ly the computer- i n h e rent  order  but  

a l so the e l ements of ra ndomness  produced by it .  An ent i re ly  d i fferent a spect gave new actu a l i ty to the 
e l ement  of randomness i n  o u r  days ,  i n  connect ion with the reprod uct i o n  of forms of natu re .  For natu r­

a l  structures such as f i r  need l e s  spread on the g round ,  stones l i tte r i n g  the  seashore ,  the  pattern of ra i n ­

d rops on  a w i ndow pane ,  i t  i s  n o t  i m po rtant whether they a re ra ndom o r  pseudo- random d i st r i bu t i ons  
but on l y  whethe r  one  i s  ab l e  to a c h i eve a seem i ng ly co rrect reprod uct i on  by means  of " random i n struc­

t ion" esta b l i s hed  for th is  p u rpose .  In  many cases th i s  i s  poss i b l e ;  i n  even more cases one  comes up 

with so-ca l l ed  " stochast i c "  processes :  processes that can be character i zed as  " pa rt i a l l y  s u bject to ran­
domness . "  By c l ever  comb i na t i on  of o rde r  and randomness ,  by sett i n g  ce rta i n  foca l po i nts ,  by f i x i ng  

average  quant i t i es  a nd  by esta b l i s h i n g  " i nterfe rence facto rs" one can  rep roduce  a n  even  g reater num­

ber  of natu ra l  textu res .  Some examp l e s  of stochast ic d i str ibut i o ns :  l o g s  f loat i n g  o n  water, l eap i ng  
f l ames ,  spa rks f la s h i n g  f rom red -ho t  meta l .  I n  a l l  t hese  cases  there i s  a ce rta i n  g iven d i rect ion  to wh i ch ,  

however, the e l ements da  not st i ck  exact ly ;  t hey  a re sa id  to be d i s persed a round  an  ave rage  va l u e .  

I n  recent years ,  a n ew  foca l t o p i c  o f  mathemat ics h a s  unexpected l y  l e d  to a var i ety of g roup ­

i ngs  i n  photo-rea l i s t i c  computer des i gn ,  i . e .  the "fracta l s "  def i ned  by Beno i t  B .  Mande l b rot; n ume rous  

mathemat i c a l  papers and  severa l books have been  written recent l y  on  th i s  top i c .  I t  i s  asta n i s h i n g  that 
these structures have a lso a roused  the attent ion of a rt i st i c a l l y  i nterested c i rc l e s  and  become the sub ­
j ect of severa l exh i b i t i ons ,  amongst them an i nternat i ona l  event orga n i zed by the Ge rman  Goethe  

I n st i tut .  The on l y  th i n g  to be s a i d  he re about  the nature of the fracta l s  i s  the  fact  that they can be made 
v i s i b l e  w i th  the he l p  of l i nes  that a re-as the i r  name i nd i cates-" m u l t i p l e  refracte d . "  And these  

refracted pa rts ,  e . g .  edges  i nter rupt i ng  the course of  a c u rve, a re  not on l y  to be found i n  macroscop i c  

v i ewi ng ;  t h i s  p r i n c i p l e  of refract i o n  repeats i tse lf  i nto the very sma l l est sphe res .  

We know of reg u l a r ly  structured fracta l s ,  o f  wh ich  the  " s nowf l a ke c u rve"  i s  a we l l -known 
examp l e .  We can imag i n e  th is a s  a reg u l a r  hexagon whose co l latera l l i n es  a re i nter rupted by p rongs .  

These  prongs  a re composed  of l i ne e l ements that aga i n  are i nterrupted by p rongs  of the same geome­

try, reduced i n  s i ze  accord i n g l y. I n  add i t i o n ,  there a re a l so i r regu l a r  fracta l s ,  composed on  the bas i s  o f  
a pr i n c i p l e  of ra ndomness .  They, too ,  s how th i s  " end l ess ly  refracted"  cha racter, w i t h  the d i st i nct i o n ,  

however, t ha t  he re the fo rmat ion of p rongs ,  i nterrupt i ons ,  and corne rs i s  no t  s u bject to f i xed  propos i ­

t i ons  but changes  f rom one  s tep  of reduc t i on  to  the other. 
When Mande l b rot confronted the pub l i c  with h i s  fracta l s ,  h i s  co l l eagues  were fasc i nated by 

the or i g i n a l ity of the i dea ;  they were at the same t ime certa i n  that they were a synthet ic  product of 
thought with no  counterpart in rea l i ty. Ta everybody's su rpr ise the cha racter of the fracta l s  has in the 

meant ime p roved to have become part of the p r i nc i p l es  of natural structu res .  F i n a l l y, i t  ought to be men ­

t ioned that  we have  been i n fo rmed of the f i rst pract i ca l  app l i cati on of fracta l s  to the so l u t i on  of the 

tasks of computer des ign ;  i t  was Loren Ca rpenter who had used the fracta l s  for the construct i on  of a 

mounta i n  range  re l i ef .  Th i s  i dea  i s  obv i o u s :  from an overa l l  v i ew, a mounta i n  ra nge  does not on l y  seem 

to be i rreg u l a r l y  structu red as  to the s i tuat ion  of e l evat ians  and va l l eys ,  but  a l so cons i sts of sma l l e r  va l ­

l eys i n  the va r i ous  mounta i n s  and  sma l l e r  e l evat ions i n  the va l l eys i n  wh i ch  we  f i nd  fu rther  h i l l s-th i s  

structure cou l d  be cont i n ued  i nto the m i c roscop ic sphere .  And  t h i s  i s  a typ i c a l  cha racte r i s t i c  of fracta l s .  

Moun ta i n  ra nges  composed o f  fracta l s  have s i nce become part of the everyday appearance of 

the computer s im u l at i o n  of l a ndscapes ;  wh at once used to seem so l o g i ca l has started to meet with 
LD 
r--



renewed c r i t i c i sm .  The Swi ss Ma rt i n  H e l l e r, for examp l e ,  proposes a comp l ete ly  d i fferent method-he 

b e l i eves that one shou l d ,  when mod e l l i ng an  a l p i n e  l a ndscape ,  depa rt from rea l i st i c  precond i t i ons ,  
f rom a g iven tecton i c  of p l ateaus ,  and ca rry out  the  changes  accord i n g  to the mode l  of e ros i ve  process­

es  a s  they happen  in rea l i ty. Because He l l e r  i s  an i nformat ics expert spec ia l i z i n g  i n  computer i zed geo­

l o g i c a l  ca rtog raphy, one  m ight cons ide r  h is object i on  as  the exagg e rated postu l ate of a sc i ent i st .  But 
he  i s  a lso a renowned computer a rt i st and reasons  with aesthet ic a rguments in favou r  of h is proposa l .  

H e  fee l s  that h i s  method wou l d  not on l y  offe r a c l o se r  prox i m ity t o  the rea l  processes but  a l s o  safe­

g u a rd a g reater var i ety and thus aesthet ic i mprovement .  Do ubt l ess ly, h is o p i n i o n  shou l d  not be l eft 

u nheeded .  Fracta l mounta i n  ranges wi l l  suff i ce  for sho rt-term scen i c  backgrounds .  H owever, if a 
strange  l a ndscape i n  i tse lf  is to be the s ubject of a computer i zed a n i mat ion  sequence ,  the " s c i ent i f i c "  

method wi l l  offe r  far  more impress ive poss i b i l i t i e s  of fo rms .  Thus ,  o ne  cou l d  rep lace the not ion  of rea l  

terrestr i a l  cond i t ions and postu l ate a mounta i n  format i on  that does  not ex ist  on  o u r  p l a net .  The wea lth 

of p i cto r i a l  forms that cou ld  evo lve from th i s  bas is  wou l d  be ,  a lso from a n  aesthet i c  po i n t  of v i ew, a 

" better  rea l ity" even though it does not ex ist i n  natu re .  

Modelling 01 Lile 

S i m i l a r  cons i derat ions  cou l d  be attached to va r i o u s  othe r  tasks of modern computer  des i g n  and  

computer  a n imat i on ;  we  sha l l ,  however, restr ict o u rse lves he re to ment ion i n g  the most important prob­

lems o n l y. Among them are other  structures that one  was a b l e  to come by with the a id of fracta l s­
e . g .  the  d i str i b u t i on  of c louds .  The representat i on  of mov i n g  water, s uch  a s  the s u rface of a l a ke or of 

the sea ,  was a n  even more d iffi c u l t  task .  One  of the f i rst to ded i cate themse lves to th i s  goa l  was the 
computer  des i g n e r  Ne l son Max from Lawrence L ivermore Laboratory i n  Ca l i forn i a .  The prob l em  of s im ­

u l at i n g  the mot i o n  of waves i n  a phys i ca l ly co rrect manne r  proved to be very d i ff i c u l t .  S imp l e  cases 
s uch  as  the wave movement resort i n g  f rom the centre of a c i rc u l a r  conta i n e r  a re easy to hand l e ,  but  
nature confronts u s  with  i r reg u l a r  coast l i nes from wh i ch  refract i o n  sta rts out ,  wh ich  i n  tu rn i s  over­

l a pped by the p r ima ry wave mot i on .  This task cannot be so l ved exactly; t he refore, the autho r's q u a l i ty 
i s  i l l u strated mo re by h i s  capac i ty to take i nto account  a l l  the  s u bsta nt i a l  c ha racte r i st i c  pa rts and  l eave 

out  eve ryth i n g  that wou l d  su rpass the framework of h i s  task o r  to rep lace i t  by a random mot i o n .  
B i l l  B eeves o f  t h e  PIXAR g r o up  h a s  been  concerned i n  recent years with va r i ous  examp l e s  of 

text u re s  for wh i c h  he  found common va l i d  l oga r i t hms of representat i o n .  Among them,  there are l i c k i n g  

f l ames ,  as  we i l  a s  wav ing cornf i e l d s .  P l a n t  structures ,  g rass ,  woods ,  and  i nd i v i d ua l  trees ,  t oo ,  were 
s u bj ects of research by B i l l  Reeves and h is c o l l e agues .  

F i n a l l y, the  treatment of l i v i ng  creatures b r i n g s  forth en t i r e l y  new aspects .  I n  some cases ,  such  
as  the  famous  commerc i a l  str i p  " Sexy Robot" by Mssrs .  Robe rt Abe l ,  H o l l ywood,  the task was so lved  
by h i r i n g  a human mode l  and f i x i ng  l amps to  s hou l d e rs ,  knees ,  and  othe r  p rom i nent pa rts of the body, 

the reby study i n g  the process of movement env i saged for  the a n imat i on  sequence .  Othe r, more 
resea rch -o r i ented i n st itutes such as Oh i o  State U n ivers i ty and  N ew York Tech  t r ied to tack l e  the prob­

lem at the roots . As one cou l d  not expect the very f i rst attempt at a true-to - l i fe representat i o n  of known 
a n i m a l  spec i e s  to be  successfu l ,  they sta rted out with fantast i c  be i n g s .  In Co l umbus ,  i t  was a beast of 
p rey, s i m i l a r  to a t i ge r; i n  Long I s l a nd ,  the headq ua rters of NY IT, the experts worked with an  ant- l i ke 

robot- be i n g  i n  the framework of a p l anned s c i e nce-f i c t i on  f i l m .  I n  these cases ,  the reproduct ion  of 
movement was not ach ieved by p l ane  project i o n  as it i s  done  i n  pa i nt i ng  or f i l m ,  but by a method that 
rem i nds  us  mo re of the construct ion of a mac h i n e  than of a process of imag i n g .  The des i gne r  sta rts out 

from the  three-d imens i ona l  structure of the ske l eton (that need not be t rue to nature as  long as  i t  func­
t i ons  with regard to the jo i nts) and deve l ops-e . g .  by f i x i ng  the l i m i t i n g  va l u e  of the a n g u l a r  mot ion­
the changes  of form that resu l t  from ru nn i n g ,  j ump i ng ,  t u rn i n g  of the head ,  etc . 



With a v iew to the comp l ex i ty of the task ,  req u i r i n g  fu l l y  q u a l i f i ed  prog ra m mers ,  it i s  ev i den t  
tha t  t h i s  method has not ye t  been  app l i ed  i n  pu re a rt .  But i t  does  open  u p  remarka b l e  perspect ives ,  
modes of procedu re that have noth i n g  in  common with the trad i t i o na l  forms of pa i n t i n g  o r  w i th  the  

th ree-d imens i o na l  c l a s s i ca l  scu l pt u re that ma i n l y  takes  i nto accou nt the s u rfaces .  The  term " c reat ive"  
i n  the true sense of the word seems adequate for the construct ion that p roves essent i a l  h e re-because  
the work  of the des i gne r  comes far c l ose r  to a creat ion t han  to  an i mage .  

Wh i l e  we are he re dea l i n g  w i t h  act iv i t ies t he  consequences o f  wh i ch  for  a rt i s t i c  p rocesses a re 
to be expected for the futu re ,  the same goes for the most comp l i cated p rob l em of a l l ,  i . e .  the  comput­

e r i zed mode l l i ng of man .  One of the reasons for the d i ff i c u l t ies encountered is to be  seen  in the fact 

that the human  body and the h uman  face a re so fam i l i a r  to us  that even the s l i g htest dev ia t i on  i rr i tates 

us o  Neverthe l ess ,  some programme rs a re tack l i n g  th i s  p rob l em and espec i a l ly that of the face and i ts 

c hang i n g  express i ons .  For the pu rposes of feature f i lms  the main prob l em i s  the movement  of l i ps  syn­

c h ronous  to the l a nguage  and-a connected prob l em-the fac i a l  express i on  s u i ted to the  content .  We 

have st i l l  a l ong  way to go before we w i l l  a ch i eve a phys iognomy c l ose to rea l l i fe ;  we have ,  h owever, 
s u cceeded i n  s im u l a t i ng  the h uman  face so that it has become a n imated , a l t hough  i n  a puppet- l i ke 

manne r. The movement of the eyes ,  the  l i ft i n g  of brows, the chang i n g  form of l i ps-a l l  those s u g gest 
h uman  sent i ments that ,  however, seem very strange  because of the meta l l i c smoothness  of s u rface 
forms .  R epresentat i ons  l i ke that a re espec i a l ly odd because the faces  a re not framed  by h a i r, thus g iv­

i n g  the impress i on  of a n imated masks .  The reason is to be seen in the fact that up to now nobody has  

been  s uccessfu l-or maybe  nobody  has  rea l ly t r ied-to image human  h a i r  on  the  computer  screen .  

Modes of Alienation 

The next yea rs wi l l  probab l y  b r i n g  about an i ncrease of the n umbe r  of struct u re s  that c a n  be 
hand l ed  by computer  des ign and  computer  a n imat ion and used by means  of use r  software .  Th is  w i l l  be 

the  moment when t h i s  method wi l l  be free l y  ava i l a b l e  to those use rs who a re not  i nterested in  the  

deve l opment of g raph i c  softwa re but  on l y  i n  des i g n .  
Ce rta i n  c r i t i cs  have objected t ha t  t he  s imu l at i on  o f  rea l i ty, i t s  trans l a t i on  i nto p rog ramme  

i n struct i ons ,  c o u l d  n o t  be cons i de red a n  a rt i s t i c  o r  creat ive act a n d  h a d  noth i n g  to do  with a rt .  I n  t h i s  

extreme  formu la t i on  the a rg ument i s  ce rta i n l y  n o t  va l i d .  However, the p r ob l em  of imag i n g  i n  the c l a s ­

s i ca l way  now sh i fts t o  a t a s k  of synthes i s  i n  t h e  s en se  o f  a techn i ca l  construct i o n .  T h i s  c omp r i s e s  the  

en t i re var i ety of o u r  wor l d  i n  rea l i st i c  presentat i on  of a l l  natura l  and man-made forms .  There a re va r i ­

o u s  reasons why th i s  k i nd  of pa i n t i ng  i s  no  l onge r  app rec iated i n  ou r  days ;  they  need  not  be dea l t  w i th  

i n  deta i l .  I t  i s  not a q uest ion  whethe r  app l i cat ions are f i na l l y  to be expected i n  the  f i e l d  of the " p u re "  
o r  the app l i ed  a rts ,  o r  whethe r  works l i ke that meet with t h e  approva l o r  d i sapp rova l of c r i t i c s .  I t  i s ,  

mo reover, t h e  q uest ion o f  f i n d i n g  a gene ra l  s o l ut i on  t o  a prob lem and  the fact t h a t  a new a pprox i ma­

t i on  has  been found .  Expe r i ences  have  shown that  resu lts of th is  k i n d  have  proved to be  i mpo rtant 

i m p u l se s  for a rt ,  too ,  poss i b l y  as  sta rt i n g  po i nts for ent i re l y  new tasks .  

Accord i n g  to a w idespread op i n i o n ,  the im itat i on  of rea l ity i s  no  a rt i s t i c  a c h i evement ,  f rom a 

work of a rt one  expects some k i nd  of a l i enat ion ,  freq uent ly  ca l l ed " h e i g hten i n g " ;  t h i s  means  that  a n  

effect u t i l i zed a t  ra ndom i s  n o t  cons i de red suff i c i ent ,  o n e  expects an  u nder l y i ng  format ive mea n i n g ,  
s u c h  as  a c l a r i f i cat i o n  b y  reduct ion t o  t h e  essent i a l  o r  a d i s so l ut ion o f  fam i l i a r  forms f o r  t h e  st im u l a ­

t i o n  of assoc iat ive processes .  Both  the representat ives of rea l -s imu l a t i on  and the i r  c r i t i c s  are aware  o f  
the fac t  tha t  p rofa ne  rea l ity i s  not a s  impo rtant i n  a rt a s  i n  the task ment ioned above .  The representa­

t ives of rea l -s im u l a t i on  th ink i t  des i r ab l e  to master the representat ion  of rea l i ty before t u rn i n g  to a l i en ­

at i o n .  But  why  take  the comp l i cated way  of rea l i st i c  representat ion when there i s  a far  s imp l e r  access  

to the i nterest i ng  effects of a l i enat i on?-that i s  to say, the way of  l i m i t i n g  onese l f  to the a pprox ima -
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ti on methods i n  s im u lat ion ,  thus  automat ica l ly a c h i ev i n g  dev iat ions  fram the natura l i s t i c  image .  

I n  fact, ce rta i n  art ist ic  works i n  t he  f i e l d  of computer des i gn  s i mp l y  res u l ted f r am the app l i ca­
t i  o n  of i nadequate methods of imag i n g .  Same of the occu r r i n g  effects are known i n  trad i t i ona l  a rt as  

we i l  a s  i n  expe r imenta l photog raphy, for examp l e  the reduct i o n  to contour  l i nes ,  the d i s s o l ut i on  i nto 

ra u g h  c o u rses ,  the att r ibut ion of wrang co l o u rs .  H owever, many of the occur r i ng  phenomena are new, 

p raduce  images  of u nusua l  cha rm ,  and  thus  d o ubt l ess  en r i c h  the spectrum of representat i o na l  poss i ­

b i l i t i e s .  From an  aesthet ic po int  of v i ew it m i g ht be of i nterest to s tudy these  effects a s  to t he i r  a pp l i c ­

a b i l ity to spec i f i c  goa l s .  
The f i l m  "Tran "  may  serve as  a good  examp l e .  A l tho ugh  i t  was  praduced on l y  a few years aga ,  

the  methods  of computer ized g raph i c  representat i o n  have  made  such  prag ress s i nce  that  the images 
shown i n  th i s  " c l a s s i c "  m ight be cons i de red i nadequate by today's standa rds .  Reg retta b l y, t h i s  f i l m  has  

a rathe r  commonp lace  p lot i n  the fo rm of  a p r im it ive act ion-s pecta c l e .  On  the other hand ,  the f i l m  

shows fasc i nat i n g ,  u p  t o  then u n known p i ctu res  that m i ght  be t h e  v i s i o n  o f  a fantast i c  c i ty o f  t h e  future .  
They were praduced with a method of computer i zed des ign that had no  asp i rat ions to photorea l i sm but  

used  dev iat ion  fram the usua l as  an  e l ement of sty l e .  Th i s  i s  j u st i f ied by a c l ever t r i ck  i n  the p l ot's con­

cept :  the  scene i s  set i n  an imag i na ry wor ld s i t uated i n  the sphe re of adventu raus computer  games .  By 

a t r i ck ,  the hero i s  banned to th i s  p l ace-and th is  g ives the opport un i ty to demonstrate transpa rent 
b u i l d i ng s  res i s t i ng  the power of g rav ity, utop i a n  veh i c l e s  rac i n g  a raund  corners with b reathta k i n g  

speed ,  fantast i c  mach i nes, and  an  except i on a l l y  e l egant c raft, a hove r i ng  a i rc raft prape l l ed by sun ­

sa i l s .  
I t  m i g ht be suspected that a l i enat ion effects based on  i nadeq uate process i n g  m i g ht l ose  the i r  

attract i on  after s a m e  t ime a n d  that t h e  better, because m o r e  gene ra l  method i s  t h e  reduct ion  of 
a c h i eved rea l i ty. H e re ,  art i sts themse lves can tru ly  determ i n e  the i r  own k i nd  of a l i enat i on  and adapt i t  
to the i r  own pu rposes .  There i s  yet another way of a c h i ev i ng  u n u s ua l  image i nnovat ion  on  the bas is of 

the rep resentat i on  of rea l i ty. I t  is up to the a rt i st to make use of a l l  means  of rea l - s i m u la t i on  and to 
st i c k  to the created impress i on  but  to dev iate from rea l ity in his concept i n sofa r as  he  h i mse l f  i nvents 

ce rta i n  o bjects ,  c reatu res, and  l a ndscapes by f i g u r i n g  non-ex i stent o bjects i n  a rea l i st i c  presentat i o n­
even u s i n g  opt i c a l  effects of refract ion and d i ffract i o n .  Th i s  sty l e  is known i n  c l a s s i c a l  a rt by the term 
" s u rrea l i sm . "  Th is sty l e  i s  l i m i ted by the s imp l e  fact that i t  i s  tech n i ca l ly l abo r i ous  to ab i de  str ict ly to 

the laws of geometry and opt ics and to work with the m u l t i tude of deta i l s  of an  assumed rea l i ty. In the 
f i e l d  of stat i c  images th i s  method has been a p p l i ed freq uent l y, hav ing  however, ra i sed  the q uest ion  

whethe r  the prec i s e  cons ide rat ion of the l aws of geometry and  the exact  pos i t i o n i n g  of l i g hts has  a ny­
t h i n g  to da with a rt; the creat ive act shou l d  be seen in the conce ived v i s i o n .  

A very i mportant add i t i o na l  e l ement i s  the  fact t ha t  the computer  a n imat ion  i s  a l s o  a b l e  to pre­

sent  these p i ct u res ,  scenes, and v i s i ons  i n  mot i on ;  here, the borde r l i n e  has been crassed with i n  wh i ch  
v i s ua l concepts tha t  can  be rea l i zed by manua l means  are e n c l osed .  Up  to now, the re  have  been on l y  
a few sho rt s cenes  g iv ing an  i n d i cat ion o f  wh at wi l l  s omeday  be poss i b l e ,  a l s o  i n  the f i e l d  of a rts ;  and  

even these few examp les a re most l y  packed away i n  bana l  s c i ence-f i ct i on  act ion  so that  ea rnest cr i t­
i c s  d a  not t h i n k  them worth ment i o n i n g .  

T h i s ,  t a o ,  l e ad s  t o  a sh i ft i ng  o f  t h e  a rt i s t i c  a c t  o f  creat ion f r am  a dep i c t i ng  act iv i ty, gene ra l l y  
ta k i n g  i nto account  geometr i ca l  p roject ive po i nts o f  v i ew, t o  t h e  e l a borat ion o f  v i s i o na ry concepts .  

What i s  expected fram the a rt ist by far su rpasses the creat i on  of a s i n g l e  image .  When he o r  s he  has  
to dea l  w i th  sequences of  p i ctu res ,  w i th  p racesses ,  they  a l l  have to be tuned to one  another. Ta  be 
exact ,  i t  needs a concepti on of an  imag i na ry wor ld  with its own mu l t i tude of forms and  its own laws .  

For  the  user  of computer an i mat ion i s  by no  means  conf i ned to the known l aws of natu re-he can 
change them at randam, sameth i n g  that has a l ready been demonstrated i n  the f i l m  "Tran "  with the  race 
b i cyc l e s  that can go  around corners without t ime de l ay. I t  i s  ce rta i n ly u p  to the a rt ist  to dec ide  wh i ch  



format i ons  to chose ,  how to conce ive a utop ian or fantast i c  scenery. The c r i t i ca l v iewer, however, wi l l  
soon not i ce whethe r  the a rt i st's concept i s  homogenous o r  fa u l ty. There i s  noth i n g  to b e  sa i d  aga i nst 

showi ng  a wo r ld  of d i sso l v i ng  c l ocks ,  fo l l owing an idea of Sa lvador  D a l i ;  contra ry to the work of the 

famous su rrea l i st ,  the  prod uct i on  of an  i n stantaneous p i cture i s  not e nough ,  i t  wi l l  p rove i n d i s pensab l e  
to ref l ect on the r u l e s  govern i n g  d i sso l v i ng  objects .  

Interactive Art 

I n  a rt ,  the t ra n s it i o n  to mot ion  is a consequent i a l  step , for the trad i t i ona l ly educated pa i nters 
as  we i l  as  for the g raph i c  a rt i s t  who wi l l  be  ut i l i z i n g  th is method in the future .  Th is does by no means  

exhaust the poss i b i l i t i e s  offered by the computer techno l ogy. An  add i t i ona l ,  f undamenta l ly impo rtant 
e l ement that can on ly be rea l i zed with the he lp of the e l ectron i c  method i s  that of i nteract iv i ty. U p  to 

now, ta l k i n g  of image  sequences meant  f i l m  sequences ,  l i near  ser ies  d eterm i ned  in t he i r  l o g i c a l  suc ­

cess i o n .  Th i s  l i m itat i o n  c omp l i e s  with the convent i ona l  mode of  t h i n k i n g  o r i ented towa rds f i lm and 

te l ev i s i o n .  I f  i t  i s  poss i b l e  to desc r i be  a n  ent i re ser ies of p i ctu res by means  of a computer  programme ,  

i t  i s  a l s o  poss i b l e  to run  the se r i e s  i n  any  order of success i o n .  Computer-supported des i g n  ofte rs one  
s imp l e  examp l e :  h e re ,  the v i ewer can  choose  any des i red po i nt o f  v i s i o n  by means  of the ro l l - ba l l .  A 
s im i l a r  case a re the s im u l a t i on  prog rammes  that need not necessa r i l y  be regarded as l i n ked to a l e a rn ­

i n g  p rocess .  The same programme  p r i n c i p l e  makes it poss i b l e  to  f ly ove r the g iven l a ndscape forms i n  
any chosen d i rect i on  a nd-as a n  add i t i ona l  eftect-to go i nto low- I eve l  f l i g ht at p l aces  of spec i a l  

i nterest :  t h e  mouth of a r iver, a b r i d g e ,  a c i ty. I n  fact, there a l ready ex ist  prog rammes  l i ke t h a t  f o r  g ame  

pu rposes (de r ived from more soph i st i cated mode l s )  t o  be operated on  sma l l  computers .  I t  g o e s  without 

say i ng  that t h i s  i m p l i es a l i m i tat i o n  to cons ide rab l e  s imp l i f i cati ons .  Let u s  ment ion a th i rd case :  the 
Massachusetts I n st i tute of Techno l ogy has  deve l oped a programme based on  the h i g h ly deta i l ed map­

p ing of a v i l l a ge .  I t  l ets the user stro l l  th rough the streets and rega rd any  chosen po i nt .  A prog ramme 

l i ke th i s  m i g ht , f o r  examp l e ,  s e rve the pu rpose o f  acqua i nt i ng  a gro up  of spec i a l  agents w i t h  a l ocat ion 

they cou ld  not enter  before the p l a nned  act ion .  

App l i ca t i ons  of th i s  k ind are undoubted ly pract ice-or i ented; u p  to now they have hard ly  ever  

been used for a rt i s t i c  p u rposes but  they neverthe l ess i nd i cate s u rp r i s i n g  expans i o n s  of the known 

method of dea l i n g  with images  that m i g ht be of spec i a l  i nterest to the a rt i st .  This l i nks  u p  to the 

method of construct i ng  su rrea l i st i c  scener ies  that was descr i bed a bove, pres uppos i n g  that i t  i s  the 

a rt i st who determ i nes  the manne r  in wh i ch  they present themse lves ,  in wh i ch  way and with wh i ch  

speed  the v i ewer moves th ro ugh  t hem .  N ow, there a re i nd i cat ions tha t  the v iewer, o r  better the " u se r, "  

m ight become a b l e  t o  make h i s  own dec i s i ons .  The a rt i st ofters h im  t h e  wo r l d  des i g ned b y  h i m  a n d  the 

user  takes i t  up ,  no  l o nge r  i n  a pos i t i on  of pass ive v i ewer but of act ive scrut i n i z e r. 

I n  sp i te of a l l  the imp rovements to be expected in the futu re ,  the  storage  capac ity of comput­

ers wi l l  rema i n  a l i m ited one ;  one  c o u l d  therefore su ppose that the wor lds  des i gned  by the a rt i sts have 

to rema i n  restr icted to a segment-a th ree-d imens i ona l  segment .  But  th is does not necessa r i l y  have 

to be the case. A method can be conce ived-and has a l ready been pract i ced tentat ive ly-that wou l d  

o n l y  n e e d  l i m i ted storage  capac i ty and  wou l d  neverthe l ess ofter a n  u n l i m i ted "wor l d . "  T h i s  c a n  b e  
ach i eved i n  t h e  fo l l ow i ng  m a n n e r  t h e  computer constructs the reg i o n  that t h e  v i ewer w ishes  t o  v i s i t  

i n  the very moment i n  wh i ch  the re l evant d i rect ion  i s  be i ng  chosen  and  th u s  the i ntent ion be i n g  
expressed (th i s  goes u nnot i ced because  of t he  h i g h  speed o f  ca l c u l at i o n ) .  As ,  on  the othe r  hand ,  t he  

a rt ist i s  u nab l e  to f i l l  a n  i n f i n i te space  w i t h  objects, he i s  forced to  des i g n  h i s  wo r l d  as  a me re concept , 

that i s  to say he  has to set r u l e s  for the format ion of l a ndscapes, for the growth of p l a nts ,  the appear­

ance of a n ima l s ,  etc .  Today, the  l i m i ted ca l c u lat i ng  capac i t ies prevent a process l i ke th i s ;  it wi l l  ce r­

ta i n l y  take another  ten or twenty years of techn i ca l  prog ress before the methods desc r i bed wi l l  become 
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app l i c a b l e .  Art i sts wi l l  be expected to demonstrate a n  even h i g h e r  deg ree  of creat iv i ty, for they wi l l  

have t o  construct a wor ld not o f  i nd i v i dua l  objects but  accord i n g  t o  a l l -encompass i ng  r u l e s  that a re i n  
conform i ty with o u r  l aws o f  nature .  

The deve l opment of such methods can a lso progress in a d i ffe rent d i rect i o n :  not with the a i m  
o f  creat i ng  i mmense  spaces b u t  with a v iew t o  s im u l a t i ng  comp l ex i nterh uman  re la t ions .  A l thou g h  t h i s  

poss i b i l i ty may seem utop i a n  to us today, the re i s  n o  r eason  aga i nst i ts poss i b l e  rea l i za t i on  i n  t he  

future ;  a nd  t ha t  i s  why  it shou l d  be ment ioned b r i ef ly .  I t  i s  no t  u n rea l i st i c  to imag i n e  t ha t  i n  the next 

centu ry it wi l l  be poss i b l e  to conce ive human cha racters i n  a manne r  that they w i l l  not on l y  be v i s i b l e  

o n  screens o r  proj ect ion wa l l s  b u t  that they wi l l  f o rm  soc ie t i es  i n  wh i ch  act ion g oe s  on ,  c ommun ica­

t i  on  takes p i  ace ,  and  conf l i cts a re sett l ed .  With regard to a n  i nteract ive representat i on  the v iewer wi l l  

not have to rema i n  exc l uded-it seems poss i b l e  t o  attr i b ute t o  h i m  a ce rta i n  ro l e  i n  the event s o  that 

he  becomes a co-actor. These forms of "event games"  can be s uppo rted by the t rans i t i on  from the c l ose 
l i m i ts of the screen to the l a rger  proj ect ion wa l l s  and  f i n a l l y  to pano rama project ion .  The user then 
f i nds  h i mse l f  r i gh t  in  the midd le of a wor ld  that i s  mode l i ed to such  pe rfect i on  that i t  comes very c l ose 
to rea l i ty. I t  goes  without sayi ng that sound effects w i l l  be  i ntegrated i nto th i s  k ind of representat ion 

so that the connect ion  with mus ic can be as c lose as  de s i re d .  Anothe r, even more remarka b l e  effect is 
that there wi l l  a l so be a connect ion to na rrative l i teratu re-the concept of act ion spheres i n  wh i c h  the 

user wi l l  make h is a rt ist ic expe r iences needs not on ly v i s ua l  c reat iv i ty but  a l so the a rt of na rrat i o n .  

After hav i ng  made  th i s  excurs ion  i nto the not t oo  far future and  i nto t he  imag i n a ry wo r l d s  of 
the compute r, i t  is ce rta i n l y  necessary to reca l l  that we are today st i l l  at the ve ry beg i n n i ng of th i s  

deve l o pment .  Compared to t he  c l a s s i c a l  a rts, compu te r  a rt i s  st i l l  in statu nascendi. I t  i s  the refore 

unde rstanda b l e  that the majo r ity of endeavors ded i cated to i t  takes p l a ce  in the f i e l d  of i n struments 
whereas tru ly  art i st i c  app l i cat ion i s  sti l l  the except i o n ,  l a st but not l east beca use  of the hor rendous 

costs of the necessary systems .  There  a re many i n d i ca t i ons  that th i s  s i tuat ion  wi l l  change  i n  com i ng  

yea rs-on ly  then  w i l l  a deve lopment se t  i n  vehement ly  t ha t  wi l l  be  governed by c reat ive a rt i sts more 
than by i nventors of techno l og i es .  Today's products of p r im it ive appa ratus w i l l  the refore hard ly d a  jus­

t i ce  to h i g he r  aesthet ic  cr i te r i a .  I n  some few v ideo and  computer-created image sequences ,  h owever, 
we a re a b l e  to get g l i mpses at the a rt ist ic  poss i b i l i t i e s  that can  be expected from the future ;  that i s  

why  some peop l e  who are i nterested i n  t he  deve l opment  of contemporary soc i ety, and  espec i a l l y  i n  t he  

deve l opment  of a rt ,  cons ider  these very str ips to be mo re remarka b l e  than most of what  i s  to be  found  

i n  o u r  museums  as  test imon i a l s  o f  r i pe c l a s s i c a l  a rt .  
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T h e  V i s u a l  A r t i s t Tu r n s  
t o  C o m p u t e r  P r o g r a m m i n g  

Du r  exper iments i n  computer a rt began i n  1 970 .  Sta rt ing from sma l l  computers ,  very s i m p l e  

a l go r i thms with abstract po i n t i l l i s t i c  p i ct u res ,  w e  went through  f igu rat ive 2 - D  draw i ngs  a nd  a r e  at t h i s  

po i n t ' u s i n g  and  deve l op i n g  3 - D  rea l i st i c  techn i q ues .  T h i s  persona l  i t i ne ra ry h a s  fo l l owed t h e  i mprove­

ment  of ou r  e q u i pment and  espec i a l l y our own re lat ionsh i p  to th is  e q u i pment .  Among othe r  t h i n g s ,  i t  
has  a lways taken u s  the same t ime to produce an  image ,  no matter how soph i st i cated o u r  computer  i s o  

I n  fact. we  cou l d  n o t  res ist  t h e  u rge  to add n ew operat ions  as soon as  we  ga i ned s ome  t ime .  As tech-
n i q u e s  p i l ed up ,  we rea l i zed that they can  be used ,  even u nexpected l y, aga in  and  aga  in .  For  exa m p l e  
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ou r  o l d  pract i ce  of m i xtu re of p i ctures ,  p o i nt i l l i sm ,  and f i l te r i ng  techn i q ues is st i l l  ava i l a b l e .  A l so ,  o u r  � 
aesthet ic  des i re ,  desp i te a tenta c l e  geometry, is seek ing  for l i ght and co l o rs .  We b e l i eve that some -

t..) 
ba roque  h i des  i n  the a l gor i thms .  The a rt i sts are there to he l p  f i nd i t .  

I. Without Raster: 1 970-1 974 

We began in 1 970  with on l y  a sma l l  computer and a l i ne  pr i nter. D u r  w ish  was to work on  con ­

t i nuous  va r ia t ions  of co lo rs .  We started w i th  a po i nt i l l i s t i c  approach .  S i nce we cou l d  not p roduce  

d i rect ly a comp l ex co l o r, we assumed t ha t  i t  s hou l d  resu l t  from the  opt i ca l  add i t i on  of p r ima ry co l o red 

po i nts a s  i n  p r i n t i n g .  We d iv ided the p i cture i nto square b l ocks, computed the comp l ex co lor  of each 
b l ock  co rrespond i ng  to a g iven va r ia t ion  of co l o rs ,  and then rea l i zed i t  by a stat i s t i ca l d i st r i bu t i on  of 

e l ementa ry po i nts i n d i cated by a l ette r. The l i st i ng  was a co l l ect ion of l etters descr i b i n g  the p i c tu re .  

Afte rwa rds ,  we pa i nted by hand  a l i tt l e  squa re b l ock  around each l ette r, a very ted i o u s  act iv i ty. 

The percentage of bas i c  co l o rs in each square b l ock was determ ined  by severa l re l a t i ons :  

-a l i nea r  re lat ion  g i v i n g  the b r i ghtness of the b lock  by  add i t i o n  o f  t he  b r i ghtness of each  co l o red po i nt , 

-some cont i nuous  va r iat ions for a su bset of co l o rs correspond ing to a g iven repart i t i on  of l eve l  c u rves 

on  the p i ctures .  
The i mages prod uced by th is po i n t i l l i s t i c  method present a g ra n u l ated structu re due to the d i s­

t r i bu t i on  of the e l ementa ry po i nts :  the cho i ce  of d i fferent ra ndom a l gor i thms dete rm i ne  d i fferent k i n d s  

of c l u sters of po i nts, a nd  thus  d i fferent v i s ua l  structures .  I t  was  what we  ca l l ed  the texture ,  a nd  we 

used i t  a s  an  e l ement  of the compos i t i o n .  

To s ummar i ze  o u r  f i rst p i ctures ,  t h ey  were b u i l t  around two e l ements :  
-cont i n uous  va r iat i o n  of co l ors def i ned by a set of l eve l l i n es ,  
-a texture assoc iated to the po i n t i l l i s t i c  rea l i sat i on .  

Other  Equ ipment = Other  Rea l i zations:  Punch Cards and Ca lcomp Plotter 

I n  1 972 we found a n  I B M  1 1 30 and a punch card .  I n stead of pa i n t i ng  each co l o red  po i n t  by 

hand ,  we produced ,  a s  a resu l t of the program, a ser ies of punch cards to be used as  stenc i l s .  Each 

punch  ca rd had a code def i n i n g  its pos i t i on  i n  the p i ctu re and its correspond i n g  co l o r. The rest  of the 
card was used as  a stenc i l  for a co l or. To rea l i ze the p i ctu re we app l i ed  the punched ca rd to the p i ct u re 
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suppo rt ,  and used a ro l l e r  to spread the co rrespond i n g  co l o r. S i nce it was faster than pa i nt i n g  by hand ,  

we cou l d  expe r iment  a l i tt l e  more w i th  the text u re 's va r iat i o ns .  But  anyway rea l i z i n g  one  p i cture afte r 
hav i ng  produced the punched cards cou l d  take one  or two weeks .  

After that ,  i n  1 973 ,  we got a Ca lcomp p l otte r and  used it to out l i n e  stenc i l s  for s i l k-screens ,  
keep i n g  the same i deas fo r  the co l o r  programm i n g .  The p l otter was used to pr i n t  one  ste n c i l  for each 

bas i c  co lo r  of the ser i g raphy, and we produced the s i l k-screens  with three bas i c  co l ors (magenta ,  cya n ,  

and  ye l l ow) and with three stenc i l s  f o r  e a c h  co l o r. The s i l k-screen was  obta i ned  afte r n i n e  l ayers o f  c o l ­
o r s .  We began  t o  p u t  o u t  mu l t i p l e  products from one  program ,  and  to p l ay w i t h  perm utat i ons  o f  sten­

c i l s  and  co l o rs .  

1 1 .  Fi rst Raster: 70 x 56  Pixels, 4,096 Ca lors, 1 975-1 978 

In 1 975  we got our f i rst raster. I t  had a very l ow reso l ut i o n ,  70  x 56 p i xe l s ,  but a l s o  4 ,096 co l ­
o r s ,  1 6  l eve l s  f o r  the red, t he  g r een ,  and t he  b l u e .  So we  a bandoned t he  po i nt i l l i s t i c  method wh i c h  has  
no  mean i ng  with such a sma l l  nu mber of  p ixe l s ,  a nd  we focused on l y  on co l o r  va r i at i o n s .  For tech n i c a l  
rea sons  it was  on l y  poss i b l e  t o  use t he  L i sp  l a nguage  and  i nteger  n um ber, w i t h  a 1 6K compute r. So o u r  

com putat ions were based on stra i ght l i n es and  c i rc l e s ,  u s i n g  t h e  recurs ive property of t h e  L i sp  l a n ­

guage  to comb i n e  e l ementary structures .  

We f i rst constructed cont i nuous  va r ia t i ons  of co l o rs d e l i m ited by some s imp l e  shapes :  recta n ­

g l e ,  tr i a n g l e .  Each  co lo r, R ,  V, B ,  had a monotonous  r e l a t i o n ,  i n c rea s i n g  o r  decrea s i n g  th rough  the s u r­
face .  With these bas ic  e l ements ,  we expe r imented with va r i o us  i terat i ons ,  keep i n g  the structu re of 

each e l ementa ry su rface v i s i b l e .  
Then  i n  o r de r  t o  d im i n i sh  t he  str ict geometry of the p i ctu res ,  we  began  to use  the i terat ion  o f  

e l ementary s hapes  i n  a nonv i s i b l e  way. We t i l e d  a s u rface by success ive t r i ang u l at i ons ,  k eep i n g  t he  
same va l ues  of co l o rs a t  each  border. I n  th i s  way  we obta i n ed  fo l d i ng o r  depth effects where the con ­
struct i o n  process by  tr iang u l at ion ceases to be not iceab l e .  S i m u l taneous l y  we i ntroduced a more f l ex­

i b l e  re la t ion  between the co lo rs and the l i nes  of l eve l ,  i nc rea s i n g  the va r ia t ions  of co l ors .  Then we 
cou l d  obta i n  co lor peaks on the p i ctu re 

Mixtures and  Sequences of Pictures 

I t  became poss i b l e  to deve l op  a ser i es  of p i cture transformat ions  beca use  a p i ctu re cou l d  be 
stored and mod i f i ed  eas i l y, as opposed to the prev i o us  s i tuat ion  without raster. The m ixtu re of p i ctu res 

i s  a very s imp l e  but effi c i ent a rt i st i c  tool I t  i s  proba b l y  a s  common for peop le  work i ng  with computer  
a s  for trad i t i ona l  a rt i sts m ix i ng  the i r  co l ors .  The on ly  cond i t ion i s  to be ab le  to store and  retr ieve the 

p i c tu res .  With a raster we had a l l  these new fac i l i t i e s .  

D u r  f i rst expe r ience was  the  s imp l est :  comb i n i ng  two p i ctu res by a ba rycent r i c  fu nct i o n :  f ( x ,  
y) = a . x + ( 1  - a )  . y with 0 < a < 1 ,  x, y a re the co l o r  va  l u e s  of a g iven p i xe l  i ,  j i n  the  two i n i t i a l  p i c ­

tu res ,  and f (x ,  y) i s  the  va l u e  of that  p ixe l  i n  the  m i xtu re .  Effects of transpa rency a re eas i ly obta i ned  
t ha t  way, but at t ha t  t ime we we re mo re  i nterested by the consequences  of the m i xt u re on  the shades .  
A su rp r i s i ng  resu l t  o f  t he  m ixtu re was  t ha t  we cou l d  a lways observe a n  i mprovement  i n  the percept i ­

b le amount of t i nts .  
By vary i ng  the coeffi c i ent  a from 1 to 0 i n  the prev i o us  re l a t i on ,  we obta i n ed  a sequence of p i c ­

tu res ,  go i ng  cont i nuous ly  from the f i rst to the second p i ctu re .  Rec i proca l ly, any p i ctu re cou l d  be i den ­
t i f i ed  as  an  e l ement o f  t he  se r i e s  fo r  each  p i ct u re we c o u l d  determ i n e  a fam i l y t r ee  wh i c h  was  made 
with l i g ht and dark fi lte r i ng  o f  th i s  p i ctu re .  As many k i n d  of m i xtu res a re poss i b l e  as  you can imag i n e  
d i ffe rent formu l a s  t o  do i t ;  a l l  y o u  n eed  i s  a funct ion  a pp l y i n g  two co l ors on  a th i rd one .  F o r  examp l e  



we used the form u l a  f (x ,  y) = v x . Y which  i ncreases the proport ion of b l a ck  i n  the m i xtu re ,  or the for­
mu l a  ! x  - y !  or ! 1 5  - x - y !  u s i n g  the comp l ementary co lo r. S i nce we had on l y  1 6  va l u e s  for each bas i c  
co l o r, each cont i n uou s  funct ion  f rom [0 , 1 5 1 x [0 . 1 5] to  [0 , 1 5 1 cou l d  g ive a cont i n uou s  m i xture ,  thus  

keep i ng  the cont i n u ity of the co l o r  va r i a t i ons .  

Picture Transformat ions 

At that  t ime ,  the deve l opment  of d i g i ta l mus i c  was very impress ive compa red to o u r  s imp l e  
expe r iments .  (And t h e  30 deve l opments were too f a r  from us . )  We  were wonde r i ng  i f  t h e  powe rfu l 

tech n i q ue s  of the mus i c i a n s  gene  rat i n g  the sounds cou l d  be of some use  for us o  So we began  to l ook  

at the p i ctu res i n  t e rm of freq uenc i e s  ( spa t i a l  freq uenc ies  i n stead of tempora i ones ) .  U s i n g  a Fo u r i e r  
deve l opment  i n  t r i gonometr i c a l  f u nc t i o n s  of i and j .  i t  was  easy to  bu i l d  smooth va r i a t i ons  of co l o rs .  

Borrow ing  the i deas  of a mu s i c i a n ,  Chown i ng ,  we i ntroduced a modu l a t i on  of freq uenc i e s  and  cou l d  
observe a l a rge  d ivers ity i n  the cor respond i n g  va r iat ions o f  co l o rs fo l l ow i ng  t h e  parameters o f  t h e  mod­

u l at ion and  some effects of v i b ra t i on  of co l ors .  

In a reve rse sense ,  a g iven p i cture cou ld be deve l oped i n  a Fou r i e r  ser ies ,  exact ly a s  a g iven 
sound has  a prec i s e  content i n  ha rmon i c s .  Acti ng on the Four ier  coeff i c i ents was a nother way of t ra ns­
form i n g  a p i ctu re .  The on l y  prob l em  was to compute the Fou r i e r  transformat ion with i nteger  n umbers 

and  i n  L isp .  We probab ly rea l i zed the l o ngest FFT transformat ion wh i c h  cou l d  be i mag i n ed .  I t  was then 
natura l to be i nterested i n  the poss i b i l i t i e s  of techn i q ues coming from d i g i ta l  image  proces s i n g .  We 
used Fou r i e r  o r  Wa l s h  expans i o n s  to rea l i ze f i l ters of h igh o r  l ow freq uenc i e s .  The transformat ion  of 

h i stogram  was an  eas i e r  tec h n i q u e  that we found  very i nterest i ng .  By e q ua l i sat i on  of h i stog ram ,  we 

reduced the n umber  of co l o r  l eve l s  present in an image i n  a way that accentuates the forms .  

None of these techn i q ue s  broke the cont i n u ity of the var iat i on  of co l ors .  We used to comb i ne  

t hem i n  va r i o us  ways . 

1 1 1 ,  Two-D imens iona l  Drawings.  1 979-1 981 

In 1 979  we got a new p i ece  of e q u i pment :  a LS I 1 1 ,  with 24K memory and a raster of 380 x 255 

p i xe l s  with the same number  of 4 ,096 co l o rs .  With  these new programm i n g  fac i l i t i e s  ( rea l n umbers and  

Fortra n l a nguage ) . we f i rst p roduced some other cont i nuous  var iat ions of co l ors ,  mov ing  the b r i ghtness 

thraugh  the p i cture and  comput i ng  the three co l o rs R ,  V, B of each p ixe l  by a l i nea r  re l a t i on :  R + V + B 

= L (with L = b r i ghtness )  as i n  o u r  f i rst p i ct u res or s i l k-screens .  For the f i rst t ime ,  it was easy to d raw 
a c u rve ,  without  a l l  the prev i o us  constra i nts of work i ng  on a very sma l l  computer with on l y  i n teger  va l ­

ues .  So we began to i nt roduce  more comp l ex cu rves, and i n stead o f  p l ay i ng  w i t h  stra i gh t  l i nes  and  c i r­
c l e s ,  we b rought f i g u rat ive e l ements i nto ou r  p i ctu res .  To d raw two-d i mens i o na l  shapes ,  we chose to 

use  parametr ic  c u rves i n stead of ana lyt i ca l  c u rves, because it was a conven ient  way to escape fram a 

r i gorous geometry. The part i c u l a r  use  of B-Sp l i n e  c u rves was not on l y  a pract ica l cho i ce  but a l s o  an  
aesthet i ca l  o ne .  These  c u rves have  i n he rent cont i nuous  propert ies prod uc i n g  a smooth aspect. They 

a l so have so me  usefu l l o ca l ity propert i e s .  To d raw a B-Sp l i n e  cu rve o r  s u rface ,  you on ly have to g i ve 

the x, y coord i nates of some po i nts ,  a nd  the comp l ete cu rve is determ i n ed  by these po i nts ,  ca l l ed con­

tro l  po i nts , without g o i n g  exact ly th ro ugh  them .  I f  you move one of these po i nts, on ly  a correspond i n g  

pa rt of the c u rve wi l l  c hange ,  so you can mod i fy you r  drawing l oca l ly. S u rfaces a re constructed i n  an  

a na l ogous  way  by  a dense  network of c u rves .  The  way o f  f i l l i n g  t he  su rface becomes a new parameter 

of dens ity: on  some p i ctu res  (a  hand for examp l e )  we chose to make a v i s i b l e  d i st r i but i on  of c u rves on  

the s u rface wh i ch  p roduces  a k i n d  of net .  I t  i s  a l so poss i b l e  to f i l l  t he  s u rface part i a l l y, comput i ng  on l y  

so me po i nts and  prod u c i n g  on l y  a d i str i bu t i on  o f  co l ored po i nts . 
M 
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The co l o ra t i on  of these su rfaces was f i rst a s i m p l e  exten s i o n  of o u r  prev i ous  computa t i ons  of 

the co l o rs .  We used  the same parametr ic appraach for  sprea d i n g  the co l ors on the s u rface as for  the 

computat ion of the g eometry. Each contra I po in t  was assoc i ated with a va l u e  of b r i ghtness .  Thus  d u r­

i n g  the computat i o n  of the s u rface, a b r i ghtness was computed for  each po i nt .  and  the set of co l ors R ,  
V. B was computed  as  before ,  u s i ng  the br ig htness a nd  the va r i a t i ons  of two co l o rs i n  order  to d eter­

m i ne the t h i rd o ne .  

We  have  app l ied th i s  pracedu re t o  reconstruct i mages  f r am  d i g i t i zed images ,  poor ly  de f i n ed  by  
e i g ht l eve l s  o f  g rey and 256  x 256  p i x e l s .  T he  contra I po i nts we re  g iven by  a g r i d  on the p i ctu re ,  and  

the b r i g htness attached to  each contra I po i nt was  the co rrespond i ng  va l u e  of g rey of the d i g i t i zed p i c ­

tu re .  Thus  the computati on of a B-Sp l i n e  su rface with these contra l va l ues  a utomat ica l l y  p roduces  a 
smooth i nterpo l a t i on  of the b r i ghtness .  Extend i ng  the i dea  of a nongeometr i c a l  contra I va l u e ,  it was 

poss i b l e  to add many nongeometr i ca l  parameters to each contra I po i nt .  and  as  a res u l t we obta i ned a 
smooth va r ia t ion  of these parameters on the s u rface .  For examp l e ,  a set of co l o rs cou l d  be g i ven  with 

each contro l  po i nt ; afterwa rds the co lo rs were d i rect ly computed for each po int of the s u rface ,  and con­

t i n uou s l y  d i ffused .  
Now a l l  o u r  previ ous  exper iences w i th  a bstract p i ctu res cou l d  be repeated i n  tha t  case .  I n  pa r­

t i cu l a r  the effects due  to the m ixture of p i ct u res  we re st i l l  i nterest i n g ,  prad uc i n g  a new amount of 
shades and h ues .  A l l  the enhancement tech n i q ues  c o u l d  be used aga i n ,  fac i l i tated by an  eas i e r  pro­

g ramm i n g .  We began  to add some other "post-treatment , "  in pa rt i c u l a r  a po i n t i l l i s t i c  treatment wh i ch  
was poss i b l e  beca use  o f  the l a rger  number of p i xe l s .  To obta i n  a po i nt i l l i s t i c  effect i s  very s imp l e :  add  

i n  any way a random perturbat ion to the computed va l u e s  of the co l o rs .  Of cou rse there ex i st a s  many 
poss i b i l i t i es  to do  that as you can imag ine .  On  many p i ctures we used the s i m p l est way, add ing  a ran ­
dom amount  of g i ven  va r iat ion sepa rate ly to the three co l o r s .  Another  poss i b i l ity i s  to g ive a random 

va r i a t i on  to the b r i g htness on l y, keep i ng  the computed hues  and  saturat i o n ,  o r  we cou ld  g ive a random 
perturbat ion to the  hue  and saturat ion ,  keep i ng  the same b r i g htness .  I t  i s  a l so poss i b l e  to change the 
ra ndom d i st r i bu t i on  thraugh  the p i cture ;  some reg i o n s  cou l d  be more po i nt i l l i s t i c  than some others ,  

with a smooth t ra n s i t i on .  
Aga i n  a l l  these treatments wi l l  be used i n  the fo l l ow i ng ,  on  the 3 -D p i ctures .  

IV, Model izati on 01 3-0 Real istic Shapes 

S i nce 1 980 we have extended ou r  computat i o n  of B-S p l i n e  s u rfaces to 3 d imens i ons .  The tech­
n ica l  deta i l s  a re g iven i n  the fo l l owing sect i on .  

A 3-D B-S p l i ne su rface i s  mode l l ed f r am a network of contra I po i nts ,  and  the mod e l i n g  task 
cons i sts of f i n d i n g  the coord i nates x, y ,  z of these contra l  po i nts .  Th is i s  more d i ff i c u l t  than i n  2-D .  In 

2 -D d rawi ng ,  contra I poi nts can be eas i l y  se l ected by p l a c i n g  the d rawing  o n  a g raph i c  ta b l et .  The l o ca l ­

i t y  of B-S p l i n e  i s  we i l  adapted to  i nteractive d raw i ng .  Mod i fy i n g  a contra I po i n t  wi l l  o n l y  change  a l oca l  
reg i o n  of the c u rve . With some pract i ca l  expe r i ence ,  d rawi n g  us i ng  contra I po i nts i s  rathe r  easy. 

In 3 -D ,  the mode l i ng is sti l l  a prab l em wh i ch  has to be so l ved by va r i ous  app rapr i ate tech­
n i q u es ,  both theo ret ica l  and exper imenta l .  I f  ce rta i n  shapes ,  such as  water, mounta i n s ,  h i l l s ,  o r  
g r ounds ,  can be eas i ly appraxi mated by  some mathemat ica l funct ions ,  the s i tuat ion  i s  of c o u rse  d i f­
ferent for a body or a face .  Fo l l owing the poss i b l e  e q u i pment, we used a n u m ber  of d i fferent ad hoc 

methods .  
One  a rc ha i c  but poss i b l e  method cons i sts of hand-d raw i ng  two v i ews of the mode l ,  a frant and  

a praf i l e  v i ew, and  to  measure the coord i nates of the s e l ected po i nts i n  these v i ews. I n  1 98 1 , we made 
a head i n  that  way. We had to spend  severa l  days  manua l ly man i p u l a t i ng  the cont ra  I po i nts to a c h i eve 
a sat i sfactory res u l t ,  and got severa l i nterest i ng  monsters d u r i n g  that t ime . 



Aigor i thms can h e l p  the man i p u l a t i on .  For B-Sp l i n e  su rlace, the so-ca l i ed  " OS LO a l go r i t hm"  
proved to be a very prec i o u s  too l .  By a l l owi ng  the i ntrod uct i on  0 1  new contro l  po i nts w i t hou t  c h a ng i n g  
t h e  s u rface ,  i t  prov ides a s upp l ementary mean s  l o r  mod i ly i ng objects loca l ly i n  the  reg i o n s  where they 
a re r i cher  i n  deta i l s ,  because the n e i g h borhood movi ng with a control po i n t  becomes sma l l e r. 

I n  1 982 to mode l  a d i nosau r, we started with a wood ske leton .  St i l l  by hand ,  we measu red  the 
coord i nates 01 po i nts a l ong  the sp ina l  c o l umn  and  on va r ious  p lane c ross  sect i ons ,  with a cor respond ­

i n g  rotat ion  ang l e  lor each s l i c e  ( o n l y  o ne  was necessary) .  By pos it i o n i ng  the s l i c es  a ppropr iate ly  w i th  

respect  to the sp i ne ,  we cou l d  compute the th ree  coord i nates 01  the chosen contro l po i nts .  The 
sp i ne/s l i ces comb i nat ion  had  the advantage  01 be i ng  rap i d l y  adaptab le  lor a d i fferent  pos i t i on :  th i s  on ly  

req u i res  chang ing  the sp ina l  c o l umn  pos i t i on  and the or ientat ion 01 s l i ces ,  keep i ng  i nlormat i on  
obta i ned i n  the i nterna l  system 01 rele rence 01 each s l i ce .  

Afterwards we used d i fferent 30  mode l s  i n  p i aster, c l ay, or othe r  mater i a l ,  a nd  covered them 
by one  o r  seve ra l  g r i d s  01 c u rves .  Then we measu red the po i nts 01  the g r i d  e i th e r  manua l l y  o r  a uto­
mat i c a l ly . I t  r ema ined  to l ind the contro l po i nts co rrespond i ng  to these measu rements .  For examp l e ,  

u s i n g  a n  automat ic  system deve loped b y  t h e  c a r  company Renau lt , we  g o t  t h e  s e t  01 contro l  p o i nts 01 
correspond i ng  Bel ie r  s u rfaces .  In the ca se 01 patches made with only 1 6  po i nts ,  Bel i e r  and b i c u b i c  B­

S p l i n e  a re the same s u rlace .  We used the Bel i e r  co l l ect ion 01 contro l po i nts to p roduce a lace co rre­

spon d i n g  to a g iven p i a ste r mode l .  
W e  c a n  a l so d i rect ly u s e  t h e  se l ected po i nts as contro l  po ints .  T h e  d i ffe rence  i s  n o t  a l ways 

not i ceab l e .  In any case, after  you get your c o l l ect ion 01 control po ints , you st i l l  have a ce rta i n  a m ou nt 

01 work to do .  Some examp l e s  01 the d i ffi cu l t i es  wh ich can occur a re the lo l l owi n g :  il the o bj ect i s  
d i v i d e d  i nto severa l B-S p l i n e  patches ,  h ow  can y o u  ensu re t h e  conti n u i ty between  them7 Even i l  t h e  

patches  a re co rrect ly j o i ned ,  a d i scont i n u i ty 0 1  the i r  tangency wi l l  prod uce a d i scont i n u i ty 0 1  the b r i g ht­

ness at the borders ,  a very d i sa g reeab l e  resu l t .  A so l ut ion i s  to work on the contro l po i nts un t i l  the d i l­

lerent patches  wi l l  be cont i n uous l y  l i n ked .  A l ot 01 a l gor i thms and prog ramm i n g  work are h e l pl u l  i n  

o rder  t o  ach i eve that work .  

Anothe r  connected p rob l em  i s  the mode l i ng 01 tree structures :  s i nce  B-S p l i n e  s u rlaces a re not 

i nterpo la t i ng  s u rlaces ,  how can we make s u re that a b ranch  wi l l  be proper ly attached  to a t ru n k, a nd  

how can  we  b l e nd  the attach? The OSLO a l gor i thm i s  aga i n  very uselu l he re .  As a consequence  01 t h i s  

a l go r i t hm ,  i t  i s  poss i b l e  to cut  a B-S p l i n e  s u rlace i nto two B-Sp l i ne  s u rlaces ,  and  to cut  i t  at d i fferent 

p i  aces .  The two resu l t i n g  s u rfaces a re pe rfect ly smooth ly l i nked ,  and i l  they a re d i s p l ayed ,  they pro­

duce  the same shape as  the i n i t i a l  s u rlace .  We used th i s  property to concatenate a nd  b lend two s u r­

laces .  For examp l e  we add a " bra nch "  s u rlace to a "tru nk"  su rlace i n  the lo l l ow i n g  way: we cu t  the 

t runk  in  two at a chosen spot .  The contro l po i nts 01 the "b ranch"  are added to those 01 the chosen  pa rt 

01 the "tru nk , "  thus  const i tut i n g  a same s u rlace .  Then we d i sp lay that s u rlace together  with the sec­

ond  pa rt 01 the t runk .  Process i n g  recurs ive ly, we produced some trees i n  that way, sta rt i n g  Irom two 

s u rlaces :  one lor the tru nk  and  one lor a b ranch .  We used the same i deas  to attach  the l e g s  to a 

d i nosa u r  body:  the body was one  B-S p l i n e  s u rlace and so a re the lou r  l egs .  To concatenate the  l i rst 
lore l e g ,  we cut the body i nto two parts ,  then  we j uxtaposed the contro l po i nts 01 the lore l eg  with those 

01 the l i rst part ,  and  we d i s p l ayed the co rrespond i ng  su rface as a who l e .  The process cont i n ues  by cut­

t i n g  the rest 01 the body, j uxtapos i ng  the new leg  and d i s p l ay ing  i t .  F i n a l l y, the l a st pa rt ,  the ta i l ,  was 

d i s p l ayed  a l o n e .  
Imp rovi ng  t h e  methodo l ogy 01 data acq u i s i t i on  i s  0 1  lundamenta l impo rtance .  Ce rta i n l y  we  

benel i t  lrom t h e  poss i b l e  accumu l at i on  01 data,  wh i c h  c a n  a lways b e  u s ed  i n  d i ffe rent work, but  we a re 

lar f rom a n  easy conven ien t  procedure to acq u i re the data, even with the h e l p  01 programm i n g  systems 

01 ass i sta nce .  Cons i de r, lor examp l e ,  the  construct ion 01 a mov ie ,  and th i n k  01 how many d i ffe rent 

o bj ects are needed to keep a n  a ud i ence  Irom be ing bored alter a lew m i n utes .  Loo k  at any photograph  

o r  any  p i cture at the TV, and  cons i de r  h ow many objects shou l d  be mode l ed  i n  o rde r  to approach t he i r  

s i m u l a t i on  . . .  
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G e s a m t d a t e n w e r k :  
C o n n e c t i v i t y , T r a n s f o r m a t i o n  
a n d  T r a n s c e n d e n c e 

Networki ng prov ides the metaphor  for l ate twent ieth centu ry c u l tu re :  it speaks of i nteract iv i ­

ty ,  decentra l i sat ion ,  the laye r i ng  of ideas from a mu l t i p l i c i ty of sou rces .  N etwork i n g  i s  the p rovenance  

of fa r-reach i n g  connectiv i ty and ,  med iated ,  acce l e rated ,  and  i ntens i f i ed  by the compute r, i t  l eads to the  

amp l i f i cat ion  of thought, enr i chment of the imag i nat i on ,  both  b roade r  and  deepe r  memory, and  the  
extens i o n  of o u r  h uman senses .  Compute r  n etwork i ng  means  the l i n k i ng  of person -to-person ,  m i nd-to­

m i n d ,  memory-to-memory regard less of t he i r  d i s persa l  in space and the i r  d i s l ocat i on  in t ime .  In its g l ob­

a l reach ,  i n  its comp lexity of i dea p rocess i ng ,  in its f l ex i b i l ity of output ( i mage/m us i c  text and  a rt i c u l a ­

t i  on  of remote cybernet ic systems ,  structures ,  a nd  env i ronments) and  i n  i t s  capac i ty to accommodate a 

g reat d ivers i ty of i n put modes ,  a l l  of wh i ch  are d i g i ta l l y treated i n  u n iversa l  dataspace ,  it is pa rt i c u l a r­
Iy s u i ted to take on the g reat cha l l enge of l ate twent ieth centu ry a rt ,  wh i ch  can be seen as the over­

a rch i n g  p roject of our t ime: to make the i nv i s i b l e  v i s i b l e .  That is , to b r i ng  to our senses ,  to make ava i l ­
a b l e  t o  o u r  m i nds ,  with i n  the human constra i nts o f  space a n d  t i m e ,  w h  a t  i s  otherw i se  beyond ou r  reach ,  

outs i d e  our  pe rceptua l ra nge ,  the far s i de  of our  m i n d .  Th is  i s  not s imp l y  to speak  of the comp l ex i t i es  

of chaos  sc i ence ,  those i nf i n ite sequences of order  and  d i sorder  wh i ch  defy comprehens i o n  and  repre­
sentat i on  with i n  the computat i ona l  range of the human b ra i n  . . .  that fracta l structu r i n g  of the wor ld  
wh i c h  the computer  a l one seems ab l e  to revea l .  No r  i s  i t  on l y  a matte r of recogn i s i n g  how computer­
med i ated commun icat ion systems prov ide  us with the remote-sens i ng  capab i l i ty to probe fa r out  i nto 

cosm i c  space and deep i nto matter at the most p rofound  q uantum leve l .  N e i ther is i t  e nough  to u nder­
sta nd how dependent for image enhancement ,  data process i n g ,  with the ra p i d  u pdat i ng  that i m p l i es ,  

for u s  to negot iate a un iverse made  u p  o f  tra n sformat i ons  of ene rgy operat i ng  at wave l e ngths o r  i nten­
s i t ies far beyond the capab i l i ty of ou r  meagre senso ry system to app rehend .  

I t  i s  much  more  than a l l  o f  th i s ,  but  its im p l i cat ions  for human  g rowth and  c reat iv i ty can  be 

stated q u ite s imp ly :  computer  network ing  prov i des  for a f ie ld  of i nteract i on  between  h uman  and  a rt i f i ­

c i a l  i n te l l i gence ,  i nvo lv ing symb ios i s  and i nteg rat i on  of modes of th i n k i n g ,  i ma g i n i n g  and  creat i n g ,  
wh i c h ,  from t he  po i nt o f  v iew o f  a rt, can l ead  to an  i mmense d ivers i ty of c u l tu ra l  t ransformat i ons ,  and  
i n  s c i e nce and  p h i l osophy, en r iched def i n i t i ons  of the h uman  cond i t i on .  Computer n etwork i ng ,  i n  sho rt ,  

responds to our deep psycho log i ca l  des i re for transcendence-to reach the i mmater i a l ,  the  s p i r i t ua l­
the w i sh  to be out  of body, out of m ind ,  to exceed the l i m itat i ons  of t ime  and  space ,  a k i n d  of b i o-tech­
no l o g i c a l  theo l ogy. 



When peop l e  i nteract ,  when m i nds  i nterpenetrate, a pro l iferat i o n  of i deas  i s  gene rated . When  
sens i b i l i t i e s  f rom d iverse c u l t u res  f rom a l l  pa rts of the g l obe i nterweave, co l l aborate ,  conj o i n ,  a nd  

become  restructu red , new c u l t u ra l  f o rms  emerge ;  new potent i a l s  for  mean i n g  and  exper ience a re 
brought  fo rth . Th i s  i s  the scope and  amb i t i on  of network i n g .  Th i s  is to speak  of su pe rconnect iv i ty, the 

prod uct ion  of a m u l t i - I ayered c u l tu re ,  p l a n etary cu l ture ,  and a ho l ist ic wor ld  a rt .  I t  i s  not to be confused 
with homogen isat i o n ,  o r  ne utra l i sa t i on  of c u l tu ra l .  reg i o na l ,  o r  i nd iv i d u a l  d i fference .  Wh at t h i s  offe rs 

in effect is not on l y  the oppo rtun ity for us  to construct new rea l i t ies but to enter i nto the rea l i t i e s  of 
others, the i nterpenetrat i on  of pa ra l l e l  u n iverses of d i scou rse .  

Du r  immers i o n  i n  e l ectro n i c  g l oba l  networks can l ead to  a reeva l uat ion  of the  status of rea l i ­
ty; t o  an  unde rsta nd i n g  o f  its provi s i o n a l  nature ,  as o n e  o f  many coex i s t i ng  rea l i t i e s ,  a l l  o f  wh i ch  a re 

constructed-"vi rtu a l "  i n  a sense-and dependent upon ou r  active part i c i pat ion for t h e i r  construct i o n .  

When  we recogn i se the cent ra l i ty of the computer i n  th i s  process o f  prod uct i on ,  and i t  has  become cen ­

tra l t o  both t h e  construct i on  a s  we i l  as  the d i ssemi nat ion o f  knowl edge and  therefore of expe r i ence ,  i t  

i s  easy  to see a compar i son  to q u a ntum phys i cs .  For " quanta" read "data . "  A phys i c s  of i nformat i o n .  

For i t  i s  i n  the q uantum wo r l d  t ha t  rea l i ty i s  t h e  prod uct ion o f  observat i on .  The appa ratus we use ,  the  
measu r i ng  system we emp l oy, the  l anguage we a rt i c u l ate ,  cond it ion the nature of the rea l i ty we pe r­

ce ive .  It i s ,  i n  a sense ,  a consp i racy. From the ground of und ifferent iated who leness ,  we construct v i r­

t ua l  rea l i t i e s ,  know ing  that they are t ra n s i ent ,  impermanent, ephemera l  constructs of m i n d .  That they 
may be i nterna l l y  coherent and  cons i stent o n ly furthers the i l l u s ion of permanency. 

In p h i l osophy, Be rgson  and N i etzsche in t he i r  d i fferent ways have po i nted to t h i s .  In sc i ence ,  

H e i senberg and  Sch röd i n g e r, and  more d ramat ica l ly B e l l  and Aspect, for examp l e ,  have  demonstrated 
t h i s .  The p r i nc i p l e  of i n dete rm i nacy and unce rta i nty ho l ds  dom in i on .  Str ict causa l ity ope rates on l y  with­

i n  a l i m i ted stratum of events .  Dur percept ion  of space and t ime i s  n ot the frame  of rea l i ty, but  an  

aspect of a n  und i v i ded  who l e  with i n  wh i c h  an  i nf i n i ty o f  separate rea l i t i e s ,  pa ra l l e l  u n iverses ,  can end ­

l ess l y  be constructed .  How q u i ck l y  t h i s  sc i ence  moves i nto metaphys i c s  and  b r i ngs  u s  back to  theo lo ­

gy ,  myst i c i sm ,  and  mytho l ogy ! I t  i s  i n  t h i s  r i ch ness of va l u e  systems, wor ld  mode l s ,  c u l t u ra l  constructs ,  

and  v i rtu a l  rea l i t i e s  that the  network i ng  a rt i st operates .  I n  th is he i s  never  a l one .  To network i s  to be 

engaged with the m i nd-at- I a rg e ,  to amp l i fy i nd i v i dua l  thought and imag i nat ion th ro u g h  the dynam i c  

i nteract i on  with othe rs i n  the network .  I n  t h i s  enterpr i se ,  "others" i n c l udes  a rt i f i c i a l  i n te l l i gences ,  

sens i ng  systems ,  and  memory sto res ,  as  we i l ,  of cou rse ,  as h uman be ings  f rom an  eno rmous  d ivers ity 

of persona l  and c u l t u ra l  contexts . I t  is th rough computer networki ng that we can dea l  c reat ive l y  with 

re la t iv i sm and  with p l u ra l i sm ,  wh i c h  prov i de  pess im i sm  i n  so much postmodern thoug ht .  

The  s ubj ect of q u a ntum phys ics  i s  the transformati on of energy; i ts object i s  q u a nta .  The sub­

j ect of computer sc ience i s  the transformat ion of i nformat ion ;  its obj ect i s  data .  Data ex i sts i n  streams ,  
dataf low i s  ephemera l ,  t ra n s i ent ,  s h i ft i n g .  Data i s  everywhere and  nowhere .  A phys i c s  of i nformat i on  

wou l d  ta l k  abou t  phase space ,  the v i rt ua l  s pace  wh i ch  data occup ies .  Processed i n  t ime-the bea t  o f  

the computer's p u l s e  measu red i n  nanoseconds-data neverthe less i s  t ime-free and  t ime- res i stant 

i n sofa r a s  its transformat ion  with i n  computer network ing i s  concerned .  That i s  to say that the user of 
such networks can access ,  i nteract ,  and c o l l a borate with other  users i ndependent ly  of the constra i nts 

of t ime  or p l a ce .  In t h i s  sense ,  data i s  asynch ronous ly  managed and netwo rk i ng  becomes a non - l i n ea r  

creat ive med i um .  And ,  as  w i t h  q u a ntum behav ior, data i s  d i scont i nuous ;  i t  "j umps"  between  semant i c  
states .  I n  t h i s  i t  mode l s ,  a s  we i l  as  suppo rts ,  c reat ive behav iou r  wh i c h  i s  a lways non - l i nea r, i n deter­

m i nate ,  u nce rta i n ,  j u st as, with b r i l l i a nt g raph i c  c l a r i ty, the computer revea l s  natu re 's capac ity to j ump  

u np red i ctab ly  t o  n ew  leve l s  of o r d e r  from chaos ,  t h e  stochast ic leap .  
I f  the p roject of our  t ime  i s  to render  the inv i s i b l e  v i s i b l e ,  to b r i ng  d i rect ly i nto o u r  consc i ous ­

ness the d i rect app rehens i on  of the processes and systems,  forces and f i e l d s ,  dynam i c  and  tra nsforma­

t ive re lat i onsh i ps of l i fe which e l ude  our everyday percept ion and l ie beyond the capture of ou r  senses ,  
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then  we m ust recogn ize the necess i ty of mak i ng  the c u rrent ly ve ry v i s i b l e  computer  i nv i s i b l e .  The  com­

pute r  a s  th i n g ,  a s  object , as  appa ratus ,  as  mach i n e  i s  too much  w i th  u s ,  too d om i nant .  I t  i s  not  t rans ­
parent ,  i t  i s  not  u nde rstood as  p u re system ,  u n ive rsa l  t ransformat ive matr i x .  The  computer i s  not  p r i ­

ma r i l y  a th i n g ,  bu t  a se t  of behav i o u rs .  I t s  p u rpose i s  not  o n l y  c omputat i o n  but  t ransformat i o n ;  no t  
o n l y  storage  bu t  d i ssem i na t i o n .  I t  i s  the agent  of t he  dataf i e l d ,  a construct of dataspace .  Whe re i t  i s  

s e e n  s i m p l y  a s  a sc reen present i ng  pages o f  a n  i l l u m i nated book ,  o r  a s  a n  i nte rn a l ly l i t  pa i nt i n g ,  i t  i s  

a rt i st i c a l l y  va l u e l e s s .  Where access to i t s  t ransformat ive power i s  const ra i ned  b y  a typewr i ter  key­
boa rd o r  the ges tu ra l  conf i g u rat ions  of a mouse ,  i t  is c u l t u re -bou n d ,  the u se r  forced i nto the posture 

of a c l e rk .  The power of the i nterface cannot  be  overest imated ;  t he  ro l e  of the  user  must be  c l ea r l y  
de f i n ed .  

Ra t he r  than  see i n g  the computer interface as  a membrane sepa rat i n g  out  the computer  as  d i s­
crete object from ou rse lves, we shou l d  see it and  des i g n  it as a doo rway i nto dataspace ,  a synapt ic  
i nterva l i n  a h uman-computer symb ios i s .  To see the compute r  a s  n o  mo re than screen and  keyboard ,  to 

use  i t  as  no  more than the apparatus of the accou ntant 's off i ce ,  i s  to be condemned to prod uce  a rt of 

the "bottom l i ne , "  that i s  to say an  a rt of f i n a l i t i es ,  of comp l et i o n .  To deny, in othe r  words, the essen­

t ia l  q u a l i t i es  of open-endedness ,  non- l i nea r i ty, and  fecund  i ncomp l eteness that a re the g reat d i st i n ­
g u i s h i n g  potent i a l  of computer-med iated a rt pract i ce .  S i m i l a r ly, o u r  gathe r i ng  of i mages ,  mus i c ,  texts, 

for  examp l e ,  from the end less ly  f lowi ng datastream of creat ive i nteract i ons  with the networks a round  

the  wor l d ,  s hou l d  be understood as  a k i nd  of data -ha rvest, a fo rm of access i n g  and  se l ect i ng  and  d i s ­

p l ay i ng  wh i c h  wi l l  not confuse the i dent i ty o r  ro l e  of the i nte rface w i t h  t ha t  o f ,  say, a pa i nt i n g  o r  book  
o r  f i l m  screen-fo r  they propose q u ite d iffe rent aesthet ics .  

The essence of  the i nterface i s  its potent i a l  f l ex i b i l i ty : i t  can  accept and  de l iver  images both 
fixed and in movement, sounds constructed, synthes i zed o r  samp l ed ,  wr itten texts, speech .  I t  can be 

heat sens i t ive ,  body respons ive ,  env i ronmenta l l y  aware. I t  can respond to the ta pp i n g  of the feet, the 
dance r 's a ra�esque ,  the d i rect ion of a v iewer's gaze .  I t  may not on ly a rt i c u l ate a phys i c a l  env i ronment 

with movement,  sound,  and image ,  i t  i s  an  env i ronment; i t  i s  actu a l l y  a n  a rena of dataspace in  wh i ch  

a rt of th i s  h uman -computer symb ios i s  can be acted out .  The computer  i nte rface  i s  i n  each i n d iv i d u a l  
ca se  a n  aspect of a ho lograph i c  u n ity. To be i n  o r  at  any  one  i nterface i s  to be  w i t h  a l l  t h e  i nterfaces 
th roughout  the network of wh i ch  i t  i s  a part .  Th is i s  why, for  examp l e ,  the Ub i q u a  l aborato ry, a s  i nter­

face to the P l a netary Network for the Ven i ce  B i e n na l e  of 1 986 ,  was, i n  effect, p u l l i n g  the exh i b i t i on  

f rom its rathe r  e l i te ,  centra l i sed ,  and exc l us ive doma i n  and  stretc h i n g  i t  out over the face  of the g l obe :  
the f l ow of creat ive data generated through  the i nteract i o n  of a rt i sts a l l  ove r  the wor l d  cou l d  be 
accessed equa l l y  a l l  ove r the wor l d .  Ven i ce  was no  l o nge r  p r i v i l eged  i n  that sense .  N etwork i ng  has  the 

effect of desta b i l i s i n g  the g a l l e ry/museum system j ust a s  i t  extends  and  en r i c hes  the scope ( and  per­
ha ps nature )  of i n d iv idua l creat iv ity. I n  th i s  case ,  a ra nge  of i nteract ive c ommun icat ions  med i a  were 
emp l oyed-e l ectron i c  ma i l ,  computer conferen c i n g ,  v i deotex, s l ow-scan TV, as  we i l  as  computer 

exchange .  The l abo ratory fu rther i n c l uded in terfaces se rved by v i deod i sc ,  d i g i ta l  sound ,  pa i n t  systems ,  
and  cybernet i c a l l y  respons ive structures and env i ronments .  

O n  a much s imp ler  but geograph i ca l ly pe rvas ive l eve l ,  a n  i nteract ive project dev ised by Art 
Aces for Les I mmater iaux in Par is  in 1 985 can be c i ted .  Th i s  i nvo lved the French  p u b l i c  se rv i ce  v ideo­
tex system " M i n ite l "  as the network for on- l i n e  i nteract i on  between  a rt i sts " i n "  the exh i b i t i on  and  the 
l a rge  popu la t ion  of the subscr i bers d i str i buted th roughout the G reater Pa r i s  reg i o n .  

T he  i nterface f o r  " La P l i s s u re du  Texte , "  a project created f o r  E l e ctra i n  P a r i s ,  1 983 ,  i nvo lv i ng  
the deve l o pment of a P laneta ry Fa i ryta l e  by means  of " d i s pe rsed a uthors h i p "  th rough e l ectro n i c  net­

work i n g ,  i nvo lved l i tt le more than the o rthodox term i n a l  a nd  keyboard ,  with a data-projector ca r ry i ng  
the text to a pub l i c  d imens ion ,  d ramat i s i ng  i t s  e l ectro n i c  p resence  wh i c h  was at once ephemera l  a nd  
concrete .  Th i s  was a perfect veh i c l e  to i nvolve the v i ewer as  pa rt i c i pant  i n  the l aye r i n g  of texts, i n  t he  



semant i c  amb i g u it i e s ,  d e l i g hts and  s u rp r i ses that an authorsh i p  d i spe rsed th ro ugh  many c u l tu res i n  

many pa rts o f  t h e  wor ld  c a n  gene rate .  
At L i nz ,  for Ars E l ectro n i ca 1 989 ,  the pro ject "Aspects of Ga i a :  D i g i ta l Pathways a c ross the 

Who le  Earth"  attempts to i nvest igate the potent ia l  of the d i g ita l screen seen on  the hor i zonta l ,  rather  
than on the more fam i l i a r  vert i c a l  fo rmat ,  f rom above and be low, offer i n g  images  from a b i rd's-eye v i ew 
and  from be l ow, as "wormho l e s "  i nto pa ra l l e l  u n iverses .  The posture of the v i ewer i s  recons i de red  and  
the dep l oyment of d i g ita l  sound  i n  acoust i c  space  i s  i ntegra l  to the  rea l i sa t i on  of the project .  I n  t h i s  

case the des i g n  of the i nterface env i r onment  i s  the product o f  co l l aborat i on  of f i ve  a rt i sts work i n g  with 
computer image ,  d i g i ta l sound ,  e l ectro-acoust ic  structures and envi ronments .  As i n  the case of those 

respons i b l e  for p l a n n i n g  the network i n g  p rojects for E l ectra and the Ven i ce  B i e n na l e ,  the deve l opment 

of the concept and its tec hno l o g i c a l  dete rm i nat ion has been conducted as much  th ro ugh  a computer 
conferenc i ng  network a s  from face-to-face i nteract i on .  I nvitat ions to a rt i sts a l l  over the wo r l d ,  s i m i l a r­

Iy were transm i tted th ro ugh  e l ectro n i c  networks, mak i ng  f u l l  use of EAR N ,  B ITN ET, I . P. S HARP, fo r  exam­
p ie ,  as  we i l  as  fax, c a l l i n g  for the i r  pa rt i c i pat ion  i n  th i s  g loba l  network . From the po i nt of v i ew of v i s i ­

tors to t he  i nterface env i ronment  at L i n z ,  the opportun ity to i nteract w i t h  th i s  i n c om i ng  mate r i a l ,  to add  

to i t ,  to se l ect, change ,  e rase ,  t ransfe r  i t ,  a nd  then have i t  tra nsm itted back i nto wor ld -w ide  e l ectro n i c  
s pa ce  f o r  i t s  f u rther  transformat i o n ,  i s  a n  i m portant i n g red i ent o f  t h e  project .  

I n creas i n g ly, as  a rt i sts we a re i mpat ient with s i n g l e  modes of operat i o n  in dataspace .  We 
search for synthes i s  of image ,  sound ,  text. We wish to i nco rpo rate human  and a rt i f i c i a l  m ovements ,  

env i ronmenta l dynam i cs ,  amb i ent t ra nsformat ions ,  a l together i nto a more seam less  who l e .  We search ,  

i n  sho rt ,  for the Gesamtdatenwerk. The s i te  for such  work  must be the p l a net a s  a who le ,  i ts dataspace ,  
its e l ectron i c  noosphere .  The d u rat ion  of the work wi l l  of course be, u l t imate ly, i n determ i nate s i nce  th i s  

must be a work i n  f l ux  and  f l ow, perm i tt i n g  an  i n f i n ity of i nteract ions ,  i n p uts and  outputs ,  c o l l a bora­

t ions and  conj u nct i ons  between  its many part i c i pants .  S ince rec i p roc i ty and  i nteract i on  a re of its 

essence ,  such work cannot d i fferent i ate between "a rt i st" and "v i ewer, "  prod uce r  and consume r. To pa r­

t i c i pate i n  such  a network i s  to be i nvo lved a lways in the creat ion of mean i n g  and  exper i e nce .  The ro l es  

cannot be sepa rated out .  O ne  can  no  l onge r  be at the window, look ing  i n  on  a scene composed by  

anothe r; one  i s  i nstead i nv i ted to enter  the doorway i nto a wor ld  where i nteract i on  i s  a l l .  

W e  a r e  a l ong  way from t h e  Gesamtdatenwerk. The computer i n d u stry i s  s l ow i n  re l ea s i n g  

t hose  techno l og i e s  wh i c h  w i l l  fac i l i tate a seam l ess i nterface ,  a l though resea rch  depa rtments ,  most 

notab l y, for examp l e ,  the Med i a  Lab at M IT. a re i nvesti gat i ng and creat i ng  i nterface env i ro nments of 

cons i derab l e  s u bt l ety. U l t imate ly, i t  i s  a matte r of a rt i sts and techno l og i sts c o l l a borat i n g ,  with o r  with­

out  i n st itut i ona l  support ,  to br ing the i nterface i nto the fu l l  senso r i um  of h uman  expe r i ence  and 

engagement .  

m 
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A r s  E l e c t r o n i c a  8 9  

R a d i o  A r t 

At the l a st Documenta ( 1 987) .  K l a u s  Schön i n g  car r i ed  out  a l a rge-sca l e  exper i ment  i n  the 

a u d i otheq ue ,  a i med at def i n i n g  "acoust ic  a rt on  the rad i o "  and  at retrac i ng  its deve l opment  on the 
bas is  of a vast n umber of examp l es .  Th i s  was the f i rst t ime that " a rt on the rad i o "  was exp l i c i t l y  re­

e c l a i med  for a l a rge-sca le  v i sua l a rts exh i b i t i o n .  " O n ly twenty years ago ,  s uch  a n  encounter  of the v i su ­
e a l  a rts and  acoust i c  art at one of the g reatest i nternat i o na l  a rt exh i b i t i ons  wou l d  have been  ent i re l y  
co 

E u n rea l i st i c . " l  K l a u s  Schön i ng 's app roach imp l i ed  that there i s  an acoust i c  a rt wh ich  somet imes  extends 
"'C i nto the rad i o .  As the head of the WDR HörS p i e l Stud i o ,2 Schön i ng  i s ,  i n  fact, one  of those very few 
e 
:::J who,  with i n  rad i o  stat ions ,  have cons i stent ly worked on the deve l o pment of a type of acoust i c  a rt that 
..... 

� has  a trad i t i on  of its own, d i ffe rent from that of na rrat ive rad i o  p l ay  or mus i c a l  compos i t i o n .  Authors 

from many d i fferent f i e l ds-and not j u st from l i teratu re ,  as  i s  u sua l ly the ca se with rad i o  p l ays-con­
"'C 

0,) 
tr i b ute to the product ions of the Hö rSp i e l St ud i o ,  a nd  t he i r  work ref l ects back on the border-cross i ng  

:c avant-gardes of the beg i n n i ng  of th i s  century, s uch  as ,  e . g . ,  the l i ng u i st i c  exper i ments a nd  exam i na­
t i ons  car r i ed  out  by the Futur i sts and Dada i sts ,  o r  the i ntegrat i on  of sounds  and " no i s e "  i nto mus ic ,  as  

i ntrod uced by Lu ig i  Russo lo  i n  h i s  "Arte de i  R umo r i "  and  " I ntonarumor i . "  Schön i n g  has come u p  wi th  
the fo l l ow i ng  def in i t ion of acoust i c  a rt :  "ACOUST IC  ART: a wor ld  of l anguage and  a wor ld  of sounds  
and  no i ses .  Language that  tends  towa rds sound ,  towa rds the sound  of l a nguage  and  towa rds mus i c ,  

the  overa l l  sound  of  tones, o f  the acoust i c  env i ronment .  Acoust i c  a rt :  the symb i o s i s  of these wor lds o f  
l anguage  and  no i se  and the o rgan i zat ion o f  sounds  by means  of e l ectron i c s .  I t s  sens i t ive ,  rece i v i ng  ear :  

the  m i c rophone .  Its sound-carr ier :  the tape ,  the cassette, the record , the m i croc h i p .  I ts speak ing  mouth :  
the  l o udspeaker. One  of  its utop i as :  a n  aud io  space access i b l e  to a l l-the rad i o . "  

o 
m 

D i g ress ion :  

The Rad io  as a Production Site and Means of D i str ibut ion .  Real ity-Internat iona l .  

Although the W D R  HörSp i e l Stud io  h a s ,  f o r  more t h a n  20 years ,  been sett i n g  an  examp l e  by 
prod uc i n g  "acoust i c  art on the rad i o , "  th i s  program i s  in fact an  except i on  to the ru l e :  in most of the 

depa rtments for rad i o  p lay and mus i c  at rad i o  stat i ons  ac ross E u rope , 3  t h i s  a rt i s  on l y  g ra nted a k ind 
of-a l i b i - l i ke-exper imenta l  status ,  at the very most, a l t hough  "the aesthet ics of Ars Acu st ica cannot 
be i nteg rated i nto the i ndependent aesthet i cs  and  trad i t i o n  of dramat ic  rad i o  p l ay  and  i ts g reat , sty le ­

shap i ng  works .  I t  has not  evo lved f rom these ,  i t  has  not taken the i r  p l a ce ,  i t  i s  n e it he r  the i r  ' forma l '  o r  
' exper imenta l '  offspr ing nor  the i r  pe rmanent  avant-ga rde .  Acoust ic  a rt has  . . .  i ts own, a l be i t  often 

i nterru pted ,  h i dden and prevented, trad i t i on . "  
I n  t h i s  respect, the s i tuat ion i n  Austra l i a ,  Canada ,  a n d  above a l l  i n  t h e  US  i s  not better than i n  

E u rope ,  but  rather worse .  I n  these cou ntr i es ,  a l a rge  n u mber  o f  sma l l  rad i o  stat i o n s  have a n  impo rtant 
ro l e  to p lay i n  d i st r ibut ion .  Qu ite often ,  they prov i de  serv ices for ( I oc a l )  m i no r i t i es .  Many of them, ra ng ­
i n g  f rom u n ivers i ty stat ions  to  rad i o  cooperat ives ,  depend  on  members h i p  s ubscr i pt i ons  a nd  the u npa i d  

wo r k  o f  th e i r  program-makers .  Acoust ic  a rt programs a re ofte n broadcast on t he se  stat i ons  f o r  h o u rs 
on e nd .  Nobody is pa id ,  and p rod uct ion takes p l a ce  outs i de  the stat i on ,  somet imes  i n  very modest p r i ­
vate  stud i o s ,  somet imes w i th  the h e l p  o f  subs i d i es  f rom a rt promoti on  prog rams .  I n  t h i s  context, we 
have to d i st i n g u i s h  between two oppos ing  systems :  on  the one  hand ,  the work  on ,  and  rea l i zat ion of, 
p rojects in ( p r ivate) stud ios  i s  f i na nced by pr ivate sponsors and/or a rt promot i o n .  Th i s  i s  done i n  a way 
that st i m u l ates the work's d i st r ibut ion v ia  rad i o-a type of d i str i but ion  that does j u st ice to the work of 
a rt-wh i l e  at the same time i nvo lv ing m i n i m u m  costs for the d i st r ib utor. On  the other hand ,  prod uc­

t ions are somet imes based on (otherwise not ava i l a b l e )  f unds  from nat iona l  o r  reg i o na l  p u b l i c  broad-



cast i n g  corporat i ons  that p u rchase a p i ece of work from its author i n  order to rea l i ze ,  broadcast ,  a nd  

re-ut i l i z e  i t .  I t  rema i n s  t o  be s een  wh i c h  o f  these two approaches wi l l  s u rv ive i n  the age  o f  consta nt ly  

i mprov i n g  tape record i ng s .  
" I n  the  e l ectro n i c  age ,  copyr ight  i s  an  anachron i sm .  We pu r l o i n ,  and  we  a l i enate . " 4  Th i s  l i n e­

so cas ua l ly q u oted as a motto for the i r  work by the (free )  g roup Rad io  S ubCom-is ,  at l east for the t ime  
be i n g ,  e q ua l l y  unaccepta b l e  f o r  both broadcast i ng  corporat ions and  perform i n g  r i g hts soc ie t i es  that 
represent the i nte rests of authors .  

I n  the sense t h i s  term i s  used by K l aus  Schön i ng  i n  the documenta's a u d i otheq ue ,  acoust i c  a rt 
on the rad i o-wh i ch  at f i rst g l a nce m i g ht appear  to be a tauto l ogy, because rad i o  a rt (at l east for the  
t ime  be i n g )5 i s  pe rforce acoust i c-the refore imp l i es not  on l y  a refe rence to ce rta i n  trad i t i o ns  such  as  
Dada i sm ,  Futu r i sm ,  Lettr i sm ,  Sound  Poetry, Mus i q ue  Concrete, etc . ,  but  a l s o  to the product i on  and  d i s­

t r i bu t i on  system cha racte r i s t i c  of the rad i o  as a mass med i um  that has  been i n st itut i ona l i zed-a nd fo r  
a l o ng  t ime  rema i ned uncha l l e nged-i n centra l  Europe .  Acoust ic a rt on  the rad i o  i s  a n  a rt wh i ch  i s  p ro ­
duced  on  the rad i o  o r, i n  any case ,  broadcast by it ,  and wh ich at the same t ime  p roves that the rad i o  

as  an  i n st i tut ion i s  ( a l so )  s e e n  as  a " c u l t u ra l l y i n it i atory med i um . " 6  

Yet t h e r e  i s  st i l l  a w ide  ra nge of other approaches-also  i n  centra l E u rope ,  where t h e se  a re 
provoked e . g .  by the preva i l i n g  cond i t i ons  of l oca l  med ia  po l i c i e s  that do not prov ide i ndependent 
access to rad i o  waves fo r m i no r i t i es .  For many years, a rt i sts of va r i ous  g ro u p i ngs-e . g .  the  g roups  

a round  M i ke Hentz and  Kare l  Dudesek-have reacted to th i s  fact and  have ,  out  of broadcast i n g  con ­
ta i n e rs o r  med ia  busses ,  deve loped  a cou nter- image oppos i ng  the p resent  s i tuat ion  of med i a  po l i cy :  

the i r  concept im p l i e s  that a rt i sts ( and  other m i no r i t ies )  shou ld be g iven the poss i b i l ity to b roadcast 
i n dependent ly  and  to deve l o p  a rad i o  aesthet ics wh ich corresponds to the i r  own needs and  wh ich i s  

n ot governed by the ru les and  convent i ons  of i n st itut i ona l ized (state-owned)  rad i o .  Projects such as  

Ponton ,  Rad i o  X ( K u nstrad i o ,  Fra nkfu rt ) .  o r  Rad i o  Su bCom a re therefore no  l onge r  concerned w i t h  p l ac­

ing "acoust i c  a rt" on the rad i o ,  but with mak ing  cu rrent forms and systems of commun icat ion  v i s i b l e  
togethe r  a l ong with the i r  def i c its and  a l ternat ives .  O r, as R i chard Kr i esche formu l ated i t  i n  h i s  pe rfor­

mance/ i nsta l l a t i on  " R ad i o-Ze i t"  ( 1 988) :  "Th i s  i s  no longer about mak i ng  a rt with i n  g iven comm u n ica ­

t i on  channe l s ,  but on  the contrary, a bout  u nderstand i ng  these commun icat ion  c hanne l s  as  poss i b i l i t i e s  

ava i l a b l e  to  an  a rt-fo rm . "  Th i s  new ly  emerg i ng  type o f  rad i o  art can  on l y  be unde rstood as  pa rt of a 

mo re comprehens ive concept of "med i a  a rt" wh ich ,  in tu rn ,  is character i zed by concepts de r ived from 
the v i s ua l  a rts and  rooted i n  the i r  trad i t i on .  

Rad io  Art as a Visua l Art? 

Duchamp  can be cons i de red a p i oneer  in th i s  f i e l d ,  too: with h i s  readymades and context ua l  

q ues t i o n s ,  w i t h  h i s  pract ice o f  dec l a r i n g  f o und  objects a rt ,  and with h i s  statement t ha t  a wo r k  o f  a rt i s  

o n l y  comp l eted b y  i t s  rece iver. A n d  a l s o  t h e  random operat ions i n  h i s  " M us i ca l  E rratum"  and  h i s  d i s­

covery ( repeated l y  q uoted e . g .  by B i l l  Fonta na )  that sound has scu l ptu ra l  propert i es  have kept p roduc­

i n g  effects and  s i de  effects to t h i s  day. 

When i nte rpreted as v i s ua l  a rt ,  therefore, rad i o  a rt-l i ke any other adva nced contempo ra ry 

a rt-esta b l i shes  l i nks  to the border-cross i ng  avant-gardes of the ear l y  1 900s :  go i n g  beyond L u i g i  
R usso l o 's "Arte de i  R umo r i , "  i mportant refe rences c a n  b e  made  t o  e . g .  F i l i p po Tommaso Mar i nett i who ,  

togethe r  with P i no  Masnata , d rew up  a "Man ifesto futu r i sta de l l a  rad i a "  i n  1 933 .  I n  add i t ion ,  Ma r i n etti 

i l l u strated h i s  i deas  about  futur i s t i c  rad i o  a rt i n  the scores of his "5 S i ntes i  dal Teatro Rad i ofon i c o , "  

thereby ant i c i pat i ng  a w ide  ra nge of app roaches rega rd i n g  both "acoust ic  a rt on  the rad i o "  and  a rad i o  

a rt that w a s  s e e n  as  pa rt o f  m e d i a  a rt .  



N 
m 

The Non-reti na l  Image 

One  essent i a l  movens for the rad i o  work  prod uced by a uthors f rom a l l  wa l ks of l i fe has been 

the p i cto r i a l  power  of th i s  med i um ,  wh ich  offe rs an  a l most exemp l a ry way of prov i n g  Duchamp 's state­
ments regard i n g  the comp let ion  of a work of a rt by its rece iver  and the fact that i mages  a re not c reat­

ed on  the reti na ,  but  in peop les '  heads. "Rad i o  i s  more v i s u a l  than TV. The TV image  depends  on a sma l l  

screen ,  wh i l e  on  the rad io ,  images can b e  created u s i n g  the l i stene r 's f u l l  power o f  imag i nat ion , " 7 says 
Doug l a s  Dav i e s .  And John F. R i eger  from Ca l i forn i a ,  who g ives h is p rograms  names  l i ke "Artefacts" o r  

" O bjects i n  Boxes , "  states ,  "The e l ements of a program a re treated as  p i eces of ta pe ,  j u st l i ke pot­
she rds  found on  an a rchaeo l og i ca l  s i te . . .  You wi l l  hea r  ne i t he r  sto r i es  nor mu s i c .  Th i s  i s  an  a rt of 
images  . . .  I want to l i sten to a recorded image  of the wor l d ,  composed by u s i n g  a magnetophone . " B  

So  t h i s  i s  about t h e  comb inat ion o f  t h e  rad i o  and  t h e  magnetophone ,  a n  a rea wh i ch-l i ke rad i o  a rt 

i tse l f-has known very l i tt l e  theoret i ca l  i ncorporat i o n .  I n c i d enta l l y, the  tape 's o bject cha racter has  

a l ready started to d i sa ppear i n  the new d i g ita l stud i os ,  where the d i sta nce between m ix i ng  and tra ns­

m i s s i o n  has been reduced to zero and where even h i g h ly c omp l ex works may ( o r  m i ght )  unfo l d  wh i l e  

be i n g  created i n  t h e  rad i o  t i me-space .  
At a co l l ege  rad io stat i on  i n  To ronto, Dan  Lander  presents a week ly  program which i s  most 

a ppropr iate ly  named "The Prob l em with Lang uage . "  H e  presents tapes and  cassettes from a l l  ove r the 

wor ld-and ne ithe r  he  nor  any of the authors rece ive a ny k i n d  of payment .  "The Prob l em wi th  

La nguage"  i s  a foca l po i nt for some of the many networks a round  the g l obe that dea l  with tape and  
cassette works; networks wh i c h ,  i n  most cases ,  a l so extend r i gh t  i nto the rad i o  stat i o n s  . . .  Dan  La nde r  

h i mse l f  has abandoned  photography i n  o rde r  to work  w i th  sounds .  "We shou l d  a l l  somet imes  j u st c l o se  
o u r  eyes  and  l i sten ,  because sounds  te l l  us much  more than i mages . . You can 't rea l ly l i e  w i t h  sounds  

. "  L i ke many o the r  rad io  a rt i sts outs i de  the system of state-owned stat ions ,  Dan  La nde r  a l so works 
i n  a sma l l  stu d i o  of h is own . He  contents h imse l f  with u s i n g  a fou r-track  mach i n e ,  "even though there 
are 1 50-track mach i nes .  But then-how many tracks has  the wor l d ? " 9  

Un Paesaggio Udito-ifrom " 5  S i ntes i  da l  Teatro Rad i ofon i co "  by F. T .  Ma r i n ett i ) .  10 sec. di 

sciacquio- l sec. di crepitio-B sec. di sciacquio- l sec. di crepitio-5 sec. di sciacquio- l sec. 

crepitio- 19 sec. di sciacquio- l sec. di crepitio-35 sec. di sciacquio-6 sec. di fischiG di merlo. 

A Soundscape-J,from "5 S i ntes i  da l  Teatro Rad i ofon i c o "  by F. T. Ma r i n etti ) . 1 0 10 sec. of swash­

ing- l sec. of crackle-B sec. of swashing- l sec. of crackle-5 sec. of swashing- l sec. of crack­

le- 19 sec. of swashing- l sec. of crackle-35 sec. of swashing-6 sec. of a blackbird's whistling 

Found no i ses  (swash i ng  with water, c rack l i n g )  and  sounds  (a b l a ckb i rd 's wh i st l i n g )  a re com­
b i ned  to form a sou ndscape .  Sounds and no i ses  a re treated j u st l i ke any other a rt i s t i c  mater i a l  (among 

wh i c h ,  s i nce 1 933 ,  there have a l so been th i n g s  l i ke l eft-over t i c kets ,  newspape r  c l i pp i ngs ,  etc . ) .  Set  
i nto the context of a n  art work dur i ng  a recyc l i n g  process ,  these mate r i a l s  represented themse lves ,  
wh i l e  a l so ente r i n g  i nto new re lat i onsh i ps with othe r  objects and  mater i a l s .  D uchamp 's concept of the 
rece iver  who f i n i shes  a work of a rt a l ready conta i ned  a tempora ry e l ement .  Detached from the concrete 
object, in the 1 960s ,  the v i sua l  a rts unfo l ded in t ime ,  e . g .  as  concepts wh i ch  d i d  not necessa r i l y  req u i re 

rea l i za t i on .  Strateg i e s  and tech n i ques  such as those of the readymades ,  of t ransfe rr i ng  found  objects 
i nto an  a rt context, 01 the co l l age ,  the montage and the cu t/u p-wh i ch ,  sta rt i n g  with Wi l l i am  
Bu rroughs ,  h a s  g a i ned more and more importance i n  many a reas  of t h e  v i sua l a rts s i nce  t h e  1 970s­

can be app l i e d  to a lmost a l l  mate r i a l s  and i n  any space :  they can  thus  a l so be eas i l y  a pp l i ed  i n  rad i o  
space and  t o  s o u n d ,  no i se ,  l anguage ,  tape,  o r  rad i o  tran sm i s s i o n s  . . .  A t  t h e  end  of t h e  1 960s ,  con­

ceptua l  a rt ,  however, ma i n l y  dea l t  w i th  the re l a t i ons  and  cond i t i o ns  that occ u r  wh i l e  mater i a l s  a re 



be i ng  used ,  with the q u est ion of h ow a rt i st i c  act iv i ty is i ntegrated i nto soc i a l  c i rc umstances ,  and  with 

the context of a rt and  a rt i sts-e . g .  with the i r  dependence on the so-ca l i ed " s uppo rt structu re , "  i . e .  a ny­
t h i ng  that has  to do with the cond i t i ons  of a rt p roduct ion and art d i st r i bu t i on .  Peop l e  started to th i n k  
ma i n l y  i n  categor i es  of spaces-soc i a l  spaces ,  i n st itut i ona l ized spaces ,  p u b l i c  spaces ,  spaces  spec if­

i c  to the i n d i v i d ua l  med i a-and they began to pos i t ion  a rt with i n  these spaces with i nc rea s i n g  accu ­
racy, and  be i t  j u st to avo i d  expos i n g  i t  to the omn i present dang e r  of absorpt i o n ,  defu s i n g ,  o r  app ro­
pr iat ion by the so-ca l l ed a rt i n d u stry and  othe r  soc i a l  a reas (e . g .  advert i sement ) .  "The rad i o  i s  a c l ass­

l ess  med i um .  I t  penetrates everyt h i n g-without rega rd to soc ia l ,  c u l t u ra l ,  econom i c ,  po l i t i ca l ,  o r  geo­
g raph i e  borders .  I t  i s  pa rt of o u r  everyday l i ves and ,  as  such ,  i t is  not a h i e ra rc h i c a l  med i u m .  We l i sten 

to the rad i o  wh i l e  we a re do ing a l l  k inds of other th i ngs  i n  our  da i ly  rou t i ne ,  i n  our  p r i vate rooms .  
The refo re, the rad i o  p rov ides  the a rt ist  with an  en t i r e l y  new context wh i c h  i s  f undamenta l ly d i ffe rent 

from that of the g a l l e ry . . " 1 1  (Wi l l i am  Fu r l ong )  

I Silenzi Parlano Tra Loro--{from " 5  S i ntes i  d a l  Teatro Rad iofon i co "  by  F. T. Mar i n ett i ) :  15  sec. 

di silenzio puro-do, re, mi, di flauto-B sec. di silenzio puro-do, re, mi, di flauto-29 sec. di silen­

zio puro-sol di pianoforte-da di tromba-4D sec. di silenzio puro-do di tromba-ve ve ve di 

pupo- I I sec. di silenzio puro- I minuto di rrrr di motore- I I sec. di silenzio puro-oooo! stupito di 

bambina undicenne. 

Silences Speaking to fach Other--{from "5 S i ntes i  da l  Teatro Rad i ofon i c o "  by F. T. Ma r i n ett i ) :  
15  sec. o f  complete silence-do, re, mi, by  flute-B sec. o f  complete silence-do, re, mi, by flute-

29 sec. of complete silence-sol by pianoforte-da by trumpet-4D sec. of complete silence-do by 

trumpet-baby going uaa uaa uaa- 7 7  sec. of complete silence- I minute of motor going rrrr- I l  

sec. of complete silence-amazed 0000 ' of I I -year-old girl. 

He re ,  Mar i netti n ot on l y  uses  no i ses (the rrrr of a motor) , the h uman  vo ice  ( c l ea r l y  def i ned  as  

the vo ice  of a baby and  that of a s u rp r i sed 1 1 -year-o ld ) ,  and mus i ca l  sounds  as  equa l  e l ements and  

mater i a l s  for a non -mus i ca l  compos i t i on :  he  a l so uses comp lete s i l ence .  And t h i s  c omp l ete s i l e n ce  has 

rema i ned  one  of the g reatest v i o l at i ons  of rad i o  as  an  i nst itut ion .  " Everyth i n g  about  rad i o  . . .  i ts a i ms ,  

a ud ience ,  content, modes  of representat i on  and exc l u s i o n ,  expectat ions ,  and  so  o n  shou l d  be cha l ­

l e nged cont i n u a l ly . . .  after t h i s  i deo l og i ca l  extreme has been  reached perhaps the most po l i t i ca l  ac t  
on  rad i o  about  rad i o  wou l d  be to broadcast what  commerc i a l  stat ions i n  part i c u l a r  fear  most . . .  s i l ence 

. . .  but  that .  too ,  has been  done . . . " 1 2 ( R i c k  Rue ) .  

Battaglia di  Ritmi: una lentezza prudente e paziente espressa con un tac . . .  tac . . .  tac . . .  di 

goccia d'acqua prima tagliata e poi uccisa da un 'elasticita volante e arpeggiante di note sul pianoforte 

prima tag/iata e poi uccisa da una scampanellata di campanello elettrico prima tagliata e poi uccisa da 

un silenzio di tre minuti tagliato prima e poi ucciso da un affammo di chiave in serratura tra-trum­

trac-seguito da un silenzio di un minuto. 

Battle of Rhythms: a prudent and patient slowness, expressed by the tac . . .  tac . . .  tac . . .  of 

a drop of water, cut first and then killed by a flying and harping elasticity of notes on a pianoforte, cut 

first and then killed by the loud ringing of an electric doorbell, cut first and then killed by a silence of 

three minutes, cut first and then killed by the sound of keys in a lock tra-trum-trac-followed by one 

minute of silence. 

In the fourth of h i s  " S i ntes i , "  Ma r i n etti presents the cont i n uous  s u pe rpos i t i on  a nd  m utu a l  

rep lacement  of c l ea r l y  def i ned sounds ,  n o i ses ,  and s i l ence .  

" Need to Know" was a 90-m i n ute p iece of "exper imenta l rad i o  theat re"  by Lawrence We i ne r, 

broadcast i n  N ew York i n  the m i d d l e  of the 1 98os .  I n  th i s  work, l anguage and  mus i c  were used as mate-



r i a l  for a med i a  s cu l pture in a ser ies of cont i n u a l  s uperpos i t i ons  and  rep lacements .  "My  work cons i sts 

of l a nguage  and of the mate r i a l l anguage refers to . . .  Mu s i c  i s  a mater i a l ,  and so i s  sound .  Most peo­

p ie ,  at  l east those who go to museums ,  nowadays recogn i ze  sound  o r  l i g ht as  mater i a l s  for  mak i n g  
sc u l ptu res ,  but  t hey  st i l l  refuse t o  recogn i ze  l a nguage  . . .  I l ove rad i o-why no t  l i sten to a rt and ,  i n  

d o i n g  s o ,  s im u l taneous l y  see i t? " 1 3  ( Lawrence We i ner )  

La Costruzione di un Silenzio: A = Costruire un muro di  sinistra con un rollo di tamburo ( 1/2 min­

uto). B = costruire un muro di destra con un trombetto-vocio-stridio automobilistico tramviario di 

capitale ( 1/2 minuto). C = costruire un pavimento con un borbottio di acqua in tubi ( 1/2 minuto). 0 = 

costruire un soffitto terrazza con cip-cip-cip di passeri e rondini (20 sec.). 

Construction of a Silence: A = construct a wall to your left with the rolling of a drum ( 1/2 

minute). B = construct a wall to your right with a small trumpet-shouting-screeching of cars and 

tramways in the capital (1/2 minute). C = construct a floor with the rumbling of water in pipes ( 1/2 

minute). 0 = construct a roof terrace with the chip-chip-chip of sparrows and swallows (20 sec.). 

In 1 985 ,  the scu lptor Gottfr ied Bechto l d  b u i l t/constructed " Fünf  k l e i n e  Pyram i d e n "  for the 

rad i o :  the  st r i c t  fo rm of th is  work  i s  desc r i bed i n  its t i t l e .  The base a rea of each pyram i d  cons i sts of  
fo u r  sound  e l ements wh ich m ing le  wh i l e  str i v i ng  for the top :  s i l e n ce .  The f i fth pyram i d  cons i sts of e l e­

ments fram the four  prev ious pyram ids .  "A l l the po i nts a re conta i n ed  i n  the geometr i ca l  top and  they 
a re a l l  re l ated to each other. S i l e nce i s  reached at the top ;  th is  i s  the  po i nt of t rans i t ,  where the work 

of a rt s hou l d  have reached the l i stene r's m i nd ,  where i t  passes from be ing an  event to be i n g  one  of the 

l i stene r's memor ies .  I t  i s  on ly  then that the a rt work rea l ly ex ists ,  as  a pyram i d  that has been  dese rt­
e d . "  Bechto l d  used natura l  sounds such as w ind ,  wate r, or c r i ckets, traff i c  no i ses  (tra i n s ,  a i rp l a nes ) .  
exce rpts f rom h i sto r i ca l  record i ngs of  po l i t i ca l  speeches i n  d i ffe rent l anguages ,  and  i n d i v i d ua l  p i ano  

tones .  "As a scu l ptor, I can  cut off the d imens i on  of the v i s i b l e  and  i ntroduce the d i mens i on  of the a u d i ­
b l e .  My works a re a lways very spat i a l :  they a re s o u nd  s c u l ptures . " 1 4  

Rad io  as Mater ia l  

La ra dia sara 

Utilizzazione delle interferenze tra stazioni e del sorgere e della evanescenza dei suoni. 

Radio will be 

The utilization of interferences between stations and of rising and fading sounds. 1 5  

" I  spent a coup le  of years praduc i ng  sho rt-wave rad i o  conversat i ons .  You can rea l ly p l ay o n  a 
sho rt-wave rad i o  because such a l ot is happen i n g  the re :  not on l y  when you happen  to tune  i n  to a sta­

t i on-e . g .  Moscow-but a l so i n -between stat i o n s .  There a re sate l l i te no i ses ,  the re i s  rad i o  commun i ­
cat ion  between s h i p s ,  a n d  a l ot o f  othe r  stra nge  n o i s e s .  I t  i s  a l most l i ke a synthes i ze r. So I d i d  two o r  
t h ree  works w i th  sho rt-wave rad i o ;  the f i rst one ,  I th i n k , was i n  1 969 :  I used rad i o  on the rad i o  . . .  The 

rad i o  i s  an  i n st rument . . .  " 1 6  (M i chae l  Snow) .  
I n  1 952 ,  John  Cage put up  12  rad i o  sets  i n  a concert h a l l  and  had them p l ayed as  i n st ruments .  

Th i s  " I mag i n a ry La ndscape" i s  a lways there when"the  i nte rfe rences between stati ons  and  the r i s i n g  
and  fad i ng of sounds "  a re u sed  as a rt i st i c  mater i a l ,  e ven  i f  the effect i s  doub l ed ,  as  a m i r rar  image  of 
i tse l f ,  as  soon as  the rad io  as an  i n strument is p l ay i ng  a concert for, and on, the rad i o .  



Rad io  about Rad io  

La ra dia sara 

Un 'Arte nuova ehe comineia dove eessano il teatro, il einematografo e la narrazione. 

Radio will be 

A new art whieh begins where theatre, einema and narrative end. 

We have seen that ,  in t he i r  futu r i s t i c  man i festo ent i t led " La rad i a , "  Ma r i netti a nd  Masnata 

ca l l ed for a type of rad i o  a rt that wou l d  not conta i n  the "p re-ex istent med i a , "  wh i ch  accord i ng to 

McLuhan  reg u l a r l y  const i tute the contents of any new med ia .  There a re va r i ous  ways of transform i n g  
t h e  d i ffe rent types of rad i o  p rograms i nto t h e  content and form o f  rad i o  a rt .  Dav id Troostwyck e . g .  h a d  

an  a rt commerc i a l  broadcast on  a commerc i a l  stat i on .  B i l l  Fu r long and  Mau r i z i o  N a n ucc i  u s e d  street 
po l i s  in an  ent i re l y  new way, and B i l l  Johnson  adapted a rad i o  i nterv i ew g iven by Bruce McLean d u r­

i n g  the  go l d en  age of N ew Pa i n t i ng  ( Everybody's Do i ng  I t ) .  I n  1 970 ,  Canad i an  a rt i st l a n  M u rray com­
b i ned  the f i rst 1 0  seconds of the "top h und red number-one rad i o  h i ts"  of the past  ten years  afte r hav­

i n g  been  to l d  over  and  over aga i n  by rad i o  producers and DJs that  the f i rst ten seconds of a record i n g  
d e c i d e  whethe r  o r  n o t  i t  w i l l  be a h i t .  " I  cons i de r  th i s  work a scu l ptura l act .  T h e  mate r i a l  i s  c u t  and  then  
re-pasted i n  a way wh i c h  i s  en t i r e l y  d i fferent f rom that  of reg u l a r  rad i o  prog rams . " 1 7  l a n  M u rray exp l i c­
i t l y  cons i de rs h i s  TV and  rad i o  work as part of h i s  act iv i t ies as a v isua l a rt i st, def i n i n g  it as " a rt i n  pub ­
l i c  space . "  Apart f rom dea l i n g  with n ume rous  aspects o f  how to  extend the wo rk of v i sua l  a rt i sts to  

i n c l u de  the new med i a ,  he  i s  a l s o  i nterested i n  the f i nanc i a l  and l e ga l  changes  that  resu l t  f rom 
exchang i n g  b rush  and  canvas  for the e l ectron i c  med ia  where un i q ue  th i ngs ,  o r i g i n a l s ,  have  ceased  to 

ex ist  and  where c l e a r  a uthors h i p  has ,  q u ite often ,  d i sa ppeared . 

M us i c i a n s  and  l i terary f i g u res can make use of the rad i o  to d i st r i bute the products they a lways 

produce  anyway. Wh at I am i nterested in , regard i ng  the works of v i s ua l  a rt i sts, i s  the fact that they do 

not att r i bute so much i m porta nce to supp l y i ng  a maximum number  of persons with p refabr i cated i nfor­

mat ion ,  but  rathe r  focus  o n  forma l  i n novat i on ,  s i nce the med i um  itse l f  has  become the object of the i r  

work . 

I n  1 988 ,  the Austr i a n  H e l m ut Ma rk used a rch ive mate r i a l  from i nformat i on  programs broadcast 

by the  Austr ian Rad io on  the attempted assass inat ion of Rona ld Reagan to produce  a p i ece of work 
ent i t led " Coca Co l a . "  In th is project , found  mate r i a l  was re-pasted i n  a new way, and  f i tted with a n um ­

ber  of n ew "f rames " :  w i t h  t h a t  of the " Kunstrad i o-Rad ioku nst" prog ram,  f o r  a sta rt, b u t  a l so w i t h  a n  
immed iate frame  cons i s t i ng  of mate r i a l  from a Coca C o l a  commerc i a l-the n ame  "Coca Co l a "  i tse l f  

was not ment ioned i n  the feature i ts e l f , but  it was  used ,  and therefore ment ioned ,  as  the work's t i t l e  

( i t  i s  no t  a l l owed to broadcast commerc i a l s  on  t he  Österre i ch  1 p rogram ) .  Many l i steners b e l i eved 
another  assass i nat ion  attempt had taken p l ace ,  a l though ,  when l i ste n i n g  ca refu l l y, i t  was c l ea r  that 

these were c l i ps from d i ffe rent programs with d i fferent speakers .  Mark  refused to g ive an  " i nterv i ew 
with the a rt i s t , "  wh i c h  i s  u sua l l y broadcast at the beg i n n i n g  of the program; he rep laced it by a f i c t i ­

t i ous  i nterv i ew i n  wh i ch  the a rt ist  was ask i ng  the quest i ons .  The a nswe rs, read by a rad i o  speaker, 
were a co l l ect ion of q u otat i ons  . . .  Thus ,  a p i ece of work wh ich  appea red to be s imp l e  i n  the f i rst p l a ce  

revea l e d  a w ide  ra nge  of poss i b l e  l eve l s  of mean i ng  and assoc iat i on :  f r om the h i story of rad i o  a rt (from 

readymades to Orson We l l es ) ,  v i a  the exam i nat ion of va r i ous  fo rms of transm i s s i o n ,  the med i u m 's 

potent i a l l y f i c t i t i ous  cha racte r, and  its d i fferent ways of recept ion a l l  the way to the present-day a rt of 

appropr iat i o n .  
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La rad ia  abo l isce 

1 .  10  spazio 0 scena necessario nel teatro, compreso i l  teatro sintetico futurista, e nel cinema 

2. il tempo 

3. I 'unita d 'azione 

4. il personaggio teatrale 

5. il pubblico inteso come massa giudice autoeletto, sistematicamente ostile e servile, sempre 

misoneista sempre retrogrado. 

Rad io  abo l ishes 

1 .  the space or stage necessary in the theater, including synthetic, futuristic theater, and in the 

cinema 

2. time 

3. the unity of action 

4. the dramatic character 

5. the audience, intended as a self-elected mass jury, systematically hostile and servile, 

always misoneist, always retrograde. 

Art i sts are not very often g iven the opport un i ty to rea l i ze l ong -term l ive projects .  Most l i ke l y, 

t h i s  i s  poss i b l e  at the un ivers ity stat i ons  ment ioned above, and  somet imes a l so at stat ions  f i nanced by 
donat ions  and  membersh i p  subscr ipt ions from l i steners who a re i nterested i n  new mus i c ,  a rt ,  and  l i t­

e ratu re .  Dne  of these stat ions is Rad io  CFRD in Vancouver, a cooperat ive prov i d i n g  se rv ices for po l i t i ­
c a l  a nd  c u l t u ra l  m i nor i t ies .  I n  1 976 ,  the "H .  P. S how" was broadcast for the f i rst t ime  on  CFRD :  a week­

I y  l i ve program by Hank Bu l l  and Patr i ck Ready, wh i c h  was a g reat success for  many years .  "We sta rt­

ed the H. P. Show with the exp l i c i t  i ntent ion  of mak i ng  rad i o  a rt ,  of penetrat i n g  into a g iven soc i a l  i n st i ­
tut i o n ,  i n  th is  ca se  the rad i o ,  and mak ing i t  a venue  for a rt . . .  Dur  i dea  was that th is  type of a rt does 

not have to pass th rough the a rt i ndustry but can reach the l i stene rs d i rect ly from the a rt i sts and  pro­

d u cers .  Th i s  i s  a rt i n  the pub l i c  space,  a rt for everyone . . .  The word ' a rt '  was never ment ioned on  the 
H .  P. S how, not even when an a rt i st was be i ng  i nterv iewed .  Art  was d i s g u i sed o r  t ra n s l ated i nto some­

th ing e l se .  I t  was a n  attempt to advance to new forms of expres s i o n ,  to a new form of commun i cat ion  
go i ng  beyond a rt as  def i ned by the a rt i ndustry . . .  Rad i o  a rt i m p l i ed  us i ng  sound  effects, the te lephone ,  

d i fferent fo rms of rad i o  p l ays, mus i c ,  improv i sat i on  i n  the stu d i o ,  i nterv i ews with g uests ,  deve l opment 

of s c i e nce f i c t ion  ser ies ,  l ive act ions ,  etc . . . .  R i g ht from the beg i n n i ng ,  we regarded the H .  P. Show as  
v i s ua l  a rt ,  and  I st i l l  t h i nk  t he  rad i o  a l so  be longs  i n  t h i s  category. Th i s  i s  the  trad i t i o n  I come from ,  t h i s  

i s  whe re I b e l o ng .  Even o u r  app l i ca t i ons  for  s ubs i d i e s  were  add ressed  to the  V i s ua l Arts 
Depa rtment . " 1 8  As a matte r of fact, the Canad i a n  Coun c i l  for Art Promot i on  a l so s u pported rad i o  a rt ,  
e .g .  the  " N ew Sounds G a l l e ry, " an  open-end l ate- n i g ht program broadcast by G .  X .  J u p itter-La rsen on  

rad i o  CRFD Vancouve r. (The  h i g h  percentage of Canad i a n s  i n  med i a  a rt i n  gene ra l ,  a nd  i n  rad i o  a rt i n  

pa rt i c u l a r, has  to do with the country's med ia  and  a rt po l i c i e s ,  a nd  w i th  l ead i ng  f i g u res such as  G l e nn  
Go u l d ,  Ma rsha l l  McLuhan ,  o r  R .  Mu rray Schafer. )  Even outs i d e  the rad i o  context , J u p i tte r-La rsen 's work 
can be cha racter i zed by the keyword of re- i nformat i o n :  " I  treat i nformat i on  a s  raw mater i a l .  I reshape  

i t  so  that  i t  ends  u p  mean i ng someth i ng  d i fferent ,  o r  appea rs to be  someth i n g  d i fferent f rom wh at i t  

o r i g i n a l ly was . . .  You can use i nformat ion  to make a scu l pture . . .  " He re i s  o ne  examp l e  for a program 
dea l i n g  with re- i nformati on :  "Some t ime ago ,  o u r  stat i o n 's tra n sm i tter  broke down . When you tuned in  
to our  stat i o n ,  a l l  you cou l d  hear  was random stat i c .  N everthe l ess ,  I went i nto the stu d i o  and  recorded 
a l l  these random no i ses, th i s  stat ic  wh ich  was on  the a i r  i n stead of my p rog ram .  The  fo l l ow ing  week ,  
afte r the transm itte r had been repa i red ,  I began my program with the fo l l ow ing  a nnouncement :  ' I f  you 
m i ssed l ast week's program ,  don ' t  worry. There was none ,  beca u se  our  t ransm itte r b roke down . For a l l  



those of you who m i ssed i t ,  he re 's once  aga i n  wh at happened last week . '  Wh at fo l l owed were hou rs 

of my record i n g s  of ra ndom stat i c  . . .  The most i nterest i ng  th i ng  about  the potent i a l  of t h i s  a rt i s t i c  
exam i nat ion i s  that the program i tse l f  can  be treated as a med i um .  Th i s  i s  why I no rma l l y  don 't record 

my pragrams, s i nce that wou l d  tu rn them i nto tapes o r  records .  I l i ke the idea that rad i o  a rt i s  f l oat i ng  

th raugh  the cosmos ,  so to speak-on its way to O r i on ,  o r  wherever . . .  " 1 9  The concept J u p itter-Larsen 
ca l l s  " re - i nformat i o n "  i s  def i ned as  " c l i c he  pracess i n g "  by Rad io  SubCom, a g ra u p  of med i a  a rt i sts fram 

Austr ia and  Switze r l and  (Arm i n  Medosch ,  O i l  B io ,  et a l . ) .  The sounds com i ng  fram the  rad i o  have 
become c l i ches ,  the i r  s i g n i f i cance  i s  t ied to l ea rned l i sten i ng  habits .  These c l i c hes  a re taken up by 

Rad i o  S ubCom,  changed by means  of sound  techno l ogy, and sh ifted with i n  the i r  context, so  that in the 
end ,  they ga in  a new mean i n g  that i s  c omp l ete ly i ndependent of the i r  o r i g i n a l  i ntent i o n s .  The  rad i o  thus 
becomes a recyc l i n g  fac i l i ty for f ight ing the po l l ut i on  of ou r  media env i ronment .  

I n  contrast to J u p itte r-La rsen ,  Rad io SubCom are not a l l owed to braadcast .  The i r  stu d i o  i s  in  

a n  o l d  bus ,  trave l l i n g  acrass E u rape i n  a nomad ic sty l e  . . .  I t  i s  a c o l l a g e  i n  i tse l f :  made up of l ots of 

d i fferent devices and pa rts set u p  by O i l  B i o .  "C reat ive sound techno l ogy i s  an  essent i a l  e l e ment  of the 

new RAD IO  AESTH ETI CS  suppo rted by RAD I O  SUBCOM.  O i l  Bio uses a comb i na t i on  of the l atest d i g i ­
ta l a ud i o  techno l o g i e s  and  dev ices fram t h e  stone a g e  o f  rad io  techno l ogy . . .  R ad i o  a rt i s  n o t  a spe­

c ia l  b ranch with i n  convent i o na l  rad i o ,  but  the a rt of mak ing rad io  i tse l f . "  

"Dramma di  Dis tanze " ( f r am " 5  S i ntes i  da l  Teatra Rad iofon i co "  by F. T .  Ma r i nett i ) :  1 1  sec. di 

una marcia militare a Roma- l i sec. di un tango danzato a Santos- I I sec. di musica giapponese reli­

giosa suonata a Tokio- l i  sec. di bal/o campestre vivace nel/a campagna di Varese- I I  sec. di un 

incontro di pugilato a New York- I I  sec. di rumorismo stradale a Milano- I I  sec. di romanza napo­

letana cantata nel/ 'albergo Copacabana di Rio de Janeiro. 

"Drama of Distances " ( f rom " 5  S i ntes i  da l  Teatro Rad iofon i co"  by F. T. Ma r i n ett i ) :  1 1  sec. of a 

military march performed in Rome- l 1  sec. of a tango performed in Santos- l 1  sec. of religious 

Japanese music played in Tokyo- l 1  sec. of a lively country-dance performed in the vil/age of 

Varese- I I  sec. of a boxing-match in New York- I I  sec. of street noise in Milan- l i  sec. of a 

Neapolitan romance sung at the Hotel Copacabana in Rio de Janeiro. 

Th i s  " D rama of D i stances"  conta i n s  a te lecommun i cat ions mode l  wh i c h ,  i n  its an t i - h i e rarc h i ­

c a l  structure ,  g oe s  beyond the convent i o n s  o f  t h e  med i um  " rad io "  as  we know i t .  F r am  a contemporary 

po i nt of v i ew, however, t h i s  sho rt desc r i p t i on  g iven by Mar i netti a l s o  prav ides a c l e a r  p i cture of the 

not ion that a l l  rad i o  needs  to do i s  a l i g n  its m icraphones a l l  ove r the wor ld  and  p ick any  exce rpts f ram 

the cont i n u a l  f l ow of events ,  c omb i n i n g  them i n  a co l l age .  Another  s ubj ect of rad i o  a rt i s  t he  idea that 
rad i o  can  open any n umber  of a u d i o-wi ndows so that l i steners may eavesdrap o n  the " constant m u r­

m u r  of data " ( Kr i esche )  " Rad i ca l  R ad i o , "  a type of rad i o  that l i stens i nto " natu re , "  was conce ived by 

R .  M u rray Schafer :  "A few years a ga  Bruce Dav is and I had an idea for what we ca l l ed  W i l derness 

Rad io .  The p lan was to put m i c raphones in  remote l ocat i ons un i nhab ited by humans and  to braadcast 
whatever m ight  be happen i n g  out  there :  the  sounds of wind and ra i n ,  the cr ies of b i rds  and a n ima l s­

a l l  the u n eventf u l  events of the natu ra l  soundscapes transm i tted without ed i t i n g  i nto the hea rts of the 

c i t i e s .  I t  seemed to us  that s ince man  has  been pump ing  h is affa i rs out  i nto natura l soundscape ,  a l i t­

tle natu ra l w isdom m i g ht be a usefu l an t i dote . "20 

throw a high sound out of the window and send it around the earth. wait until it returns back­

wards through the door-enriched by al/ the sounds it has met on its way. let this sound smash you to 

the ground. (Gerhard Rühm, 1 975) 2 1  
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Mar i n ett i 's " D ramma di D i stanze" ant i c i pates a mode l  for rad i o  a rt projects wh i ch ,  i n  fact, 

overcome wo r ldw ide  d i stances by m ix i ng  sounds  from remote sou rces o r  mak i ng  them i nto co l l a ges .  I f  

you have the i mpress ion ,  however, that  these projects may f i t  i nto one  u n iform chapter of rad i o  h i sto­
ry, you a re comp l ete ly m istaken . . .  The few a rt i sts who have successfu l ly se ized the opportun ity to 

rea l i ze  proj ects of th i s  kind in the i nst itut i o na l i zed p u b l i c  rad i o  space have had very d i ss i m i l a r  sta rt i n g  

pos i t i ons .  

I n  h i s  projects "P i ece  for Peace" ( 1 985 )  o r  " C rysta l Psa lms "  ( 1 988, a l i ve concert wh i ch  took  

p l a ce  s i m u l ta neous l y  i n  6 d i fferent countr ies i n  commemorat ion of the "C rysta l N i g ht'' l ,  A l v i n  C u rran ,  
a n  Amer i can  l i v i n g  i n  Europe,  focuses on "a rea l i st i c  a nd  symbo l i c  encounter between many peop l e  i n  

many d i fferent p i  aces ,  peop le  who can ne i the r  see no r  hea r  each other, but  who jo i n  to pe rform a p l ay  

togethe r, a n  event  wh ich  as such can on l y  take  p i  ace on  the rad i o  . . .  a rad i ophon i c  connect i on  that ,  a t  

l east for an  i n stance ,  b r i ngs  peop l e  togethe r  i n  the same acous t i c  space ,  connect ing them i n  a mo re 
than  symbo l i c  way. Even if they don 't know it ,  I ha rmon i ze  them comp l ete ly. I n  t h i s  sense ,  the rad i o  i s  

a n  u n be l i evab l e  i n strument . "22 

Rega rd i n g  form, para l l e l s  to Nam J u n e  Pa i k's g l o b a l  te l ev i s i on  events co me i nvo l u nta r i l y  to 

m i n d :  d u r i n g  these events, eve ryth i ng  that takes p i  ace on  the d i ffe rent part i c i pat i ng  stat i o ns  is used  as 

mate r i a l  and m ixed by the "maestro" to create a compos i t i o n .  An ent i re ly  d i fferent a pproach is that of 

B i l l  Fonta na ,  who rea l i zed from a passage from Duchamp 's " N otes" that sounds  can be used as  mate­

r i a l  for scu l ptu res when perceived as objects that can be tra nsferred from one context to another. Thus ,  
Fontana  m ixed comp l ex sound scu l ptu res us i ng  l i ve record i n g s  f rom va r i ous  env i ronments-i . a .  v i a  

sate l l i t e .  These scu l ptures a l so extended i nto the pub l i c  rad i o  space .  B i l l  Fonta na i s  no t  conce rned w i th  

the rad i o  as a n  i n strument he can contro l/p l ay, but  with the ca refu l pos i t i o n i n g  of ( sound )  ob jects i n  the 
va r i o us  contexts of pub l i c  spaces ,  one of wh i c h  i s  the rad i o  . . .  "With the he lp  of the rad i o ,  sound­

u n l i ke i n  trad i t i o na l  sound scu l ptu res-cannot j u st be transferred to another  context, but to thousands  
of d i ffe rent sound  s i tuat i ons .  The rad i o  prov ides  the poss i b i l ity of prod uc i n g  h i g h ly d i ffe rent vers i o n s  
of each sound  s c u l ptu re/i nsta l l at ion : one vers i on-the i r  own  vers i o n-for each  l i stener. Each of these 

vers i o n s  i s  u n i q u e  because a lmost a i l l i steners wi l l  be exposed to a d i fferent sound  s i tuat ion . "23 
I n  a type of g i ant rad i o  d rawi ng ,  the Austr i an  Wo l fgang Temme l  esta b l i s hes  l i ve connect i ons  

between  remote p i  aces  across the wor l d ,  s i tuated both  fa r f rom each othe r  and  f rom the ce nters of a rt 
i n d u stry: pi aces  where art i sts often have to l i ve and  work unde r  very d i ffi c u l t  po l i t i ca l  cond i t i ons .  I n  h i s  

p roject " ( He )Artbeats , "  a rt i sts from Pa l est i n e ,  South Afr i ca ,  N i ca ragua ,  and  Austra l i a  " send "  t h e i r  
hea rtbeats t o  a l i ve rad io  program ta k i ng  p l a c e  at t h e  rad i o  stat i on  i n  L i n z .  From L i nz ,  these hea rtbeats 
a re then ,  aga i n ,  tra nsm itted on the a i r-not on l y  on VHF  and  med i u m  wave ( i n  the transm itt i n g  a rea of 

the  Öste rre i c h  1 programl ,  but a l so  on short wave: i nto the d i ffuse  space of Rad i o  Austr ia I nternat i o na l  
wh i c h  a l so covers other cont i nents .  One  o f  the no t i o n s  Temme l  themat i zes w i t h  th i s  project i s  that 
rad i o  space actua l ly cons i sts of many d i fferent spaces which a re not at a l l  u n iform i n  t he i r  structu res .  

Apart from the i nteractive, wor ldwide space used by rad i o  amateurs (who may on ly t ra n sm i t  t r iv i a l  
messages )-a space that nowadays, however, i s  without  content-there a re rad i o  stat i o n s  that " s up­

p l y" many h i g h ly d i fferentiated spaces wh ich  have been more or l ess  i n st i tut i o na l i zed ,  commerc i a l i zed ,  
o r  l oca l i zed with i n  va r i ous  l ega l  frameworks . They have one  t h i n g  i n  common ,  howeve r :  they on l y  s im­
u l ate i nteract iv i ty, and maybe even commun i cat i on ,  as  l o ng  as  t h i s  one-way t rack  from sende r  to  
rece iver  i s  n ot perce ived i n  a suff i c i ent ly def i ned  way. 

The comb i ned use of rad i o  and te l ephone  in news programs  s i g na l s  that l ive ,  s i m u l taneous ,  

i mmed i ate " i nstant i nformat ion"  i s  prov ided :  a n  aesthet ic  dec i s i o n  i s  made he re to accept a deg ree  of 
sound  q u a l ity wh i c h ,  in othe r  c i rcumstances ,  wou l d  not comp ly  with the norma l req u i rements of trans­
m i s s i o n  q u a l i ty. Ta l k- rad io  programs conj u re u p  a n  image of what rad i o  o r i g i n a l ly used to be :  two-way 
commun i cat i o n .  "A l though ,  as far as  techn i ca l  p r i n c i p l e s  a re concerned ,  every tube  rad i o  set and every 



l o udspeake r, accord i n g  to a sma rt statement by Enzensberger, q u a l ify as what m i g ht-even mo re 
smart l y-be ca l l e d  'tra nsce ivers '  ( i . e .  they a re ab l e  to broadcast and rece ive ) .  d racon i a n  te l ecom m u n i ­
cat i o n  laws,  pa rt i c u l a r l y  i n  t h e  We ima r  Repub l i c ,  h a d  t h e  effect that broadcast i ng  fac i l i t i e s  were i l l e ­

g a l i zed ,  and  s ame  were even sea l e d .  And  th i s  was n o t  j u st t o  prevent a n  ana rch i c  confus i o n  of waves ,  
but to reserve any poss i b l e  j oys of, and  a utho r ity over, two-way rad i o-te l ephon i ng  to the m i l i ta ry a nd  

t h e  i n d ustr i e s . "24 I t  i s  n o t  c ommun i cat ion  that reaches t h e  modern l i stener-turned-eavesdropper, bu t  
on l y  a n  image  of commun i cat i on  wh i ch  represents ,  at the same t ime ,  the t ransm i s s i o n 's content .  The  

te rm " l ive" i s  re lat iv i zed even  fu rther  by the advance of d i g i ta l i zat ion :  "on  the othe r  hand ,  what  i s  c l ea r­
Iy speak i ng  out  of these spaces i s  death . A dead vo ice com i ng  out of the rad i o .  No matter whethe r  t h i s  

i s  a l i ve vo i c e  o r  n o t .  l i v e '  o n l y  mean s  sameth i n g  with i n  t h e  context o f  t ime .  S i nce  t ime ,  however, h a s  

become  tr iv i a l ,  ' l i ve '  i s  noth i n g  but a sent i menta l ,  techno l og i ca l  l i e .  Storage  tech n i q ues  make i t  poss i ­
b l e  t o  ' l iven up '  dead t h i n g s .  I nformat i o na l  l i fe c a n  on ly  b e  created b y  k i l l i n g  l i v i n g  t h i n g s .  T h e  mo re 

immater i a l  the respect ive med i u m ,  the h i g he r  its competence to ' l iven u p '  . . .  " ( R i cha rd K r i esche ) .  

The H unga r i an  pe rfo rmance a rt i s t  Ti bor  Ha jas  themat ized the amb iva l ence  of the h i e ra r ch i ca l  

structure of rad i o -ta-person commun icat ion  i n  h i s  1 979 "Hang  Pe rfo rmance"  by  g iv i n g  h i s  own ,  ve ry 

i n s i stent vo ice  to a persona l i zed rad i o  set :  "for a short t ime th i s  g reat power, the rad i o ,  i s  d ea l i n g  o n l y  
with you ,  l ean  back ,  l et you rse l f  go ,  c l ose yo u r  eyes ,  th i s  i s  h ow I want yo u  . . .  I ' m  f i l l i n g  you r  room ,  
turn i n g  i nto a g i a nt , t o  g ive y o u  t h e  chance  t o  choose ,  t o  turn t h e  vo l ume  down, to t u r n  i t  up ,  j u s t  a s  
y o u  p l ease .  Ta g i ve you the chance  t o  treat me l i ke an  object, shame less  and  free ,  o n l y  f o r  y o u r  p l e a ­

s u re . . .  take t h i s  chance .  H ow  exc i t i ng  I can  be f o r  y o u  . . .  a n d  what k i n d  o f  object a re y o u  f o r  me?  
What  k i nd  of performance  can I g ive at your  expense-and without res istance7 . . .  s h o u l d  I torture you ,  

o r  ca ress  you ,  i n  front of a l l  t hose  stra nge rs ,  t hose  l a rge n umbers o f  men ,  women  a nd  c h i l d ren  who a re 
l i ste n i n g ,  who a re a l l  tak i ng  pa rt i n  o u r  l i tt l e  sto ry . . .  " 25 

" It is c u r i o u s  how much  more a rrest i ng  a re the weather  repo rts than the news on both rad i o  

a n d  TV. I s  t h i s  not because 'weather '  i s  now ent i re ly  an  e l ectron i c  form o f  i nformat ion  whereas news 
reta i n s  much of the pattern of the pr i nted word? "26 (Ma rsha l l  McLuhan ) .  Rad io has  not become the 

exc l u s ive content of rad i o  yet, and ne i the r  has rad i o  space been prec i se l y  staked out-the  rea l i zat ion  

of an  a rt that  has  rad i o  as  its content ,  a n  a rt that  takes p i  ace i n  rad i o  space ,  however, i s  of ten made 

more d i ff i c u l t  s i nce i t  i s  by no  means  norma l that  a rt i sts a re g ranted access to t h i s  med i u m .  So  they 
have to trave l a round  i n  ramshack l e  busses that  m i ght be rad i o  stat i ons ,  i f  on l y  th i s  was a l l owed ,  and 

use  mob i l e  stud i os to work on  the reut i l i zat ion  of c l i ches d i str i buted by rad i o  stat i ons  a l l  a ro u nd  the  

wo r l d  and  far out  i nto space (Rad io  S ubCom)  . . .  They  work on projects and  p h i l osoph i ca l ,  a rt i s t i c  texts 
in wh i ch  rad i o  is tu rned i nto a metapho r  (A lan  Lamb)  and/or texts based on  a def i n it i o n  of rad i o  that 

does not so much sta rt from rad i o  programs ,  but rather f rom the i ncrea s i n g  fragmentat i on  of the body 
and  the d i sso l u t i on  of catego r i es  l i ke t ime,  space,  freedom, i nd iv i d u a l ;  from the i n h ab itant of the 
" G l oba l  V i l l a ge "  who-m utated i nto a "Rad io  Man"  (R .  Kr iesche )-not on l y  rece ives  i nformat i on/data 

but a l so t ransm its them ,  thereby abandon i n g  h i mse lf-in  a pervers i on  of terms l i ke "commun i cat i o n "  
and  " i nteract iv ity, " wh i c h  i n  t u rn a r e  becom i n g  more and more obso l ete themse lves-to s u rve i l l a n ce ,  

contro l ,  "transpa rency" . 27 " R ad i o  cannot be reduced to  send i ng  and rece i v i ng ,  to commun icat ion  a nd  

dom i nance .  Rad i o  theory can  on l y  be deve l oped on t h e  ba s i s  o f  a g ene r a l  data theory. Th i s  mean s :  

Before we  can deve l o p  a rad i a ,  TV, v i d eo  o r  te l ecommun i cat ions theory, we  need  a theory of back­
ground upon  wh ich  to dep i ct these so-ca l i ed med i a .  I t  i s  ev ident that th is  backg round  has  to be a t ime ­
space  without space  o r  t ime .  Such  a t ime-space i s ,  however, d i ff i c u l t  to imag i n e . . "  ( R i cha rd 

K r i esche )  

Ta k i ng  u p  the va r i ous  ana lyses prov ided by conceptua l  a rt i n  the 1 960s and 70s ,  med i a  a rt ,  and  

thus rad i o  a rt ,  at the end  of the 80s-a nd f rom an  actua l l y  rathe r  impotent po i n t  of v i ew, g iven the f un ­
damenta l changes  caused  i n  soc i ety by modern commun i cat ion tech no l og i e s-a re above a l l  confront-
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ed with the q uest i ons  of wh at type of a rt wou l d  be adequate for  t h i s  soc i ety and  wh at it m i g ht-or 

wou l d  have ta-look  l i ke :  an a rt that wou l d  ne i t he r  be h i sto r i ca l  q u otat ion no r  d eco rat i on ,  ne i ther  i l l u s­

trat i o n  no r  d i dact ic  exerc i se ,  " an  a rt wh ich  does not on ly act with i n  the e l ectro n i c  space,  but  which is 

def ined from with i n  th i s  space :  an  a rt of the e l ectron i c  space ,  i n  fact . 

N otes 

1 .  "Acoustic Art on the Radio m "  presentation by Klaus Schöning at the symposium 
"With the Eyes Shut-Bilder im Kopf Zur Theorie und Praxis der Radiokunst " styrian autumn 1988. 
(This symposium was a co-production of styrian autumn, Graz, and the Austrian Radio ORF) 

2. Westdeutscher Rundfunk, WOR, one of the big German public radios, based in Cologne. 
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Proposa l for a Rea l ly  New " N ew Phys ics" 

B a r e  

Quantum theory i s  the  most far- ra ng i n g  and  successfu l attempt to u nde rsta nd  the  phys i c a l  t 
wor ld  ever dev ised by h uman  be i ngs .  � 

By the late Twent ies  q u a ntum theor i sts had so lved i n  e l abo rate deta i l  t he  m ost press i n g  ::u 
phys i cs  p rob l em of that e ra-how l i gh t  i nteracts with atoms .  But a l o ng  with its aston i s h i n g  power to :c 
pred ict the most s ubt l e  l i g ht-matter effects, th i s  f l ed g l i n g  theory created a host of p h i l o soph i c a l  prob- ..:::t:. 

(..) 
l ems ,  not the l east of wh i ch  was the b i za rre not i on  that the wor ld is i n  some sense  "no t  rea l "  except Z 
du r i n g  a n  act of measu rement .  

Many phys i c i sts ,  i n c l u d i n g  A l be rt E i nste i n ,  E rw in  Schröd inger, a nd  French  sc i en t i st-a r i stocrat 

Pr i nce Lou i s  Oe  Brog l i e ,  feit that g iv i n g  up rea l ity was too h i g h  a pr ice to pay for  a me re theo ry no  mat­
ter how successfu l ;  these phys i c i sts hoped in the i r  hearts that quantum theory's r e i g n  wou l d  be  sho rt­
l i ved ,  that t h i s  rea l i ty-deny i ng  theory wou l d  fa i l  when app l i ed outs i de  the atom-s i zed rea l m  where it 

had ach i eved its i n i t i a l  success .  The new theory however cont inued to prosper  beyond  its i nventors '  

w i l d est d reams ,  reso l v i ng  even more c omp l i cated prob lems of atom i c  structu re, c onque r i n g  the com­

p l ex ity of the atom i c  n u c l e u s ,  some ten thousand t imes sma l l e r  than the a l ready m i n us c u l e  atom ,  then 

extend i n g  its ra nge  deeper i nto matte r, down i nto the subnuc lea r  rea l m  of the e l ementa ry pa rt i c l es­

qua rks ,  g l uons  and l e ptons-wh i ch  many phys i c i sts be l i eved to be the wor l d 's u l t imate const i tuents .  
Each new p red i ct ive success made  quantum phys i c i sts bo lder. With t h i s  appa rent l y  i n v i n c i b l e  

theory i n  hand ,  q uantum theor i sts searched for new wor lds t o  conq ue r, and  t u rned t h e i r  s i g hts to t he  

macrocosm whe re  t hey  conv i n c i n g l y  desc r i bed the q uantum chemist ry of the p r imo rd i a l  f i r eba l l ,  a nd  

now even  da re to mode l  the  b i rth of the U n iverse i tse l f  as one g i gan t i c  q uantum l e ap :  f r om N oth i n g  
i nto Everyt h i n g .  

Exposed f o r  mo re  than  s i xty years t o  potent i a l  fa l s i f i cat ion o n  a t hou sand  d i ffe rent fronts, 

q uantum theory has  passed every test that th ree generat ions of Nobe l - h u ng ry sc i en t i sts can dev i se .  On 
a l l  leve l s  access i b l e  to expe r iment, q u a ntum theory gene rates f lawl ess p red i c t ions  for  a l l  of matte r's 
q u i rky ope rat i ons .  Faced with s u ccess afte r success ,  the major i ty of phys i c i sts q u i et l y  dec i ded  that to 

g ive up  rea l i ty in exchange  for q u a ntum theory's i mmense pred ictive power was not s u c h  a bad dea l 

after a l l .  

I n  add i t i on  t o  its repud ia t i on  o f  rea l i ty, q uantum theory's wh i r lw i nd  success h a s  prope l l ed  its 

front i e rs for the most pa rt outs i d e  the ra nge  of o rd i n a ry human affa i r s .  Hav i ng  so lved-in  p r i n c i p l e  at 

l east-a l l  phys i cs  p rob l ems  on  the o rd i n a ry sca l e ,  quantum phys i c i sts have been forced to seek fresh 

phenomena e i ther  in the deep m i croscop i c  rea lm  of the e l ementary part i c l e s ,  o r  in sub t l e  cosmo l og i c a l  
p u z z l e s  remote i n  t ime  and  space  f r om o u r  da i l y  concerns .  As  t he  doma i n  of f undamenta l phys i c s  

research retreats f rom the sca l e  of everyday l i fe, i n c reas i ng l y  costly appa ratus i s  req u i red  to s ubject 
these d i stant rea lms  to expe r imenta l scrut i ny. Because of the g reat expense of these expe r iments, the i r  

tech n i c a l  comp l ex ity, and  t h e i r  remoteness fram ou r  d a i l y  l i ves, d i rect pa rt i c i pa t i on  i n  q uantum 

research i s  restr icted to a few fortunate sc i ent i sts-th raugh whose efforts the rest of u s  v i ca r i ous l y  
sha re i n  one  of the twent ieth centu ry's g reatest i n te l l ectua l  adventu res :  the exp lo rat ion  of the strange  
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non -human  l a ndscape of the quantum wor l d ,  the  stru g g l e  to comprehend the utte r ly a l i e n  l o g i c  of wh at 

the l ate He i n z  Page l s  ca l l ed "the cosmic  cod e " :  q u a ntum phys i c s  as the l a nguage  of nature .  
Wi l l  the  b i zarre quantum wor ld forever  ex ist  as  the p r ivate preserve of mathemat i c i a n s  and 

exper i menta l phys ic ists, o r  m i ght o rd i na ry peop le  someday ga in  access  to its fa b l ed  rea l ms? Recent 

research i nto q u a ntum theory's ph i l osoph i ca l  d i mens i o n s  suggests that f undamenta l q uantum research  
may someday retu rn to  a human sca l e  and  a l l ow eve ry human be ing ,  no  matte r what  the i r  academic  

c redent i a l s ,  to take part i n  the quantum adventu re ,  j o i n i n g  with phys i c i sts and  mathemat i c i a n s  i n  an  
ega l i ta r ian  endeavor I ca l l  " h o l i st i c  phys i cs . "  H o l i st i c  phys i cs  cou l d  open u p  a t h i rd f ront  of q u a ntum 

research on  the sca le  of o rd i na ry exper i ence  with i nexpens ive e q u i pment .  wh ich wou l d  comp l ement 
convent i o na l  q u a ntum research on the cosmo l o g i c a l  a nd  e l ementary part i c l e  sca l es ,  a t h i rd front made 
poss i b l e  by the very rea l i ty prob l em that so d i stressed E i nste i n  and  other ea r l y  q uantum phys i c i sts .  

The q uantum rea l ity prob l em ar i ses p r ima r i l y  because q uantum theory descr ibes the wor ld  in  
two ways ,  not one .  Quantum theory represents a n  object d i fferent ly depend i n g  on whether i t  i s  be i ng  

observed o r  not be i ng  observed.  Eve ry phys i c i st w i t hou t  except i on  uses  t h i s  twofo l d  quantum desc r i p­

ti on i n  h i s  or he r  work, but phys i c i sts ho l d  many d ivergent op i n i o n s  about  "what i s  actu a l ly g o i n g  on"  
du r i ng  these  two stages i n  an  object's ex istence :  be i n g  observed and not-be i n g -observed .  

Whenever  an object-bu l l dog ,  baseba l l ,  o r  ba ryon-is not under  observat i on ,  q uantum phys i ­
c i sts represent tha t  object as a "wave of  proba b i l i ty, " ca l l ed the object's "wave funct i o n . "  I n stead o f  

def i n i te va  l u e s  for attr ibutes such as  pos i t i o n ,  ve l oc i ty, and  sp i n ,  each of the object's attr i butes takes 
on-in the mathematics at lea st-a wide ra nge  of poss i b l e  va l ues ,  va l u e s  that osc i l l ate i n  a wave l i ke 

manne r  at a va r i ety of d i fferent freq uenc i es .  Th i s  way of treat i ng  unobserved obj ects is one  of quan ­
t um theory's mos t  pecu l i a r  features .  Unobserved objects a re no t  treated as  rea l  t h i ngs  but as  proba b i l ­
i ty waves, n ot a s  actua l  happen ings  b u t  on l y  as  b u n d l e s  o f  v i b ratory poss i b i l i t i e s .  

On  the o the r  hand ,  when  an  object i s  observed ,  i t  a lways f i nds  i tse l f  at one  part i c u l a r  p l ace ,  
with one  pa rt i c u l a r  sp in and ve loc i ty, i n stead of a smea red-out  ra nge  of phys i c a l  propert i e s .  D u r i n g  the 
act of measu rement, the mathemati ca l  descr ip t ion  ab r upt ly  s h i fts-from a sp read-out ra nge  of poss i ­

b l e  att r i butes ( u nmeasured object) to s i ng l e  actu a l  attr i butes (measu red object ) .  Th i s  sudden  measu re­
ment - i nd uced switch of descr ipt ions i s  c a l l e d  the " co l l a pse of the wave funct i o n , "  o r  s i mp l y  the  " quan ­

t um j ump . "  The nature o f  t he  quantum j ump  i s  the b i g gest mystery i n  quan tum phys i cs .  Whethe r  th i s  

d rast i c  sh ift i n  the  mathemat ics corresponds to a n  actua l  d i s l ocat ion i n  the rea l  wor l d  o r  i s  a p u re l y  
mathemat i c a l  q u i rk cont i nues  to  be a matte r of deep  controversy i n  the phys i cs  commun i ty. 

N ot eve ry phys i ca l  i nteract ion  cou nts as a measu rement .  For i n sta nce ,  the act ion of g rav ity on 
an object a l ters its proba b i l i ty wave but does not in i t se l f  i n d uce a q uantum j ump .  Many phys i c i sts 

b e l i eve that the essence of a measurement act is "mak i n g  a record , "  a nat ion  I wi l l  adopt he re .  No  
reco rd ,  no  measu rement . On l y  those  i nteract i ons  i n  natu re that  l eave beh i nd  pe rmanent  traces ( records )  
count  a s  measu rements. For i nstance ,  the f lash of l i ght  i n  your  eye, recorded as  a pattern of neu ra l  

i m pu l ses ,  i s  one  such measurement, wh i l e  the ( u n rega rded )  fa l l  of a spa rrow i s  no t .  On l y  record-mak­
i n g  dev ices have the power to turn mu lt iva l ued  poss i b i l i t i e s  i nto s i n g l e-va l u ed actu a l i t i e s .  If we take 
q u a ntum theory ser ious ly, the wor ld does not ex ist  a s  an  actu a l ity except u nde r  the i n f l u ence  of spe­

c i a l  record i n g  dev i ces; when u n recorded i t  ex i sts on ly as  hordes of i nterm i n g l i n g  sem i - rea l poss i b i l i ­

t i e s .  S i nce on l y  a t i ny part o f  t h e  wor ld i s  l u c ky e n o u g h  t o  be i n  contact with a measu r i ng  dev ice ,  most 
of the wor ld most of the t ime i s  "not rea l , "  at l east in its mathemat i ca l  representat i on .  

Same phys ic i sts, d i stu rbed by  quan tum theory's ant i  rea l i st sta nce ,  preferred to go  on  be l i ev i ng  

tha t  u nobserved objects rema i n  rea l ,  t ha t  i s ,  possess i n g  def i n i te attr i b utes at a l l  t imes  whethe r  these 
attr i butes a re l ooked at o r  not . I n  t h i s  v i ew, wh i c h  I ca l l  " o rd i n a ry rea l i sm , "  the fuzz i ness  i n  the q uan­
t um descr i p t i on  a r i ses not from an object ive fuzz i ness  i n  the attr i b utes of q uantum objects ,  but  from 
the phys i c i st 's own i gnorance concern i ng  the va l u e s  of unobse rved att r i butes .  L i kewise the q u a ntum 



j u m p  is not a rea l phys i c a l  event but a me re bookkeep i ng  procedu re that corresponds to the sudden  
i n c rease i n  the observer 's knowl edge t ha t  occu rs i n  the ac t  o f  measu rement .  The g i st o f  o rd i n a ry rea l ­

i sm ,  i n  the words of B r i t i s h  phys i c i st Pa u l  Oav ies ,  i s  that "b i g  th i n g s  a r e  made  o f  l i tt l e  th i n g s "  where 

" th i ng "  means  here a n  object that possesses def in ite att r ibutes whether observed or not .  
As attract ive a s  th is common-sense pos it ion m i g ht seem,  the major i ty of phys i c i sts sound l y  

rej ect i t ,  h o l d i n g  t ha t  q u a ntum phenomena  must be taken on the i r  own  terms and  no t  forced i nto o ut­

moded p h i l osoph i ca l  mo l d s  such  as  o rd i n a ry rea l i sm .  Quantum found i n g  fathe r  and f i rm a nt i  rea l i st 

Werner  He i s enbe rg dec l a red ,  "An atom i s  not a t h i ng , "  and  compa red rea l i ty-nosta l g i c  phys i c i sts such  
as  E i nste i n ,  Sch röd i n g e r  and  P r i nce  Oe  Brog l i e  to  be l i evers i n  a F lat  Earth .  "The  hope tha t  new exper i ­
ments wi l l  l ead  Sch röd i n ge r  and P r i nce  Oe  Brog l i e  to be be l i evers i n  an  object ive wor l d  i n  t ime and 
space i s  about  as  we i l  founded , "  sa i d  He i senberg ,  "as the hope of d i scove r i ng  the end of the wor ld  i n  
the u nexp l ored reg i o n s  of the Antarct i c . "  

I n  p l ace o f  o rd i n a ry rea l i sm  He i senberg proposed a new p i ctu re o f  q uantum rea l i ty-a mode l  
of wha t  q uantum objects a re rea l l y  do i n g  when  no t  be i ng  l ooked at-that i s  based on ta k i n g  q u a nt um  
theory se r i ous ly, n o t  a s  a me re computat i ona l  t o o l  b u t  as  an  actua l  p i ctu re o f  ex i stence at the q uan tum 

l eve l .  To construct h i s  v i s i o n  of quantum rea l i ty, He i senberg took q uantum theory's v i b ratory poss i b i l i ­

t i  es  l i tera l ly :  t h e  attr i butes o f  u nobserved objects exi st. accord i ng  t o  He i senberg ,  exact ly a s  represent­
ed in the theory, as  poss i b i l i t i es ,  not as  actua l i t i es .  The unobserved atom does not rea l l y  have a def i ­

n i te pos i t i on ,  for i n sta nce ,  but  on l y  a tendency, an  i n c l i nat ion ,  to  be i n  severa l  poss i b l e  pos i t i ons  a l l  at 

the same t ime .  The u nwatched  atom ,  in the He i senberg p i ctu re, i s  not actua l ly anywhere ,  but  i s  poten­
t i a l l y everywhere .  In He i s e nberg 's v iew an  atom i s  certa i n ly rea l ,  but  its attr i butes dwe i l  in a n  ex isten­

t ia l  l i mba " h a l fway between  an  i dea  and  a fact. " a q u iver ing state of atten uated ex istence that 

He i s enberg ca l i ed " potent i a , "  a wor ld  devo i d  of s i n g l e-va l ued  actua l ity but teem i ng  with b i l l i o n s  of 
u n re a l i zed poss i b i l i t i e s .  

S i nce  q uant um theory app l i e s  to everyth i ng ,  no t  j u st to  atoms ,  a l l  objects w i thout  except i o n  

ex i s t  i n  t h i s  part i a l l y  u n rea l  state of "objective i ndef in i teness" (Abner S h imony )  un t i l  someone  ( o r  

someth i n g )  de c i d e s  to l ook  at them .  I n  the a c t  o f  observat i on-ca l i ed by  phys i c i sts t he  " a c t  of mea ­
su rement"-one of the object's v i b ratory poss i b i l i t i es  i s  promoted to a cond i t i on  of fu l l  actua l i ty, a nd  

a l l  other poss i b i l i t i e s  va n i s h  without a trace .  Wh i c h  poss i b i l i ty becomes r e a l  d u r i n g  a measu rement  i s  

a matter o f  " p u re chance , "  that i s ,  i ts causes ( i f  any) outs ide the wor ld  o f  phys i c a l l aw. 

He i s enberg 's stra nge p i cture of the quantum wor ld  as ha lf-rea l  poss i b i l i t i e s  that a re actua l i zed  

on l y  d u r i n g  a measu rement  act i s  cons i de red by many phys i c i sts to be the most  reasona b l e  g u ess a s  to  

h ow the wor l d  deep  down rea l ly operates .  Certa i n l y  many more  phys i c i sts subsc r i be  to the He i s e n berg  

p i ctu re than to the common -sense tenets of ord i na ry rea l i sm .  To the average phys i c i st the not i o n  that  
the o rd i na ry wor ld  spends  most of its t ime i n  an  u n rea l  state i s  not cons idered prepostero u s .  S i nce  

q u a ntum theory desc r i bes  the wor l d  we see so co rrect ly, they a rgue ,  i t  wou l d  be foo l i s h not to take se r i ­

o u s l y  what  i t  seems to be te l l i ng us  about  t he  unseen wor l d .  

Beca use  no  measu rement can eve r  te l l  us  what  the unmeasu red wo r l d  i s  l i ke ,  H e i senbe rg 's p i c ­
t u re of q uantum rea l i ty wou l d  seem to be imposs i b l e  to ver ify o r  refute . So me  ph i l o sophe rs have  
a rgued ,  t ha t  beca use  of the i r  i nt r i n s i c  u nver i f i a b i l i ty, mode l s  o f  rea l ity o f  the He i senbe rg var i ety can  be 

of no  poss i b l e  i nterest to s c i ent i sts; they u rge us to tu rn ou r  i nterests e l sewhere ,  to theor ies that have 
conseq uences i n  the wor ld  that we can see and to uch .  However, one  impo rtant funct ion that a mode l  

of t h e  u n s een  rea l ity can  pe rform i s  t o  h e l p  extend ou r  th i n k i ng  i nto u n known rea lms .  F o r  t h i s  p u rpose 
even a bad map  m igh t  l ead to new d i scove r ies .  

I wou l d l i ke to use  He i senbe rg 's mode l  of quantum rea l i ty i n  j u st th i s  way, to attem pt to extend  

q u a ntum i deas  i nto a brand-new rea l m .  To expand o rd i n a ry phys i cs  i nto " h o l i st i c  phys i c s , "  the democ­

rat i c  sc i ence  of the future ,  I p ropose  to conj o i n  He i senberg 's p i ctu re of the "way the wor ld  rea l l y  works"  
M 
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with a part i c u l a r  conj ecture concern i ng  the re l a t i on  of m i nd to matte r. 
Wh i l e  modern sc ience has successfu l ly maste red the wor ld  of matter, the wor l d  of m i nd st i l l  

rema i n s  a deep myste ry, a n  i n te l l ectu a l  b lack  h o l e  opaque  to systemat ic  comprehen s i o n .  I t  i s  fa i r  to say 

that as far as  sc i ent i f i c  understand i ng  of the m i nd goes, we a re a lmost tota l ly at sea .  By the h i g h  sta n­
da rds of exp lanat ion  we have co me to demand i n  phys i cs  and  othe r  sc iences ,  we do  not even possess 

a bad theory of consc i ousness ,  let  a lone a good one .  

Spec u l at i ons  concern i n g  t he  o r i g i n  of i n n e r  expe r i ence i n  h u mans  and  othe r  be i ngs  have  been  

few, vague ,  and  supe rf i c i a l .  They i n c l u de  the no t i o n  t ha t  m i nd i s  a n  " eme rgent  property" of act ive neu r­
a l  nets, or that m i n d  i s  the "software" that manages  the bra i n 's unconsc i ous  " h a rdware . "  To these 

rather  soft specu la t i ons  I wou l d  l i ke to add my own-that m i nd i s  not  a rare phenomenon  assoc iated 

with ce rta i n  comp lex b i o l og i ca l  systems but i s  eve rywhere ,  u n ive rsa l in nature, a f undamenta l  quan ­

tum effect more  a k i n  to superconductors and l a se r  tubes than  to computer c i rc u i t ry. 
As the cornerstone of ho l i st ic  phys i cs ,  I a ssume that every q uantum system has  both a n  

" i n s i de "  and  a n  "outs ide , "  and that consc iousness  i n  h umans  as  we i l  as  i n  other sent ient  b e i n g s  i s  

i d en t i c a l  to the i n n e r  expe r ience o f  some  quantum system .  A q u a ntum system 's outs i de  behav i o r  i s  

descr ibed b y  q uantum theory, i t s  i n s i d e  expe r i ence  i s  t h e  s ubject matter o f  a n ew  " i n ne r  phys i cs "  yet 
to be deve l oped .  The size of the q uantum system in the b ra i n  respon s i b l e  for o u r  fam i l i a r  h uman  form 
of consc i o usness can be est imated from subj ect ive measu rements of consc i o u s  data rate-how much  

i nformat i on  can you  s imu ltaneous ly  pay  attent ion  t07  The phys i c a l l ocat ion of the h uman  consc i ousness  

system may be i nferred fram the ac t i on  s i t es  of so -ca  l i ed psychede l i c  ( m i nd-man ifest i n g )  d rugs­
chem i ca l s  that a l ter the structure of consc iousness i tse l f  rathe r  than  mere ly  medd l i n g  with i ts contents .  

The not ion that consc i ousness i s  i nt imate ly connected with quantum theory i s  not new. In 
1 924, A l fred Lotka , one  of the founders of modern theoret i ca l  b i o l ogy, g u essed that the then-new 

phys i cs  of the quantum m ight someday account for the phenomenon  of h u man  awa reness .  Recent ly  

neu rob i o l o g i st S i r  John  Ecc l es  proposed that  a non-mate r i a l  m i nd ga ins  contro l  over the matter  of the 
human b ra i n  v ia  q uantum mechan i ca l  acts  on ce rta i n  i ntr i n s i ca l ly i neff i c i en t  neu ra l  synapses .  Wor l d ­
c l a s s  mathemat i c i a n  John  von  Neumann  and Nobe l l a u reate Eugene  Wigne r  c l a im that  q u a ntum theo­

ry i s  actu a l ly forma l ly i ncomp l ete-and that the l east d rast i c  way to make q uantum theory mathemat­
i c a l l y  cons i stent i s  to i ntroduce consc iousness as  the necessary accomp l i ce of every q u a ntum j ump .  
Desp ite i t s  support b y  certa i n  p rom i nent phys i c i sts and  b i o l o g i sts ,  n o  s e r i o u s  expe r imenta l  program ha s  
ye t  b een  conce ived ,  let  a l one  car r ied out ,  t o  test the q uantum consc iousness  hypothes i s .  

Many  p r im it ive peop les organ i zed the i r  l ives a r o u n d  a doctr i n e  c a l l ed  " a n im i sm , "  t h e  be l i ef 

that every object possesses "sent ient i n s i des"  l i ke o u r  own .  The q u a ntum consc i o usness  assumpt ion ,  
wh i ch  amounts to  a k i nd  of "quantum an im i sm , "  l i kewise asserts that consc iousness  i s  a n  i ntegra l  pa rt 
of the phys i ca l  wo r l d ,  not an emergent praperty of spec i a l  b i o l o g i c a l  or computat i o na l  systems .  S i nce 

eve ryth i n g  in  the wor ld  i s  on some l eve l a quantum system,  th is  a s sumpt i on  req u i res  that everyth i n g  
be consc i ous  on  that l eve l .  I f  t h e  wor ld i s  tru l y  q u a n t um  a n i mated ,  t h e n  the re i s  a n  i mmense  amount  

of i nv i s i b l e  i n ne r  exper ience go i ng  on a l l  a raund us  that  i s  p resent l y  i n access i b l e  to h umans ,  because 
ou r  own inner  l ives are impr isoned ins ide a sma l l  quantum system,  i so lated deep  i n  the meat of our  
b ra i ns .  We may not need to go i nto outer space to i n hab i t  ent i re ly  new wor l d s .  New expe r i en t i a l  wor l ds  
of i nconce ivab l e  var i ety may a l ready be sur ra u nd i n g  and  i nterpenetra t i ng  o u r  own . 

Ha lf-baked attempts to exp l a i n  consc i ousness ,  such  as m i nd-as-software or m i nd-as-emer­
gent-property, do not take themse lves se r i ous l y  enough  to confront the expe r imenta l facts , o u r  most 

i nt i mate data base ,  namely how mind i tse l f  fee l s  from the i n s i d e .  O n  the other hand,  the  most sug­
gest ive ev idence for the quantum mode l  of mind i s  that the He i s enbe rg p i c tu re of h ow q u a ntum events 
a ctu a l ly  happen i n  the wor ld i s  extreme ly  congruent with our own i ntern a l  expe r i ence  of wh at i t 's l i ke 

to be a sent ient  be i n g .  Look i ng  i n s i de ,  I do not fee l  l i ke " softwa re , "  whatever that m i ght  mean ,  but 
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Howeve r, the  "te l epathy" a c h i eved du r i ng  rapprochement wi l l  fee l  very d i fferent from a mere 

exchange  of data . The j o i n i n g  of two centers of He i senberg i an  potent ia  v i a  a n  o b l iv i o u s  l i n k  does not 
make any  records .  Th is new expe r i ence  of i n s i des-to- i ns ides  " essence merge" i s  a moment-to-moment 

impress i on  that i s  immed i ate ly  forgotten .  I ndeed the exper ience of m u l t i va l ued potent i a  (type-two con­

sc iousness ) i s  of a k i nd  that by its very natu re must be forgotten, s i nce  on ly s i n g l e-va l u ed  exper iences 
(type-one consc i o u sness ,  o r  q uantum j umps )  can be recorded i n  the b ra i n  o r  a nywhe re e lse i n  the 
wor l d .  O ne  task of the q u a nt um psycho l og i st wi l l  be to determ ine the re l at ive p roport i o n  of type-one 

and type-two consc i o u sness-the proport i on ,  l oose ly  speak ing ,  of  "fact" and  "fantasy"-in  the m i nds  
of va r i ous  pe rsona l i ty types .  A l though the expe r ience of rapprochement i s  soon forg otten ,  i t  i s  not with­

out permanent effect o n  the pa rt i c i pants .  The quantum potentias-and  hence the scope of a l l  t he i r  

future poss i b i l i t i es-of bo th  pa rtne rs i n  t he  quan tum l i nkup are d rast ica l l y  a l te red  by the i r  i nt i mate 

essence exchange .  
Whether h o l i st i c  phys i cs  i s  the m i nd/body sc ience o f  t he  futu re o r  a p h i l osoph i ca l shaggy-dog 

story depends  on  whethe r  the h uman  m i nd rea l ly i s  the pr ivate i ns i des  of so me q u a ntum b ra i n  system 

( u n known) and on our i n g e n u ity ( u ntested )  i n  construct i ng  ob l iv ious l i nks that j ump l ess l y  j o i n  b ra i n  cen­
ters to outs i d e  matte r systems .  

Ge rman l i g ht/matte r phys i c i st Wa lter He i t l e r  and others have c l a i med that q u a ntum theory 

req u i res that the separat i on  of the wo r l d  i nto an object ive outs ide rea l ity a nd  a se l f -consc i ous  observ­
e r  can no  l o nge r  be ma i nta i n ed .  " S u bject and object have become i n sepa ra b l e  from each  other, "  says 

He i t l e r. Vet I have pract i ced expe r imenta l q uantum phys ics  for more than twenty years without  once 

merg i ng with my appa ratus .  A l though  q u a ntum object and quantum measu r i n g  dev ice  do  indeed merge 

i n  the ear l y  stages of measu rement. that ho l i st i c  merger i s  a lways cut s ho rt by the wave funct i on  co l ­
l apse ,  by the prod uct ion  of a s i n g le-va l ued record ins ide the measu r i ng  dev ice .  A phys i c i st never ex pe­

r iences fundamenta l u n i o n  with the  outs ide wor ld i n  a convent iona l q u a ntum measu rement  because 
the quantum jump a lways i ntervenes  at the l a st m i n ute to c l ean ly  i so l ate the observer  from the object 

of h is observat i on .  
U n l i ke  convent i o na l  phys i cs ,  h o l i s t i c  physics rea l ly wou l d  e rase  the d i st i n ct i on  between sub­

ject and  object .  They became what they behe l d  in the ho l i st ic physics l a b .  The re wi l l  be a very rea l  dan­

ge r  i n  the ob l i v ia t ion  ope rat ion  of gett i n g  " l ost i n  space , "  and never  coming back .  That i s  p robab ly  what 
wi l l  u l t imate ly  happen to o u r  spec ies .  S c i ent ists, genera l ly wa ry of  a l l - e ngu l f i n g  non - i nte l l ectua l  expe­

r iences, wi l l  p roba b l y  h o l d  back. Bu t  once they d i scover the exh i l a rat ion  of ra pp rochement .  o rd i n a ry 
men and women wi l l  not hes i tate to d i ffuse  the i r  be i ngs  i nto matter i tse l f ,  contact i n g ,  exp l o r i n g ,  and 

adopt ing m i ndforms progress ive ly  mo re b i za rre, awak ing  out of ord i na ry consc iousness  as  from a l ong  

and l o ne l y  d ream,  and  f i l l i ng a l l  of space-t ime w i th  the tang  o f  a new sty l e  of awa reness that  once  

ca l l e d  itse l f  h uman .  



i ndeed l i ke a s h i mme r i ng (wave l i ke ? )  center of amb i g u o u s  potent ia  ( poss i b i l i t i es ? )  a round  wh i ch  mo re 
s o l i d  percept i ons  and  ideas a re cont i n ua l l y  congea l i ng ( q uantum j umps? l .  Th i s  rough  match of i nterna l  

fee l i ng with exte rna l desc r i pt i on  cou l d  be utter l y  decept ive but  i t  at l eas t  s hows tha t  the q uantum 
mode l  of m i n d  can  s uccessfu l l y confront the i ntrospect ive ev idence i n  a way that  no othe r  m i nd mod­
e l s  even attempt .  

Beca use  of the twofo l d  character of the q uantum descr ipt ion ,  t h i s  quantum mode l  of m i nd pre­

d i cts two bas i c  types of subj ective exper i ence :  a c l e a r, determ i nate ,  computer-data type of expe r i ence 
(type-one consc i o usness) bu i l t  out of quantum j u m ps ;  and  a fuzzy, i ndete rm i nate ,  amb i g uous  exper i ­
ence  (type-two consc i ousness l ,  an i n s i de r's v iew of some of the b ra i n 's v i bratory q uantum poss i b i l i t i e s .  
The v i b ratory natu re of these consc ious poss i b i l i t i e s  i s  n ot usua l l y  expe r i enced  by humans  for the  same 

reason that the wave l i ke natu re  of s u n l i g ht e l uded  obse rvat i on  for  so l ong-l i g ht f rom the s u n  cons i sts 
of wave l e ngths too short to perce ive under  o rd i n a ry cond i t i o ns .  In the q uantum a n im i sm mod e l ,  the 
q u a nt um j ump-He i senberg 's obj ective trans i t i on  from ha lf - re a l  potent ia  to s o l i d  actu a l i ty-corre­
sponds to a consc i o u s  dec i s i on  i n  the human m i n d ,  o r  in the  m i n d  of some other  sent ient be i n g ,  to pro­

mote some amb i g uou s  type-two expe r ience to mo re u nequ ivoca l  type-one status .  

Th i s  q u a ntum mode l  of m i nd ofte rs a new perspect ive o n  consc i o u s  exper i ence  wh i ch  cou ld  
l ead  to a new " q uantum psycho l ogy" l i n k i ng  o u r  i nterna I expe r i ences  i n  a testab l e  way to the object ive 
exte rna l  behav io r  of certa i n  bra i n- res ident quantum systems .  The p rob l ems  of h uman  percept i o n ,  emo­
t ion ,  a nd  persona l ity as we i l  as the myste r i ous  extra -phys i c a l  o r i g i n  of q uantum j umps may we i l  y i e l d  

to a d i s c i p l i ned  ma rr iage o f  k een  i ntrospect i on  and  q u a ntum b i o l ogy. Mov i n g  beyond q u a nt um psy­
c ho l ogy, the rea l i zat ion that beh i nd  every v i s i b l e  q uantum process l i es  an i nv i s i b l e  psyc h i c  extens i o n  

w i l l  resu l t  i n  a new k i nd o f  physi cs-ho l i st i c  phys ics-in wh i ch  h uman  awa reness  becomes a n  essen­

t ia l  component  of every expe r iment .  
At the hea rt of ho l i st i c  phys ics w i l l  be a new k ind of measu rement  that I c a l l  " rapp rochement" 

to d i st i n g u i s h  i t  from the act of measurement i n  convent i ona l  phys i c s .  Wh i l e  a n  o rd i n a ry measu rement 
i nforms us about  a th i ng 's outs ides ,  rapprochement  connects the observer to a n  object 's he retofore h i d ­
den  i n s i des ,  a l l ow i ng  h im or her  t o  d i rect ly expe r i ence  the i n n e r  l i ves o f  q u a ntum systems .  

A convent i ona l  measurement cannot penetrate to the i n s i d e  o f  a n  object t o  exam i n e  i t s  q uan­
t um potent ia  because every convent iona l  measu rement ,  no matte r how d e l i cate, i n ev i tab l y  t r i gge rs a 

q u a ntum j u m p  that e rases a l l  potent ia save one .  Th i s  new k i nd  of measu rement-rapprochement-on 

the other  hand ,  connects the m i nd  of the observer  d i rect l y  to the object 's potent ia without the i nter­
vent i on  of a q u a ntum j ump .  The fu l l  content of the o bject 's i n n e r  l i fe i s  adj o i n ed  to the i n n e r  l i fe of the 
observer  and  the i r  i nterm i n g l ed potent ias mutua l l y  enr i ch each  othe r, wi thout  memor i a l i z i n g  o r  p rej u ­

d i c i n g  one  potent ia  over another. 
To a c h i eve rapprochement one needs a way of connect i ng  the m i nd of the observer  to the 

" m i n d "  of the object without mak ing  records ;  one  needs  a so-ca l i ed "ob l i v i o us  l i n k "  wh i c h  phys i ca l ly 
coup l e s  the b ra i n 's consc iousness to the object i n  q u est ion wi thout  i n i t i a t i ng  a q uantum j ump .  S i nce 

the inner  l i ves of phys i ca l  objects a re a l most ce rta i n l y  i n comprehen s i b l e  in  human terms ,  the  f i rst tru l y  

u sab l e  ob l i v i o us  l i nks wi l l  no doubt be esta b l i s hed  between  two human  q uantum centers of con­

s c i o u sness ,  not between a human consc i ousness  and  the i n s i des  of some " i na n imate" system .  
Quantum- i n t imate bra i n -matter l i nks with non-h uman  b e i n g s  w i l l  c o m e  later, afte r w e  have pract i ced 

such  l i nkage with humans .  
S i nce  magnet ic f i e l ds  can eas i l y  penetrate the b ra i n  and  do  not c o l l a pse wave funct ions ,  one  

poss i b l e  c and i date fo r  an  ob l i v i ous  l i n k  between  two b ra i n  centers m i g ht be a s l owly vary i n g  magnet­
ic f i e l d .  Two h umans  with the i r  heads immersed in the same osc i l l a t i ng  magnet i c  f i e l d  may be the f i rst 
peop l e  to actu a l l y  exper ience the p l easu res of ra pprochement ,  a new k i nd  of quantum-med i ated 

te l epathy. 
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"Watch out  for a remarka b l e  new process ca l l e d  SENSORAMA I It attem pts to e ng u l f  t he  v i ew- u... 
er i n  the st i m u l i  of rea l i ty. V iewi ng  of the co l o r  stereo f i l m  is rep lete with b i n a u ra l  s o und ,  c o l o rs ,  w i n d s ,  
a nd  v i brat i o n .  The o r i g i n a l  s c e ne  i s  recreated with remarkab l e  f ide l i ty. A t  th i s  t ime ,  t he  system comes  

c l ose r  to d u p l i ca t i ng  rea l ity than  any  o the r  system we have  seen ! " 1 

For most peop l e ,  " d up l i ca t i ng  rea l i ty" i s  an assumed ,  if not obv i ous  goa l  fo r  any  conte m po ra ry 

imag i n g  techno l ogy. The praof of the " i d e a l "  p i cture is not be ing  a b l e  to d i scern o bject fram represen­

tat ion-to be conv inced that one  i s  l ook i ng  at the rea l th i ng .  At  best ,  t h i s  J u dgement i s  u s u a l l y  based 
on  a f i rst order  eva l ua t i on  of "ease  of i dent i f i cat i on " ;  i . e .  rea l ist ic p i ctures shou ld  resemb l e  what  they 

represent .  But resemb l a nce i s  o n l y  pa rt of the effect. I n  summing  u p  p reva i l i n g  theo r i es  o n  rea l i s m  i n  

images ,  Perk i n s  comments :  " P i c tu res  i nform b y  packag i n g  i nformat ion  i n  l i ght  i n  essent i a l ly t h e  s ame  

f o rm  t ha t  rea l objects and  s cenes  package it and t he  perce iver unwraps that package  i n  essent i a l l y t h e  

same way. "2  

Wh at i s  most l i m ited in  contempora ry med i a  i s  the l i tera l pracess i nvo lved i n  " u nwra p p i n g "  the 

i mage .  Eva l uat ion  of image rea l i sm shou ld  a l so  be based on how c l ose l y  the presenta t i on  med i u m  can 
s im u l ate dynam i c ,  m u l t i -moda l percept i on  i n  the rea l  wor l d .  A tru ly  i nformat ive p i c tu re ,  i n  a dd i t i o n  to 

mere ly  be i ng  a n  i nformat i o na l  su rrogate ,  wou l d  d up l icate the phys i c a l ity of confran t i ng  the rea l s cene  

tha t  i t  i s  meant to represent .  The image  wou l d  move beyond s imp l e  photorea l i sm to imme rse the  v i ew­
e r  in a n  i nteract ive ,  m u l t i -senso ry d i s p l ay env i ronment .  Methods to imp l ement and eva l uate these  
i nterdependent  factors contr i bu t i ng  to image  rea l i sm  l i e  i n  the eme rg i n g  doma i n  of med i a  tec h n o l ogy. 

U nt i l recent ly, s i g n i f i cant  deve l opments i n  th i s  a rea have usua l l y  been d i ctated by econom i cs ,  ava i l a b l e  
tech no l ogy, a n d ,  as  ment i oned ,  c u rsory i deas  about w h  a t  types o f  i nformat i on  a r e  suff i c i e nt i n  image  

representat i on .  F o r  examp l e ,  t h e  med i u m  o f  te levi s i on ,  as most expe r i ence  i t ,  p l ays to a pass ive a u d i ­
e n c e .  I t  has  l i tt l e  t o  do w i t h  t h e  n om i n a l  a b i l i ty t o  " s e e  at a d i stance "  other t han  i n  a v i c a r i o u s  sense ;  

i t  offers on l y  i nte rpretat i ons  of remote events as seen th raugh  the eyes  of others with n o  capa b i l ity for  

v i ewpo int  contra l  o r  pe rsona l  exp lo rat i o n .  And ,  a l though th i s  second-hand i nformat i on  may be  bette r 

than no i nformat i on  at a l l ,  a "f i rst-pe rson , "  i nteract ive po int  of v iew can  offer  added  d i m ens i o n s  of 

expe r i ence :  
"We obta i n  raw, d i rect i nformat ion i n  the pracess of  i nteract i ng  with the s i t uat i o n s  we 

encou nter. Rare ly i ntens ive ,  d i rect exper ience has the advantage of com i ng  th ra u g h  the tota l i ty of o u r  

i ntern a l  pracesses-consc i ous ,  u nconsc i ous ,  v iscera l ,  and  menta l-and i s  most c omp l ete ly  tested a n d  

eva l u ated b y  ou r  nature .  Processed ,  d i gested ,  abstracted second-hand knowl edge  i s  often mo r e  g e ne r­

a l i zed and  concentrated,  but  u s u a l l y  affects us on l y  i n te l l ectua l ly-Iack i ng  the ba l a n ce  and  c omp l ete­

ness of expe r ienced s i tuat ions  . . .  A l though we a re ex ist ing more and  more in the rea lm s  of a bstract , 
gene ra l i zed concepts and pr i n c i p l es ,  our raots a re in d i rect exper i ence  on  many leve l s ,  a s  i s  most of o u r  

a b i l ity t o  consc i o u s l y  a nd  unconsc i o u s l y  eva l uate i nformat i o n . "3 
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I n  the past few decades ,  c hang i ng  trends  i n  med i a  tec hno l ogy have begu n  to y i e l d  i nnovat ive 
ways to represent f i rst-pe rson o r  " d i rect expe r i ence"  th ro ugh  the deve l opment of m u l t i - senso ry med i a  

env i r onments i n  wh i ch  v iewers can i nteract w i t h  the i nformat ion presented as  t h ey  wou l d  i n  encoun ­

te r i n g  the  or i g i n a l  scene .  A key  feature of these  d i sp l ay  systems  ( a nd  of more expens ive s i m u l at i on  sys­
tems) i s  that the v i ewers' movements are non -p rog rammed ;  that is ,  they a re free to choose the i r  own 

path t h ro ugh  ava i l a b l e  i nformat ion  rathe r  than rem a i n  restr icted to pass ive ly  watc h i n g  a " g u i ded  tou r. "  

F o r  these  systems t o  operate effect ive ly, a comprehens ive i nfo rmat ion  database m ust be ava i l a b l e  to 
a l l ow the user s uffi c i ent po i nts of v i ew. The ma i n  object ive i s  to l i be rate the user to move a round  in a 

v i rtua l  env i ronment .  o r, on a sma l l e r  sca l e ,  to v i sce ra l ly peruse a scene that may be remote ly sensed 
o r  synthet ica l ly gene rated . I n  essence ,  the v i ewers '  access to mo re than  one  v i ewpo i n t  of a g iven scene 

a l l ows them to synthes ize a strong v i sua l  percept f rom many po i nts of v i ew; the ava i l a b i l ity of m u lt i ­

p l e  po i nts of v iew p i  a ces  an  object i n  context a nd  the reby a n imates i t s  mean i n g .  

2. The Evo lut ion 0 1  Virtua l  Environments 

Match i n g  v i s ua l  d i s p l ay techno l ogy as c l ose l y  as poss i b l e  to h uman  cogn i t ive a nd  sensory 
capa b i l i t i e s  i n  o rder  to bette r represent " d i rect expe r i ence"  has  been  a major  object ive i n  the a rts ,  

research ,  and  i n d u stry for decades .  A fam i l i a r  examp l e  i s  the deve l opment of stereoscop i c  mov ies in  

the ear ly '50s ,  i n  wh i c h  a percept ion  of depth was c reated by present i n g  a s l i ght ly  d i fferent image to 
each eye of the v i ewer. I n  compet i t ion with ste reo d u r i n g  the same  e ra was C i ne rama ,  wh i ch  i nvo lved 

th ree d i fferent proj ectors present i ng  a wide f ie ld of v i ew d i sp l ay  to the a u d ience ;  by exte nd i n g  the s i ze 

of the pro jected image ,  the v i ewer's per iphera l  f i e l d  of v iew was a l so engaged .  Mo re recent ly, the omn­
imax p roject i on  system fu rthe r  expands the pano ram i c  expe r i ence  by s i tuat ing the a u d i ence  under a 

h u g e  h em i spher i ca l dome onto wh ich  a h i gh-reso l ut i o n ,  p red i storted f i l m  image  is p rojected;  the a u d i ­
ence  i s  n ow a l most i mmersed i n  a g i g a nt i c  image  s u rrou nd .  

I n  1 962 ,  t h e  Sensorama d i sp l ay  prev i ous l y  noted was  a remarka b l e  attem pt at s i m u l a t i ng  pe r­
s ona l  exper ience of severa l rea l env i ronments u s i n g  state of the a rt med i a  techno l ogy. The system was 
an e l egan t  prototype of an a rcade game des i gned  by Mo rton H e i l i g :  one  of the f i rst examp l e s  of a 

m u l t i -senso ry s im u la t i on  env i ronment that prov i ded  mo re than j us t  v i s u a l  i n put .  When you put your  
head  up to a b i n o c u l a r  v iew ing  opt ics system,  you saw a f i rst-person v iewpo i nt .  stereo f i l m  l oop  of a 

moto rcyc l e  r i de  th ro ugh  New Vork C i ty, and  you hea rd th ree-d imens i o na l  b i n a u ra l  sound  that gave you 
sounds  of the c i ty of New Vork and  of the motorcyc l e  moving thro ugh  i t .  As you leaned your a rms on  
the h a nd l eba r  p l atform bu i l t  i nto the p rototype and  sat i n  the seat .  s i m u l ated v i brat i on  cues  were  pre­

sented .  The prototype a l so had a fan for wind s i m u l a t i on  that comb i ned with a c hem i ca l  sme l l ba n k  to 
b l ow s i m u l ated sme l l s  i n  the v i ewer's face .  As an env i ronmenta l  s i m u l a t i on ,  the Sensorama d i s p l ay 

was one  of the f i rst steps towa rd d up l i cat ing a v i ewer's act of confront i ng  a rea l scene .  The use r  i s  

tota l ly imme rsed i n  a n  i nformat ion  booth des i gned  to i m itate the mode of exp lo rat ion wh i l e  the scene 
i s  i maged  s imu l taneous ly  through  severa l senses .  

The i dea  of s itt i ng  i ns ide  a n  image  has  been  used i n  the f i e l d  of aerospace s im u l a t i o n  for many 
decades  to tra i n  p i l ots and astronauts to safe ly contro l comp l ex ,  expens ive veh i c l e s  th ro ugh  s im u l ated 

m i s s i o n  env i ronments .  Recent ly, th is techno l ogy has been adapted for e nterta i nment and educat i o na l  
u se .  "To u r  of the U n iverse" i n  Toronto and  "S ta r  Tou rs "  at  D i sney l and  a re among  the f i rst ente rta i n ment 

a pp l i ca t i ons  of s im u l at ion techno logy and  v i rtua l  d i sp l ay  env i ronments ;  about  40 peop l e  s i t  i n  a room 
on  top of a mot i on  p l a tform that moves i n  synch with a computer-gene rated and mode l -based image  



d i sp lay  of a r i de  th ro ugh  a s i m u lated u n iverse .  

Th is techno l ogy has  been moving g radua l ly toward l ower cost " pe rsona l  s i m u l a t i on "  env i ron ­

ments i n  wh i ch  v i ewe rs a re a l s o  a b l e  to contro l  the i r  own v i ewpo i nt o r  mot ion  t h ro u g h  a v i rt ua l  env i ­

ronment-an impo rtant capa b i l i ty m i ss i ng  f rom the Sensorama prototype .  An ear l y  examp l e  of th i s  i s  
the Aspen Mov ie  M a p, done  by the M . I .I Arch itecture Mach i ne  G roup  i n  the l ate ' 70s . 4  I mage ry of the 
town of Aspen ,  Co l o rado ,  was shot  with a spec i a l  camera system mounted o n  top of a ca r, f i l m i n g  down 
every street and a round  every co rne r  i n  town , comb i ned wi th  shots a bove town trom c ranes ,  h e l i ­
copters ,  a nd  a i rp l anes  and  a l s o  w i t h  s hots i n s i d e  b u i l d i ngs .  The Mov i e  Map  g a v e  the  ope rators t h e  

capa b i l ity of s i tt i ng  i n  front of a touch-sens it ive d i sp lay screen and d r i v i n g  th ro u g h  the  town of Aspen 
at the i r  own rate ,  tak i ng  any  route  they chose by touch i ng  the screen ,  i n d i cat i ng  wh at tu rns  they want­

ed to make and  wh at b u i l d i n g s  they wanted to enter. I n  one conf i g u ra t i o n ,  t h i s  was set u p  so that the  

operators were  s u rrounded by front ,  back ,  and s i de - I ook i ng  camera image ry so  that  they were  com­

p l ete ly i m me rsed i n  a v i rt ua l  representat i on  of the town . 
Conceptua l  vers i o n s  of the u l t i mate sensory-matched v i rtu a l  e nv i ronment  have been  desc r i bed  

by sc i ence  f i c t ion  wr i ters for many  decades .  One  concept has been  ca l l ed  " te l e p resence , "  a techno l o ­

gy t ha t  wou l d  a l l ow remote ly s i t uated ope rators t o  rece ive enough  senso ry feedback  to fee l  l i ke they 

a re rea l l y  at  a remote l ocat ion  and  a re ab le to do d i fferent k i nds of tasks .  Arth u r  C l a rke has  desc r i bed  
"pe rsona l i zed te lev i s i o n  safa r i s "  i n  wh i ch  the operato r cou l d  v i rtu a l ly exp lo re  remote env i ro nments 

without dang e r  o r  d i scomfort .  H e i n l e i n 's "wa l does"  were s im i l a r, but  were ab le to exagge rate ce rta i n  

sensory capab i l i t i es  s o  that t h e  ope rator cou l d ,  for examp le ,  contro l  a h u g e  robot .  S i nce  1 950 ,  tech­

no l ogy has  g rad ua l l y  been  deve l oped to make te lepresence a rea l i ty. 

H i sto r i ca l ly, one  of the f i rst attempts at deve l op i ng  these t e l epresence v i s u a l  systems was 

done by the Ph i l co Corporat i o n  in  1 958 .  With th i s  system an operato r c o u l d  see a n  image  from a remote 

camera on  a CRT mounted o n  h i s  head in front of his eyes and cou l d  cont ro l  the came ra 's v i ewpo i n t  by 

movi ng  h i s  head . 5  A va r i a t i on  of the head-mounted d i sp lay concept was done  by Ivan S uthe r l and  at M I T  

i n  t h e  late '60s .6 T h i s  h e l met-mounted d i sp lay h a d  a see-through capa b i l ity so that  computer-gene rat­

ed g raph i c s  cou l d  be v i ewed s upe r imposed onto the rea l env i ronment .  As the v i ewer  m oved a round ,  

VIRTUAL INTERFACE ENVIRONMENT 
Telepresence 

Head Mounted Display 
(enclosedl 

F igure 1 :  Remote Presence, 1986. VIEWlab Project illustration 
for use of Virtual Environment technology to provide a sense of 
presence in Telerobotics applications. 
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3. VI EW: The NASA / Ames Vi rtua l  Environment Workstati on  

I n  the  Ae rospace Human  Factors Research D iv i s i o n  of NASA's Ames  Resea rch  Center, a n  i nter· 
act ive V i rtua l  I nte rface Env i ronment Workstat i o n  (V I EWj has  been deve l oped a s  a new k i nd  of med i a ­
based d i sp l ay  a n d  control env i ronment t ha t  i s  c l o se l y  matched  to h uman  sensory and  cogn i t ive capa ­

b i l i t i e s .  The V I EW system prov ides a v i rtua l  a ud i tory a nd  stereoscop i c  image  s u rround  t ha t  i s  respon­

s ive to i nputs f rom the operator's pos i t i on ,  vo i ce ,  and gestu res .  As a l ow cost .  m u l t i p u rpose s i m u l at i on  

VIRTUAl l NTERFACE ENVIRONMENT 
Space Statio n  Systems and Data Management 

Head mounted Dise,lay Virtua l Control Panel 

• • • . ; Telescience Workstation 

t. ...... 
�. t .  

Gesture Tracking 

Tacti le Input 
and Feedback 

Multisensory 
Dataspace 

F igure 2: Dataspace, 1986. VIEWlab project illustration for use 
of 'Virtual Environment technology in Information Management applications 

dev ice ,  t h i s  va r i ab l e  i nterface  con­

f i g u rat ion  a l l ows a n  operator to v i r­
t ua l ly exp l o re a 360-degree  synthe­

s i zed o r  remote ly sensed env i ron ­

ment  and  v i sce ra l ly i nteract with i t s  
components .7-1 1  

The c u rrent Vi rtua l  I nterface 

Env i r o nmen t  Worksta t i o n  system 

cons i sts of :  a w ide -ang l e  stereo­

s c op i c  d i s p l ay u n i t .  g l ove - l i ke 
dev ices for mu l t i p l e-deg ree-of-free­

dom tact i l e  i n put .  connected speech 
recog n i t i o n  tec h n o l ogy, g e stu re­

t rack i ng  dev ices ,  3 -D aud itory d i s­
p l ay  and  speech synthes i s  techno l o ­
gy, and  computer g raph i c  a nd  v i deo  

image  gene rat ion  e q u i pment .  
When comb ined with mag­

net i c  head and  l imb pos i t ion track i ng  

techno l ogy, the head-coup l ed  d i s-
p l ay  presents v i s u a l  and  aud i to ry imagery that appea rs to comp l ete ly  s u rround  the use r  in 3-space .  The 
g l oves prov ide  i ntera ct ive man i pu lat ion of v i rtu a l  objects i n  v i rt ua l  env i ronments that a re e i ther  synthe­

s ized with 3 -D computer-generated imagery, or remotely sensed by use r-contro l l ed ,  stereoscop ic  v ideo 
camera conf i g u rat ions .  The computer  image system enab les  h igh  pe rformance ,  rea l -t i me 3-D g raph i cs  

presentat ion that i s  generated at rates up  to  30 frames  pe r  second as  req u i red to u pdate image  v i ew­
po i nts in coord i na t i on  with head and l i mb moti o n .  D u a l  i n dependent. synch ron i zed d i sp l ay channe l s  are 

imp l emented to present d i spa rate imagery to each eye of the v i  ewer for t rue stereoscop ic  depth c u  es .  

For rea l -t ime  v i deo  i n put of  remote env i ronments ,  two m i n i atu re CCD  v ideo cameras a re used  to prov ide  
ste reoscop i c  image ry. Deve l opment and eva l uat ion  of severa l head-coup l ed ,  remote camera p l atform 

and g imba l  p rototypes is i n  prog ress to determ i n e  opt i ma l  ha rdwa re and control conf igurat ions for 
remote l y  contro l l e d  camera systems .  Research effo rts a l s o  i n c l ude  the deve l opment of rea l -t i me  s i g na l  

process i ng  techn o l ogy t o  comb i ne  mu lt i p l e  v i d eo  sou rces w i t h  computer- image ry. 

4. V i rtua l  Environment App l i cations 

App l i ca t i on  a reas of the v i rt ua l  i nte rface  env i ronment  research at NASA Ames a re focused i n  
two m a i n  a reas-Te l e presence a n d  Dataspace :  

TELEPR ESENCE-The V I EW system i s  c u rrent ly used to i nte ract with a s i m u l ated te l e robot ic  

tas k  env i ronment .  The system ope rator can ca l l  u p  m u l t i p l e  images of the remote task env i ronment that 



represent v iewpo i nts from free-f l y i ng  or te l e robot-mounted camera p l atfo rms .  Three-d ime n s i o n a l  
s o u n d  c u e s  g ive d i stance and  d i rect ion i nformat i o n  f o r  prox imate objects and  events . Switc h i n g  t o  

te l epresence contro l  mode ,  t h e  ope rato r's wide-ang l e ,  ste reoscop ic d i s p l ay i s  d i rect ly  l i n ked  to t h e  

te l e robot 3 - D  camera system f o r  prec i s e  v i ewpo i nt contro l .  U s i n g  the tact i l e  i n put g l ove tec h no l ogy  a n d  
speech commands ,  t h e  ope rator d i rect ly contro l s  t h e  robot a rm and dexte rous end  effector wh i c h  
a ppea r  t o  be spat i a l l y cor respondent w i t h  h i s  o r  he r  own arm .  

DATASPACE-Advanced data  d i s p l ay and  man i p u l a t i on  concepts for i nformat i on  management 

a re be i n g  deve l oped with the V I EW system tech no l ogy Cu rrent efforts i n c l ude  use  of the system to cre­
ate a d i s p l ay env i ronment  i n  wh i ch  data man i p u l a t i on  and  system mon i to r i ng  tasks a re organ i zed in  v i r­
t ua l  d i s p l ay space a round  the ope rato r. Through speech and  gesture i nteract i on  with the  v i rt u a l  d i s p l ay, 

the ope rator can  ra p i d l y  ca l l  up or d e l ete i nformat i on  windows and repos i t i on  them in 3 -space .  Th ree ­

d i mens i o na l  sound  cues  and  speech synthes i s  techno l og i es a re used  to enhance  the ope rator 's overa l l  
s i tuat i o n a l  awa reness  o f  the v i rtu a l  data env i ronment .  The system a l s o  h a s  the capa b i l ity t o  d i s p l ay 

reconf i g u rab l e ,  v i rtua l contro l  pane l s  that respond to g l ove- l i ke tacti l e  i n put dev ices worn by the  ope r­
ator. 

5. Personal  S imu lat ion :  Arch itecture, Med ic ine, Enterta i nment 

In add i t i on  to remote man i p u l at i o n  and i nformat i on management tasks the V I EW system a l so  

may be a v i ab l e  i nterface for severa l commerc i a l  app l i cat ions .  So fa r, the  system has  been  used  to  
deve l o p  s imp l e  a rch itectura l s im u l a t i ons  that enab l e  the operator to  des i g n  a very sma l l  3 -D  mode l  of 
a space ,  and  then ,  u s i n g  a g l ove gesture ,  sca l e  the mode l  to l i fe s ize a l l ow i ng  the a rch itect!operator  to 

l i te ra l l y wa l k  a round  in the des i g ned space .  Se i sm i c  data ,  mo lecu l a r  mode l s ,  and meteoro l o g i c a l  data 
a re other examp l e s  of m u l t i d imens i o na l  data that may be better unde rstood th rough  representa t i o n  a n d  

i nteract i on  i n  a v i rtua l  env i ronment .  

Another v i rtua l  env i ronment scenar io  i n  progress i nvolves the deve lopment  of a s u rg i c a l  s i m ­

u l ator for med i ca l  students a nd  p l ast i c  s u rgeons that cou l d  be used much  as a f l i g h t  s i m u lator  i s  used  

to tra i n  jet p i l ots .  Where the p i l ot can  exp l o re s i t ua t i ons  tha t  wou l d  be dange rous  to encounter  i n  the  

rea l wor l d ,  su rgeons  can  use  a s i m u l ated " e l ectron i c  cadaver" to do pre-operat i on  p l a n n i n g  a n d  pat i ent  

ana l ys i s .  The system i s  a l s o  set u p  i n  such  a way that  su rg i ca l  students can  l ook  th ro ugh  the eyes of a 
sen i o r  s u rgeon and  see a f i rst-person v i ew of the way he or she is do i n g  a part i c u l a r  procedu re .  As 

i l l u strated i n  the fo l l ow ing  f i g u re ,  the s u rgeon  can be su rrounded with the k i nds  of i nformat i o n  w i n ­
dows t ha t  a re typ i ca l ly s een  i n  a n  ope rat i n g  room i n  t h e  form o f  mon itors d i s p l ay i n g  l i fe s uppo rt sta­

tus  i nformat i on  and X-rays . 

Enterta i nment a nd  educat i o na l  a p p l i cat ions of th i s  techno logy cou l d  be deve l oped th ro u g h  th i s  

a b i l ity t o  s im u l ate a w i d e  ra nge o f  r e a l  o r  fantasy env i ronments with a l most i nf i n i te poss i b i l i t i e s  o f  

sca l e  a nd  extent .  T h e  u s e r  can  be i m me rsed i n  a 360-degree fantasy adventu re game  a s  eas i l y  a s  h e  

o r  she  can  v i sce ra l l y exp l o re a v i rtua l  3 -D mode l  o f  t h e  s o l a r  system o r  use  a three-d imens i o na l pa i nt 

system to create v i rt ua l  env i ronments for others to exp lo re .  

6. Te le-Co l l aborati on through  Virtua l  Presence 

A major nea r-term goal for the V i rt ua l l nterface Envi ronment Workstat ion  Proj ect i s  to con nect  
at l east two of the c u rrent p rototype i nte rface systems to a common v i rtua l  env i ronment database .  The 

two use rs wi l l  pa rt i c i pate and  i nteract i n  a sha red v i rt ua l  env i ronment but each  w i l l  v i ew it f rom a re l ­

at ive ,  spat i a l l y d i spa rate v i ewpo int .  T h e  objective i s  t o  prov ide a c o l l a borat ive workspace i n  wh i c h  

remote ly l ocated pa rt i c i pa nts can  v i rtua l ly i nteract with s ome  o f  the nuances  o f  face-to-face meet i n g s  



wh i l e  a l so hav i ng  access to the i r  persona l  dataspace fac i l i ty. Th i s  c o u l d  e nab l e  va l u a b l e  i nteract i on  
between sc i en t i sts co l l a borat i ng  f rom d i fferent l ocat ions  a c ross the cou ntry o r  even between  astro­
n a uts on  a space stat ion and research labs o n  Ea rth .  With fu l l  body track i ng  capa b i l i ty, i t  w i l l  a l s o  be 

poss i b l e  for users to be represented i n  th i s  space by l i fe-s i ze v i rtua l  representat ions  of themse lves in  

whatever form they choose-a k i nd  of e l ectro n i c  persona .  For  i nteract ive theater o r  i nteract ive fanta­
sy a p p l i ca t i ons ,  these v i rtua l  forms m i g ht ra nge  from fantasy f i g u res  to i n a n i mate objects ,  o r  be d i f­

ferent f i g u res  to d i fferent peop l e .  Eventua l l y, te l ecommun i cat i on  n etworks wi l l  d eve l op  that w i l l  be 

conf i g u red with v i rtua l  env i ronment servers for u se rs to d i a l  i nto remote ly i n  o rder  to i nteract with 

othe r  v i rtual l y  present users .  

A l though the cu rrent prototype of the V i rt ua l  I nterface Env i ronment Workstat i on  has  been 

deve l oped p r ima r i l y  to be used as a l a boratory fac i l i ty, the components have been des i g ned to be eas­
i ly  rep l i c ab l e  for re l ative ly  l ow cost .  As the process i n g  power and  g ra p h ics frame  rate on  m i c rocom­

puters q u i ck l y  i n c reases, portab l e ,  persona l  v i rtua l  env i ronment systems  wi l l  a lso become ava i l a b l e .  

The poss i b i l i t i e s  of v i rtua l  rea l i t i es ,  i t  appears ,  a re a s  l i m i t l ess  as  the poss i b i l i t i e s  of rea l i ty. I t  prov ides  
a human i nterface that  d i sappears-a doorway to other wor l d s .  

F igure 3: 

VIRTUAL I NTERFACE ENVIRONMENT 
Surgical Simulation and Planning 

Virtual lnterface 
Environment for Surgical 

Simulation, 1989. 
VIEWlab Virtual World 

database for use in Surgical 
planning and education 
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MIT Media Lab and 

Stanford Medical School). 
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T h e  F u t u r e  o f  C y b e r s p a c e  
Wi ld  Front ier  vs. Hyperreal Estate 

� " Cyberspace" today is a fog gy concept, f u rthe r  mudd l e d  by attempts to copyr ight or t rademark  

..... 
Cl) 

+-' 

CI) 

the term itse l f .  " Cyberspace" i n  its broadest sense i s  a usefu l term to denote a raw techn i ca l front i e r  
u p  for  g rabs-though  t he  "front ie r" metaphor  m ust be q u a l i f i e d .  Cyberspace i s  no t  some unexp l o red 

natu ra l  reg i o n ,  but  a n  utte r ly unnatura l space bo i l i n g  out  from noth i n g ness :  a g i g a nt i c  bad l a nd  of m i r­
Cl) rors wh i ch  rep l i cate the p ioneers '  own i nne r  menta l i t i e s .  
(.) 
� As "cyberspace" is sett l ed  and  deve loped ,  the  successf u l  terr i to r i es  with i n  it wi l l  take on the 
..... 

CO statu s  of states-of-med i a .  Fo l l owing the g rowi ng  c l u sters of popu l a t i on ,  money, and  power, we can  
imag i ne  " s c i e nt i f i c  v i sua l i zat i on "  as an  ea r l y  and  fert i l e  ter r i tory, accompan i e d  pe rhaps  by  three-d imen ­

s i o n a l  computer-a i ded  des i gn ,  a rt i f i c i a l  rea l i ty games ,  the  va r i o us  s u b-prov i nces  of te lepresence ,  and  

3 -D hypermed i a ,  a nd  g roupware. 
That i s  to say :  we might forecast such deve l opments ,  i f  we exa m i ned the str ict ly tec hn i c a l  

potent i a l  i n h e rent  i n  t h e  "cyberspace"  med i u m .  To assume ,  h owever, t h a t  cyberspace wi l l  f u l f i l l  i ts 
bas i c  techno l o g i c a l  potent i a l  i s  na ive. I t  i s  not in the natu re of a cap i ta l i st soc i ety to carry i ts med i a  to 

u l t i mate forms; i n stead they a re opt im ized for prof it .  wh i l e  conta i n i n g  o r  s ubvert i n g  attempts at revo· 
l ut i o na ry breakthrough .  As Marv i n  M i nsky once w i se l y  s a i d :  " I mag i n e  i f  te l ev i s i o n  were actu a l ly good .  

I t  wou l d  mean  the end of  eve ryth i ng  we know. " 

A work i n g  G i bson i an  cyberspace wou l d  a l s o  mean  the end  of eve ryth i n g  we know. Attempts to 
end eve ryth i n g  we know, wh i l e  not ra re-Cambod i a  and I ra n  come to m i nd-have rarely ended we i l .  

The futu re o f  cyberspace today i s  i n  the hands  o f  two r iva l camps ,  wh i c h  m i g ht b e  ro ugh l y  

de s c r i b ed  a s  technoph i l i c utop i an  and cap i ta l i st/p ragmata r i a n .  The i r  p h i l osoph i es  can  be s umma r i zed 
respect ive ly as  " Fast Cheap and Out of Contro l , "  a nd  " P l a n ned Deve lopment  of Hyperrea l  Estate . "  To 

cont i n u e  the fron t i e r  metaphor, the utop i ans  m i g ht be compared to squatte rs, mounta i n  men ,  a nd  trap· 
pe rs-or perhaps  hap l ess tr ibes of abor i g i nes .  The r iva l camp ,  wh i ch  conce ives of i tse l f  as  "c i v i l i za ·  

t ion , "  i s  i n  bas i c  cont ro l  of forma l  l and  g rants, the l e g i s l atu res ,  the  a rmy, and  the ra i l roads .  
The Fast Cheap and Out of  Contro l c rowd has  th ree advantages :  speed ,  reck less cou rage ,  and  

the a b i l ity to sc rape  by  on l ow budgets, i . e .  " l ive o f f  the l a nd . "  The i r  a b i l i ty to govern "cyberspace"  over 

the l o nge r  term i s  a l most nonex istent; l i ke othe r  tech n i c a l  p i o nee rs ,  most wi l l  be sta rved-out .  bought­
out, overpowered by the consequences of the i r  own success ,  o r  s imp l y  put out to pasture .  At the 

moment, however, they can strong ly  i nf l uence the eme rgent  shape  of cyberspace-and therefore the 

shape  of its future bu reaucrac i es-by confront i ng  soc i ety with a ser i es  of tec hn i c a l  fa i ts accomp l i .  
They the refore m u c h  resemb l e  the Amer ican "f i l i busters , "  o r  t h e  French exp l o rers o f  Afr i ca ,  who 

d ragged  i m pe r i a l  a uthor ity i nto the w i l de rness by agg ress ive ,  bo ld ,  a nd  somet i mes  i l l e ga l  exp l o rat i ons .  
The techno-utop i a n s  can  jam Adam Sm ith 's i nv i s i b l e  hand  i nto the cyberspace data-g l ove, and  force t he  
ma rket to co me  to g r i ps with the former ly  unth i n ka b l e .  

H owever, t h e  advantages o f  t h e  cap i ta l i s t  p ragmata r i a n s  a r e  man i fo l d  a nd  vast. They contro l 
the pu rse-str i n g s  and  the l evers of power that confer soc i a l l e g i t imacy on bus i ness ,  governmenta l ,  a nd  
sc i en t i f i c  enterp r i ses .  "Cyberspace" ofters a w i ndow of opport un ity f o r  rad i c a l  tech n i c a l  change ;  b u t  

the wi ndow wi l l  not rema i n  open  i ndef i n i te ly. I t  w i l l  be ca refu l l y  sh utte red ,  l e st c h i l i  w inds  d i stu rb t he  
pay i ng  customers .  

L i ke a rad i c a l  mov ie  f rom Ho l lywood,  a reve l atory news program on network te l ev i s i o n ,  o r  a 



g e n u i ne ly  a l a rm i ng r i de  i n  D i sney l a nd ,  g e n u i n e  pa rad i gm-chang i ng  ant ics i n  cyberspace wi l l  be ra re .  I t  

i s  n ot imposs i b l e  that "cyberspace"  wi l l  be out l awed ent i re ly, much l i ke Iyserg i c  ac id ,  espec i a l l y i f  i t  i s  
s u rro unded by a technoph i l i c rheto r i c  that proc l a ims  a revo l ut ion i n  the h uman  cond i t i o n .  

T h e  f i rst worka b l e  a nd  w idesp read " cyberspace" i s  l i ke ly  t o  be t h e  "v i rtua l  co rporate work­
space . "  Th i s  i s  or wi l l  be a s i m u l ated 3-D space owned by a corporat ion  for the pu rpose of conduc t i n g  

i t s  b u s i ness outs i de  the constra i nts of no rma l  t ime  and space .  I t  wi l l  a l most ce rta i n l y  l ook  a s  mu c h  a s  
poss i b l e  l i ke t h e  b u s i n ess q u a rters o f  a we l l - hee led  mu l t i nat i ona l  corpora t i on :  h a l l s ,  doo rs ,  e l evators ,  

w i ndows, boa rd rooms ,  data centers ,  a nd  so forth . Imag i ne  a n  a i rport hote l ,  with even l ess  c h a racter, 
a nd  made of b l u rry co l o red po lygons .  ( I t  is usefu l  at th i s  po i nt to reca l l  that ea r l y  ho rse l ess  ca r r i a ges  

often ca r r i ed  the fa l se  f i g u rehead  of a ho r se  attached to  the motor, so as  not to pan i c  a n i m a l s  a n d  

passersby. ) Th i s  corporate workspace w i l l  be i ntense ly  bor i ng  and "bus i ness l i ke , "  f o r  much  the  s ame  

reasons of des i g n  p h i l osophy t ha t  cause  persona l  computers t o  rema i n  be i ge-co l o red boxes .  Pe rs o na l  
computers c o u l d  a s  eas i l y  m im i c  sports ca rs i n  the i r  f lashy var i ety, or d e s i g n e r  h a ndbags ;  t h ey  m i g ht 

even l ook  l i ke pengu i n s  or u n i co rns ;  but  the fact that th i s  i s  tech n i ca l ly poss i b l e  means  l i tt l e  i n  t he  face 

of c u l t u ra l  res i sta nce .  
Toy cyberspaces may beat the "corporate v i rtua l  workspace" to ma rket, but  s i nce  they ARE 

toys , they w i l l  have a bout  the same cu l t u ra l  effect as the l ove ly but scorned Ata r i  g ame-computer, com­

pa red  to the u g l y  but m i g hty I B M-PC .  Persona l  t oy  cybe rspaces i n  any  case wi l l  not be ab l e  to over­
shadow the appea l  of ded i cated ma i nframe  cyberspace amusement parks .  The corporate a m u se ment  

pa rk-sur rounded  by the revenue-generat i n g  potent i a l  of souven i r  shops ,  candy sto res ,  cudd ly  fra n ­
c h i sed cha racters ,  and  i ntense though  unobtrus ive secur ity-is ,  as Jean Baud r i l l a rd has  po i nted ou t ,  

a l ready a s u preme rea l m  of the hyperrea l .  Amusement pa r k  co rporat ions  a re the refore exc e l l en t l y  

p l aced  to  exp l o i t  the new cyberspace techno l o g i es-not " to  the fu l l , "  but  i n  a n  opt i ma l  c omme rc i a l  

fa s h i o n .  I t  wou l d  be we i l  t o  l o o k  t o  J a p a n  f o r  t h e  f i rst steps i n  t h i s  d i rect i o n .  T h e  th i rd l i ke l y  cyberspace 

i s  the  consumer arena . Attempts to se i l  consumer goods and  services by v ideotext h ave s i g n a l l y  fa i l ed ;  
but  s t rong attempts wi l l  a l most ce rta i n ly be made to create the "cyberspace shopp i n g  m a l l , "  u s i n g  the 

we l l - esta b l i s hed  ma rket i ng  tech n i q ues  of ancho r  stores, "bund led"  bout i q ues ,  a n d  so forth ,  rep l i cated 
i n  a v i rtua l ,  3 -D  rea l m .  As the shopp ing m a l l  i t se l f  i s  the apotheos i s  of  the consume r  soc i ety mon i to red ,  

abstract, i n terchangea b l e ,  ster i l e ,  opt ima l ly des igned to attract and manage  f l ows of cap ita l-so a 
proper ly  des i gned  "cyberspace"  cou l d  be the apotheos i s  of the shopp i n g  ma l l .  Hybr i d  m ixes of s i m u ­

lated m a l l  a rch itecture ,  comb i ned with "te l epresence" techn i q ues for s a m p l i n g  t h e  actua l goods ,  m a y  
p rove a potent m i x .  

A t  t h i s  po i nt ,  however, a nd  i n  conc l u s i o n ,  i t  i s  we i l  t o  remember  a f e w  l e ssons o f  h i sto ry. 
N i n eteenth centu ry Eu rope 's answer to Art if i c i a l  Rea l i ty was known as the "pano rama , "  a 360-deg ree 

panned env i ronment wh i c h  used t r i cks of shade and  l i g ht i ng  to present the i l l u s i o n  of v i ewer p resence  
with i n  a s i m u l ated rea l m .  Some were  1 5  meters h i g h ,  1 00 meters long ,  we i g h i n g  we i l  ove r 6 ,000 k i l o­

g rammes ,  and  were housed i n  spec i a l l y  des i gned  b u i l d i ngs  i n  Pa r i s ,  M u n i c h ,  H ambu rg ,  Co l o g ne ,  
Le i pz i g ,  and  many o t he r  c i t i e s .  T he  Austr i a n  " rou ndview" o f  I n nsbruck ( R a iffe i s en  Re i s ebü ro Ti ro l )  i s  

one  of pe r haps  a score of " pa noramas "  st i l l  s u rv iv i ng .  

La rge  teams of pa i nters a nd  des i g ne rs were  emp l oyed i n  the  panorama t rade ,  and  the  a u d i ­
e n c e  f o r  t h i s  ea r l y- i n d ustr i a l  med i u m  n umbe red i n  t h e  m i l l i ons ;  b u t  today t h e  " pano rama "  i s  a c u r i o s i ­

ty, e c l i psed by o t he r  med i a  mo re  soph i st i cated ,  l e s s  grand i ose ,  a nd  mo re  ea s i l y  manageab l e .  M a ny 

effo rts i n  "cyberspace" may have no success at a l l ,  l i m ited success ,  or, l i ke the pano ramas ,  tremendous  

s u c ces s  and  exc i tement ,  b u t  f o r  a l i m i ted pe r i o d .  There i s  no rea l way to  te l l  wh at w i l l  work, o r  for  h ow 

l ong ;  what wi l l  be touched with go l d  by the i nv i s i b l e  M idas hand of the ma rket, a n d  what wi l l  swift l y  

become as q u a i nt as Pong o r  the mag i c  l a ntern .  Depend i n g  on your ph i l osoph i ca l  pos i t i on  i n  the cyber­

space camps ,  t h i s  fact is e i the r  u nfortunate-or very l ucky i ndeed .  
L.Cl 
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T h e U n i v e r s a l R o b o t 

Du r  a rt i facts are gett i ng  smarter, a nd  a l oose pa ra l l e l  with the evo l ut i o n  of a n i m a l  i n te l l i g ence 

s uggests one  future course for them.  Computer less i n d u str i a l  mach i ne ry exh i b its the behav io ra l  f lex i ­

b i l i ty of s i n g le -ce l l ed organ i sms .  Today's best computer-contro l l ed robots a re  l i ke the s imp l e r  i nverte­
brate s .  

A thousand-fo ld  i ncrease i n  computer  powe r i n  the next decade  s hou l d  make poss i b l e  
ma c h i n e s  with rept i l e- l i ke sensory a n d  motor competence .  Proper ly conf i g u red ,  s u c h  robots c o u l d  do i n  
t h e  phys i c a l  wor ld  what persona l  computers now do  i n  t h e  wor l d  o f  data-act on o u r  beha l f  a s  l i tera l ­

m i nded  s l aves .  G rowi ng computer power over t h e  next ha lf-centu ry w i l l  a l l ow t h i s  rept i l e  stag e  t o  b e  
s u rpassed ,  i n  stages produc i ng  robots that l e a r n  l i ke mamma l s ,  mode l  the i r  wor ld  l i ke p r imates ,  a n d  

eventua l l y reason l i ke humans .  Depend i ng  on  y o u r  p o i n t  o f  v i ew, h uman i ty w i l l  t h e n  have produced a 

worthy successor, or shaken off some of its i nher i ted l i m itat i ons  and  so tra nsformed i tse l f  i nto some­
th ing q u ite new. 

I n st i ncts which pred i spose the natu re a nd  q u ant i ty of work we e njoy probab l y  evo lved du r i n g  
the 1 00 ,000 yea rs our  ancestors l i ved as  h u nter-gatherers .  L e s s  than 1 0 ,000 years aga  the ag r i c u l t u ra l  

revo l ut i o n  made l i fe more stab l e ,  and r i che r  i n  goods a n d  i nformat i o n .  But .  paradox i ca l ly, i t  requ i res  
mo re human l abo r  to support a n  agr i cu l tu ra l soc i ety than a p r im i t ive one ,  a nd  the work i s  of a d i ffer­

ent ,  u n natura l k i nd ,  out of step with the old i n s t i n cts .  The effort to avo i d  this work has resu lted i n  
domest i cat ion o f  an ima l s ,  s l avery, a n d  t h e  i n d u str i a l  revo l ut i o n .  B u t  many jobs  mu st st i l l  be done by 
hand ,  engende r i ng  for h u ndreds of years the fantasy of an i n te l l i gent  but sou l l ess be i n g  that can t i re­

l e ss l y  d i s patch the drudgery. Dn l y  in th i s  centu ry have e l ectro n i c  senso rs and computers g iven 
mach i nes  the a b i l i ty to sense the i r  wor l d  a nd  to t h i n k  a bout  i t .  a nd  so offe red a way to f u l f i l l  the w i sh .  

As i n  fa b l es ,  the unexpected s i de  effects of robot s l aves a re l i ke l y  to dom i nate the res u l t i n g  sto ry. Most  

s i g n i f i cant ly, t hese  perfect s l aves wi l l  cont i n u e  to deve l op ,  a nd  w i l l  not l o n g  rem a i n  s o u l l e s s .  As they 
i nc rease in competence they wi l l  have occa s i o n  to make more and  more a utonomous dec i s i o n s ,  and  so 
wi l l  s l owly deve l o p  a vo l i t i on  and pu rposes of the i r  own . At the same t ime they w i l l  become i n d i s ­

pensab l e .  D u r  m i nds were evolved to store the sk i l l s  a nd  memor i es  of a stone-age l i fe ,  n ot the eno r­

mous  comp l ex i ty that has deve l oped i n  the l a st 1 0 ,000 years .  We've kept up ,  after  a fas h i o n ,  th ro u gh  
a se r i e s  of soc i a l  i nvent ions-soc i a l  strat i f i ca t i on  a nd  d i v i s i o n  of l abo r, memory a i d s  l i ke poetry a nd  

schoo l i n g ,  written records stored outs i de  the body, a nd  recent ly mach i n  es  t ha t  can  do so me  o f  o u r  

th i n k i n g  ent i re ly  without U S o  The  port i on  o f  abso l ute ly  essent i a l  h uman  act iv i ty t ha t  t a ke s  p l a ce  outs i d e  
o f  h uman  bod i es  and m i n d s  has  been  stead i l y  i nc rea s i n g .  H a rd-work i ng  i nte l l i g ent mach i nes  may  com­

p l ete the trend .  
Se r i ous  attempts to bu i l d  t h i n k i ng  mach i nes  began  afte r the second  wor l d  wa r. D ne  l i n e  o f  

resea rch ,  ca l l ed Cybernet ics ,  u sed  s imp l e  e l ectro n i c  c i rc u i t ry to m im i c  sma l l  n e rvous systems ,  and  p ro ­

duced mach i nes  that  cou ld  l ea rn to recogn i ze s imp l e  patte rns ,  a nd  tu rt l e - l i ke robots  that found  the i r  
way to l i g hted recharg i n g  h utches (Wi ene r  1 96 1 ) .  An ent i re l y  d i ffe rent app roa c h ,  named  Art i f i c i a l  

I n te l l i gence ( A I ) .  attempted t o  d up l i cate rat i o na l  h uman  thought  i n  t h e  l a rg e  computers that appea red  
afte r the war. By 1 965, t hese  computers ran programs  that  p roved theo rems i n  l og i c  a nd  geometry, 



so lved ca l c u l u s  prob l ems ,  and  p l ayed good games of checkers ( Fe igenba u m  and  F e l dman  1 963 ) .  I n  the  

ear ly  1 970s ,  A I  research  g roups  at M IT ( the Massachusetts I n st itute of Techno l ogy )  and  Stanford 

U n ivers ity attached te l ev i s i on  came ras  and robot arms to the i r  computers ,  so the i r  t h i n k i n g  prog rams  

cou l d  beg i n  to c o l l ect the i r  i nformat i o n  d i rect ly from t h e  rea l wor ld .  
What a shock l Wh i l e  the p u re reason i ng programs d i d  the i r  j obs  about  a s  we i l  and  about  a s  

fast as  c o l l ege  freshmen ,  the bes t  robot contro l  programs took hours to f i n d  and  p i c k  u p  a f ew b l ocks 
on a ta b l e .  Often these robots fa i l ed  comp l ete ly, g iv ing a performance much worse than  a s i x-month­

o l d  c h i l d .  Th is  d i s pa r ity between  programs that reason and programs that perce ive and act in  the rea l  

wor ld ho lds  to th i s  day. I n  recent  years Carneg ie  Me l l on  Un ivers ity produced  two desk-s i zed comput­

e rs that can  p l ay chess at g randmaster  l eve l ,  with i n  the top 1 00 p layers in the wor l d ,  when g iven the i r  
moves on  a keyboard .  B u t  present-day robot ics cou l d  produce on ly  a comp l ex a n d  u n r e l i a b l e  mach i n e  

f o r  f i n d i n g  and  mov i ng norma l c h e s s  p i eces .  
I n  h i nds i g ht i t  seems tha t ,  i n  a n  abso l ute sense ,  reason i ng  is much  eas i e r  t han  pe rce i v i ng  and  

act i ng ,  a pos i t i o n  no t  h a rd to rat i o na l i ze  i n  evo l ut i ona ry terms.  The  surv iva l of h uman  be i ngs  ( and  the i r  

a ncestors)  h a s  depended f o r  h u n d reds  o f  m i l l i ons  o f  years on see ing a n d  mov i ng  i n  t h e  phys i c a l  wor ld ,  

and i n  that compet i t ion  l a rg e  pa rts of the i r  b ra ins  have become effi c i e nt l y  organ i z ed  for  the task .  Bu t  
we d i d n 't app rec i ate t h i s  monumenta l  s k i l l  because  i t  i s  sha red by  eve ry h uman  be i ng  and  most  a n i ­

ma l s ,  i t  i s  commonp l ace .  O n  t h e  othe r  h a n d ,  rat i ona l  th i n k i ng ,  as  i n  chess ,  i s  a newly a cq u i red sk i  11, per­
haps l ess  than  1 00 ,000 years o l d .  The pa rts of ou r  bra i n  devoted to it are n ot we i l  o rgan i zed ,  and ,  i n  a n  
abso l ute s e n s e ,  we' re n o t  very g o o d  at i t .  B u t  unt i l recent ly we  h a d  no compet i t i on  to show u s  up .  

By compa r i n g  the edge and  mo t i o n  detect i ng  c i rc u itry i n  the fou r  l ayers of n e rve c e l l s  i n  t he  

ret i na ,  the  bes t  unde rstood ma j o r  c i rc u i t  i n  the human nervous system ,  w i t h  s i m i l a r  processes deve l ­

oped f o r  " computer v i s i o n "  systems  that a l low robots i n  research a n d  i n d u stry t o  see ,  I 've est imated 

that i t  wou l d  take a b i l l i o n  computat i ons  pe r  second (the power of a wor l d - I e ad i n g  C ray 2 s u percom­
puter )  to produce the same res u l ts at  the same speed as a human reti n a .  By extrapo l at i o n ,  to emu l ate 

a who l e  b ra i n  takes ten t r i l l i o n  a r i thmet i c  operat ions per second, o r  ten thousand  C ray's worth 

(Mo ravec 1 988 ) .  Th is i s  for ope rat i ons  our nervous systems do extreme l y  eff i c i ent ly  and  we i l .  

Ar i thmet ic  prov ides an  examp l e  a t  the other extreme .  I n  1 989 a new computer  was tested for a few 

months with a program that computed the number  4 to more than one b i l l i o n  dec ima l  pi aces .  By con­
trast, the l a rgest una ided manua l  computat i on  of 4 was 707 d i g its by Wi l l i am  Shanks i n  1 873 .  I t  took 

h im seve ra l years ,  and  because of a m i stake every d ig i t  past the 527th was wrong ! In  a r i thmet i c ,  

today's average computers a re one  m i l l i o n  t imes more powe rfu l  than human be i n g s .  I n  very na rrow 
areas of rat i o na l  thought  ( l i k e  p l ay i ng  chess  o r  prov i ng  theorems) they a re a bout  the same .  And in per­

cept ion and  contro l  of movement i n  the comp l ex rea l wor ld ,  and re l ated a reas  of common-sense know l ­

edge and  i ntu i t ive and  v i s u a l  p ro b l em  so l v i ng ,  today's average computers a re a m i l l i o n  t imes  l ess  capa ­

b l e .  The def i c i t  i s  ev i dent  even  i n  p u re p rob l em  so lv i ng  AI programs. To t h i s  day A I  p rog rams exh i b i t  no  

s h red of common sense-a med i ca l  d i agnos i s  program,  fo r  i nstance,  may presc r i be  a n  ant i b i ot i c  when  

presented a b roken  b i cyc l e  because i t  l a cks a mode l  of peop l e ,  d i seases ,  o r  b i cyc l e s .  Yet these  pro­

grams, on  ex i s t i ng  computers ,  wou l d  be overwhe lmed were they to be b l oated with the deta i l s  of 

everyday l i fe ,  s i nce  each new fact can i nteract with the others i n  an  astro nom i ca l  c omb i nato r i a l  exp lo ­
s ion .  (A ten-year  project ca l l ed  Cyc at the M i croe l ectron i cs  and Computer  Conso rt i u m  i n  Aust i n ,  Texas ,  

i s  attempt i ng  to b u i l d  j u s t  such a common-sense data base .  They est imate the f i n a l  resu l t  wi l l  conta i n  

over one  h u nd red m i l l i o n  l o g i c  sentences about  everyday objects a n d  act i ons  ( Lenat  and  Guha  1 989 ) . )  

Mach i nes  have  a l ot of catc h i n g  u p  to do .  On the othe r  hand ,  for most of the centu ry, mach i n e  
c a l c u l at i on  has  been  i mprov i ng  a thousandfo ld  every twenty years, and t h e r e  a re bas i c  deve l o pments 

in research l abs  that can s u sta i n  t h i s  for at  l east severa l decades more . In l e ss  than  f i fty years com­

puter  ha rdware shou ld  be powerf u l  enough to match ,  and exceed,  even the we l l -d eve loped parts of  



h u m a n  i n te l l i g ence .  But what about the software that wou l d  be req u i red to g ive these powerfu l 

mach i n e s  the a b i l i ty to perce ive ,  i ntu i t ,  and  t h i n k  as we i l  as h u mans?  The Cybernet ic a pproach that 

attem pts to d i rect ly im itate nervous systems i s  very s l ow, pa rt l y  because exa m i n i ng a work i ng  b ra i n  in 

d eta i l  i s  a very ted ious process .  New i nstruments may change  that i n  the future .  The A I  approach  has 
successfu l ly i m i tated some aspects of rati o na l  t hought ,  but  that seems to be on ly about one  m i l l i o nth 

of the p rob l em .  I fee l that the fastest prog ress o n  the ha rdest p rob l ems  wi l l  come from a th i rd 

a pproach ,  the  n ewer f i e l d  of robot ics ,  the construct i on  of systems  that must see and  move i n  the phys­
i c a l  wor l d .  Robot ics research i s  im itat i ng  the evolution of a n ima l  m i nds ,  add i ng  capa b i l i t i e s  to 

mach i nes a few at a t ime ,  so that the resu l t i n g  sequence  of mach i n e  behav i o rs resemb les  the capa b i l ­
i t i e s  o f  a n ima l s  with i ncreas i ng l y  comp lex ne rvous systems .  Th i s  effo rt t o  b u i l d  i n te l l i gence  from the 
bottom u p  i s  h e l ped by b i o l og i ca l  peeks at the "back of the book"-at the neu rona l ,  structu ra l ,  and 

behav io ra l  featu res of a n ima l s  and  humans .  

The bes t  robots today a re contro l l ed  by computers j u st powe rfu l enough  to s im u l ate the ne r ­

vous  system of a n  i nsect, cos t  as much as  houses ,  a nd  so f i nd  on l y  a few prof ita b l e  n i ches  i n  soc i ety 
( among  them ,  sp ray pa int ing and spot we l d i n g  cars a n d  asse m b l i ng e l ectron i c s ) .  But those few app l i ­

cat i ons  a re encou rag i ng  research that i s  s l ow ly  provi d i n g  a b a s e  f o r  a h uge  future g rowth .  Robot evo­

l ut i o n  i n  the d i rect ion of fu l l  i nte l l i gence wi l l  g reat ly acce l e rate ,  I b e l i eve ,  in a bout  a decade when the 
mass-produced genera l  pu rpose,  u n iversa l robot becomes poss i b l e .  These mach i nes  wi l l  do  in the phys­

i ca l world wh at persona l  computers do i n  the wo r l d  of data-act on  our beha l f  as  l i tera l - m i nded 
s l aves .  

The Dumb Robot (ca.  2000-2010 )  

To be usefu l  i n  many tasks, the f i rst generat ion of u n iversa l  robots s hou l d  nav i gate eff i c i ent ly  
over f l a t  g round  and re l i ab l y  and safe ly ove r rou gh  te rra i n  a nd  sta i rs ,  be ab le  to man i p u l ate most 
objects ,  a nd  be ab l e  to f ind them in the nea rby wor l d .  There a re beg i n n i ng s  of s o l ut i ons  today. I n  the 

1 980s H i tach i  of Japan deve loped a mob i l ity system of f ive stee rab l e  whee ls ,  each on its own te le ­
scop i n g  sta l k  that a l l ows i t  to accommodate to r i ses and d i ps i n  u neven te rra i n ,  and  to c l i m b  sta i rs ,  by 

ra i s i n g  one  whee l  at a t ime wh i l e  stand i ng  sta b l y on  the other fou r. My l abo ratory at Carneg i e  M e l l o n  
U n ivers i ty i n  P i ttsburgh has deve loped a nav igat ion  method t ha t  enab l e s  a robot equ i pped w i t h  sona r  

ra nge  measu r i n g  devices and te levi s i on  cameras  to bu i l d  proba b i l i s t i c  maps  of i t s  su r ro und i n g s  t o  
dete rm i ne  i t s  l ocat ion and p l an  routes (Mo ravec 1 987 ) .  An e l egant  th ree-f i n ge red mechan i c a l  h and  a t  

the Massachusetts I nst itute o f  Techno logy can  ho l d  a n d  o r i e n t  bo l ts and  eggs  and  man i p u l ate a str i ng  

i n  a h u m a n l i ke fash ion  (Mason and Sa l i s b u ry 1 985 ) .  A system ca l l ed  3DPO f rom SR I  I nternat i o na l  i n  
M e n l o  Pa rk ,  Ca l i forn i a ,  can f i nd  a des i red pa rt i n  a j u m b l e  seen by spec i a l  ra nge-f i n d i n g  camera ( Bo l l e s ,  
Ho ra u d ,  a nd  Hannah  1 984) .  The  s l ow operat i on  of these systems suggests one  othe r  e l ement  needed  

for the u n ive rsa l robot, name ly  a computer about  one  t housand  t imes  as  powerfu l  as  t hose  found  on 
desks and  i n  robots today. Such  mach ines ,  ab le  to do one  b i l l i o n  computat i ons  per  second ,  wou l d  pro­

v i de  robots app rox imate ly the bra i n  power of a rept i l e ,  and  the pe rsona l i ty of a wash i n g  mach i n e .  
U n iversa l robots wi l l  f i n d  the i r  f i rst u s e s  i n  facto r i es ,  where they wi l l  be cheaper  and  mo re ver­

sat i l e  than the o l der generat ion of robots they rep l a ce .  Eventua l ly they wi l l  become cheap enough  for 

so me  househo l d s ,  extend i n g  the reach of pe rsona l  computers from a few tasks i n  the data wo r ld  to 
many i n  the phys ica l  wor l d .  

As w i th  computers ,  many  app l i cat ions of the robots wi l l  s u rpr i se the i r  i nventors .  Some wi l l  do  
l i gh t  mechan i c a l  assemb ly, c l ean  bath rooms ,  assem b l e  a nd  cook  gou rmet mea l s  from fresh i n g red i ents ,  
do  t une -ups on  a certa i n  yea r and make of cars ,  hook  patte rned rugs ,  weed a lawn,  r un  robot races ,  do 
deta i l ed  ea rthmoving and stonework, i nvest i gate bomb th reats ,  d e l iver to a n d  fetch f rom wa rehoused 



i nvento r i e s ,  and  much  more .  Each app l i cat ion  wi l l  req u i re its own or i g i n a l  softwa re (very c o m p l ex by 

today's computer program standards )
' 

a nd  some may a i so need opti o na l  h a rdwa re atta c hments fo r  the 

robot  such  as  spec i a l  too l s  and  c hem i ca l sensors .  

Learn ing  (201 0-2020) 

Usefu l though  they wi l l  be, the f i rst gen ­

erat ion of u n iversa l robots wi l l  be r i g i d  s l aves to  
s imp le  prog rams .  I f  the  mach i n e  bangs  its e l bow 

wh i l e  chopp i ng  beef in you r  k i tchen mak i ng  

Stroganoff, you wi l l  have  to f i nd  a nother  p l ace  

for  the robot  to  do i ts work ,  o r  beg the software 

manufactu re r  for a fix. Second-generat i o n  robots 

with more powe rfu l compute rs wi l l  be a b l e  to 
h ost a mo re f lex i b l e  k i nd  of program a b l e  to 
adj ust i tse l f  by a k i nd  of cond i t i oned  l e a r n i n g .  

F i rst-generat ion programs wi l l  cons i st p r ima r i l y  

of sequences  o f  t he  type " 0 0  step A ,  t h en  B ,  

then  C . . .  " The p rog rams for the second gene r­

a t i on  wi l l  read "00  step Al or A2 or A3 . . .  then 
Bl o r  B2 o r  B3 . . .  then C l  o r  C2 o r  C3 . .  " In  the 

Beef Stroganoff examp l e ,  A l  m i g ht be  to chop 

with the r ight hand of the robot, wh i l e  A2 i s  to 

use  the l eft hand .  Each a l ternat ive in the pro-

A caricature of a first-generation Volksrobot showing wheels on  
telescoping legs, arms with dexterous hands, camera eyes for 

object finding and implied spatial awareness, navigation and one 
billion operation per second computer system. 

g ram has  a "we i g ht , "  a n umbe r  that i n d i cates the des i ra b i l i ty of us i ng  it rathe r  than  one  of the  other  

b ranches .  The mach i n e  a lso conta i n s  a "pa  in"  system,  a ser ies of  programs that l ook  out  for  p ro b l ems ,  
s uch  as  c o l l i s i o n s ,  and  respond by red u c i n g  the we i ghts of recent ly i nvoked b ranches ,  a nd  a " p l e a s u re "  

system that i nc reases the re l evant we i g hts when good cond i t ions ,  s u c h  a s  we l l -c ha rged  batte r i e s  o r  a 

task effi c i ent ly  comp l eted ,  a re detected .  As the robot bangs its e l bow repeated l y  i n  you r  k i tc h e n ,  i t  

g rad u a l ly l e a rns  to use  its othe r  hand ( a s  we i l  a s  adapt ing to i ts  su r ro und i n g s  in  a t housand  othe r  

ways ) .  A program w i t h  many a l te rnat ives at e a c h  step ,  whose pa i n  and  p l e a su re systems a re a rranged 
to prod uce  a p l easu re s i gna l  on  hear i ng  the word "good" and  a pa in  message o n  hear i ng  " b a d , "  c o u l d  
be s l owly tra i ned t o  do  new tasks ,  l i ke a sma l l  mamma  I .  A part icu l a r  su ite o f  pa i n - a nd  p l e a s u re -p ro­

d u c i n g  prog ra ms i nteract i ng  with a robot's i n d iv i d ua l  env i ronment wou l d  s ubt l y  shape i ts behav i o r  a nd  

g i ve i t  a d i st i nct cha racter. 

Imagery (2020-2030) 

Adapt ive robots wi l l  f ind jobs eve rywhere ,  and  the ha rdware and softwa re i n d u stry that sup ­
po rts them cou l d  become the l a rgest on  ea rth .  But teach i n g  them new tasks ,  whethe r  by wr i t i ng  pro­

grams or  through p u n i shment and  rewa rd ,  wi l l  be very ted i ous .  Th i s  def i c i ency wi l l  lead to a po rten­

tous i n novat i o n ,  a softwa re wo r l d -mode l e r  ( req u i r i n g  another b ig  i n crease i n  computer  power ) ,  that 
a l l ows the robot to s im u l ate i ts immed i ate su r round i ngs and  its own act i ons  with i n  them, and thus to 
th ink about  i ts tasks before act i n g .  Before mak ing Beef Stroganoff i n  your  k i tche n ,  the new robot wou l d  

s im u l ate t h e  task many t imes .  Each t i m e  its s im u l ated e l bow bangs the s i m u l ated cab i net ,  t h e  softwa re 

wou l d  update the l ea r n i ng  we ig hts j u st as  i f  the co l l i s i o n  had phys ica l l y  happened .  After  many  such  
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menta l ru n-th roughs  the robot wou l d  be we i l  t ra i ned ,  so that when it f i n a l l y  cooks for  rea l ,  it does i t  

co rrect l y. The s im u l at ion can be used i n  many other ways . After a j ob ,  the robot can  run  though i ts pre­
v ious act ions ,  and  t ry va r iat ions on  them to imp rove future pe rfo rmance .  A robot m i g ht even be con­

f i g u red  to i nvent some of its own programs by means of a s imp l e r  program that can  d etect how nea r­
I y a sequence  of robot act ions ach i eves a des i red task  . Th i s  t ra i n i n g  program wou l d :  i n  repeated s im­

u l at i o ns ,  prov i de  the "good" and  " bad"  i n d i cat ions  needed to cond i t i on  a gene ra l l ea rn i n g  program l i ke 
the one of the prev ious  secti o n .  

I t  wi l l  t a ke  a l a rge commun i ty of pat ient  researchers to bu i l d  good s i m u l ators .  A robot enter­

i n g  a new room must i n c l ude  vast amounts of not d i rect ly perce ived p r i o r  knowl edge i n  its s i m u l a t i on ,  
s uch  a s  the expected shapes  and  probab l e  contents of k i t chen  counters a nd  the effect of ( a nd  force 

needed  for )  t u r n i ng  faucet knobs. I t  needs i nst i n ct ive motor-percept ua l  know ledge  about  the world that 

took m i l l i o n s  of years of evo l ut i on  to insta l l  in us, that te i l s  us  i n st i n ct ive ly  when a h e i ght  i s  dange r­
ous ,  how ha rd to th row a stone ,  or if the a n ima l  fac i n g  us i s  a threat .  Robots that i n co rporate it may 

be a s  sma rt a s  monkeys . 

Reason i ng  (2030-2040) 

In the decades wh i l e  the " bottom-up"  evo l ut i on  of robots is transfer r i ng  the pe rceptua l  a nd  

mo to r  f a c u l t i e s  o f  h uman  be i n g s  i nto mach i n e ry, the  convent i o na l  Art i f i c i a l l nte l l i gence  i n d u stry wi l l  b e  
pe rfect i n g  the mechan izat i on  o f  reason i n g .  S i nce today's programs a l ready match h uman  be i ngs  i n  
s o m e  a reas ,  those o f  4 0  years from now, r u nn i n g  on  computers a m i l l i o n  t imes  as  fast a s  today's, s hou l d  

be q u ite s upe rhuman .  Today's reason i ng  prog rams  work  f r om sma l l  amounts of c l e a r  a nd  co rrect i nfor­
mat ion  p repared by human be i ngs .  Data from robot sensors such  as cameras  i s  much  too vo l u m i nous  

and  too  no i sy for t hem to  use .  But a good  robot s i m u lator  wi l l  conta i n  nea t l y  o r gan i z ed  da ta  about  t he  
robot a n d  i t s  wor l d-for i nsta nce ,  i f  a kn ife i s  o n  a cou ntertop ,  o r  i f  the robot i s  h o l d i n g  a c u p .  A robot 
with s i m u lator  can be marr ied to a reason i n g  program to produce a mach i n e  with most of the a b i l i t i es  
of a human be ing .  The comb inat ion wi l l  c reate  be ings  that i n  some ways resemb l e  us ,  but  i n  others are 

l i ke noth i n g  the wor ld has seen before . 

Fi rst-Generation Techn ica l it ies 

Both i n d ustr i a l  robot man i p u l ators and  the research  effo rt to b u i l d  " sma rt "  robots a re twenty­

f ive years o l d .  U n iversa l robots wi l l  req u i re at l east another  decade of deve l o pment, but so me of the i r  
e l ements c a n  b e  g uessed from the exper ience so fa r. O ne  cons i derat ion i s  we i ght .  M o b i l e  robots bu i l t 

to work i n  h uman-s i zed spaces today we i g h  too many  h und reds of pounds .  Th i s  dange rous l y  l a rge  mass 
has  th ree major  components :  batte r ies ,  actuators ,  a nd  structu re .  Lead-ac i d  batte r i es  ab le  to dr ive a 

mob i l e  robot for a day contr i bute about one  th i rd of the we ight .  But  n i cke l -ca dm i um  a i rcraft batte r i es  
we i g h  ha l f  a s  much ,  and newer  l i th i um  batte r i es  can  be ha l f  aga in  as  l i ght .  E l ectr ic  motors  a re eff i c i ent 
and prec i s e l y  contro l l ab l e ,  but sta ndard motors a re heavy and req u i re e q u a l ly heavy red u c i n g  gea rs .  
U ltrastrong  permanent magnets can ha lve the we ight  a nd  gene rate h i g h  torq u e  w i thout  gea rs .  Robot 
structure has been pr ima r i l y  a l u m i num .  Its we igh t  contr i bu t i on  can be cut by a facto r of four by su bst i ­

tut ing compos i te mater i a l s  conta i n i n g  supe rstrength f i be rs of g raph ite ,  a r am i d ,  o r  the new mate r i a l  
S pectra . These  i n novat ions cou l d  be comb i ned  to make a robot w i t h  rou gh l y  the s i ze ,  we ig ht, strength ,  

a nd  e ndu rance  of a human .  
The f i rst-generat ion robot  w i l l  probab l y  move on  whee l s .  Legged robots have advantages  on 

comp l i cated te rra i n ,  but they consume too much power. A s imp l e  whee led robot wou l d  be conf i ned to 

a reas  of f l a t  g round ,  but i f  each whee l  had a contro l l ed  suspens i on  with a bout  a meter of trave l ,  the 



robot cou l d  s l ow ly  l i ft i ts whee l s  as needed to negot i ate rough g round and  sta i rs .  The man i p u l a t i on  sys­
tem wi l l  cons i st of two o r  mo re arms end i n g  i n  dexte rous man i pu l ators .  There a re severa l des i g n s  i n  
the resea rch l a b s  today, b u t  the most e l egant  i s  probab ly  that o f  the so-ca l l ed  Sta nford-J PL hand  (men ­

t i o ned  a bove, now fou nd  at  M IT) .  wh i c h  has  three f i nge rs each  with t h r ee  contro l l e d  j o i nts .  The robot 's 
trave l s  wou l d  be g reat ly  a i d ed  if it co u l d  cont i nuous l y  p i npo i n t  its locat i o n ,  perhaps by not i ng  the de l a y  

from a ha ndfu l of sma l l  synch ro n ized t ransm itters d i str i buted i n  its env i ronment .  Th i s  approach i s  u sed  

i n  some terrest r i a l  and  sate l l i te nav i ga t i on  systems .  The  robot wi l l  a l s o  req u i re a sense  of i t s  immed i ­

a t e  su r ro und i n g s ,  t o  f i n d  d oo r s ,  detect obstac l es ,  and track  objects i n  i t s  workspace .  Resea rch  l a bora­
to r i es ,  i n c l u d i n g  my own,  have expe r imented with  tech n i q ues that  do t h i s  with data from te l ev i s i o n  
cameras ,  sca n n i n g  l a se rs ,  sona r  t ransd ucers ,  i nfrared prox im ity sensors ,  a nd  contact sensors .  A mo re 

prec i se  sensory system wi l l  be needed to f i nd  part i c u l a r  work objects i n  c l u tter. The most s uccessfu l 

methods to date sta rt with th ree-d imens i o na l  data from spec i a l  cameras and  l a se r  a rra ngements that 

d i rect ly measu re d i sta nce a s  we i l  a s  l atera l pos i t i on .  The robot wi l l  thus  probab l y  conta i n  a w ide-a n g l e  

sensor  f o r  gene ra l  spat i a l  awa reness ,  and  a prec i se ,  na rrow ang l e ,  three-d imens i o na l  i m a g i n g  system 

to  f i nd  part i c u l a r  objects i t  w i l l  g rasp .  
Resea rch  expe r i ence  to date suggests that  to nav igate ,  v i sua l l y  l ocate ob jects ,  a nd  p lan  a n d  

contro l a rm mot ions ,  t h e  f i rst u n ivers a l  robots wi l l  req u i re a b i l l i on ope rat i ons  pe r  second o f  compute r  

power. The 1 980s have w i tnessed  a n umbe r  of  we i l  p ub l i c i zed fads that c l a im to be s o l ut i ons  to the 

a rt i f i c i a l  i n te l l i gence  o r  robot  contro l p rob l em .  Expe rt systems ,  the Pro l o g  l og i ca l  i nference l a n g uage ,  
neu ra l  nets ,  fuzzy l o g i c ,  a n d  mass i ve para l l e l i sm have a l l  had t h e i r  spot i n  the l i m e l i g ht .  The c ommon  

e l ement  t h a t  I n ote i n  t h e se  p ronouncements i s  t h e  sudden enth us iasm of a g roup  of researchers expe­

r ienced i n  so me  a rea of computer sc ience for app ly ing the i r  methods to the robot i c s  p rob l ems  of pe r­
ce i v i ng  and  act i n g  i n  the phys i c a l  wor l d .  I nva r i ab ly  each approach produces so me  s imp l e  showcase  
demonstrat i ons ,  t h en  bogs down  on  rea l prob l ems .  Th i s  pattern is no  s u rp r i se  to t ho se  w i t h  a back­

g round  i n  the twenty-f ive-yea r  resea rch  robot ics effort. Mak ing a mac h i n e  to see ,  h ea r, o r  act re l i a b l y  

i n  the raw phys i c a l  wor ld  i s  much ,  much  more d iff i c u l t  t h a n  na ive i ntu i t i on  l e a d s  us  to b e l i eve .  T h e  p ro ­
g rams that work  re lat ive l y  s u ccessfu l ly i n  these a reas ,  i n  i nd ustri a l  v i s i on  systems ,  robot  a rm con­

tro l l e rs ,  a nd  speech unde rsta nders ,  for examp l e ,  i nva r i ab ly  use a va r i ety of mass ive numer i ca l  compu ­

tat i ons  i nvo lv i ng  stat i s t i cs ,  vector a l gebra ,  ana lyt ic geometry, and othe r  k i nds  of mathemat i cs .  These  

run effect ive ly  on  convent i o na l  computers ,  and  can be acce l e rated by  a rray processors (w ide ly  ava i l ­

a b l e  add-ons t o  convent i o na l  mach i n e s  wh i ch  ra p i d l y  perform operat i ons  on  l o n g  streams  o f  n umbers l  
and  by  use  o f  modest amounts of pa ra l l e l i sm .  The m i nd of the f i rst-generat ion u n iversa l robot w i l l  

a l most ce rta i n l y  res i de  i n  q u ite convent i o na l  computers , perhaps ten processors each  a b l e  t o  pe rform 
1 00 m i l l i o n  operat i ons  pe r  second ,  h e l ped out  by a modest amount of spec i a l i zed comput ing ha rdwa re 
that preprocesses the data from the l a se r  eyes and  other sensors, and  that operates the l owest l eve l 

of mob i l i ty and  man i p u l a t i on  systems .  

M i nd C h i ldren (2050+) 

The fou rth robot gene rat i on  a n d  its s uccessors ,  with human perceptua l  a nd  motor a b i l i t i e s  a n d  
supe r i o r  reason i n g  powe rs ,  c o u l d  rep l ace  h u m a n  be i ngs  i n  every essen t i a l  task .  I n  p r i n c i p l e ,  o u r  soc i ­

e ty  cou l d  cont i n ue  to ope rate i n c rea s i n g l y  we i l  without us ,  w i th  mach i n e s  r unn i ng  the compan i e s  and  

do i n g  the resea rch  as  we i l  a s  perform i n g  the product ive work. S i nce mach i nes  can  be des i g ned to work  
we i l  i n  outer  space ,  prod uct i on  cou l d  move to the g reater resou rces o f  the so l a r  system ,  l eav i ng  beh i n d  

a natu re preserve subs i d i zed  from space .  Mee k  humans  wou l d  i nher i t  the  ea rth ,  but  ra p i d l y  evo l v i n g  

mach i nes  wou l d  expand i nto the rest of the u n iverse. Th i s  deve l opment can  be v i ewed as  a very nat­

ura l  one .  Human be ings have two forms of hered i ty, one the trad i t i o na l  b i o l o g i c a l  k ind ,  passed on 
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stra nds  of D NA, the other  cu l t u ra l ,  passed from m i n d  to m i n d  by examp l e ,  l a nguage ,  books ,  and  recent­

Iy mach i ne s .  At present the two a re i n extr i cab ly  l i nked ,  but  the c u l t u ra l  pa rt i s  evo lv i ng  ve ry ra p i d l y, 

a nd  grad u a l l y  assum ing funct ions once the prov i nce  of o u r  b i o l ogy. I n  terms of i nformat i on  content ,  o u r  

c u l t u ra l  s i d e  i s  a l ready b y  f a r  t h e  l a rge r  part of u s o  T h e  f u l l y  i n te l l i gent  robot ma rks t h e  p o i n t  where o u r  
c u l t u ra l  s i d e  can  ex ist on i t s  own, free o f  b i o l o g i c a l  l i m i ts .  I nte l l i gent mach i nes ,  wh i c h  a r e  evo l v i n g  

among  us ,  l e a r n i n g  our  sk i l l s ,  s ha r i n g  ou r  goa l s ,  a nd  be i n g  shaped  by  o u r  va l ues ,  can  be v i ewed a s  o u r  
c h i l d re n ,  t h e  c h i l d ren  o f  ou r  m i nds .  With t h em  ou r  b i o l o g i c a l  he r i tage i s  not  l ost . I t  wi l l  be safe ly stored 

in l i b ra r i e s ,  at l east; however, its importa nce wi l l  be g reat ly  d i m i n i s hed .  

Wh at about  l i fe back  on t he  preserve? For some of u s  the thought  of be i n g  g rand l y  u pstaged  
by o u r  a rt i f i c i a l  progeny wi l l  be d i sappo i nt i ng ,  and  l i fe may seem po i n t l ess  i f  we a re fated to spend it 

sta r i n g  stu p i d l y  at ou r  u l tra - i nte l l i gent  progeny as  they try to desc r i be  t he i r  ever more specta c u l a r  d i s ­
cove r i es  i n  baby-ta l k  that we  can understand .  I s  t h e r e  any  way  i n d i v i d u a l  h umans  m i g ht j o i n  the adven­
tu re? 

You 've j u st been whee led i nto the operat i ng  room .  A robot b ra i n  su rgeon i s  i n  attendance ,  a 
computer  wa its nea rby. You r  sku l I ,  but not your  b ra i n ,  is a nesthet i zed .  You are fu l l y  consc i o u s .  The 

robot  s u rgeon  opens your bra i n  case and  p i  aces a hand  on  the b ra i n 's s u rface .  Th i s  u n u s ua l  hand  b r i s ­
t l e s  with m i c roscop ic  mach i ne ry, and  a ca b l e  connects i t  to the computer  at you r  s i de .  I n st ruments i n  

the hand  scan the f i rst few m i l l i meters of  bra i n  s u rface .  These measu rements ,  and  a comprehens ive 

u nde rsta nd i n g  of human neu ra l  a rch itectu re, a l low the s u rgeon  to wr ite a program that mode l s  the 
behav io r  of the u ppermost layer of the sca nned bra i n  t i s sue .  Th i s  program i s  i n sta l l ed  i n  a sma l l  po r­

t i o n  of the wa i t i ng  computer and act ivated .  E l ectrodes i n  the hand  supp l y  the s im u la t i on  with the 

app rop r i ate i n p uts f rom you r  bra i n ,  and can  i nj ect s i g n a l s  from the s i m u lat i o n .  You and  the s u rgeon  
compa re the s i gna l s  it produces w i th  the o r i g i na l  ones .  They f l a sh  by  very fas t .  but  a ny d i screpanc i e s  
a re h i g h l i g hted on  a d i s p l ay  screen .  The  su rgeon  f i n e-tunes  the s i m u la t i on  un t i l  the co rrespondence  i s  

nea r l y  perfect .  As soon  as you a re sat isf ied ,  the  s i m u l a t i on  output  i s  act ivated .  The b ra i n  layer  i s  now 

impotent-it rece ives i n puts and reacts as before but i ts output  i s  i g no red .  M i croscop i c  man i p u l ators 
on  the hand 's s u rface exc i se  th is su perf l uous  t i s sue  and pass them to a n  a sp i rator, where they a re 

d rawn away. 

The s u rgeon 's hand s i nks a fract ion of a m i l l i meter deepe r  i nto your b ra i n ,  i n stant ly compen­
sat i ng  i t s  measu rements and s i gna l s  fo r  the changed  pos i t i o n .  The p rocess  i s  repeated for the next 

l ayer, and  soon a second s imu lat ion res ides in the computer, c ommun i ca t i ng  with the f i rst and  with the 

rema i n i ng bra i n  t i ssue .  Layer  afte r l ayer the bra i n  i s  s i m u l ated ,  then  excavated .  Eventua l ly your  s ku l l  i s  
empty, and  the su rgeon's hand rests deep i n  your  b ra i nstem .  Though you have not lost consc i o u sness ,  

o r  even you r  tra i n  of thought. you r  m i nd  has been removed from the bra i n  and  t ra n sferred to a mach i n e .  

I n  a f i n a l ,  d i so r i ent ing step t he  su rgeon l i fts i t s  hand .  You r  sudden l y  abandoned  body d i e s .  For a 
moment you exper i ence on l y  q u i et and  dark .  Then ,  once aga  i n ,  you can  open you r  eyes. You r  pe rspec­

t ive has  sh ifted .  The computer s imu l at ion  has  been d i sconnected from the c ab l e  l e ad i n g  to the s u r­
geon 's hand  and  reconnected to a s h i ny new body of the sty l e ,  c o l o r, a nd  mater i a l  of your  cho i ce .  You r  

metamo rphos i s  i s  compl ete 
You r  new m ind  has a contro l l abe l ed  "speed . "  I t  had been  set at 1 to keep the s imu l at i ons  syn­

ch ron i zed with the o ld  bra i n ,  but now you change  i t  to 1 0 ,000 ,  a l l ow i ng  you to commun i cate, react, and 

th i n k  ten thousand t imes faster. You now seem to have hou rs to respond to s i tuat ions  that prev i ous l y  
seemed i n sta nta neous .  You have  t ime ,  du  r i n g  the fa l l  of a d ropped object, to research  the advantages 

and  d i sadvantages  of try i ng  to catch it .  perhaps to so l ve its d i fferent i a l  equat i ons  of mot i on .  When your 
o ld b i o l o g i c a l  f r i ends speak with you ,  the i r  sentences take hou rs-you have p l e nty of t ime to t h i n k  
a bout  the conversat ions ,  b u t  they try you r  pat i ence .  Boredom i s  a menta l a l a rm t ha t  keeps you from 
wast i ng your t ime i n  prof i t less act iv ity, but i f  i t  acts too soon o r  too agg ress ive ly  i t  l i m i ts your atten-



t i on  span ,  and  thus  you r  i nte l l i g ence .  With h e l p  from the mach ines ,  you change  you r  m i nd-p rogram to 
reta rd the onset of boredom .  Hav i ng  done  that .  you wi l l  f ind yourse lf comforta b l y  work i n g  o n  l o n g  prob­

l ems  with s i detracks upon s i d etracks .  In fact, you r  thoughts routi ne ly  become so i nvo lved that you need  

a n  i ncrease i n  your  memory. These a re but the f i rst o f  many changes .  Soon you r  f r i ends  c omp l a i n  that  
you have  become more l i ke the mach i nes  than the b i o l og i ca l  human you once were .  That 's l i fe .  
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I .  
"We a re s u rvivors i n  th i s  age , "  Sau l  B e l l ow's He rzog writes i n  one  of h i s  unsent  l ette rs .  "To 

rea l i ze that you a re a survivor is a shock .  At the rea l i zat ion of such  e l ecti on  you fee l l i ke b u rst i n g  i nto 
tea rs . " 1 

Destruct i on  a rt bears witness to the tenuous  cond i t i o n a l ity of s u rv iva l ;  it is the v i s ua l  d i scou rse 

of the s u rv ivor. I t  i s  the on ly  attempt i n  the v i sua l  a rts to g rapp l e  se r i ous l y  with the tech no l ogy a n d  psy­

chodynam i cs  of actu a l  and v i rtua l  ext inct i on ,  one of the few cu l tu ra l  pract i ces  to redress the gene ra l  
a bsence of d i scuss i on  abou t  destruct ion  i n  soc i ety 2 

Destruct i on  a rt is i nterd i s c i p l i na ry and  m u l t i na t i ona l ,  c omb i n i n g  med i a  and  s ubject matte r. 

D estruct i on  a rt add resses the phenomeno l ogy and  ep i stemo l ogy of destruct i o n  a nd  must be c ha racter­

ized as  a broad ,  c ross-cu l tu ra l  response rathe r  than a h i sto r i ca l  movement .  An att i tude ,  a process and  

way  of proceed i n g ,  destructi on a rt i s  both react i o na ry and  respons ive ;  it i s  not an  aesthet ic ,  no r  a 

method ,  no r  a tech n i q ue .  Destruct ion  a rt is an eth i c a l  pos i t i on  compr i sed of d iverse pract ices that 
i nvest igate the engu lfments of term i n a l  cu l tu re .  

I have i ntroduced the phrases "term i n a l  c u l tu re"  a nd  "destruct i on  a rt" a s  i d ent i f i catory 

dev ices ,  terms that s i gn ify the conjo i ned s i tes where soc i a l ,  aesthet ic ,  and  po l i t i c a l  i nterre l a t i onsh i ps  
a n d  pract ices c o l l u de  i n  t he  quest ion o f  su rviva l .  The te rm "destruct i on  a rt" i s ,  th us ,  a conc i se  i ndex o f  

a w ide  a nthropo l og i ca l  f i e l d ,  whereas the ph rase  "d estruct i on - i n - a rt" emphas i zes the processes that 
d eterm i n e  its pract ices with i n  the i nst itut i ons  of a rt .  In th is b r ief  essay, I want to theor ize d estruct i on  
a rt i n  te rms  of i t s  s u rviva l i st d i scou rse as we i l  a s  to contextua l i ze i t s  h i stor i c a l  project .  

1 1 .  
I n  h i s  s i n g u l a r ly important work on tra uma ,  the psycho l og i st Robert Jay  L ifton i dent i f i es  a s u r­

v ivor  as "one  who has encountered, been exposed to ,  or witnessed death and  has  h i mse l f  or he rse l f  
rema i ned  a l ive . " 3  Death  here may be l i tera l as  i n  the actua l  exti n g u i s h i n g  of l i fe ,  psycho l o g i c a l  as  i n  
the destruct i on  of the sense of  Se l f, or eco l og i c a l  a s  i n  natu ra l  d i s a ster. Whatever the text of s u rv iva l ,  

i t  mu st be read through the d i scou rse o f  destruct i o n .  L i fton asks t h e  rheto r i ca l  q uest i o n :  " I s  H i ro sh ima  
o u r  text? "4 I ndeed ,  as  representat ion ,  H i rosh ima  i dent i f i es  destruct i on  as the extrem i ty and  the center  

of s u rv iva l  where the body f i gu res as  the text .  D estruct i on  a rt i s  a respons i b l e  comm itment to the s u r­

v iva l of the body. 
S u rv iva l ,  L i fton writes, l eaves a "death i mpr i nt" that is accompan ied by "death anx i ety, death 

g u i l t .  o r  s u rv ivor  g u i l t , "  g u i l t that enta i l s  a "sense of debt and respon s i b i l ity to the dead . " 5  S u rv iva l  a l so 
causes  a " psyc h i c  numb ing" that i ncapac itates the i nd i v i d ua l 's a b i l ity to fee l  a nd  to confront ce rta i n  

k i n d s  o f  exper iences and impa i rs essent i a l  menta l funct ions  o f  symbo l i zat ion ß H e  hypothes i zes  that a 
who l esa l e  psyc h i c  numb ing  has occu rred i nternat i ona l l y, the  resu l t  of the constant g l oba l th reat of 



tech no l og i ca l ,  eco l o g i c a l ,  or psycho l og i c a l  a n n i h i l a t i on .  Destruct ion a rt represents t h i s  c r i s i s  of n umb­

i n g  w i th  act i ons ,  events ,  a nd/or objects recap i tu l a t i ng  the cond i t i ons ,  effects, and  processes o f  
destruct ion that i nterfere with s u rv iva l a nd  tha t  have  been repressed i n  a nd  by  the ep i stemo l o g i e s  o f  

term i n a l  cu l tu re .  
Destruct i on  a rt o b l i g e s  c r i t i ca l ref lect ion on the questi on of d i sa ppearance .  Jean -F ra n �o i s  

Lyota rd takes u p  the p rob l em  of d i sappea rance i n  h i s  book  Heidegger and "the je ws " whe re  he  co i n s  
t he  p h rase  "The  Forgotten"  t o  s i g n ify a cond i t i on  that i s  ne ither  "a concept no r  a representat i o n  but  a 

'fact ' as Factum ( Kant ) "  wh i ch  we a re " o b l i gated before the Law . . .  to remember. " 7  "The Forg otten "  
i s  " someth i n g  that never  ceases t o  be forgotten , "  a state that "one has  t r i ed  t o  forget b y  k i l l i ng i t , "  but  

one  that advances ,  neverthe l ess ,  " in  the d i rect ion  of the immemor i a l  th ro ugh  the destruct i on  of i ts  rep­

resentat ions  of its witnesses ,  " the jews . " B  Here Lyota rd i nd i cates that '' ' the j ews' a re the object of a 
d i sm i s s a l  with wh i c h  J ews,  i n  pa rt i c u l a r, a re aff l i cted i n  rea l i ty. "9 Lyota rd 's "the j ews" is a ref i n ement  

and  h i stor ica l spec i f i cat ion  of the " catastrophe"  N i etzsche forewa rned was the i n ev i ta b l e  resu l t  of the 
"fa i l u re to ref l ect . " 1 0  

Destruct i on  i s  the agent a n d  process o f  d i sa ppearance i n  o u r  t ime ,  o f  "The Forgotte n , "  " the 
jews . "  The i n te rdependence  of "the j ews" and  "The Jews" i s  re levant to destruct i o n  a rt and  the mate­

r i a l i ty of s u rv iva l .  For the o r i g i n s  of terms of destruct ion  a rt a re located i n  the theoret ica l form u l at i ons  
of a rea l Jew and  a s u rv ivor  of Lyotard 's s i g n i fy i ng  " t he  j ew, " name ly  a s u rv ivor of destruct i o n :  G u stav 
Metzge r. In f ive man ifestos wr itten between November, 1 959, and J u l y, 1 964, M etzge r  l a i d  out  the 

bas i s  for "Auto-Destruct ive Art" that i s  a l so the foundat ion of destruct i on  a rt . 1 1  Metzge r  i ntended 
"Auto-Destruct ive Art"  to be p r i n c i pa l l y  rea l ized i n  pub l i c  monuments to be e rected on c i v i c  s i tes .  
These structu res wou l d  conta i n  comp l ex tech no l og i ca l  and e l ectron i c  i nterna I dev ices that wou l d  cause  

the structu re to imp lode  and  se l f-destruct with i n  a per iod of twenty seconds to twenty years .  S i te-sen­
s i t ive a nd  s i te-spec i f i c ,  i nterd i s c i p l i n a ry and  req u i r i ng  co l l a borat i on  between sc i ent i sts and  a rt i sts ,  

these works wou l d  be context-dete rm ined  and,  therefore, soc i a l ,  c o l l ect ive ,  and  co l l a borat ive .  
I n d u str i a l  and  mach i ne  made ,  the st ructures wou l d  a l so be techn i c a l  representat i ons  of the i nt r i n s i c  

i nterdependence o f  the processes o f  natu ra l decay and  d i s i ntegrat i on  a nd  c u l t u ra l ,  pa rt i c u l a r l y  u rban ,  
c r i s i s .  "Auto-Destruct ive Art" condensed  a vast expe r ient i a l  and techno l o g i ca l  terr i tory of destruct ion  

a nd  its concom itant s u rv iva l i st ethos i nto a manageab l e  representat i o n .  
T he  tempora l d u ra t i on  of "Auto-Destruct ive Art" wou l d  ope rate both a s  a representat i on  and  

a presentat i on ,  a n  image  and  a n  enactment of effacement t ha t  reca l l ed but a l s o  gave su bsta nce to t he  

forgotten ,  " t he  jews . "  As the remate r i a l i zat ion of memory i n  i t s  or i g i n a l  destruct ive fo rm ,  the a bsent  

presence of the fe i t  past wou l d  retu rn  as  known exper ience ,  no l onge r  "there" but transformed i nto a 
new state " h e re . "  D estruct i on  a rt i n  its f i rst man ifestat i on  of "Auto -Destruct ive Art" is the constant 

p u b l i c  and  soc i a l  rem inder  of destruct i o n ,  its agents, processes, and  resu l ts .  Prec i se l y  twenty years 

after M etzge r  was sent  to Eng l a nd  at the age of 1 2  i n  1 939 when h is  fam i l y  was a rrested by the 

Gestapo i n  N ü rnberg ,  h e  form u l ated h i s  theory. Twenty seconds ,  then ,  i s  a tempora l ana log  for the sec­
onds  i t  took to destroy h is  persona l  wor l d  by k i l l i n g  h i s  fam i ly; twenty years ,  the two decades of ges­

tat i on  i n  h i s  own a uto-tra nsformat i o n .  Tempora l i ty i n  destruct ion a rt i s  the  i ndex of d u rat ion that con ­

fronts consc iousness  with the cyc l e  of construct ion  and destructi on man i fest i n  c u l t u ra l  a rt ifacts and 
techno l og i c a l  objects as  we i l  a s  i n  nature .  Th i s  tempora l i ty re inscr ibes the psyche  of the soc i a l  body 

with a memory of the f i n i te wh i c h  must funct i on  as an  affective agent  i n  the reagg regat ion of a s u r­

v iva l i st consc i o usness .  

Tempora l ity i n  M etzge r's l i fe s i g n i f i es  not  on ly  i n  c u ltu ra l te rms but i n  po l i t i ca l te rms a s  we i l .  

M etzge r  reta i ned h i s  Po l i s h  passport wh i l e  l iv i ng  i n  G reat Br ita i n  u nt i l 1 948 when h e  dec i ded  to 
become state l ess .  Th i s  l i fe expe r i ence  ref l ects the geopo l i t i cs of the d i s a ppeared ,  wh ich  Pa u l  V i r i l i o  

h a s  ident i f i ed  as  o n e  o f  t h e  cond i t i ons  o f  " P u re War" : 
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Disappearance of place and individual, refusal of citizenship, of rights, of habeas corpus ,  etc. , 

. . .  is spreading all over the world. Ws easier to make people disappear one by one, ten by ten or thau­

sand by thousand than to shut millians up into camps, as they did in Nazi Germany Even if Gulags and 

concentration camps still exist-and they do, alas-disappearance is our future. 1 2 

The conc rete evi dence of corporea l  ex i stence i n  the ca rnage  of bombed c i t i e s  and  towns with 

dead bod ies to be bu r ied o r  bu rned that was the res u l t  of past wa rs no langer ex i sts s i nce the c rema­
tor ia  and  thermonuc l ea r  vapor i zat ion ob l i terate a l l  recko n i n g  with death and  destruct i on .  " Pu re War"  

i n  t h i s  sense refers  to the techn i ca l  and  psycho l o g i c a l  rea d i ness  a nd  u b i q u i ty of war that cu rrent ly  
shapes  po l i t i c a l  a s  we i l  as soc i a l  re lat i onsh i ps ,  a nd  that cont r ibutes to the " ep i stemo-tech n i c a l , "  a way 

of know ing  and  be i ng - i n-the-wor ld  based i n  the techno l ogy of wa r. " 1 3  " P u re Wa r i s  ne i the r  peace nor  

wa r, "  V i r i l i o  c l a im s ,  "nor  i s  i t ,  a s  was be l i eved ,  ' abso l ute '  o r  'tota l '  war, but  rathe r, the m i l ita ry proce­
d u re i tse lf which i n fects us with its ord i n a ry d u ra b i l i ty. " 1 4  

Wh i l e  d i s a ppearance i s  one of the cond i t i ons  o f  the war-mach i n e ,  w h  a t  V i r i l i o  acc u rate ly c a l l s  
"the ma c h i n e  o f  soc ieta l non-deve l opment , " 1 5 Pure Wa r i s  a l so t h e  " I og ist i cs  of war. " T h e  U . s .A .  

esta b l i s hed s uch  l o g i st ics i n  the l ate 1 940s when Pentagon  offi c i a l s  def i ned  l o g i st i c s  a s  "the proce­

d u re fo l l ow i ng  which a nat i on 's potent i a l  i s  t ransferred to i ts armed forces ,  in t imes  of peace a s  in 
t imes of wa r. " 1 6  In wr it i ng  about the "po l i t i cs  of mean i n g , "  C l i ffo rd Gee rtz noted ,  " O ne  of the t h i n g s  

t h a t  eve ryon e  knows bu t  no one can q u ite th i n k  how to demonstrate i s  t h a t  a cou ntry's po l i t i cs  ref l ect 
the de s i g n  of i ts c u l t u re . " 1 7 But the cou ntry that deve l oped and dep l oyed the f i rst atom i c  weapon made 
i t s  po l i t i cs  very v i s i b l e  i n  c iv i c  l i fe a l ready by the ear ly  1 950s when i t  became p u b l i c  record that  the 

U . S .  c i v i l core of e ng i neers were engaged i n  the construct i on  of such l o g i st i ca l s i tes ,  p l aces  where the 
m i l i ta ry m i g ht "test"  the effects of nuc lear  destruct i on  on  mate r i a l s  a nd  techn i q u e s  used i n  c i v i c  st ruc­

tu res .  One  such  s i te was i l l ustrated i n  the per iod i ca l  Architectural Record i n  1 952 ,  where v iv id  images  
showed a destroyed two-story frame hause ,  destroyed re i nforced stee l  a nd  conc rete off i ce  b u i l d i ngs ,  

a nd  othe r  destroyed construct i ons . 1 8 

I n  the  res u l t i ng  Co ld  Wa r rheto r i c  and  musc l e  of weapons Metzge r  ref i ned  the d i a l ect i ca l  

aspects of h i s  theor ies  by extend i ng  "Auto-Destruct ive Art"  to "AutoCreat ive Art"  and  he  honed the i r  

i d eo l og i c a l  d i mens i o n .  Destruct i on  a rt shou l d  be po l i t i ca l l y affect ive and  soc i a l l y  engaged ,  a pract i ce 
i n  wh i ch  a rt i sts strugg l e  to d i smant le  the i n st itut i ons  of power that dehuman i ze ,  exp lo i t ,  and  destroy. 
Destruct i on  a rt s hou l d  be concerned with the soc i a l  body and  c o l l ect ive pract i ces  as  i t  " re-enacts the 
obsess i o n  with destruct i on ,  the pumme l i ng  to wh i ch  i nd i v i d u a l s  a nd  masses a re s ubj ected , "  he  wrote , 

and  added :  

The drop drop dropping of HH bombs . . .  mirrors the compulsive perfectionism of arms manu­

facture polishing to destruction point. Autodestructive Art is the transformation of technology into pub­

lic art. The immense productive capacity, the chaos of capitalism and af Soviet communism, the coex­

istence of surplus and starvation; the increasing stockpiling of nuclear weapons-more than enough to 

destroy technological societies; the disintegrative effects of machinery and the life in vast built-up 

areas on the person. 1 9  

T h e  se lf-consc ious  soph i st icat ion o f  contempora ry i nte l l ectu a l  " d i scou rse"  sta nds  i n  ma rked 
contrast to M etzge r's loaded and  subject ive "words , "  emot i o n a l  words that embarrass but that a re 
u nm i sta kab ly  rea l ,  the d i rect express ion of an i nvo lved ,  impass i oned ,  a ng ry, and  fearfu l v ict i m i zed man .  

Destruct i on  a rt i s  oppos i t i ona l  i n  refus i n g  the e l i s i o n s  of l i n g u i s t i c  abstract i on  t ha t  u nwitt i ng ­
Iy contr i bute to the perpetuat ion of the destruct ive ep i stemo l ogy of Western c u l tu re ,  a n  ep istemo l ogy 

so thorough l y  pe rfected by "defense inte l l ectu a l s "  i n  the po l i c i e s  and  tech no l ogy of ext i nct i on  about 



wh ich  Caro l  Cohn has  so i n s i g htfu l l y  wr i tten .  Cohn despa i red of the "eno rmous  destruct ive power" of 
"the l a nguage  of defense a na lysts a nd  a rms contro l l e rs"  for its compl ete res istance  to the  " emoti o n a l  

fa l l out  . . .  ma s s  mu rde r, mang l ed  bod i es  and  unspeakab l e  h uman  suffe r i n g "  i n  wh i c h  i ts  l a nguages  
consp i re ZO She  rej ected " t he  profess i o na l  d i scou rse" of t he  men whose m i nds  a re used " i n  the  serv i ce  

of m i l i ta r i zat i on "  for its " extraord i n a ry a bstract ion  and  remova l "-smart bombs ,  t r i e n d l y  f i r e ,  c l ean  
bombs ,  counterva l u e  attacks ,  a nd  c o l l atera l damage-because of the  ways i n  wh i c h  i t  d e n i ed wh at she  
" knew i n  rea l i ty. "2 1  R e l ated and  deep l y  sober i ng  i s  L i fton 's conf i rmat ion  of he r  attac k  o n  s u c h  " p rofes­

s i o na l  d i scou rse , "  when he  observed :  

A certain amount of numbing is probably necessary in most professional situations-in the 

midst of an operation a surgeon cannot afford to experience fully the consequences of fai/ure-but it 

is surely excessive in our society and in our century So great is the diminished emotion in profession­

als that it weil may be that  becoming a professional is in itself part of still another devil's bargain in 

which one ceases to feel much about the central-the most threatening-questions of our time 22 

When John Latham  i n c i ne rated bu rn i ng  towers of books, "Skoob Towers" (books spe l l ed back­

wards l .  i n  the m id - 1 960s,  when he chewed and  d i st i l l ed C l ement Greenberg 's Art and Culture, i n  1 966,23 

h is g estures i dent i f ied books as  the ca r r i e rs of the destruct ive ep istemo l og i c a l  and l i n g u i s t i c  founda­

t i ons  of a bstract rati o n a l ity that j u st i fy a nd  pe rpetuate destruct ion ,  the k i nds  of l a n g uages  that  i m pr i n t  
d eath and  conf i rm the te r ro r i s t  rat i o n a l ity of Robert McNamara who ,  i n  1 964, so c h i l l i n g l y  co ined the 

term "mutua l  assu red destruct i o n , "  MAD .  

The denatu r i ng  and  a bstract i on  of the actu a l  expe r ience o f  destruct ion  i s  the  t r i umph  of t he  

tech no l ogy of t ha t  destruct i o n .  I n  t h i s  s i t u a t i o n ,  g reat ca re must be  exerc i sed  to prevent theoret i ca l  

a bstract i ons  f rom becom i n g  part of the s uppress i on  o f  actua l  exper ience tha t  c u l m i nates i n  the  d e n i a l  
o f  i dent i ty a ltogether. S u ch  d e n i a l s  consp i re i n  t h e  destruct ion o f  bod i es  a nd  a re  the u nforg iva b l e  con­

sequence of m i sta k i ng  the map  for the terr i tory. They a re the dec idab l e  danger that res i d e s  i n  i nter­

p retat ions  of Der r i da 's concept of " d i ffe rence" that many have a rgued req u i res  a " d i ffe rence/deferment 

trom/of any  dec i dab l e  statement of the concept of an  i dent ity o r  d iffe rence . " 24 

The  t rust of dest ruct i o n  a rt i s  t he  s u rv iva b i l ity of the body, the ve ry mater i a l i ty of ex i s tence .  
I n  th i s  sense ,  no  g roup of a rt i sts has  been as  exp l i c i t  as S u rviva l Research Laborato r i e s  who have c l ea r­

Iy stated the terms of the i r  i nvest i ga t i on  and  pract i ce .  I ndeed ,  mate r i a l ity i s  the  b u s i ness  of a rt .  

Representat ion  and  observat i on ,  the  v i s u a l  cond it ions of mate r i a l ity, a re  the res i d u a l  featu res of the 

f i rst act of the a rt i st wh i ch  i s  to recover the cond i t i ona l i ty of mater ia l i ty. Th i s  i s  why, without eyes,  a rt 
may st i l l  ex ist for those without s i g ht .  When faced with exti nct ion ,  the a rt i s t  must , if s he  o r  he takes 
respons i b i l ity for h is o r  her trust .  put  a rt i n  the serv ice of su rv iva l .  Th i s  does not imp l y  that a l l  a rt must 

assume the task of destruct i on  a rt ,  but  it does mean that a rt has a part i c u l a r  soc i a l  f unct i on  wh i ch  

req u i res  a n  eth i c a l  pos i t i on  on  the q u est ion of su rviva l no matter wh at forma l  reso l ut i o n  that work 

f i n a l l y  assumes .  I n  t h i s  sense ,  I be l i eve destruct ion  a rt recovers the soc i a l  force of a rt t rom i nstrumen­

ta l rea son and  the econom ies  of late cap i ta l i sm .  For destruct ion a rt consta nt ly  re i nsc r i bes  the p rofound  
s i g n i f i cance of the s u rv iva l of the body  i n  the oppos i t ions i t  deconstructs. 

The task  of destruct i on  a rt i n c l udes  the deconstruct ion of the doub l e  cha racter and i nd eterm i ­

nacy  of mean i ng  i n  the b i n a ry d iv i s i o n  of c reat i on/destruct ion and the  e l uc i da t i on  of the s i g n i fy i n g  con ­

d i t i ons  of destruct i o n .  I n  t h i s  sense ,  the  project o f  destruct i on  a rt resemb les  the deconst ruct i o n ist the­
o ry with which i t  emerged  s im u l taneous l y  but i n dependent ly i n  the ear ly  1 960s .  I t  i s  s i g n i f i cant  that 

Der r i da 's De la grammatologie ( 1 967 )  was p ub l i s hed a year afte r Metzge r  brought the va r i o u s  tenden­
c i es  of destruct i on  a rt together as  a cohes ive d i scou rse and  representat ion  i n  the Dest ruct i on  i n  Art 
Sympos i u m  ( D IAS )  in 1 966 25 M etzge r 's stated a im  in o rgan i z i ng  D IAS was to create an i nterd i s c i p l i -
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n a ry forum for  an i n qu i ry i nto the re lat ions h i p  of destruct i on  i n  a rt and  soc i ety .26 Der r i da 's para l l e l  
o bj ect ive w a s  t o  " seek a new i nvest igat ion  o f  respons i b i l i ty, a n  i nvest i gat ion  w h  i c h  q uest ions  the 

codes  i n h e r i ted f rom eth ics and po l i t i cs"  i n  the " po l i t i c a l  a nd  i n st i tut i ona l  structures that make  poss i ­

b le  a nd  govern  D u r  pract ices .  "27 
D IAS was a l so the mode l  for a numbe r  of s u bsequent  exh i b i t i ons  i n  wh i c h  a rt i sts l e a rned to 

expand the l a ng uages of destruct i on  a rt ,  and i t  was the p rototype for The D i a l ect ics of L i be rat i o n ,  o rga­

n i zed by R .  D .  La i ng  and Dav id Cooper. Such  p ro m i nent i n te l l ectu a l s  a nd  p u b l i c  f i g u re s  a s  Pa u l  
Goodman ,  Stoke ly Carm i chae l ,  I rv i ng  Goffman ,  H e rbe rt Ma rcuse ,  G regory Bateson ,  a n d  others l ectured 

at  th is  conference which occu rred i n  London ten months afte r D IAS ,  i n  J u ly 1 967 .  Th i s  co i n c i ded  pre­

c i s e l y  with the th ree-day tr i a l  of Metzge r  and the I r i s h  poet and p l aywri ght  John Sha rkey, M etzge r's 

p r i n c i p a l  a s s i stant in the organ i zat ion of D IAS .  The pa i r  were found  g u i lty of hav i ng  presented He rmann  
N i tsch 's 5 t h  ac t i o n  o f  t he  Org i e n  Myste r i en  Theatre ,  a work  the cou rt descr ibed as " an  i ndecent  exh i ­

b i t i o n  contra ry to common l aw. "28 

The s i m u ltane ity of th i s  conference with M etzge r  and  Sha rkey's t r i a l  is i nstruct ive i n  its j uxta­
pos i t i on  of the d iv i s ions of power and a uthor i ty that shape  the systems ,  pract i ces ,  i n st i tut i ons ,  a nd pe r­

formances  of Western cu l ture .  The textua l and  expos i tory exeges i s  of those who part i c i pated i n  The 

D i a l ect ics of L i be rat ion was perm i s s i b l e ,  framed  as  i t  was i n  the vague ly  sent imenta l  i d e a l i st i c  te rms 

of l i be rat i o n ,  term ino l ogy that  conformed to the a utho r i tat ive ,  a bstract, restra i ned ,  measu red ,  and 

ostens i b l y  object ive codes of academic  d i scou rse .  By compar i son ,  "destruct i on -a rt" represented a 
d i rect ,  content i ous ,  str ident ,  and  unsent i menta l  d i s cou rse ,  a nd  its pract i ces  were raw, pass ionate ,  

i nvo lved ,  i mpat ient , skept ica l ,  pess im i st ica l l y  c r i t i ca l ,  a nd  somet imes  dange rous  and  out  of contro l . 29  

In  h is  l ecture on "The D i scourse of La nguage "  Fouca u l t  descr ibed the " I ogophob i a "  of Western 
c u l t u re as  a n  "appa rent l ogoph i l i a , "  and  he a rgued :  

What civilization, in appearance, has shown more respect towards discourse than our own 7  . . .  

Where have men depended more radically, apparently, upon its constraints and its universal character? 

But, it seems to me, a certain fear hides behind this apparent supremacy . . .  It is as though these tabaas, 

these barriers, thresholds and limits were deliberately disposed in order, at least partly, to master and 

control the great proliferation of discourse "in such a way as to relieve its richness of its most dangerous 

elements; to organise its disorder so as to skate round its most uncontrollable aspects. "30 

As pa rt of the reso l ut i on  to these contro l s ,  Fouca u l t  ca l l ed for the resto rat i on  of d i scou rse to 

" i ts cha racter as a n  event . " 3 1  N i tsch 's work a nd  the j u r i d i c a l  response to it v i s i ted upon  M etzge r  and  

Sha rkey, i ndeed ,  returned the  d i scou rse of destruct i on  to i t s  " cha racter a s  a n  event . "  The p u n i s hment 
meted out  to the a rt i sts-and by extens i on  to D IAS i tse l f-i nscr i bed upon them the " g u i l t "  of destruc­
t ion that m ust be read as the s i n g l e-most impo rtant ev idence of the affect ive ro l e  of D IAS and the 

events i t  sponsored i n  revea l i ng the very systems ,  i n st i tut i ons ,  and  ep i stemo l og i c a l  foundat ions of 
d estruct i on  that i t  set out to c r i t i c i ze .  

The " g u i l t "  l a i d  on D IAS i s  that  of the s u rv ivor  who bea rs witness for the soc i a l  body. I n  th i s  

sense  the i n d iv i d ua l  body, the body of pract i ces  I a m  ca l l i n g  destruct i on  a rt ,  a nd  the soc i a l  body have 
a symb i ot i c  i nterconnect ion i n  that i nd iv idu a l  a n d  co l l ect ive bod i e s  a re a l s o  events i n  the h i sto ry of 

soc i ety. I n  t h i s  context, as they have contr i buted to s hap i n g  soc i a l  and  po l i t i ca l systems ,  the  i nte rven­
t ions of d estruct i on  a rt a re centra l to any d i s cou rse on  s u rv iva l  w i th i n  o r  without the d i s c i p l i nes  of a rt 

a nd  aesthet i c s .  
I h ave often a rgued  that  the p r imary commun i cat i ng  codes of the v i sua l  a rts were  tra nsformed 

in the presentat ion of the body. B r i ef ly restated ,  when the body becomes the mate r i a l  s u pport ,  s ubj ect, 
and content of a rt ,  it ho lds  the poss i b i l i ty of sh i ft i n g  the determ i n ed and fixed re la t ions  demanded  by 



the p r i o r  obj ect ive status of a rt i nto an i nterp lay of subject iv i t ies esta b l i s hed  and  transm i tted i n  body 
gestures ,  systems ,  a nd  re l a t i ons .  I n  add i t ion to the trad i t i ona l  metapho r i c a l  commun i cat i n g  mecha ­

n i sms of the v i s ua l  a rts ,  s uch  changes  i n  the aesthet ic s i gn  supp l i ed  a metonym i c  and  synechdocha l  
means  of connect i on ,  project i o n ,  cont i n ua t i on ,  and cont i ngency. The  pr ivate body  was  ut i l i zed a s  fo r­

m a l  mater i a l ,  s u bj ect matter, and  content i nto wh ich the expe r iences and  i n st i tu t ions  of the body po l i t i c  
we re  c o l l a psed .  I want  to suggest t ha t  i n  t hese  terms, t he  body ho l d s  the poss i b i l ity fo r  beco m i ng both 

a n  a esthet ic and soc i a l  s i g n  that a lso commutes po l i t i ca l power. L ifton b e l i eves that the task of the 
a rt ist  i s  "to revea l  the  exq u i s i te  d eta i l s  of the expe r ience of desymbo l i zat i o n "  and  "the breakdown of 
v i a b l e  re la t i o nsh i ps with symbo l s  and symbo l i c  forms (that) i s  an  impa i rment in the ' psych i c  a ct i o n '  of 

the 'format ive p rocess '  . . .  assoc i ated with severe man ifestat ions of psych i c  n umb i n g .  "32 In dest ruct i o n  
a rt .  the body  conveys the i nterd ependent .  i nterconnected, and cont i ngent  state of the i n d iv i d u a l  a n d  

t h e  co l l ect ive i n  s u rv iva l .  T h a t  embod iment  h o l d s  t h e  potent i a l  t o  reconnect exper i ence  t o  the ob jects 
of that expe r i ence  and the reby to i nterven e  in the destruct ive pract i ces ,  i n st i tut i ons ,  and tech no l o g i e s  

th reate n i n g  ext i nct i o n .  

T h e  u rgent n e e d  t o  d i sso lve ove r-dete rm i ned r i g i d  structu res and  to construct e l as t i c  soc i a l  
systems i s  ev ident a l tho ugh  constant ly u nderm ined b y  f ixed soc i a l  i dent i t i es .  T h e  u nprecedented 

a c h i evement of the body a s  a n  act ive agent  i n  a rt has been to v isua l i ze the perpetua l l y  sh i ft i n g ,  bu t  
m utua l l y  i dent i f i a b l e  re l a t i ons  of power  and  need  with i n  the exchange of s u bject/object re l a t i ons .  Th i s  

s h i ft f rom the convent i o n s  of representat i o n  to  those  o f  presentat i o n  may effect a reduct i on  i n  the  

a l i e na t i on  between s u bj ects and  objects by confronti ng i n d iv i dua l s  w i th  the i r  mutua l  ro l e s  a s  pe rform­

ing a nd  observ i n g  s ubjects .  Th i s  reduct i o n ,  however, can never be reso lved but ,  rathe r, mu st be  con­

sta nt ly  renegot iated on  the sh i ft i n g  terr i to r i es  of power that cont i nua l l y  redete rm i n e  s ubj ect re l a t i o ns .  
The pe rform i n g  body  unde rscores the desperate need  fo r  negot iat ion i n  the q u est i on  of the s u rv iva l o f  

d estruct i o n .  I n  t h i s  way, destruct i on  a rt performs i t s  rad i c a l  funct ion i n  l a rge r  soc i a l  format i ons .  For, i n  
o rder  to r e  cove r  the content of d estruct i on  wh i ch  i n c l udes death ,  tra uma ,  and  pa i n ,  i t s  s i g n i fy i n g  agent  

m ust be both  representat i ona l ly symbo l i c  a nd  presentati ona l ly conti ngent .  

A v iv id  examp l e  of such  pract ices i s  Metzge r's "South Bank Demonstrat i o n , "  of J u ly 3 ,  1 96 1 . 

Wea r i ng  a gas  mask  as a p rotect ive dev ice ,  Metzger  sprayed hydroch l o r i c  a c i d  on three tarpa u l i n s­

white ,  b l ack ,  and  red , a refe rence to Kas i m i r  Ma l ev ich and  Russ ian  S up remat i sm-stretched ove r a n  
eno rmous  se r i es  o f  th ree frames  feet h i g h  a n d  1 2  1 /2 feet l ong  with a depth o f  6 feet .  T h e  ny l o n  d i s­

so lved each with i n  1 5  seconds after contact with the ac id .  Metzger pos i t i oned h i mse l f  a ga i nst a com­

p l ex of u rban  off i ce  b u i l d i ng s  a nd  a c rowd of men ,  many  i n  bus i ness att i re .  Vi s ua l ly suggest ive of the 

m i l i ta ry- i n d u str i a l  c omp l ex ,  t h i s  image  reca l l ed the d i re warn i ng  Dwi ght  D .  E i sen hower i ssued on ly  f ive 

months before M etzger 's l e ct u re -demonstrat i o n .  I n  h is  fa rewe l l  address from the White House Ova l 

Off i ce  J a n u a ry 1 7 , 1 96 1 , E i s enhower caut i oned :  

This conjunction of an immense military establishment and a large arms industry is new in the 

American experience. The total influence-economic, political, even spiritual-is feit in every city, 

every state hause, every office in the federal govemment. We recognize the imperative need for this 

development. Yet we must not fai! to comprehend its grave implications. Gur toi!, resources and liveli­

hood are all involved; so is the very structure of our society. 

As the agent  of destruct ive forces ,  Metzger  represented war d i sp l aced from the actu a l  f i e l d  of 

m i l i ta r i zed combat by ut i l i z i n g  the s u bsta nces of destruct ion  to d i sso lve mater i a l s  and  thus  to reenact 
upon the " f i e l d "  of the p i ctu re space the symbo l i c  map of the conduct .  process ,  content . and  res u l t  of  

d estruct i o n .  H is  act ion  s i tuated wa r as  representat ion i n  the c iv i c  bu i l t  s i te  of the product ion of destruc­
t i o n .  
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On l y  Metzge r, Rafae l  Montanez O rt i z ,  and  Wo l f  Voste l l  ever spec i f i ca l l y  i dent i f i ed  the i r  work 

with the term i n o l ogy of destruct ion and systemat ica l l y  exp l o red destruct i on  as the p r i n c i p l e  focus of 
the i r  work .33 Mo reover the i r  formu l at ions were not on l y  very d i fferent but were even content ious ,  con­

d i t i oned by the  ent i re ly  d i st i nct c u l tu ra l  contexts of Eu rope ( M etzge r  a nd  Voste l l )  a nd  the U n ited States 
( O rt i z ) ,  and represent ing u n i q ue  responses to and i d eo l og i c a l  strateg i e s  for cop i ng  with and affect i ng  

the i r  i n d i v i d ua l  s i t uat ions .  Yet fo r  a l l  the i r  d i ffe rences ,  t hese  t h ree  men  sha re the c r i t i ca l soc i a l  expe­
r ience of hav ing ex i sted at the marg i n  of Western cu l t u ra l  h i e ra rch i es  in terms of the rac i a l  and  re l i ­
g i o u s  d i sc r i m i nat ion  a n d  t h e  actua l  or v i rtua l  a n n i h i l a t i o n  they expe r i enced :  M etzger i s  t h e  state l ess  

v i c t im of the H o l ocaust; Voste l l ,  a l so a Jew, spent h i s  youth  i n  nomad i c  te r ro r  f l ee i ng  the G estapo; and  
O rt i z  i s  a d a rk-sk i nned Puerto-R i can Amer i can  of m i xed he r i t age  who spent part of h i s  you th  i n  south 

Ha r l em ,  the s u rv ivor of dead ly  ado l escent gang  wa rfare of the Barr io and  the v i c i o us ,  re l e nt less  rac i sm 

of the U . S .A .  

One  of the key psychoana lyt i c  d imens i ons  of destruct i on  a rt i s  the cha rged  emot i o na l  react i on  
to  the ange r  a nd  fru strat ion  these  th ree  expe r i enced as  the d i s empowered "other" with i n  the Weste rn 

ma l e  c u l t u re to wh ich  they be longed and wh i c h  they theoret ica l ly contro l l e d .  Th i s  sense of be i ng  "out  

of contro l , "  i n  pa rt, accou nts fo r  the v i o l ence of the i r  reject ion  of the decept ive convent i o n s  of Weste rn 

"creat i on "  and the repress ive s ub l imat ions i t  demands .  The ra nge  of the i r  destruct i ons  and the objects 

o r  h uman  act i ons  upon which they were v i s i ted ,  however p rob lemat ic ,  mu st be cha racter i zed as pa ro­
dy, a profo und  d i sgust and rej ect ion  of the patr i a rc ha l  mode l s  of d i s c i p l i n e ,  p u n i s hment, v i o l ence ,  a nd  

a uthor i ta r i a n i sm  so accu rate ly theor ized by  K l a u s  Thewe l e i t . 34 

Destruct i on a rt seems to produce a gendered response s l i g ht ly d i fferent i n  men than i n  women .  

The body-actua l  o r  extended i n  mechan i ca l  robots-is the p r i nc i pa l  terr i tory for the demonstrat i on  o f  

destruct ion  and  su rv iva l  i n  both men and women 's product i ons .  Wh i l e  ma l e  a rt i sts have exp lo red the re l a ­

t ionsh i p  of that  body to  the  objects and techno log i es  of destruct i on  and  to the assert i on  and  recuperat i on  
of i dentity, women a rt ists have regu l a r ly conf ined the i r  i nvesti gat ions to  the reconstruct i on  of Se l f .  

Yoko Ono 's destructi on scores for pe rformances ,  pa i nt i ngs ,  and  sc u l ptures onward from the 

late 1 950s ,  and  N i k i de Sa i n t  Pha l l e 's pa int ings Feu a volonte, 1 96 1 , p l a ster- su rface construct i ons  f i l l ed 
with bags of p i gment wh ich  exp loded with co l o r  when f i red upon  with a r i f l e ,  demonstrate that women 

have not been exempt f rom the destruct ion  of mate r i a l s ,  i n c l u d i n g  the s u rfaces of the i r  own bod ies  as  
the pe rformances of se l f -mut i l a t ion by  G i na Pane have  shown . 

But  the vast major i ty of women's destruct ion a rtworks exp l o re the p rob l em  of the ob l i tera t i on  
of i dent i ty a nd  the decente r i ng  of  Se l f .  So that  wh i l e  the H o l ocaust may be ou r  representat ive text, a 

text that is i n  pa rt read through the techno l og i e s  of destruct i o n ,  that text mu st retu rn to the read i n g  of 

the mate r i a l  u n iverse of the body's pa i n .  
R .  D .  La i n g  reca l l ed "a l i tt l e  g i r l o f  seventeen i n  a menta l hosp i ta l "  who  to l d  h i m  that " she  was 

terr i f ied beca use  the Atom Bomb was i n s i de  he r. " 3 5  Th is meta phor  for the a n n i h i l a t i on  of Se lf that is 

bound to the destruct ion of se l f-esteem,  i n t imacy, and  the a b i l ity to l ove o r  be l oved i s  a lso pa rt of the 
trust of destruct i on  a rt . I n  Yoko Ono 's Cut Piece, 1 965 ,  she  sat mot ion less on  a stage  after  i nv i t i ng  the 

a u d i ence to co me  up  and  cut away her  c l oth i n g .  Th i s  denouement an t i c i pated the i n st i tut i o na l i zed 
object i f i cat ion of women as cu l tu ra l  detr i tus so systemat i ca l l y  presented by Karen F i n l ey who,  i n  an 
essay ent it l e d ,  " I  was not expected to be ta l ented , "  wrote: 

/ 'd like for you to feel pain, to feel my pain . . .  I hate people who have a reason for everything. 

They can 't just accept the fact that bad things happen to good people because if they did they'd be like 

me-out of controJ.36 



Ono  stated ,  "Peop l e  went on cutt i n g  the pa rts they da not l i ke of me . "37 Lyn n  H e rs hman  wh i s ­

pe rs  as a s u rv ivor to we who bea r  w i tness  to her  su rviva l :  " Don 't ta l k  about  i t . "  I n  h e r  au tob iog raph i ­
ca l  v i deo tr i l ogy Electronic Diary ( 1 985-1 989) .  Hershman ,  s i gn i f i cant ly a l s o  a J ew, recou nts i n  a n  a uto­
ana lys i s  the o r i g i n s  of her own eat i ng  d i sorders i n  phys i c a l ,  sexua l ,  and emot i o n a l  a b u se  and i n cest .  
v i o l a t i ons  whose or i g i n s  and  res u lts she  equates to the cosmology of H i t l e r, the  va m p i re ,  and H o l ocaust 
su rv ivors .  S u ch  works, i n  the actu a l  body of the a rt i st. i ntervene in the imag i ned ne utra l i ty between  

subj ect and  object where t hey  i n se rt the vo i c e  o f  su rv iva l that is the representa t i on  of the pa i n  o f  
destruct i on .  D estruct i on  a rt i s  the renegot iat ion  of t ha t  pa i n .  E l a i ne Sca rry has  a rgued  that  " t he  on l y  
state t ha t  i s  a s  anoma l a u s  a s  pa i n  i s  the  imag i nat ion"  and t ha t  "wh i l e  pa i n  i s  a state remarka b l e  for 
be i ng  who l l y  without objects ,  the imag i nat ion  i s  remarkab l e  for being the on ly state that  i s  who l ly its 

objects . " 38 Destruct i on  a rt represents and presents the re lat ionsh i p  between pa i n  and i m a g i n i n g .  " Pa i n  

does not s imp l y  res ist l a nguage , "  i t  "act ive ly  destroys it .  b r i ng i ng  about a n  immed i ate revers i o n  t o  a 

state a nte r io r  to l a nguage ,  to the sounds  and  c r i es  a human  be ing  makes before l a n g uage  i s  l e a rned . "39 

She  cont i n ues :  

Because the person in pain is ordinarily so  bereft of  the resources of speech. i t  i s  not surpris­

ing that  the language of pain should sometimes be brought into being by those who are not themselves 

in pain but who speak on behalf of those who are. (This is how) this most radically private of experi­

ences begins to enter the realm of public discourse 40 

In 1 962 ,  Ono wrote "Conversat i on  P i ece , "  a score for an act ion req u i r i n g  the  n a r ra t i on  of pa i n .  

He r  score reads :  
Bandage any part of your body. 

If people ask about it. make a story and tell. 

If people da not ask about it. draw their attention to it and tell. 

If people forget about it, remind them of it and keep telling. 

Da not talk about anything else 4 1  

I nvented a n d  bandaged waunds  a rt i c u l ate psycho-phys i ca l  pa i n .  T h i s  i m p u l se to n a rrate suf­

fer i ng ,  to descr ibe the unspeakab l e  cond i t i ons  of inter ior l i fe, i s  centra l to f i n d i n g  a vo i c e  th rough  and  
by wh i ch  to repossess and  re cove r  a sense of the concreteness o f  persona l expe r i ence .  M o re u rgent i s  

the need to commun i cate the a uto-constructed rea l ity t o  someone e l se-ta mater i a l i ze  i t .  Weste rn c u l ­

tu re n eed s  s ubjects to b ea r  witness to the contents o f  su rv iva l a n d  t h e  h i stor i c a l  bod i e s  upon  wh i ch  

the text of destruct i on  has  been i n sc r i bed .  The body i n  destruct ion a rt bea rs such  w i tness  a nd  thereby 

offe rs a pa rad i gm  for a " re s i st i n g  body, "  that pr ivate, comp lex, s i gn i fy i n g  system of the  Se l f ,  a persan 

who acts both on  beha l f  of the i n d i v i d u a l  and the soc i a l  body. 

1 1 1 .  
Destruct i on i s  endem i c  to Weste rn structures of knowledge and  cond i t i ons  of c u l tu re .  Th i s  

negat iv i ty-and by extens i o n  destruct i on  when  it occurs i n  a rt-have appea red to d efy ( a nd  th reat­

ened to destroy) Weste rn soc i a l  and aesthet ic  canons of truth, ha rmony, and order. But. far from reject­

ing the aesthet ic  and soc i a l  va l u e s  of Western cu l ture ,  destruct ion a rt u nve i l s  its st ruct u ra l  p r i n c i p l e s .  

I n  a recent study o f  the deve l o pmenta l  ro l e  p l ayed by  anc i ent G reek mathemat ics i n  g a i n i n g  a n  advan­

tage i n  wa r, John On i a n s  cons i de red the embeddedness of m i l i tar ized consc i ousness  in Weste rn c u l ­

tu ra l  p roduct ion 42 He  noted the s i m u l ta neaus  dependence u pon  t h e  mathemat i c a l  h a rmony, proport i on ,  

and  order  i n  G reek  wa rfa re as  we i l  a s  i n  a rt and  a rch itecture, and observed that wa r i s  t he  most i mpor-



tant  theme i n  G reek pa i nt i ng  and scu l pture ,  a nd  a structura l p r i nc i p l e  i n  G reek  a rch i tectu re .  H e  traced 
t h i s  to patte rns of representat i on  i n  the com p l ex treatment of war  i n  the lliad, a book wh i c h  atta i n ed  

" a l most b i b l i c a l  a uthor ity" among  t he  G reeks 43 

O n i a n s  po i nts out that the same ha rmony, n u mber, and order  to be  found in G reek  mathemat­

ics that d eterm i n es a rt. mus i c ,  and a rch itecture equa l ly reg u l ated the G reek  m i l i ta ry pha l a nx, and  

" H es i od ,  i n  the  Theogony, makes  Harmon ia  a da ughter  of A res ,  god  of wa r. " 44 
Weste rn soc i ety and its most compe l l i n g  aesthet ic  prod uct ions cont i n ue  to pe rpetuate the 

e p i stemo l o g i c a l  e thos  of destructi o n .  But a rt that once ref l ected ,  m i rro red ,  a nd  pass ive ly  represented 
the  a bstract convent ions and patterns of knowl edge  n ow act ive l y  present the l i te ra l embod iment of 
psyc h i c  wounds ,  u rban bed l am ,  and m i l i tar i zed consc i ousness  at the c r i s i s  co re of term i n a l  c u l tu re .  Bu t  

t h i s  e p istemo l ogy a l so has hea l i n g  roots, t rad i t i o ns ,  that a re i ntertw ined i n  the very techno l ogy, l an ­

g uages ,  and  pract ices o f  destruct i on .  
Fou cau l t  recove red the  G reek te rm epimeleia heauton wh i c h  stood fo r  the psycho l og i c a l  and  

i nte l l e ctu a l  cond i t ion of be ing  i nterested i n  ta k i n g  ca re of one 's se l f ,  o f  work  on  the se l f 45 The term 

e q u a l l y  descr ibed the respons i b i l i t i es  of power. Epimeleia heauton i mp l i ed  attent i on ,  know ledge ,  tech­
n i q u e ,  a work of med itat ion that req u i red unde rsta nd i n g  the necess i t ies of the wor ld ,  not i m posed upon  

the  i nd iv i d u a l  by  c i v i l  law or re l i g i ous  ob l i ga t i on ,  but  rather as  a cho i ce  about ex i stence made  by  t he  

i n d i v i d u a l  who dec ided whethe r  o r  no t  t o  ca re for the se l f ,  and  the reby, to ca re  for the wor l d .  Fouca u l t 

po i nted out  that epimeleia heauton descr ibed a cond i t i on  i n  wh i ch  i nd i v i d u a l s  "acted so as to g ive to 
the i r  l i ves ce rta i n  va l ues  (forl it was a quest i on  of mak i n g  one 's l i fe i nto a n  object for a so rt of knowl­

edge ,  for a technfiL-for an  a rt .  "46 

Destruct ion a rt commun i cates the v i s u a l  know ledge  that may recupe rate the mater i a l i ty of l i fe 
from the v i o l e nt ,  d i scont i nuous  destruct ions  that imper i l s u rv iva l .  The body may be a too l in the techne 

of s u rv iva l  a nd  may funct ion as a trans i t  between agency and  process ,  l a nguage ,  exper ience ,  a nd  the i r  
o bj ects t o  c l o s e  t h e  l es i on  between techne and  logia (word, speech ,  o r  know ledge l  that h a s  i n h e red i n  

t h e  modern  concept o f  techno l ogy. J ust as  destruct i on  a rt i s  t h e  i mage o f  res i sta nce i n  t h e  form o f  a n  

event ,  i t  i s  a l so a n  important mean s  t o  s u rv iva l t h a t  mu st be cont i n uous l y  exp l o red .  
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V i d e o  a n d  A r c h i t e c t u r e 
eyond the S c reen 

A form of a rch itecture can  now be  l ocated with i n  v ideo and computer tec hno l ogy. I t  i s  e l ec ­
tro n i c  vo l ume ,  a phenomenon that a l so prov i des  cohes ion for rad i c a l  art i s t i c  comm u n i ca t i on  pract i ces .  

Th i s  i s  i nte l l i gent  space ! I t  def i nes  i nformat i o n  as s i t e ,  espec i a l l y  as it i nforms t he  i n f l u ence  of exper­
i menta l a rt and  the fundamenta l d i scou rse  re l evant to the rea l i ty of data space .  The  expanded redef i ­

n i t ion of the v i rtua l  as  rea l has  been reconstructed by trad i t i ona l  commun i ca t i on  pract ices such  as Q) 

rad i o ,  te l ephone ,  and  t e l ev i s i o n ,  and  the i r  man i fest contempora ry forms i n  e l ectro n i c  network env i ron - co 
0:: 

ments and  the i r  evo lv i ng  m u l t imed i a  network app l i cat ions .  These spati a l  express i o n s  emp l oy e l ectron ­
i cs  no t  on l y  to decode  the t ra nspa renc i e s  i n he rent i n  t he  v i deo  and computer  i mages  we norma l l y  
observe ,  b u t  i n  t h i s  c a s e  they a re a l s o  u s e d  t o  def ine t h e  phys i c a l ,  nav i g a b l e  propert ies  o f  e l ectro n i c  

data space i tse l f .  I n  a n  obv io u s  contra d i ct i o n ,  these spaces a re conceptua l ly embedded i n  t h e  i n te l l i ­
gent mechan i sms that ex ist i n dependent l y  o f  w h  a t  i s  v i s i b l e  o n  the surface  o f  a n  e l ectro n i c  screen .  Th i s  

spat i a l  tra nspa rency, wh i c h  as  V i r i l i o  notes has  long supp l anted appearances , l t a kes  on phys i c a l  

d i mens i ons  o f  a n ew o r de r  at t h i s  po i n t  because t h e  representat ion o f  ove r l a pp i n g  phys i c a l  and  e l ec­

tro n i c  rea l i t i es  can now be rea d i ly  constructed ,  observed, and exper ienced i n  conve n i en t  formats .  

Equa l ly impo rtant i n  a d i scuss i on  of a n  e l ectron i ca l ly c reated terra i n  and v i rtua l  a rc h itectu re is 

the cons i de rat ion  of the c r i t i ca l and  theoret i ca l  d i scourse that connects v ideo, i nformat ics ,  and  the 

geog raphy  of space . 2 These concerns ,  which have evo lved dur ing the past three decades  of pract i c a l  

expe r i ence ,  resea rch ,  a nd  observat i on  by a rt i sts us i ng  t he  new med i a  of t he i r  e ra ,  a r e  the d i rect con ­
sequence  of the exp lo rat ion of the med i a 's potent i a l ,  i n c l u d i n g  t he  i nvest i ga t i on  of the a l tered and  
e l a borated e l ectro n i c  i mage .  L i kew ise ,  the  ra p i d  advancement o f  t he  u nde rsta n d i n g  of i nformat i on  

networks u nde rscores a c omp l ete l y  new phenomena :  the traceab l e  gr id  that ex i s t s  i n  e l ectro n i c  space .  

A revo l ut i ona ry new unde rsta n d i n g  of t h i s  vo l u me i s  a resu l t  o f  wh at  once seemed to be a n  imposs i ­

b i l ity: the  representat i on  of depth i n  the e l ectron i c  frame .  Bu t ,  accord i ng  to D e l e uze ,  i mposs i b l e  i deas  

f r om one  med i um  often t ra n s l ate to a nothe r, because a creator who  is no t  se i z ed  at  the  th roat by  a set 

of i m poss i b i l i t i es  i s  no c reator. A creator i s  someone who creates h is own i m poss i b i l i t i e s ,  and the reby 

c reates poss i b i l i t i e s .3 N etwork commun i cat i on  and  navigat ion now transcend the po l i t i c a l  u nde rsta nd­
i n g  of boundar ies ,  and  a trave l route  can  a l so be understood as the trajectory of movement i nto ex pe­

r i ent i a l  tra i l s  of e l ectro n i c  memory. The rad i c a l  sh i ft of understand i ng towa rds the  idea of med ia vo l ­

ume  i s  a rev ised unde rsta nd i n g  of space .  

The exper i ence  of a rt i sts a nd  tec h n i c i a ns ,  throughout the h i story of v i deo  a n d  m u l t imed i a  tech­

no l ogy, has  adva nced the unde rsta n d i n g  of how the v iewi ng of someth i n g  prog resses from the meta­
phys i ca l ,  o r  psycho l og i c a l  act , toward a pe rceptua l  understand i ng  comp l ete with phys i c a l  expe r i ence  
and  comprehens i o n .  Th i s  expe r i en t i a l  phenomenon  trans l ates i nto an awa reness of h ow images  func ­

t i on  on  var ious  l eve l s  of the commun i cat i on  sca l e .  The  on- l i n e  rea l -t ime exerc i s e  i n  the s i m u l taneous  
tra n sm i s s i o n  of i deas  f unc t i ons  as  a n  examp l e  of t he  numerous commun i cat ion  ene rg i e s  and  impu l ses  

c rowd i n g  ea rth 's a i rwaves, outer  space ,  a nd  the un iverse .  I n  ou r  real -wo r ld  env i ro nment, we pa rt i c i ­
pa te  i n  the network of i ntense freq uenc i e s  t ha t  i ntrude i nto-and upon-the rhythm of the human  

body. Bo th  ta n g i b l e  and  i n ta n g i b l e  effects of th i s  i nformat ion bombardment  a re phys i ca l ly ev idenced .  
Ln 
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As i n v i s i b l e  phenomena ,  th i s  is med ia  i nformat i o n  portrayed by way of d i g i ta l decod i n g ,  and  a na l o g ue  
v i s u a l i za t i on  p rocesses .  I n  a se l ect ion o f  v i deo  f o r  the exh i b i t i o n  " I nte l l i g ente Amb iente/ I n te l l i g e nt 

Env i ronments , "4  an attempt is made to create a new awa reness of these myste r i o u s  commun i ca t i on  

med i a  a s  a new ep istemo log i ca l  space :  a rea l space tha t  comb i nes  v ideo and  compute r  tech no l ogy w i t h  
theo ret i ca l  a nd  pract i ca l i s s ues  o f  a rch itectu re a nd  a ppearances . 5  

Arc h itecture and Communication 

The i ntrus ion of med ia  i n  today's u rban  env i ronment  i s  ove rwhe lm i ng l y  appa rent a s  a system 

of e l ectron i c  space mapp i ng .  These abstract funct i ons  ra nge  f rom rea l s u rve i l l a nce  mechan i sms ,  to the 

a n a lys i s  of how traff i c  moves or how des ign f unct i ons  i n  phys i c a l  space .  We have g rown accustomed 
to these systems ,  wh i c h  a re ongo ing  and  a re a l ways q u i et l y  at work . The next generat ion of commun i ­

cat i o n  tech no l og ies  w i l l  req u i re more advanced ,  concept ua l  a b i l i ty t o  rece ive and  pe rce ive abb rev iated 
l a n g uage ,  as  b i ts of images from commerc i a l  and a uthor i tat ive sou rces .  Th i s  i nfo rmat ion wi  I I  i nvo lve 

the  phys i ca l  and psycho log i ca l  immers ion i nto e l ectro n i c  advert i s i n g ,  off i c i a l  reg u l at i ons ,  a nd  state p ro­
paganda .  The refore, the necess ity to expa nd the creat ive express ions  of env i ronmenta l e l ectro n i c  

a rc h itecture i s  a deve l op i ng  concern o f  des i g ne rs .  T h e  a l ternat ive ,  u n restr i cted exp l orat i on  of m u l t i ­

med ia  a rt i sts i s  o f  rea l va l u e  to  urban p l a n ners ,  a rch itects who a re soc i a l l y concerned with the n ume r­
o u s  e l ectro n i c  a ugmentat ions  and conf i g u ra t i ons  of natu ra l space .  

Th i s  c i n emat ic phenomena ,  prev i ous l y  known and  v i s ua l l y  tra n s l ated as  the gen re of a rch itec­

t u re o n  f i lm ,  dates back to the beg i n n i n g  of expe r imenta l f i l mmak i ng  at the turn of the century. By tra­

d i t i o n ,  th is act iv ity was p r imar i l y  an  i nterpret ive look i nto spaces and structu res ,  and the ear ly f i l m s  
made  by a rc h i tects, somet imes i n  co l l a borat i on  with f i l mmakers ,  p r ima r i l y  a n a lyzed arch itectu ra l  

forms .  As a g en re of  documents, these  f i lms  preserve va l ua b l e  images  of structu res th reatened  o r  l ost 
t h ro u g h  t ime ,  war, or renovati on .  As conceptu a l  statements and observat i o na l  p ract ices ,  the favor ite 

f i l med  s u bjects i nc l uded c it ies ,  hous i ng  projects ,  h i g hway systems ,  l a ndscapes ,  and workp l aces .  The 

effect of these f i lm  stud ies  on contempora ry a rch itecture has  been strong ,  a nd  the re l at i o n sh i p  
betwee n  t h e  two is a powerfu l precedent f o r  today's n e w  m e d i a  concerns .  I n  fact, i n  a n  i nteract i on  

between f i l m  and arch i tecture, i t  has been noted t ha t  a rch itecture does not mere ly  put forwa rd 
p rospects for v iew ing .  Rather it creates ene rgy spaces with wh i ch  the c i nemat i c  i nterfere, so as to g a i n  

i t s  own  topo logy i n  loeo .  T h e  c i nema wi l l  g row so eno rmous l y  that t h e  arch itectu ra l  i tse l f  wi l l  beg i n  to 
c h a rg e  i tse l f  with c i nemat ic forces .6 

E lectron ic  Memories 

The consumer  v ideo boom of the m i d - 1 980s prope l l ed o rd i n a ry fo l ks to p u rchase  Supe r  8 home 

mov i e  camera s  o r, a l i tt l e  l ater, VHS v i deo  recorders .  These  home recorders made i t  poss i b l e  to d i scover 
how to see and  expe r ience space d i fferent ly, and began the accumu l at i on  of a n  en t i re l y  d i st i n ct set of 

memor i e s  that were exper ienced d i fferent ly from the preced i n g  gene rat ions '  memor i es-in  l a rge  part 
because  of the ab i l ity to rep lay record i ngs of pe rsona l  events i n stantaneous l y. With the end l ess oppor­
t un i t i e s  to docu ment l i fe around them du r i n g  the past decade ,  i n d iv i d u a l s  have become so fam i l i a r  with 

the  act of observ ing space and t ime-in e l ectro n i c  form-that the med i um  has  become i nfused with 
new mean i ngs  and opportu n it ies  to unde rsta nd the se l f  and  others .  V ideo ,  which portrays these 
moments without judgment, o r  the f i l ter of emot i on ,  ref l ects them as  o rd i n a ry memor i es  i n  a cont i n u ­

o u s l y  mov i ng ,  and  thorough l y  i nteg rated ,  p i ctu re o f  rea l i ty. Created f r om  an  e l ectro n i c  l i g ht sou rce  that 
ove r l a ps and  j uxta poses the now-fam i l i a r  memory- i mages  in new comb i nat ions-unnatu ra l  in phys i c a l  

l i fe bu t  fam i l i a r  i n  t he  state o f  v ideo-the encounte r i ng  of the e l ectro n i c  memory a s  rea l i ty has  become 



commonp l ace .  The resu l t i n g  commerc i a l  mass  consumpt ion  of mega- informat ion  wh i ch  i s  s u pposed to 
be by everyon e  and  for everyone  i s ,  i n  rea l i ty, the a rt of be ing eve rywhere wh i l e  rea l l y  b e i n g  nowhere .  

A q uest ion  i s  the  deg ree  to wh i ch  i n d i v i d u a l s  wi l l  cont i n ue  to affect and esta b l i s h  the rea l space of net ­
work  env i ro nments, n e i g h borhoods ,  a nd  commun i t i es .  A wi tness  and transmutat i on  of rep resentat i o n ,  

t h e  eme rgence  of forms as  vo l u mes dest i ned to pers ist as l o n g  as t h e i r  mate r i a l s  wou l d  a l l ow has  g iven 

way to images whose d u rat i on  i s  pu re ly  ret i n a ! . 7  

Video,  Insta l l at ion,  and  Psycho log ica l  Space 

Videotape p rov ided a brea kth ro ugh  i n  the unde rstand i ng  of the re la t i o n s h i p  between  a rt i s t i c  

image  mak ing ,  space ,  and  percept i on  of onese l f .  I n  the m i d - 1 970s ,  when v ideo f i rst began  to be u sed 

wide ly by the f i rst gene rat ion  of v i deo  p i o nee rs ,  these a rt i sts ,  com ing from var ious c reat ive f i e l d s ,  
exp l o red  new ways to exam i n e  the techno l ogy and  t o  observe themse lves s imu l ta neous l y  i n  pe rsona l  

and  p u b l i c  space B V i deo  was  a rej ect i on  o f  t he  frozen moments i n  t ime mos t  fam i l i a r  to a rt i sts ,  i n  

wh ich  tempora l  space was pa i nted atmosphere o r  a mood captu red i n  a photog ra ph .  T h e  v i deo  med i ­
um  was a statement aga i nst c on sume r i sm ,  a ga i nst t he  a rt ma rke!, a nd  toward a com m u n i ca t i on  p rac­

t i ce  that i nvo lved commun i ty and  consc iousness .  I n  the ear l i est actua l  pract i ce ,  v i deo  was used in  the 
same way as  s u rve i l l a nce  dev ices a re today :  i t  was emp loyed to keep watch ove r a nd  to obse rve rea l ­

i ty. Much  o f  t h i s  v i d e o  resea rch mate r i a l  rema i n s  uned ited-and unmatched .  I t  was ,  however, a va l u ­

a b l e  expe r i ence  that fac i l i tated a rt i sts '  u nde rstand i n g  of e l ectron i c  space,  memory, a nd  v i deo 's a b i l i ty 
to document  expe r ience in rea l t ime .  Towa rds these goa l s ,  many a rt i sts created soph i st i cated sett i n g s  

i n  wh i c h  a prepared phys i c a l  env i ronment  was  i ntegra l t o  t he  understand i n g  of the e l ectro n i c  s pace  
be i ng  created w i t h  v i d eo  techno l ogy. Th i s  a ct-creat i ng e l ectron i c  terr ito ry and  i nvo l v i ng  the v i ewer i n  

i t  as  a phys i ca l ent i ty-i s  a d i rect predecessor  t o  contempora ry, i nteractive mu l t imed i a  a rt a nd  imme r­

s ive tec hno l ogy. I nsta l l a t i on  a rt i sts i ntroduced strong concepts of both psycho l og i c a l  a nd  phys i o l o g i c a l  

terr i tory, a nd  advanced a n  awa reness of extended boundar ies ,  as we i l  as a n  e l ectron i c  a b i l ity to de f i ne  

space ,  t ime ,  a nd  ene rgy. 

Live Te lev is ion Exper iments: 

Be ing  Together  i n  E lectron ic  Space 

Te lev i s i on  exper i ence  has  extended the terr i to ry of the home and the sens i b i l i t i e s  of its i nhab ­

i tants .  L i ke  rad i o  and  the te l ephone ,  i t s  d i rect- i n d i rect capab i l i t i es  were, on the one  hand ,  a l l -pe rvas i ve 

yet for the most pa rt uncontro l l a b l e .  As a p r ivate/pub l i c  space ,  te levi s i on  was often referred to as a 
w indow on the wor l d-a ph rase  now unde rstood more c l ear ly  for its po l i t i ca l - commerc i a l  context and  

as  a contro l mechan i sm  for the pub l i c  than  as  a method to ga i n  cu l tu ra l  i nformat i o n .  I n  te l ev i s i o n  terms,  

i nformat i o n ,  cu l t u ra l  sta ndards ,  and  trend sett i n g  i s  b i g  bus i ness ,  and the s ubj ect of c u l t u re i s  gene r­
a l l y  connected with research i nto its effect ive contro ! .  The exp l o rat ions of te l ev i s i o n  space by a rt i sts 

from the 1 960s i n c l ude l ive and i nteract ive exper imenta l  events that a l l ude  to a rea l  space ,  but were 

actu a l ly c reated as an a l ternat ive te l ev i s i on  space that connected ,  o r  a l l owed commun i ca t i o n ,  between  
s i t e s .  L i ve  te l ev i s i o n  and  sate l l i te pe rfo rmances were des i g ned  to  comb i ne  two o r  mo re  p l aces .  Spaces 

were f i rst attempted by a rt i sts under  the concept of event  and  spectac l e .  I nteract ive and  l ive broad­
casts were ,  however, u s u a l l y  c l osed-c i r cu i ! ,  o r  b roadcast  to a l i m i ted number  of homes o r  l i m i ted ma r­

ke!, as broadcasters norma l l y  refer to the v i ewers .  The ear l i est te levi s i on  expe r iments were poss i b l e  
on l y  beca use  they were n o t  cons i de red t o  be impo rtan!, because broadcasters cons i de red a rt t o  be a 

neutra l s u bj ec!, and  for p u b l i c  and  cab l e  te l ev i s i on  the a rt ist he l d  a spec i a l  pos i t i on ,  much  l i ke that of 

a researc he r. 9 
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For te l ecommun i cat ions ,  com ing  togethe r  i n  t ime  means ,  i nverse ly, d i stanc i ng  onese l f  i n  
space . 1 0  

Many of the ear ly  te lev i s i on  projects were a t  the t ime  ca l l ed i nteract ive but were actu a l ly per­

fo rmances he l d  i n  more than one l ocat i on  to attempt mutua l ity of t ime  a n d  space from d i fferent loca­

t ions .  These connect ions  between spaces were often accompa n i ed by theoret i c a l  su btexts on  mass 

com m u n i cat i on ,  and the po l i t i ca l  i ssue su rrou nd i n g  the contro l of i nformat ion by broadcasters .  Even 

now, i n  the context of advanced computer  techno l ogy, so me of the ear ly  l i ve h i stor i c  te l ev i s i on  tra ns­
m i ss i o n s  sta nd up  as sem i n a l  works ,  i ntegra l  to the commun i cat i on  i n d ust ry's accepta nce of a rt and 

tech no l ogy. Doug l as Dav is ,  A l l e n  Kaprow, a nd  Nam June Pa i k  were three p r ima ry a rt i sts who exper i ­
mented by creat ing the f i rst l i ve and in teract ive te l ev i s i on  events ,  f i rst dat ing from 1 968 and  cont i  nu­

ing i nto the ea r l y  1 970s ,  on WG BH te levi s i o n ,  Boston 's p u b l i c  te lev is ion stat i on ,  a nd  on PBS WNET 1 3  
i n  N ew York C i ty. Othe r  expe r iments were conducted o n  the West Coast a t  KQED ,  the San  F ranc i sco 
p u b l i c  te l ev i s i o n  stati o n .  The archeo l ogy of a rt i sts '  broadcast work, i n c l u d i n g  rad i o ,  te l ev i s i o n ,  te le­

phone,  and  var ious commun icat ion networks ,  cont i n ues  to be comp i l ed and exa m i ned .  I mportant keys 
to a l l  i n terre l ated h i story of the cu l tu ra l  and i n d i v i d u a l  v ita l ity of see i ng  e l ectro n i c  images  and spaces 

w i l l  be revea l ed  i n  the ana lys i s  of th i s  h i sto ry. 

The 1 990s i ntrod uced a re l at ive ly  new concept of the i nteract ive/d i g i ta l -te l ev i s i on  env i ron­
ment .  The f i rst of the a rt ist ic  expe r imenta l e l ectro n i c  netwo rks featured d i rect access to the commun i ­

c a t i o n  system from home  by  way  o f  t he  common  commun icat ion  i nterface :  the  te l ephone .  The capa b i l ­
i t i e s  ex ist  f o r  mu l t imed ia  exp l o rat ion o f  t h e  te l ev i s i o n  and  i nformat ion networks, t h e  spec i f i c  a rc h i tec­

tu ra l  forms and  rea l i t i es  created by e l ectron i c s .  As phys i c a l  p i  aces ,  three contempora ry refe rences 

i n c l ude  P iazza V i rtua l e ,  the Ponton European Med i a  Art Labs i nteract ive computer  env i ronment  for l i ve 
t e l evi s i o n  ( b roadcast for 1 00 cont i nuous  days from the Documenta ( IX ) .  wh i c h  featu red P i c tu rephone 

I S D N  connect ions ,  te lephone keypad-contro l l ed games  and  act iv i t i es ,  and  chat  programs  u s i n g  
modems ,  FAX, te lephone and  l i ve entry po i nts; the  i nteract ive t e l ev i s i o n  space Yo rb Wo r l d ,  a n  i nterac­

t ive commun ity cab le te lev i s i on  program deve loped at New York U n ivers i ty, in which a l i tt l e  wor ld can 
be exp l o red by v iewers us ing the te l ephone keypad ;  and  the E l ectron i c  Cafe ,  a rea l s i te that connects 
pa rt i c i pa nts by po i nt-to-po i nt comm un i cat i on  from var i ous  sites a round  the world in conversat ions ,  

poetry, and  commun i cat ion a rt .  I n  these examp l e s  i t  i s  impo rtant to recogn i ze that p i  ace i s  st i l l  a nec ­
essary space ,  but arch itecture can  no l o nge r  be bound  by the stat i c  cond i t i ons  of l oca l ly def i ned  p i  ace ,  

he re o r  there ,  but as arch i tecture i n  data space . 1 1  

I n  the med iated v i rtua l wor l d ,  the re are n o  l o nge r  f ixed p i  aces i n  the sense that we once  knew 
them. Arch i tecture must now address the p rob l em  of the event , and  even rock concerts may be  con­
s i dered the a rchetypa l  form for an  a rch itectu ra l event . 1 2  I f ,  a s  Peter E i s enman  states ,  the new a rch i ­

tectu re i s  a rock concert, t hen  t he  u l t imate skysc ra per  of the recent past i s  the examp l e  by U2 ,  with 

the i r  concert tour  of ZOO TV, a mob i l e  l i ve sate l l i te spectac l e  connect i ng  the i r  concert with the broad­

cast of reg u l a r  te lev i s i on  programs ,  and the v i ewers to the concert, by sate l l i te d i s h  and  by te l ephone .  
And ,  as  a f i n a l e  and s i gn-off at the end of each  concert, a ca l l  i s  p l aced to the Wh i te  House ,  a s k i n g  the  

pres ident  fo r  peace, w i t h  the backg round  roa r of a pp l a use and  ag reement  f rom the thousands  of spec­
tators in the l i ve aud ience .  Anothe r  examp l e  i s  of cou rse  the on - l i n e  tra n sm i s s i o n  of the Ro l l i n g  Stones 

conce rt ,  as a fu l l  I nternet expe r ience ove r broad-band systems .  

Checking Out Data Space  tor  Phys ica l  Rea l it ies and  Soc ia l  Pract ices 

The new e l ectron i c  terr i tory i s  med ia  i nformat i o n .  Th i s  i s  a n  i nv i s i b l e  a rch itectu re wi thout  the 

i n te rface of techno l ogy, and  it faces new cha l l enges  i n  the p u b l i c  doma i n .  But ,  i t  i s  not a f i ct i o na l  nor 

s imp l y  a v i rt ua l  env i ronment .  Art i sts, for express ive and theoret i ca l i ntent ,  have d i scovered i m portant 



l essons  about  the image  and  its re la t i o n s h i p  to th i s  created space ,  espec i a l l y  as it re l ates to the vast 
wor ldwide I nternet terr i tory of s eem i ng l y  u n l i m ited and  compound i ng i nformat i o n .  Th i s  space, a poten­

t ia l  new sha red p l atfo rm for co l l a borat ive a rtmak ing  and  commun i cati o n ,  demands  a n  en t i re l y  new use  
of l a nguage ,  space ,  and  t ime .  And ,  i f  we be l i eve Wittgenste i n-that l a nguage  i s  a l so a f undamenta l 

tech no l ogy, a nd  not mere l y  a veh i c l e  for express i ng  thought but the d r ive r  of thought-then the n ew 
i nformat ion  techno l og i e s  are doub l y  impo rtant for o u r  future unde rsta n d i n g  of space and  i nformat i on .  

Very ser i o u s l y  we m ust j u dge  how they  affect ou r  c u l tu re ,  ou r  l ives, o u r  l i v i n g .  As a work i ng  space ,  
e l ectron i c  a rch itecture i mpacts o u r  c reat ive pract ices and  phys ica l rea l i ty-wh i ch  ce rta i n l y  wi l l  b r i ng  

about  new soc i a l  pract i ces  a nd  observed rea l i t i es .  
There a re c o l l a ps i n g  boundar i es  and  new ca se h i stor ies fo r  rep resentat i o n :  " bounda ry, " o r  

" I im i t i n g  s u rface"  has  t u rned i nto a n  osmot ic  membrane ,  l i ke a b l ott i ng  pad .  Even t h i s  def i n i t i on  i s  mo re 
r igorous than  ea r l i e r  ones ,  and  yet it st i l l  s i g n a l s  a change i n  the not ion of l i m itat i o n . 1 3  These i deas  a re 

u rgent cha l l enges  for a rch i tects a nd  commun icat ions experts , who-together  with the des i gners  of 

new formats for i nformat ion systems-shou l d  be c o l l ect ive ly  recogn i zed as the i nf l u e nt i a l  med i a  

a rt i sts of the l ate 1 990s .  The grow i ng  p u b l i c  i nterest i n  e l ectron i c  data space ,  i nteract ive te lev i s i o n ,  
and  the v i rt ua l  expe r i ence  has  been  compounded by  t h e  news med i a ,  b y  i t s  exc i tement a nd  enth u s i a s­

t i c  j o u rna l i sm  rega rd i n g  the l a rg e  f i n a n c i a l  i nvestments be i ng  made by com puter  compa n i es ,  enter­
ta i nment, te l ev i s i on ,  and  p u b l i c  ut i l ity systems .  It is a c r i s i s  of phys i c a l  d i mens i ons  i n  the med i ated 
wor ld  that the pract i c a l  and theoret i c a l  i nterests, and  the i nformat ion tech no l ogy i tse l f ,  have sh i fted 

toward m u l t imed i a ,  v i rt ua l  rea l i ty, and cyber-connected networks :  a l l  new terr i to r i es  created to exp l o re 

and  to unde rstand spat i a l  rea lm s .  
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A r s  E l e c t r o n i c a  9 5  

T h e  N o i s e  o f  t h e  O b s e r v e r  

I ,  I nformation  and  Entropy i n  Phys ica l  Systems 

Modern  stat ist i ca l  i nformat ion theory has  i ts roots i n  the rmodynam i c s .  The re la t ion  between  
i nformat i on  a nd  entropy as "m i ss i n g  i nformat i o n "  ( L .  Bo ltzmann ,  1 894) b e g  i n s  with Maxwe l l 's famous  

demon .  I n  Theory of  Heat ( 1 87 1 )  James C l erk Maxwe l l  wr i tes :  

" One of the best-estab l i shed facts in  thermodynam ics i s  that i t  i s  i m poss i b l e  i n  a system 

enc l osed i n  a n  e nve lope wh ich  perm its ne i the r  change  of vo l ume  no r  passage of heat ,  a nd  i n  wh i ch  

bo th  the temperatu re and  t he  pressu re a re everywhere the same ,  to prod uce any  i n equa l ity of temper­
ature or pressu re without the expend i ture of work .  Th i s  i s  the second law of thermodynam i cs ,  and  it i s  

u ndoubted ly  t r u e  as l o n g  as we  can  d e a l  with bod i e s  o n l y  i n  ma s s ,  and  have no  power o f  perce i v i ng  o r  
hand l i n g  the sepa rate mo lecu l es  of wh i c h  t hey  a re made  u p .  But  i f  we conce i ve  a be i ng  whose  fac u l ­

t i  e s  a re so  sha rpened that he can  fo l l ow every mo l e c u l e  i n  i t s  cou rse ,  s uch  a b e i n g ,  whose att r i butes 

a re st i l l  a s  essent i a l l y f i n ite as  our own , wou l d  be a b l e  to do  wh at i s  at present imposs i b l e  to us o  For 
we have seen that the mo l ecu l e s  i n  a vesse i  fu l l  of a i r  at u n i form temperature a re mov i ng  with ve l oc­

i t ies by no  means un i form, though the mean ve l oc i ty of any  g reat n umber  of them, arb i t ra r i l y  se l ected,  
i s  a l most exact ly un iform. Now let  us  su ppose that such a vesse i i s  d iv ided i nto two port i ons ,  A and B ,  
by a d iv i s i o n  i n  wh ich  there  i s  a sma l l  ho l e ,  a nd  that a be ing ,  who can  see the i n d i v i d ua l  mo l e cu l es ,  

opens and c loses th is  ho le ,  so as  to a l l ow on ly the swifte r mo l e c u l e s  to pass from A to B ,  and  on ly the 
s l ower on  es  to pass f rom B to A .  He  wi l l  thus ,  w i thout  expend i tu re of work, r a i se  the temperature of B 

and  l ower that of A, i n  contrad i ct i on  to the second l aw of the rmodynam i cs . " 1  
Maxwe l l  offered no def in ite reject ion o f  h i s  demon .  I n  1 9 1 2  M .  v o n  Smo l uchowsk i  offe red a 

part i a l  s o l ut i on  to the prob l em .  He i ntroduced a n  imp roved vers i o n  of the demon .  A s imp l e  a utomat i c  

appa ratus  such  a s  a tra p door wou l d  be h i nde red by its own B rown i a n  movement to act as  a n  effect ive 
demon :  "As fa r a s  our  cu rrent knowl edge goes the re i s  then, in sp ite of mo l e c u l a r  f l uctuat i o n ,  no  a uto­

mat i c ,  cont i n uous l y  active pe rpetu um  mob i l e ,  but  such a dev ice m i g ht we i l  funct ion reg u l a r l y  i f  i t  were 
operated by i n te l l i gent beings i n  a n  appropr iate way . . .  " 2 From then on ,  hypothet i ca l  i n te l l i gent  be i ngs  
were  be i n g  referred to  as demons and  L .  Sz i l l a rd was soon to i nvest i gate t he i r  f unc t i on  more c l ose l y. 

They appa rent ly  have the a b i l i ty to defy the second l aw of the rmodynam i c s .  The quest ion  was ,  do such  
be i ngs  obey the same l aws as  a l l  othe r  mate r i a l  systems? 

Pau l  E h renfest i nvest i gated th i s  q uest ion  mo re c lose ly  by compar ing these i n te l l i gent  be i ngs  

w i t h  h umans ,  a s  Smo l uchowsk i  had done prev i o u s l y. Eh renfest, i n  a l ette r of 1 927 ,  compa red A l be rt 
E i nste i n  a nd  h i s  attempt to f i nd  a l oopho l e  i n  the cons i stency of q u antum mechan i cs ,  to "a l i tt l e  d ev i l 

i n  the box" who wanted to p lay  "at a perpetu u m  mob i l e  of a second o rder, "  " i n  order to break th rough  
the i n accu racy r e l at ion . " 3  The i n te l l i g ent be i ngs  were  thus  be i n g  i den t i f i ed  a s  i ntern a l observers .  

The dec i s ive ident i f i cat i on ,  however, had  a l ready o r i g i nated with Ludwig Bo l tzmann ,  whose 

work on  stat i s t i ca l phys i cs of 1 094 made h i m  the f i rst to re l ate the concept of i nformat i on  to e ntropy, 
and  to def i ne  ent ropy as "m i ss i n g  i nformat i o n , "  wh i c h  one  m i g ht measu re as the numbe r  of a l terna­

t ives st i l l  open  to a phys i ca l  system ,  after a l l  the mac roscop i ca l l y  observab l e  i nformat ion  re l a t i ng  to i t  

has  been recorded .  Th i s  a l ready po i nts to the mode l  of C l a ude  Shannon 's def i n i t i on  of i nformat ion  as  a 

l oga r i thm of the  number  of cho i ces  present .  A s i t uat i on  with two poss i b l e  cho i ces conta i n s ,  as we 

know, a " b it , "  o r  b i na ry d i g i t ,  of i nformat i o n .  S i xteen a l ternat ive messages cha racte r i se  fou r  b i ts of 

i nformat ion , s i n ce  1 6  = 2 to the 4th power. 
The re la t ion  between i nformat i on  a nd  entropy was f i rst formu l ated exp l i c i t l y  i n  1 929 i n  Leo 



Sz i l l a rd 's renowned paper  "On  the Decrease of Entropy i n  a Thermodynam i c  System by the  I nte rvent i on  
of I nte l l i gent  Be i ngs . " 4  I n  t h i s  treat i se  S z i l l a rd def i ned  that  quant i ty wh i ch  today  a n d  s i nce  the  t ime  o f  
C l a ude  Shannon  has  become known as  i nformat ion ,  as the  amount  of f ree  ene rgy used  when a n  obse rv­

e r  l earns th rough  an  expe r iment  wh i ch  of two seem i ng l y  equa l  a l ternat ives is b e i n g  rea l i se d .  O ne  b i t  

of i nformat i on  i s  equ i va l en t  to k l n2  u n its o f  entropy. F rom th is  C l a ude  Shannon  was a b l e ,  i n  1 948, to  
de r i ve  h i s  famous  form u l a  for measu r i ng  i nformat i on ,  expressed i n  te rms  of e ntropy:  H = -2: P i l o g  P i 
where p res u l ts i n  the n umbe r  of poss i b l e  cho i ces . 5  The thermo­
dynam i c  cost of a measu rement and of the i nformat ion ga i n  were 

appa rent ly c l e a r. Aro und  1 950 i t  was cons i de red proven that in 
each act of observat ion  ene rgy up to a max imum of k T l n2  was 
be i ng  emp loyed . J ohn  von Neumann  and B r i l l o u i n  assumed that 

in each  act of i nformat ion  process i n g  a m i n i mum kT l n2  of energy 
was be i ng  used . 6  Thus ,  for i n sta nce ,  in a 1 949 address ,  Neumann 

sa id that .  "a  computer operat i n g  at temperatu re T must d i s s i pate 
at l east kT l n 2  of ene rgy per e l ementary act of i nformat i on ,  that 

i s ,  per e l ementary dec i s i on  of a two-way a l ternat ive and  per e le ­
menta ry transm itta l of one  un i t  of i nformat ion . " 7 

Yet th i s  concept of ene rgy use and  i nformati on proved 

na ive and ,  in part, i n co rrect. In 1 96 1  Ro l f  La ndauer  was ab l e  to 

show that the process ,  wh i c h  in rea l i ty used m i n ima l  but u navo id­
a b l e  amounts of ene rgy, served to destroy i nformat ion B Only in 

i nformat ion destruct ion  do i rreve rs i b l e  thermodynam i c  costs 
a r i se  ( as  opposed to the reve rs i b l e  costs in i nformat ion ga i n ) .  

A l so  the transm i s s i on  of i nformat i on ,  e . g .  o f  a b i t  f rom one p l ace 

to another, d i d  not req u i re kT l n 2  of ene rgy, On the contrary, 
Landauer  was ab l e  to show that here ,  too, the thermodynamic  

cost of ene rgy transm i s s i o n ,  i f  done  s l ow ly, occurs with an  arb i -
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t ra r i l y  m i n ute, i . e . ,  neg l i g i b l e ,  ene rgy d i s s i pat i on . 9  To rescue the second l aw of thermodynam i c s  (the 
law of the preservat ion  of ene rgy) no  ( m i n i ma l  and unavo idab le )  d i s s i pat ion  of e ne rgy  i s  req u i red  in 

i nformat i on  ga in and  the transfer of i nformat ion from the object that i s  to be obse rved ,  bu t  rathe r  afte r 

the reconst i tut i on  of the observer 's cond i t i on  afte r the tra nsfer, i . e . ,  afte r the i nfo rmat i on  has  been 
destroyed .  The accent  on  the thermodynam i c  cost  i s  sh ifted ,  after La ndaue r, f rom the obse rvat i o n  and  

measu r i ng  to t he  re-esta b l i s hment  of the premeasu rement s ituat i on ,  t ha t  i s ,  to the cos t  of ext i n g u i sh ­

i n g  i nformat i on ,  and  with i t .  h i sto ry. 

Prec i se ly  at t h i s  po i n t  a nother  epoch-mak ing  paper appeared i n  the  form of Cha r l e s  H .  

Bennett's " Log i ca l Revers i b i l ity o f  Computat i on "  o f  1 973 .1 0  Bennett constructed a n  " e nzymat i c  Tu r i n g  

mach i ne:' where every computat i on  c o u l d  be transformed to  a revers i b l e  format by accum u l a t i n g  t he  

h i story of a l l  t he  i nformat i on  t ha t  wou l d  o rd i na r i l y be th rown out, on l y  to r i d  onese l f  of t h i s  h i story with­

i n  a process wh ich  was the obverse of the one wh i ch  had created i t .  The computat ion  was tra n sformed 

i nto a ser ies  of steps where each step was l og i ca l ly reve rs i b l e , wh ich i n  t u rn perm i tted i ts phys i c a l  

reve rs i b i l i ty. Computat i on  cou l d  t hus  occu r  w i t h  an  arb i t ra r i l y  sma l l  d i s s i pat ion  of ene rgy. 

In 1 982 ,  Edward F redk i n  deve loped a b i l l i a rd ba l l  model of computat i o n  a s  an exa m p l e  of a 
reve rs i b l e  computer. 1 1  The c o l l i s i o n s  of b i l l i a rd ba l l s  can s imu late any  l o g i c a l  f unc t i on ,  a nd  hence  a l s o  
any  d i g i ta l computat i o n .  Th i s  b i l l i a rd ba l l  co l l i s i o n  rea l i ses a 2 - i nput . 4-o utput funct i on  of l o g i c s :  A and  

B ,  B and no t  A, A and  no t  B ,  A and  B .  The va l ues l and 0 are represented by the presence o r, respec­
t ive ly, absence ,  of the b i l l i a rd ba l l  o n  a g iven traj ectory. With these ce l l u l a r  a utomaton s  of a reve rs i b l e  

type he descr i bed t h e  f i rst exp l i c i t  m o d e l  u n iverse capab l e  o f  be ing computer-s i m u lated .  Th i s  u n iverse 
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A & B cons i sts exc l u s ive ly of i nformat i o n .  As soon as A has been rea l i sed i n  

some concrete form (with va r i ous  forms o f  ha rdwa re be i ng  conce iva b l e l .  

B & -A i ts propert ies  a re fu l l y  estab l i s hed .  I t  beg i n s  to produce a utonomous 

"mater ia l "  propert i es  i nte rna l l y-e . g .  co l l ect i o n s  of h und reds of b l a ck  p ix ­
A & - B 

e i s ,  wh ich  sta b i l i s e  at a ce rta i n  s i ze  and  then mutua l l y  attract each other 

l i ke e l ementa ry pa rt i c l es ,  with a we l l -def ined theorem somewhat l i ke A & B  
Cou l omb's .  I t  i s  Fredk i n 's hope that someday a l l  natu ra l l aws as  we know 

them w i l l  eme rge  as  imp l icat i ons  from a s i n g l e  such reve rs i b l e  ce l l u l a r  law of automat i o n .  The on l y  

dec i d i n g  factor be i n g  that one must have the l u c k  to h i t  upon  the co rrect revers i b l e  l o ca l  ru l e .  

p. Ben i off s ucceeded a t  about t h e  s ame  t ime  ( 1 98 1 -1 982 )  i n  sett i n g  up  a revers i b l e  q uantum­
mechan i c a l  mode l  of computat ion and i nformat i o n ,  thereby c omb i n i n g  Ham i l ton 's mode l  with a Tu r i ng  

mach i n e . 1 2  I n  h i s  work, "Maxwe l l 's Demon ,  Sz i l l a rd 's E ng i n e  and  Quantum Measu rements , " 1 3  W.  H .  

Zu rek  s ummed u p  the resu l ts and tra nsferred Sz i l l a rd 's thought  expe r iment  to q uantum mechan i c s .  The  

measu r i ng  dev ice then becomes the demon ,  i n c reas i n g  the entropy. Th i s  entropy can be passed  on  by 
the  demon  ( the i ntern a l observe r) to the env i ronment .  The env i ronment, then ,  pays for the entrop i e  cost 

of the  measu rement .  The i nformat ion ga ined by the observat ion  o r  the measu rement has  to be ba l a nced 

ou t  by way of a n  i n c rease i n  the entropy of the measu r i ng  dev ice .  
The re lat ions  between the entrop i e  cost of i nformat i on  and  the env i ronment  are a l s o  

add ressed i n  the  work "Entropy Cost o f  I nformat i on "  by  Pa u l  N .  Fa h n . 1 4  The  second law of thermody­
n am i c s ,  then ,  i s  a theorem of entropy ba l ance wh i ch  states that ,  i f  with i n  a system there i s  an i n c rease 
of e ntropy, then  i n  another, l i n ked system entropy wi l l  decrease .  As a thought expe r iment ,  Maxwe l l 's 

Demon  has  shown u p  some paradox i ca l  prob l ems  i n  these theorems .  It was Sz i l l a rd 's one-mo l e c u l e  
demon  t ha t  b r o ugh t  t he  term " i nformat i on "  i nto the debate .  S i nce t hen ,  a theory o f  the entropy ca s t  of 

i nformat i o n  has been deve l oped ,  a theory of the cor re l a t i on  between  i nformat ion and entropy, wh i ch  i n  
recent t imes  h a s  been expanded b y  Landauer  and  Bennett t o  i n c l ude  a theory o f  computat i on . 1 5  Ben i off, 
Feynmann ,  Z u rek ,  and Röss l e r  have brought quan tum phys i c s  and chaos theory i nto p l ay, a s  d i d  the i r  

p redecessor, J .  v .  Neumann . 1 6  

T h e  j o b  o f  the demon i s  t o  transform entropy i nto i nformat i o n ,  wh i l e  the i nformat i on -e ra s i n g  

operat i on  changes  i nformat ion ba c k  t o  entropy. These  a re t he  two s i des  o f  a n  i nteract i o n  between  a n  
i nformat i on -p rocess i ng  mach i n e  (the d emon )  a nd  a c l a s s i c a l  thermodynam i c  syste m . 1 7  I t  wa s  R .  

L andaue r 's i d ea  t o  def ine the demon as  an  i nfo rmat ion-process i n g  mach i ne ,  o r, i n  othe r  words ,  as  a 
computer. M axwe l l 's Demon became a computer-contro l l ed  dev ice that i nteracted with the gas .  The 

Bo l tzmann  entropy of the gas was reduced at the  expense of the entropy-en r i chment  of i ts own i nfor­

mat i o n a l  content .  E rasure of a bit of i nformat i o n  req u i res a m i n i m u m  amount  ( kT l og2 )  of heat d i s s i ­
pat i o n  i nto the  env i ronment .  Thus  entropy red u ct i o n  o n l y  occ u rs as  l a ng  as  the demon  cont i n ues  to 
go rge  i t se l f  mo re and more with i nformat i o n .  The q uest ion  of the e ntrop i e  cost of i nformat i o n ,  f i rst 

ra i sed  by Sz i l l a rd ,  was more prec i se l y  i nvest i gated by B r i l l o u i n ,  La ndaue r, and Bennett. To B r i l l o u i n  
a n d  Bennett, measu r i ng  operat i on  and  e ra s u re ,  a cc u m u l at i o n  and  a n n i h i l a t i on  o f  i nformat i o n ,  a re 

the rmodynam i c a l l y  expens ive operat i ons ,  s i nce they i n c rease e ntropy. La ndaue r  c i ted the re la t i onsh i p  
t o  t h e  env i r onment  a s  a way out o f  th i s  d i l emma ;  Pa u l  N .  Fa h n ,  tao ,  took t h i s  th i rd path i n  h i s  ca l c u ­
l a t i o n  of the  entrop i e  cast of i nformat i o n .  Ta h im ,  ne i t he r  measu rement no r  e rasu re a re ,  i n  p r i n c i p l e ,  
expens ive the rmodynamic  operat i ons .  But the de-cor re l a t i on  of the system f r om i nformat i on  i n c reas­
es  e nt ropy i n  the system-c um- i nformat i on ,  t he re by i ncrea s i n g  entropy i n  the u n i verse ,  u n l ess the 

i nfo rmat ion  i s  used  to reduce entropy e l sewhere before the cor re l at i o n  d i s i nteg rates .  The the rmody­
n am i c  cast of i nformat ion r ises to the degree in wh i c h  i t  i s  not be i n g  used to obta i n  work from the 
obse rved and measu red system .  De-corre l a t i on  between  i nformat ion and system is, the refore ,  the 

actu a l  e ntropy-p roduc i ng  occu rrence .  



Modern commun i cat i on  theory does not so l e l y  refer to thermodynam i c s  and  stat i s t i ca l  
mechan i cs ; howeve r, i t s  adva nce can  a l so be found  i n  the f i e l d  o f  e l ectr i c  commun i ca t i on ,  i n  the t rans ­
m i s s i o n  of s i gna l s  th ro ugh  e l ectr ic  c u rrents .  After F. B .  Morse's i nvent i on  of te l eg ra phy i n  1 832 ,  wh i ch  

i nvo lved the t ran sm i s s i o n  of messages  th rough  t he  presence or a l onge r  o r  shorter a bsence  of a n  e l ec­

tr ic  c u rren! , q uest i ons  immed i ate ly  a rose re la t i ng  to the l i m its of the speed and  p rec i s i o n  of s i g n a l  
tra n sm i s s i o n .  Exte rna l  c u rrents a re a lways presen!, wh i c h  i n te rfere w i t h  and  d i stu rb the s i g n a l  be i n g  

transm itted ,  t hus  imped i n g  the d i fferent iat ion  between a l te rnat ive s i g n a l s .  The d i stu rbances  cau sed  by  
such c u rrents, wh i c h  were c a l l ed  " no i s e , "  c l ear ly  needed t o  be  reduced  as  f a r  a s  poss i b l e .  Ha rry 

Nyq u i st p u b l i shed some of the f i rst i mportant mathemat ica l  contr i bu t i ons  towa rds modern  com m u n i ­

cat i on  theory, "Ce rta i n  Factors Affect i n g  Te leg raph Speed" ( 1 924) and  "Ce rta i n  Top i c s  i n  Te leg raph  

Transm i s s i o n  Theory" ( 1 928) ,  i n  wh i ch  he  showed how the speed of s i gna l  tra n sm i ss i o n  cou l d  be 
i n c reased and  a lso i ntrod uced the l oga r i t hm i c  funct ion as the compa rat ive measu re of i nformat i o n .  R .  
V. L .  H a rt l ey, i n  h is "Transm i s s i o n  of I nformat i on "  ( 1 928) ,  gave a fi rst forma l  def i n i t i o n  of i nformat i o n ,  

wh ich  he  v i ewed as  a sequence  of symbo l s :  H = n l og s where H represents the i nformat i on  of the mes ­

sage  o r  the l o ga r i t hm of the n umbe r  of poss i b l e  symbo l i c  sequences ,  n sta nds  for the n umbe r  of c ho ­
sen symbo l s  and  equa l s  the n umbe r  of symbo l s  ava i l a b l e .  

D u r i n g  t he  wa r the s u bj ect o f  no i se  became more press ing than  i n  peace  t ime ,  a s  i t  became 

necessary to co rrect l y  i nterpret " n o i sy"  radar data ,  for examp le .  Dev ices were sought that cou l d  f i l te r  
out the no ise s i g n a l s .  A .  N .  Ka l mogoroff and  Norbert Wiener  prov ided the so l u t i ons  to these p rob l ems .  

I n  the same yea r  ( 1 948) t ha t  Wiene r  p u b l i s hed h i s  book  Cybernetics, C l a ude  E .  Shannon  p u b l i s hed h i s  
famous  a rt i c l e  "The Mathemat i ca l  Theory o f  Commun i cat ion"  i n  t h e  Bell Systems Technical Journal. 

(The same j o u rna l ,  i n c i denta l l y, in wh i ch  Nyqu i st and Ha rt ley had a l s o  been pub l i s hed ,  a fact Wiene r  
refe rred to i n  h i s  i nt roduct i on ) .  Shannon  p l aced part i c u l a r  emphas i s  o n  the effect of no i s e  i n  the com­
mun i cat ion  system and  i n  the i nformat i o n  channe l ,  as one may g lean  trom h i s  famous  d i a g ram  of the 

commu n icat ion  system .  The reason for th i s  was that  the semant ic  aspect of commun icat ion  i s  i r re l e ­

van t  to the eng i neer's v i ew of commun i cat ion ,  as t he  l atte r's fundamenta l prob l em of c ommun i cat ion  
s imp ly  cons i sts i n  how a message se l ected at one po int  can be reproduced exact ly o r  i n  a s  c l ose a n  

approx i mat ion  a s  poss i b l e  at a nother po i nt .  

I t  was the aforement ioned Nyq u i st who named the e lectr ic f l u ctuat i ons  caus ing  the heat  
"Johnson  no i se "  o r  "therma l no i se , "  af te r  the i r  d i scoverer, J .  B .  Johnson .  Th i s  "no i se"  i s  a part i c u l a r­

Iy s imp l e ,  u n i versa l ,  a nd  u navo i d ab l e  no i se wh i ch  sets natura l l i m i ts on s i g n a l  t ra n sm i s s i o n  systems .  

The no i se  i s  thus  added to each  s i g na l .  Each  message i s  d i stu rbed by no i se ,  be i t  d u r i n g  t ran sm i s s i o n  

o r  at the rece i v i ng  end :  Once  the s i g n a l  has  been  received there a lways rema i n s  an  u ndes i ra b l e  unce r­

ta i n ty, i . e . ,  no i se ,  rega rd i n g  what the message sent rea l ly was .  Shannon  i ntroduced add i t i o na l  
observers who wou l d  co rrect the dev i a t i ons  caused  i n  one way or another  by  no i se  between  the data 

se nt and the data rece ived .  
Shannon deve l oped a n umber  of methods to def i ne  the channe l  capac i t i es  of a " no i sy chan­

ne l , "  wh i c h  s imp ly  has  its l i m i ts i n  entropy o r  stat i s t i ca l  uncerta i nty. H = -I, P i l o g  P i i s  the entropy of  

the amount  of the proba b i l i t i e s  P 1 . . .  Pn . Shannon 's observer, who sees both that wh i ch  i s  se nt and  that 
which has  been rece ived d i storted l y  on  account of the e rrors caused by no i se, notes the errors and 

transm its the data v i a  a " co rrect ive channe l "  or an  "e rror-correct ing code"  to the rece ive r who wi l l  then 

co rrect the errors .  I f  Hy(x) i s  the amount of add i t i ona l  i nformati on req u i red per second to co rrect the 
message rece ived ,  then we can  def ine a l i m it of channe l  capac ity for c hanne l s  with no i s e .  A d i sc rete 

c hanne l  wou l d  have a c hanne l  capac i ty C and a d i sc rete sou rce wou l d  have the e ntropy H per second .  
I f  H :s; C ,  then the re i s  a code ,  so that the output  of the sou rce v ia  the channe l  can be t ra n sm i tted 

with an a rb i t ra r i l y  sma l l  freq uency of errors .  I t  i s  thus assumed that the re may be a n  i d ea l  obse rver 
who c o u l d  co rrect errors ,  a s  we i l  a s  the no ise of the i nformat ion sou rce o r  the i nformat i on  c h a n ne l .  
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8y reduc ing ou r  uncertai nty about the condit ion of the system ,  the message reduces the thermodynamic  
entropy of the system .  The reduction of  entropy, however, augments the system 's free energy, which i s  pro­

port i ona l  to the m i n imum energy requ i red to transmit  the message that led to an  i nc rease i n  free energy. 

The pr ice one has to pay for i nformation regard i ng  one 's own system and lead i ng  to a reduction of the (ther­

modynamic ,  stat ist i ca l )  entropy of a system is proport i ona l  to the entropy (based on i nformati on theory) of 

the s i gna l  source that produces the i nformat ion .  The pr ice is a lways as h i gh  as it needs to be to avo id  a sec­

ond-order perpetuum  mobi le ,  so as not to contravene the second law of thermodynamics .  

Entropy i s  a measure of  chance and of d i s i ntegrat ion .  

The tendency of physica l systems to be ever less organ i sed, and 

to i nc reas ing ly  fa l l  apart, i s  assoc iated with entropy. The a rrow 
of t ime,  the i rrevers i b i l ity of t ime, comes about as a resu lt of 

entropy. With i n  the theory of commun icat ion based on i nforma­

tion theory, i nformation is defined as the number of ava i lab l e  
cho ices .  If a s ituat i on is suff ic i ently h i gh l y  organ i sed, there a re 

few ava i l ab le  cho i ces ,  the degree of chance is l ow, and the sys­
tem is predeterm i ned-hence there i s  l itt le  i nformat ion .  A 

chaot ic  (determ i n i st ic ,  non- l i near) system,  therefore, i n  contrast 
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to a pu re ly determ i n i st ic system, conta i ns more i nformat ion s i nce it has more degrees of freedom, ava i l ab l e  
cho ices, i ncert itudes .  Thus freedom of  choice, entropy, and i nformati on ,  defi ned as  a logar ithm of the num­

ber of ava i l ab l e  cho ices, a l l  converge as concepts. The g reater the freedom of cho ice ,  the g reater the i nfor­
mat ion ,  and the g reater also the uncertai nty. No i se ,  however, equa l l y  means i nc reased u ncertai nty, so that 
one m ight m i staken ly assume that i ncreased noise means he ightened uncerta i nty and hence i ncreased free­

dom of cho ice ,  i . e . ,  i nformat ion .  This is, of course, paradox ica l .  One thus needs a process that d i st i ngu ish­
es des i rab le uncerta i nty ( i nformation)  f rom undes i rab le  uncerta i nty ( no i se) .  

Th i s  task shou ld be carr ied out by the channe l  capac i ty o r  by the idea l  observer. No ise ,  there­

fore, th reatens  i nformation i n  severa l ways . The c l a ss i c  commun i cat ion theory of i nformat ion  theory o r  
cybernet ics f i rst ly s imp l i f ied the prob lem of no i se  by exc l u d i n g  semant i c  p rob l ems ,  and  second l y, v i ewed 

i t  na ive ly, for examp le ,  by i nterpreti ng the observer not as  a sou rce of e rrors but a s  a co rrector of errors .  
I n  a way, i t  represents a part i a l  retrog ress ion  to the t ime before the thermodynam i c  theory of entropy. 

The a pproaches of q uantum phys ics and chaos theory to i nformat ion and entropy, as der ived from ther­
modynam ics ,  appear  to me the most prom i s i ng  for neut ra l i s i n g  the paradoxes and  apor ia  of the theor ies  
of entropy and  i nformat ion ,  as exemp l i f ied by Maxwe l l 's Demon ,  Sz i l l a rd 's mach ines ,  etc . ,  because  they 

p l ace the prob l em of the observer at the centre of attent i o n .  The no i se  of c l a ss i ca l  commun icat ion the­
o ry i s  more o r  less  the no ise of one 's own s i g na l ,  where the observer acts to co rrect errors .  The no ise in 

q uantum phys i c s  i s  the no ise of the observer, u navo i dab l y  and necessa r i l y  p rod uc i n g  errors .  
Goede l 's 1 93 1  work "On Forma l ly Undec i dab l e  Propos i t i ons  of P r i nc i p i a  M athemat ica " 1 8 was 

the f i rst proof of the unavo i dab l e  i ncomp leteness o r  unce rta i nty of a system ,  the  i nformat i on about a 
system ,  the se l f-assert ions of a system about i tse l f  or a bout  i ts own cond i t i on ,  when v i ewed from the 



i n s i d e .  In e l e menta ry n umbe r  theory the re a re ,  accord i n g  to Goede l ,  p ro pos i t i ons  that  a re t r ue  bu t  can ­

not be forma l l y  p roved .  I n  the u n iverse of n umbers there wi l l  a lways be t h i n g s  we won't  know. G rego ry 
Cha i t i n  un iversa l i sed G oede l 's res u l ts of 1 93 1  and Tu r i ng 's ho ld i ng  prob l em  of 1 936 1 9 by p ropos i n g  a 

the rmodynam i c ,  stat ist ica l -mechan i c a l  a pproach to mathemat ics ,  wh ich  c l a im s  a chance  structure for 
some a reas of a r i thmet i c ZO From Goed e l 's res u l t  and Bo l tzmann 's stat i st i c a l  mechan i c s  h e  d eve l oped 

a n  a l gor i thm i c  theory of i nformat i o n  o r  " the rmodynam ic  theory of  know ledge , "  wh ich does  not  exc l ude  
unce rta i nty and  chance ,  because there a re a reas o f  a r i thmet ic where p rob l ems  cannot be  so l ved by  
d rawing l og i ca l  conc l u s i ons  because these a reas a re governed by  chance .  Unce rta i nty, the  l a c k  of pre­

d i cta b i l i ty and i nformat i on ,  and chance ,  a re thus  omn i p resent pr inc i p l e s  not on ly in p u re mathemat i cs ,  

but a l so i n  c l a ss i ca l phys i cs  and  i n  quantum mechan i cs .  Short ly afte r Goede l  had i ntrod uced  h i s  famous  
p roof  of the i n comp l eteness of a r i thmet i c  (when regarded from the  i n s i de ) .  h i s  fr i e nd  Ne uman n  began 
to i nvest igate the q uest ion of whethe r  perhaps quantum mechan i cs  m i g ht present  a s i m i l a r  l i m i ta­

t i on-th i s  t ime ,  with i n  a phys i c a l  context. Fortunate ly, Neumann was a b l e  to s how that .  i f  q u a ntum 
mechan i cs  i s  accepted as  the bas i c  theory of phys ics wh ich compr ises a l l  other poss i b l e  theo r i es  as  
spec i a l  cases ,  then there i s  i ndeed  no  reason to worry. For the structure of quantum mechan i c s  g ua r­

a ntees that "the i nformedness  of the obse rver regard i n g  h i s  own cond i t i o n "  is exc l uded  f rom forma l ­
i sm .  1 6  T he  q uest ion of t h e  observer  o r  rathe r, t h e  no i se o f  t h e  observer  who  both gene rates i nforma­

t i on  and  at the same erases it .  was i nt roduced by quantum phys ics i n  o rder  to c a l c u l ate the  entrop ic 
cost of observati ons  o r  i nformat i on .  Otto Räss l e r's endophys ics ,  deve l oped from about 1 980 o nwards 

as  a poss i b l e  exp lanat i on  of q u a ntum mechan i cs ,  he i ghtens the prob l em of the obse rver  by i ts d i st i nc ­
t i on  between  an  i nterna I observer, to whom on l y  certa i n  aspects of the wo r ld  a re access i b l e  and  for 

whom the rest of the wor ld  i s  d i storted i n  a manner i ncorr i g i b l e  and u n recog n i s a b l e  to h i m ,  and  an  
exte rna l observer, who ,  howeve r, as  a k i nd  of super-observer, can on ly  be construed with i n  the  conf i nes  

of mode l  wor l ds .  The wor ld  i s  o n l y  ever def ined at the i nterface between the obse rver  a nd  the  rest  of  

the wor l d .  Thus ,  the observe r's pos i t i on  i s  a reg u l ator that  can be moved on  a freq u ency between par­

ad i se  ( i nformat i on )  and  h e l l  ( e rror ) .  I nformat ion is therefore unavo idab ly  observer-re lat ive .  Of necess ity 

the observer c reates no i se .  He can escape th i s  no i se  of observat ion on l y  by h imse l f  beco m i n g  a part of 

the i nformat i on  mode l .  S i m i l a r  to the theorem proposed i n  1 964 by John Be l t  on  remote effects via a rb i ­
trary d i sta nces ,  and the ex istence of non - I oca l ity and i ndeterm i n i sm ,  where i nfo rmat ion  becomes  

access i b l e  to u s  v ia  ( stat ist i ca l )  co rre l a t i ons ,  so too ,  the no i se  o f  the  observer  can  o n l y  be  reso lved by  
remote co rre l a t i ons .  

Obse rvat i on  by  a n  observer  i s ,  the refore, no l onger  suff ic ient  to i n c rease i nformat i on ;  rathe r, 

what is req u i red is a n  i n c reased cor re l at i on  and co-va r iance of observers and  obse rvat i o n s .  It is ques ­

t i onab l e ,  howeve r, whethe r  we can  g rasp  these  corre l at ions .  

11. I nformation and Entropy i n  Socia l  Systems 

I f  we wanted to cons i de r, a s  we have done up  to now, the natu ra l sc i ences ,  as the key sc i ence 
of the modern wor l d ,  i t  may perhaps be pe rm i ss i b l e  to transfer the prob l ems  of i nformat i o n ,  of entropy 

and  no i se ,  from phys i c a l  systems to soc i a l  systems, and there, too, i n q u i re afte r the  re l at ive re l at ion ­
s h i ps between i nformat i on ,  e ntropy, and  observati on .  I nformation theoret i c a l  c ommun i cat i on  theory 

has  neg l ected th i s  q uest ion of ene rgy d i s s i pat ion and the prob lem of the observer. Quantum phys ics 

has  acqua i nted us  with the fact that i n  observ i ng  systems and objects we mu st not  d i sm i s s  the  ro l e  of 

the observer. N i e l s  Boh r  p romu l gated the famous theory that the act of observat i on  i n  tu rn  i n f l uences  
the very object of o u r  observat i on .  Arc h i b a l d  Whee l e r  went  even fu rthe r  by sayi n g  that a phenomenon  

i s  a phenomenon on l y  i f  i t  i s  a l s o  a n  obse rvab l e  phenomenon .  Here ,  the i nformedness  of the observer 
i s  of centra l impo rta nce .  A cond i t i on  noted by the i nterna l observer i s  d i ffe rent from that which "objec-
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t i ve ly  ex ists" and  can be observed from the outs i d e .  The q uantum Demon  the refore descr ibes  the prob­
lem of the no i se-generat ing observer with i n  i nformat ion systems .  

What q uantum theory has desc r i bed  for  phys i c a l  systems can a l so  be app l i ed to soc i a l  sys­

tems .  H e re ,  too, the deci d i ng factors are the i nformedness  of the observer, h i s  knowledge of h i s  own 

cond i t i o n ,  and a d i st i nct ion as to whethe r  he  i s  an i nterna l observer  who i s  a part of the obse rvat i on  

system ,  o r  a n  exte rna l  observer outs i de  the system he  i s  obse rv i n g .  The theor ies  of quan tum phys i cs  

o n  the  dependency of a system's i nformati on  l eve l o n  the obse rver  a re a l s o  va l i d  for soc i a l  a nd  cu l t u r­
a l  systems .  A q uantum theory of c u l tu ra l  theory is so re ly  needed .  We must pa rt with the trad i t i o na l  h i s ­

to r i ca l  not i on  that  there i s  a pu re and object ive desc r i p t i on  of the occu rrences  i n  the wor ld  of the m i nd ,  

where the obse rve r's contr i but ion t o  the phenomena  unde r  obse rvat i on  can  be d i s regarded o r  s ub ­

tracte d .  We m ust take l eave of th i s  c l i che  and  th i s  i l l u s i o n .  For, o n  the contrary, i n  the  wor l d  of t he  

med i a  i n  part i c u l a r, Whee l e r's Theorem app l i e s  t ha t  o n l y  a n  obse rved phenomenon  i s  a t rue phenome­
non .  O n ly wh at i s  represented i n  the med ia  a l so  ex i s ts ,  and  the form i n  wh i ch  i t  ex i sts i n  the data  space 

e q u a l l y  depends  on the  pos i t i on  of the observer. Thus ,  the  c r i t i c  and  the theoret i c i an  of c u l tu re act, 
w i l l y -n i l l y, a s  rea l - l ife observers .  The observed object's own s i g n a l  becomes i nseparab ly  m i ng l ed with 

the obse rver 's own s i gna l  or  no i se .  

I n  a n utshe l l ,  th i s  wou ld  be an i nformat ion  theo ry based on  quantum phys i cs ,  wh i ch  m i g ht be 
mo re a ppropr iate to the pract ice of a trade i n  i nformat i on  and  works, the i r  p lacement and  d i s p lace­

ment ,  the i r  p ub l i cat ion and suppress ion i n  the post- i n d u str i a l  i nformat i on-based cap i ta l i st soc i ety, than 
i s  the  c l ass i c  i dea l i st theory, where the i n f l uence of the observer  ( c r i t i c ,  cu rator, theoret i c i a n ,  ed itor )  o n  

the matter be i ng  observed ,  and on t he  i nformat i o n ,  wh i ch  i s  on l y  actua l ly constructed and  cod i f i e d  by 

means  of the act or observat ion ,  has been den i ed  or n eg l ected .  I nformat i on  and  the observer  can no  
l o n ge r  be d i v i ded .  The  no i se  of the observer, the i n determ i nacy re lat i o n  between  i nformat i o n  and  

obse rver, i s  no t  a rb it ra r i l y  reduc i b l e .  I n  the present wo r l d ,  i n  wh i ch ,  f r om med i c i ne  to econom ics ,  
access to i nformat i on  and the spread of i nformat i o n  a re g a i n i n g  a n  eve r  mo re fundamenta l a nd  centra l 

impo rtance wor ldwide ,  the above-ment ioned l i m itat i o n s  a re pa rt i c u l a r ly  noteworthy, s i n ce  q u ite obv i ­
o u s l y  the re i s  a danger; f i rst ly, of m i stak i ng  no ise for i nformat i on  and ,  second l y, of not e l i m i nat i ng  th is  
no ise with any i n c rease i n  the amount  of i nformat i o n ,  but  of i ncrea s i n g  it ,  i n  accordance  with the the­

o rem of q u a ntum- and endo-phys ics ,  where the i ntern a l observer  does not know that he  i s  a n  observ­

er a nd  takes h i s  own no ise for the i nformat i on  from the s i tuat i on  unde r  obse rvati o n .  
The attempts o f  soc i o l og i sts, from Ha ro l d  Laswe i l  to Wa lter  L i ppmann , 2 1 to ana lyse the o r i g i n s  

of i nformat ion i n  s o c i a l  systems have no t  b een  very s uccessfu l .  N ot un t i l  the  theses of Noam Chomsky 
a nd  N i k l a s  Luhmann ,  where the no i se  of the obse rver  p l ays a const i tut ive ro l e ,  do tentat ive exp l ana ­

t i o n s  a r i se  of the imag i nab l e  impove r i shment  of the i nformat i o n  d i mens i on  wh ich  c u rrent ly  dom i nates 

the  p u b l i c  doma i n  where i nformati on  concern i n g  c u l t u ra l  and  po l i t i ca l tra n sact i ons  rema i n s  i naccess i ­
b le .  The "manufacture of  consent"22 i s  what i s  gene rated today by the no i se of the obse rvers ,  a nd  the 

c u rrent l eve l of i nformat ion handed out by the mass med i a .  The entrop i c  cost reg u l ates and  dom i nates 

the i nformat ion ma rket of the Western wor l d .  Entropy i s  the measu re of the mass med i a .  Wi l l  the  d i g ­
ita l d a ta  h i g hways become a part o f  th i s  i nformat i o n  bott l e neck ,  of t h i s  e ntropy; o r  wi l l  t h ey  f o rm  fu r­
the r  co r re l at i ons  and  cova r iances between the obse rvers ,  as wou l d  be necessary? Wi l l  the te l emat i c  
soc i ety at l a st t ry  to counteract i t s  su ppress i o n s  of i nformat i on ,  th rough the cor re l at i ons  and  co-va r i ­

ances of the  observers v ia wor ldwide networks? The postmodern soc i ety i s  i nformat i on -based .  No 
l o n ge r  d o  mechan i ca l  mach ines support the soc ia l  se rv i c i n g  system,  but i nformat i o n  mach i nes ,  s uch  as  

computers ,  d o  the job .  The dogmas of the informat i on  soc i ety a re :  There i s  more i nformat ion  than  ever. 
I nfo rmat ion  is gene ra l ly more eas i l y  access i b l e  than ever. I nformat i o n  is be i ng  exchanged  mo re than 
ever. 00  these bytes for  the soundb i te gene rat i on  make h uman i ty any c l everer o r  any  mo re knowl ­
edgea b l e7 Does  the informat ion i ntake of each i n d i v i d ua l  person actua l ly i ncrease o r  doesn 't .  rathe r, 



more i nformat ion than ever get l ost? I s ,  i n  fact, the exchange of i nformat ion be i ng  decreas i ng ?  Don 't 

peop le ,  experts as i de ,  know l ess  about  one  another than ever? I sn 't a n  i nformat i on  i mp l o s i o n  and  a n  
i nformat i on  bott l eneck  deve l o p i n g  i n  t h e  d i g ita l datanets? I n  t h e  a g e  of m u l t i p l e  med i a ,  i nfota i n m e nt ,  
knowledge softwa re, eduta i n ment ,  a nd  the data h i g hways, Ars E l ectro n i ca 1 995 puts c r i t i ca l q uest i o n s  

t o  the myths and  dogmas of the postmodern i nformat ion-or i ented soc i ety. 
Postmodern soc i ety cons i sts of very comp lex, dynam i c  soc ia l  systems with i n  wh i ch  the i dea  of 

i nformat i on  p l ays a centra l ro l e .  The exchange  of data i n  the network of i nformat i on  mach i nes s u pports 
the soc i a l  se rv i c i n g  system from med i c i n e  to tour i sm ,  from the runn i ng  of the economy to l e i s u re  t ime  
act iv i t i e s .  The theory of i nformat ion has  become a key sc ience .  The  spread of i nformat i o n  th ro u g h  t he  

mass  med i a  can ,  howeve r, a l s o  be come  a part o f  t h e  arsena l  o f  repress ive and opt i m i s i n g  strateg i e s  o f  

those i n  power. The exchange  of data can f l a re u p  i n  a data wa r. 
J ust as centu r i es  ago ,  with the a i d  of at lases and mer i d i ans ,  new terr ito r i es  wou l d  be mea­

su red and  dev ised ,  d i scovered,  and  construed ,  so too ,  the g l oba l  data networks represent a new, i f  v i r­
tua l ,  geog raphy. The d i scou rse of cyber-cu l t u re has expanded to the data h i g hways . We no l o nge r  

me re l y  i n  hab i t  streets and  b u i l d i ngs ,  but  a l so c ab l e  c hanne l s ,  te l egraph w i res ,  e-ma i l -boxes,  and  thus  
g l oba l  d i g i ta l  dependency. I t  was i n  1 969 tha t .  f o r  the f i rst t ime ,  fou r  computers were  l i n ked i n  a net­

work system referred to a s  the ARPA N ET (Advanced Research  Proj ects Agency-NET) .  The name I NTER­

N ET, therefore ,  i s  used to desc r i be  any l i n kups  of those computers that  commun i cate with one  anoth­
er  v ia  a p rotoco l ,  such  as  TCP (Transm i s s i o n  Contro l  Protoco l )  o r  I P  ( I nternet Protoco l ) .  I n  1 972  th is  pro­

ject of the Amer ican m i n i st ry of defense  was presented to the pub l ic ,  and many u n ivers i t i es  and  othe r  

research i n st i tut ions j o i n e d  t h e  net .  I n  1 990 t h e  I nternet cons i sted o f  s o m e  3 ,000 l o c a l  networks with 

more than  20 ,000 computers .  By 1 994 the i r  number had reached 2 . 5  m i l l i o n .  B i l l  G ates expects some 
20 m i l l i o n  network- l i nked househo l d s  and  i n st i tut ions by the year 2000 . The i nformat ion  system Wor l d  

Wide Web (WWW) was  deve l oped at the Eu ropean CERN l abo ratory (by Ti m Berners-Lee l .  and  d u e  to  
i t s  hype rtext l i nkages ( so-ca l i ed hype r l i n ks )  represents the most  f l exi b l e  too l with i n  the I nternet .  

The g l oba l  data nets m ust not be unde rstood mere ly as  mu lt i -med i a  data banks and  com m u n i ­
cat ion c hanne l s ,  where texts, images ,  and  sou nds a re transported a n d  processed .  These data networks 

a l so pe rm i t  new forms of commun icat ion  and a l so new commun icat ion pa rtners ,  such as, for i n stance ,  

commun i cat ion  with software agents e q u i pped wi th  a rt i f i c i a l  i nte l l i gence ,  thus  not u n l i ke prototypes 

of s ubj ects without a phys i ca l body. Forms of commun i cat ion become poss i b l e  between rea l peop le in 
v i rt ua l  spaces and  between v i rt ua l  peop le i n  rea l spaces .  The no i se  of the observer and  the commun i ­
cat i on  pa rtner  c a n  be emp l oyed construct ive l y  a n d  a lter t h e  structu re, a nd  t h u s  a l s o  t h e  message o f  

commun i cat i on ,  a t  e a c h  i n d iv i d ua l  l ocat i on .  Dne-d imens i ona l  commun icat ion  between two partne rs 

with two d i ffe rent i nte rp retat i o na l  wor lds  is broken up i nto mu l t i -d imens i ona l  commun i cat ion  with m u l ­

t i p l e  i nterpret ive means .  Th i s  l o s s  o f  m utua l  contro l a n d  def in it iveness can  be exper ienced as  a form 

of l i be rty. 

The re wi l l  come a t ime  in the rea l m  of the pub l i c  med ia  with g i a nt catac l ysms of exp l o d i n g  
errors ,  w i t h  acce l e rated wande r i ngs  of g a l a x i e s  made  up  o f  premature l y  i n c i n e rated i nformat i on  d ust .  
Dur concepts of i nformat i o n ,  c ommun i cat i on ,  and observat i on  wi l l  a l te r  rad i ca l ly and a lso affect the 

soc i a l  systems as  we know them.  Dur  po l i t i ca l  systems wi l l  be subjected to rad i ca l  t ra n sformat i o n s  on  

the bas i s  of democracy o r  become accomp l i ces of the monopo l ies and tota l i ta r i an  systems ( "wi red 

democra cy, " computer democracy, te l e c racy, v ideocracy) .  I n  part i cu l a r  the  a rt i s t i c  net projects of Ars 

E l ectro n i ca 95 wi l l  l i ft the  c u rta i n  wor ldwide for the f i rst t ime to a l low a g l i mpse at th is hor i zon of the 

d i g ita l data h i g hways, wh i ch  were up to now presented to us  more or less as  phantoms of the med i a .  

T h e  f i n a n c i a l  and  h u m a n  costs a s  we i l  as  t h e  strateg i es  o f  a networked soc i ety wi l l  be cr i t i ca l l y  q u es­

t i oned .  How wi l l  the  i n h ab ita nts of the net l i ve i n  this wi red world? What wi l l  be the pr ice of i nforma­

t i on  and  commun i cat ion  with i n  these network wor lds? Who wi l l  be the h i tch h i ke rs and  h i -jackers on  
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the supe rh i ghways of i nformat ion? D iv i ng  th rough  d i g i ta l condu its and  netsu rf i n g  an a sea of data wi l l  

b r i ng  about  new forms of soe i a l  eontaet, ra ng i n g  from te l emat i c  reeonstruet ion of the body t o  i nd iv i d ­
u a l  acq u i s i t i on  of data monopo l i es .  Ars  E l eetron i ea  95  g ives e r i t i ea l and  e uphor i e  experts a n  opportu­

n i ty to appra i s e  th i s  brave new networked wor ld .  

Thanks to Otto E. Rässler tor inspirations 
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I n  

There a re n ume rous  reasons-on l y  one  of wh ich  i s  its name-for a s s um i n g  that a u n i q u e  pro­

ject  such as  the Ars E l ectro n i ca Center  c o u l d  never have come about without its "god parents . "  The 

most impo rtant reason for its com i n g  i nto be i n g ,  however, i s  the knowl edge wh i ch  has  g rown out  of the 
i nternat i o na l l y  acc l a imed  Ars E l ectro n ica Fest iva l and the Pr ix Ars E l ectron i c a :  the  knowl edge  that a 

futu re-o r i e nted approach i s  essent i a l  for unde rstand i ng  and dea l i ng  with the present .  A knowledge "'C 
Cl) 

wh ich ,  at the l ead i n g  edge of c u l t u ra l  d eve lopment, is an i n d i s pensab l e  e l ement  of competence  i n  "-
engag i ng  those a reas targeted from the sta rt-the a rts, techno l ogy, and  soc i ety-as a n  i nteg rated 't: 

Cl) 
f i e l d  of e ndeavor. One  fundamenta l cons i de rat ion  i n  the sett i ng  of an agenda i s  the refore i ts pos i t i on - (!) 
i n g  i n  that env i ronment  i n  wh i ch  the Ars E l ectron i ca  Center, de rived as it i s  from the act iv i t i es  of the 

Fest iva l a nd  the Pr ix ,  i s  rooted .  Thus  the ra i son  d ' etre of the Ars E l ectron i ca  Center  i s  esta b l i s hed  in 
pa rt by a funct i o n i n g  mode l :  that is ,  a rt i s t i c  comm itment as the g u id i ng  p r i n c i p l e  for nav igat i on  th rough  

a wor ld  i n  the th roes of a med i a - I ed  tra n sformat i on ;  as the dr iv i ng  force for soc i ety's confrontat i o n  w i th  

the new contextua l  rea l i t i e s  of o u r  age ;  and  as  a resou rce fo r  the  impend i n g  tasks of des i gn  a nd  a c c u l ­

tu rat ion of t he  new med ia-based env i ronment .  

Aga i nst t h i s  programmat ic  backdrop ,  the Ars  E l ectron i ca  Center cannot be regarded s imp l y  as  
a ce ntre of c u l t u ra l  competence ,  but-where c u l tu re i s  understood as techno l o g i c a l  evo l ut i o n-as 

i tse l f  an  a rt-project of t h i s  c u l t u re .  As a l o g i c a l  consequence ,  this project has the natu re of a "work in 

p rogress , "  both in rega rd to its capac i ty for  i ntegrat ion and i n  terms of its compat i b i l i ty with the i nter­

ests of a gene ra l  p u b l i c .  O n  the other hand ,  a p roject so exposed to the e l ements of change  a nd  i n no­

vat i on  req u i res a strong  i dent i ty that sets i t  a bove cons ide rat ions of tra n s i ent techno -ch i c  and sho rt­

l i ved hype .  
The Ars E l ectro n i ca Center  cannot. the refo re, content itse l f  with s imp l y  be i n g  a co l l ec t i on  o r  a 

g a l l e ry, but  sees i tse l f  as a pa rtne r, an i nfrastructure, and an i n i t iator. Th i s  means  that it m u st i t se l f  

pa rt i c i pate i n  the esta b l i s hment of i ts own necess i ty, i n  the creat ion of  a fert i l e  env i ro nment .  
What  i s  i t  then that  d i st i n g u i shes  the Ars  E l ectron i ca  Center, as  a "museum of the fu tu re , "  

f rom a p u b l i c i ty barrage of the compute r  and  IT  i ndustry? Essent ia l ly i t  i s  the  fac t  that the content  o f  
t h i s  "museum"  was  not des i g ned by manu factu rers o f  prod ucts, or software deve l opers ,  bu t  i s  the 

res u l t  of an  a rt i st i ca l ly mot ivated approach .  

The Ars E l ectro n i ca Center  seeks to deve lop  a k i nd  of magnetic f ie ld ,  attrac t i ng  not on ly i nter­

nat i o na l  experts i n  g reater n umbe r  and  scope ,  but a l so i n q u i s i t ive, expe r imenta l l y  o r i ented ,  c reat ive 

peop l e  (whateve r the nature of the i r  t ra i n i n g  m i g ht be l  to L i nz .  The idea i s  to create i n  th i s  way a poo l  

of competent , i nterested, i n n ovat ive i nd i v i d ua l s  who wi l l  " su rrender" to  the g rav itat i o na l  pu l l  of the 

Center, not on l y  i n  phys i c a l  terms but  a l so i n  the i r  t h i n k i ng .  That i s  to say that they w i l l  be  o b l i g ed  to 

abandon  the modus  operand i  cha racte r i sed  by i nterna l d e l i berat ions at a d i stance and ,  b ro ught n ow 

i nto d i rect prox im i ty with the techno l ogy, to a l ter  the i r  approach to the objects of t he i r  d e l i be ra t i o n .  A 
c l o se  phys i c a l  re l a t i ons h i p  of th i s  k i n d  automat ica l ly evokes an ent i re ly d i fferent catego ry of i d eas  than 

that wh i ch  h i the rto,  i n  the majo r i ty of cases ,  had rather  the natu re  of  aesthet ic  remote contro l .  
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Even i n  the months pr io r  to the off i c i a l  i n a u g u rat i o n ,  the work ing atmosphere at the Ars 

E l ectro n i ca  Center was not one of ste r i l e  i n st i tut i o na l  process contro l-it was mo re l i ke an open work­
shop ,  in wh i ch  c reative i nte l l i gences tested t h e i r  capa b i l i t i es  on the eq u i pment ,  a nd  in d o i n g  so  probed 

the extent of the l atte r's pe rfo rmance capa b i l i ty. 

In a concentrated i nvo lvement with the mach i n e  i tse l f ,  of a k i nd  pecu l i a r  to t h i s  new gene ra­

t ion of hacker-a rt i sts and scarce ly conce iva b l e  for ou ts i de rs ,  i n  the  ident i f i cat i o n  with-pract i ca l ly a 
f u s i o n  with-the computer (and the network beh i n d  i t l ,  the d i g i ta l  revo l ut i on  that now has  o u r  soc i ety 

in its th ra l l  took on a g raph i c  and concrete form . 
Much  of what wi l l  never l eave the home  d i recto r i es  of these "frea ks , "  what they are u n l i ke l y  

even  to put i n  the off i c i a l  web  server of the Center, i s  nota b l e  above a l l  for the process of i ts c reat ion 
a nd  the matter-of-factness (not to be confused with l a i d -back i n d i fference )  of app roach to the process 

wh ich cha racter ises th i s ,  the th i rd generat i o n  of computer  use rs :  a n  u nden i a b l e  s ign of the eme rgence 

of a new c u l ture ,  ident i f ied as "memes i s "  i n  fn i s_yea r's Fest iva l .  Thus  the Fest iva l .  t h i s  yea r d om i nat­

ed by the i n a u g u rat ion of the Center, i s  itse l f  a l s o  focused on the open i n g  up of such zones  of act iv i ty, 
on a new phase in the evo l ut ion of i nteract i o n  with med i a  tec h no l ogy, and  of med i a  a rt ,  wh i ch  is need­

ed to conf ront  the techno l og i ca l  revo l u t ion  with that very force wh i ch  i t  has  u n l eashed .  Th is  i s  the g reat 
oppo rt un ity for the Ars E l ectron ica Center, wh i ch  m u st a l ly itself with its use rs ,  mu st get i nvo lved with 

them and  g row with them .  The same app l i e s  to the c o l l a bo rat i o n  with a rt i s t i c ,  i n novat ive i n d i v i d ua l s :  

t h ey  m ust be attracted and encouraged to accept and  make use  of t he  A r s  E l ectro n i ca Center  a s  the i r  

l a bo ratory and  the i r  p l atfo rm . 

H owever, it has to be more than j us t  a q uest i o n  of u s i n g  e l ectro n i c  med i a  as a too l .  On the one  

hand  the encou nter between techno l og i sts and  a rt i sts wi l l  g ive b i rth to projects wh i c h  a re founded on  
know ledge  of the techno l og i ca l  processes, o n  the app rop r i ate se l ect i o n  of means ,  and  on  the i dea  o f  

m u l t i -med i a  network ing and i t s  ref l ex i on .  O n  the o t he r  hand ,  art i st i c  expert i se  wi l l  be made  access i b l e  
t o  tec hno l o g i sts a n d  theoret i c i ans-an app roach wh i ch ,  i n  v iew o f  t h e  i n creas i n g  s i g n i f i cance o f  
" strateg i e s  f o r  c reative prob l em-so lv i ng "  i s  i n  no  way pre s umptuous .  O n l y  i n  t h e  m u t u a l  access i b i l ity 

of d i fferent i nterests, in the coexistence of research and com m u n i cat i o n ,  the twi n  funct i ons  of l abo ra ­

tory and  i nformat ion poo l .  can an i nterface be  set u p  wh i ch  meets the req u i rements made  of i t-a net­

work i ng  in a l l  a reas of l i fe, wh ich i s  itse l f  a parad i g m  of the new i nformat ion-based soc i ety. 
O ne  wou l d  need to l ook  for a l ong  t ime  to f i nd  a h i stor i c a l  ana l ogy for that phenomenon  wh i c h  

i s  c u rrent ly t a k i n g  p l a ce ,  based i n  part on h i g h ly contrast i n g  p rem ises :  a rt i sts who h i t he rto ,  even  i n  the 
f i e l d  of med ia  a rt, have worked a l one and  u n not iced a re now u nexpected l y  confronted with an  extra­
o rd i n a ry l eve l  of i nterest from a pub l i c  wh i c h  is maste r i n g  the key terms and i d eo l og i c a l  stereotypes of 

the d i g i ta l  revo l ut ion .  However, this new awareness re l ates in fact l ess to the a rt i s t i c  act iv i ty than to 
the a rt i sts themse lves as be i ng ,  i n  the broadest sense, the des i g ners ,  the c reators ,  the h uman  resou rce  
poten t i a l  for  the new med ia  tech no l og i e s .  The u n easy fee l i n g  that  w i thout  "content" the tech no l ogy  

m i g ht not be ma rketab l e  opens  up many  channe l s ,  a nd  at the same t ime  f ue l s  the extreme l y  d ub i o u s  
hope  t h a t  a rt wh i c h  makes itse l f  usefu l i n  the  serv i ce  of techno l o g i c a l  matters wi l l  soon  be a b l e  to ea rn 

its own keep ,  thus to some extent re l i ev i ng  the ove rburdened p ub l i c  c u l t u ra l  p u rse .  
I n  t e rms  o f  t he  latent l i m itat ions  of h i s  o r  he r  se lf-concept ion and  soc i a l  ro l e ,  the  a rt ist  i s  i n  a 

bad way. Whereas co l l eagues i n  the c l a s s i c a l  f i e l d s  st i l l  have theatres ,  g a l l e r i e s ,  a nd  conce rt h a l l s  a s  

a pproved forma l  contexts f o r  the i r  def i n a b l e  pub l i c  persona-d i st r i but ion  systems  wh i ch  even  i n  the  
one-way mass med ia  of rad i o  and te lev i s i o n  a re st i l l  p reserved to some extent-a v i rt ua l  pub l i c  on  the 

othe r  hand ,  such as i s  represented for examp l e  by the I nternet, i s  seen  by many as  an  u nworthy o r  
i ndeed  th reaten i ng  vo i d .  A b lack  ho l e  i nto wh i c h  everyth i n g  d i s appears because  it i s  so  d i ff i c u l t  to i d en ­
t i fy and  to eva l uate among  the genera l  " c ommun i cat i on  waste . "  (As  though  a ga l l e ry i n  Hong  Kong o r  
a good a rt i c l e  among a l l  the newspr int  i n  a n  a i rport k i osk  were  eas i e r  to t rack  down . . .  ) 



Because everybody can  take wh at they want, and because-and th i s  at l east is a n  a spect 
wh i c h  must be taken very se r i ous ly-it i s  not poss i b l e  to make a l i v i n g  from i t .  N otwithsta nd i n g  a l l  of 

wh ich an  a rt i st can no  l o nge r  affo rd to sta nd a l oof from these deve l opments; home pages and E-ma i l  
a re n ow se lf-ev ident  components o f  an  a rt i st's Cv. 

The imp l ementat i o n  of a rt i s t i c  ideas is nowadays freq uent ly on l y  poss i b l e  with cons i de ra b l e  
techno l o g i c a l  resou rces ,  so that t h e  trad i t i ona l  venues  o f  a rt c a n  o n l y  s e l d o m  prov i de  t h e  r i g h t  frame­

work .  The " d i sappearance"  of a rt and  the a rt i sts-hera lded and l ong  s i nce ant i c i pated and  rehearsed  
i n  the i nterd i s c i p l i n a ry i ntertw i n i n g  of the gen res-is now, as ide  f rom the excit i ng theoret i c a l  redef i n ­

i t i on  of se l f -concept i on  and  ro l e  mode l ,  becom i ng  a rea l poss i b i l i ty. 

The a l tered framework cond i t i ons  demand new concepts from us o  Th i s  a pp l i e s  eq u a l ly to p ro­
d u ct i on ,  t ransm i s s i on ,  a nd  recept i on .  I n  the face of the enormous c ha l l e nge  with wh i ch  contempora ry 

a rt is confronted, of esta b l i s h i n g  itse l f  i n  " e l ectron ic-d i g ita l space" and  ma i nta i n i n g  a ba l ance  between  
t h e  fasc i nat i on  o f  o u r  h i g h-tech env i ronment a n d  a necessary cr it i ca l  ref l ex ion ,  i nterd i sc i p l i n a ry, n et­

worked act iv i ty has today r i ght l y  become a key concept, and not on l y  of a rt i st i c  endeavou r. To be  gen ­

u i ne l y  contem pora ry, a rt i sts m ust conce ive o f  themse lves as  nodes  i n  a techno l o g i c a l l y  determ i ned  
soc i a l  env i ronment-and i n  do i n g  so assume a h i gh l y  po l i t ica l respon s i b i l i ty. 

By v i rtue of its spec i f i c  i nfrastructure in terms of ha rdware and  of person ne l .  of its twi n  func ­

t i ons  a s  a p i  ace of p roduct i o n  and  of presentati on ,  and a l so by v i rtue  of its pos i t i o n i n g  " between  the 

fronts , "  an  i n st itut i o n  such  as  the Ars  E l ectron i ca Center  assumes i n  t h i s  connect ion the nature and 
funct i on  of a mode l  for  its t ime .  

Cons i de rat i on  of and  ref l ex i on  on t he  i nteract ion of a rt .  tech no l ogy, and soc i ety have often on l y  
occu rred with i n  t he  c i rc l e s  of the Fest iva l 's v i s itors-and yet t he  urgency of these t op i c s  f a r  exceeds  a 

mere l y  theoreti ca l  med ia -o r i ented i nte rest. and represents a cha l l e nge  wh ich  both Fest iva l and  Center  

wi l l  have to face .  
Because i t  i s  not on l y  the n i ches occup ied  by the a rt i sts that a re coming adr i ft; the i r  fa te i s  

s ha red by the wor l d  of c l a s s i c a l  " job desc r i pt ions"  i n  the loss of a we l l -t r ied and tested set of ru les  of 
soc i a l  o rder  and  h i e ra rchy. O r i ented as  we a re ,  menta l ly and econom i ca l l y, to the concept of work a s  

the prov i de r  both of a l ive l i hood and  of the means  to imbue  it with mean i n g ,  we  a re i ntense ly  skept i ­

c a l  of the app roach of once-futu r i s t i c  v is ions of a human ity f reed from labour  by the benef its of tech­

no l ogy-each of these s h imme r i n g  Utop i as  and Prom i sed Lands to date hav ing ,  on  c l oser  i n spect i on ,  

p roved i l l u so ry. At  the present t ime  the process o f  the acceptance and  estab l i shment  of i nformat ion  
tech no l og i e s  i s  sti l l  adher i ng  rather  u n imag i native ly to the g u ide l i nes  of c l ass i ca l  cap i ta l i sm ,  to the 

detr i ment of i deas  of soc ia l  we l fare .  "Bana l "  aspects of th i s  k i nd  a re st i l l  much  too i nfrequent l y  
add ressed i n  the feve r  of we l l -mean i ng  eu phor ia ,  foste r i ng  an  i ncreas i n g  i n secu r i ty and  i ndeed an  att i ­

tude of res istance .  Th i s  makes a n  ongo i ng ,  frank, and p ub l i c  debate essent i a l .  
With i t s  ea r l y  comm i tment t o  confront i ng  t h e  c r i s i s  o f  a soc i ety at t h e  tu rn i n g  po in t  between  

t h e  i n d u str i a l  age and  the age  o f  i nformat i on ,  t h e  Ars E l ectron ica Center i n  L i n z  can on l y  be o f  benef i t  

i n  such  a debate .  

Ln 
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A r s  E l e c t r o n i ca 9 6  

T h e  M e m e s i s  
N e t w o r k  D i s c u s s i o n  

Peop l e  nowadays seem to be unhappy with the stat i c  form of many fest iva l s .  A l though meet­
i n g  " i n  rea l l i fe"  is st i l l  favou rab l e ,  there i s  the need  to use the ava i l a b l e  too l s  of commun icat ion  i n  

o rde r  t o  change  t h e  trad i t iona l ,  one-to-many type o f  conference .  With t h e  open i n g  o f  t h e  Ars 
E l ectron i ca  web site on March 1 st, 1 996 ,  we had the opport un i ty to extend the " rea l  l i fe conference"  

with a l i ve l y  d i scuss ion  on the Net i n  the months before  the actu a l  event .  The i dea  was to set u p  a per ­

manent  p l atform wh i ch  wou l d  a l so funct ion after the fest iva l a s  a start i n g  po i n t  for fu rther debates .  
After hav ing structu red the va r i ous  streams of i nformat i o n ,  we wrote a n  I nt roduct i on ,  i n  wh ich we 

exp l a i ned the goa l s  of such a Net-based forum :  "We wou l d  l i ke to get away from the u s ua l  pane l s  and  

� presentat i ons  and  see the get-together i n  L i n z ,  between  Septembe r  2-6, 1 996 ,  as a p l ace  to cont i n ue  

and  rou nd  u p  ongo i n g  d i scuss ions .  Of cou rse i t  i s  n o t  t ha t  ea sy  to s imp l y  b l ow u p  the ent i re concept o f  0-
E the "conference"  and  its r i tu a l s .  At l east ce rta i n  h i e ra rc h i c a l  ( " o n e  to many" ) modes can be changed 
o thro ugh  an open d i scuss ion  i n  the prepa rati on  phase of the fest iva l .  We wou l d  the refore l i ke to i nv ite 

U 
everyone  i nterested in th i s  yea r's top i c  and new med i a  i n  g ene ra l  to part i c i pate i n  the d i scuss i on  
between the a rt i sts and c r i t i c s  we i nv ited to  send a f i rst statement . "  

I n  t h i s  s ummary o f  t he  f i rst s ix  weeks of the d i sc u s s i o n  o n  the Net, you w i l l  f i nd  a pe rsona l ,  

s ubj ect ive se l ect i on  o f  quotat ions from t h e  n umerous contr i bu t i ons ,  wh i ch  were posted both b y  i nv it­

ed spea kers and  the genera l a ud i ence ,  i n  as  much as  they have access to the I nternet .  The d i scuss i on  

can be fo l l owed on  the Wor ld  Wide Web ( http ://www. aec . at/meme/symp )  and  a l so by subscr i b i n g  to  
a ma i l i n g  l i st , wh i ch  wou l d  send  a l l  the contr i bu t i ons  a s  e -ma i l .  

On  Apr i l 1 5 , 1 996 the network d i s cuss i on  on  t h i s  yea r's theme ,  "memes i s , "  sta rted with two 
documents ,  in wh i c h  the goa l s  of the d i scuss i on  were made c l e a r. I, be i ng  the presenter, opened ,  stat­

i n g  that :  "So far there i s  not much expe r ience and expert i se  in the o rchestrat i n g  of Net-based p u b l i c  

debates on techno l ogy. A t  t h i s  stage we  a re leav i n g  t h e  e ra of i ntrod uct ions  o n  the nature and  the 
imp l i cat ions of new techno l og i e s  (and the ro l e  of a rt i sts in  th is  process )  and  f ind ou rse lves i n  the m i d ­

d i e  of controve rs i e s  around top ics l i ke copyr i ght ,  pr ivacy, wa r  o n  sta ndards ,  c u l tu ra l b i ases ,  p u b l i c  c e n ­

sors h i p  and other ' o l d  patterns '  i n  ' n ew med i a ' . "  
I n  recent years we  have s e e n  a w i d e  use  b y  a rt i sts of a pparent ly  ha rm less  not ions  wh i c h  have 

the i r  o r i g i n  in physics and b i o l ogy (chaos, v i rus , a rt i f i c i a l  l i fe ) .The cybo rg , too ,  has  a sc i ent i f i c  back­
g round  l i ke th i s .  To sta rt a d i scuss ion  so many months i n  advance was a n  attempt to break down the 
o ld  consensus of the p ioneers and show that med i a -a rt fest iva l s  l i ke Ars E l ectro n i ca  fram now on 

s hou l d  be more than  j u st a trades fa i r  for computer-re l ated a rt concepts .  The N et seemed to be a per ­
fect too l  for v i ta l i z i n g  the stat ic  form of conference  presentat i o ns .  The " M emes i s  Statement , "  written 
by G e rfr ied Stocker, was posted to i n i t i ate a d i scuss i on  process, "st i m u l a t i n g  d i ffe rent l i nes  of 

approach to the top ic ,  and po l a r i s i ng  op i n i o n s . "  The a i m  was not to dream up new utop i a s ,  but to deve l ­
op  a c r i t i c a l  a nd  ref lective approach to t he  cu rrent s i tuat i o n ,  w i t h  i ts renewed p rom i se t ha t  much  vau nt­

ed v i s i o n s  of the future wi l l  f i na l ly become rea l i ty. 



I n  order to a ch i eve th i s ,  the " Memes i s  Statement" took some provocat ive pos i t i o ns :  " Comp l ex 

too l s  and  techno l og i e s  a re an i nteg ra l pa rt of ou r  evo l ut ionary 'f itness ' .  H uman  evo l ut i o n  i s  f undamen ­
ta l ly i ntertw ined  w i th  techno l o g i c a l  d eve l opment; the two cannot be  cons i de red  apa rt f r om each  other. 
H uman i ty has co-evo lved with its a rt i facts ; genes that a re not ab le  to co pe with t h i s  rea l i ty w i l l  n ot s u r­

v i ve the next m i l l e n n i um . "  
Let us  n o t  try to reconstruct t h e  fo l l owing d i scuss ion i n  a chrono l o g i c a l  o rder. R i c h a rd Barbrook 

took the man ifesto for what i t  was a nd  wrote a s im i l a r, bo ld  response :  "The major  e r ro r  i n  t he  ' M emes i s  

Statement' i s  i t s  use of dodgy b i o l og i ca l  a n a l og i e s .  The  d i scovery o f  evo l ut i o n  was  one  of the  key  i n te l ­

l ectua l  moments i n  t h e  deve l opment  o f  mode rn soc i ety. B y  offe r i ng a rat i o na l  u nde rsta n d i n g  of t h e  o r i ­

g i ns  of human ity i n  natu re ,  i t  destroyed the i n te l l ectua l  bas i s  o f  revea l ed  re l i g i o n .  H owever, p rob l ems 

a r i s e  when the re la t i o nsh i p  i s  d rawn i n  the othe r  d i recti on ,  when  natura l  evo l ut i o n  i s  used to exp l a i n  

soc i a l  deve l opment .  I n  t h i s  centu ry, m i l l i o n s  o f  peop le  were shoved i nto g a s  chambe rs because  i t  was 
b e l i eved that they possessed ' genes  that a re not able to cope' as the 'Memes i s  Statement '  p uts i t . "  

The sc i ent i f i c  meme  resea rche r  Franc i s  Hey l i g hen  from Brusse l s  responded to t h i s  c r i t i q u e  i n  
the fo l l ow ing  way: " H it l e r  was  a Ch r i st i a n ,  so re l i g i on l eads  to  t he  gas chambe r. Sta l i n  was a n  athe i st ,  

so athe i sm  leads to exterm i na t i on ,  etc .  The fact that some peop l e  at so me  p o i nt have m i sused  a n  i dea  
does  not i n  any way p rove that  the i dea  i s  wrong  or evi l . "  Hey l i g hen then e l a borates on  the term " evo­
l ut i o n " :  "The essence of the meme  idea i s  that evo l ut i on  no longer takes p i  ace  o n  the l eve l  of the 

genes ,  but on  the l eve l  of c u l tu re .  The fact that memes evolve accord i n g  to p r i n c i p l e s  of va r i a t i on  and  
se l ect i o n  very s i m i l a r  to the p r i n c i p l e s  g overn i ng  Darwi n i a n  evo l ut i on  of genes  does  not  i n  any  way 

l ead  to Soc i a l  Da rwi n i sm  in its o l d  sense . "  

Doug l a s  Rushkoff ( "j ust a n  Amer i can  who has probab ly watched f a r  too m u c h  TV and  spent a 

b i t  too much  t ime  o n l i n e " )  d i sag rees  with the " negative fuss about memes" :  " I t  j u s t  bo i l s  down to a 
deep-rooted fea r of the h uman  sp i r i t .  We seem to fear that, l eft to ou r  own dev ices ,  we w i l l  rape and  

p i l l age  one another. Unchecked ,  the caut i ous  soc i a l  theor ists warn, human  be i ngs  w i l l  d r ive re l ent less­

Iy  towa rds fasc i sm .  Soc ia l  sc i ent i sts were taught that the masses ,  too stu p i d  and  eas i ly  swayed towa rds 
soc i a l  po l i c i e s  as desta b i l i z i n g  a s  Naz i sm ,  must be led by a benevo l ent e l i te .  They see soc i ety as  an 

ocean that m ust be conta i ned ;  they don 't rea l i ze that the i r  soc i a l  theor ies a re l i ke the tempora ry p l u gs  

i n  a d i ke t ha t  w i l l  n eve r  ho l d  u p  aga i nst the t i de .  And  l i ke t he  sad  soc i a l  theor i sts ,  the  f undamenta l i sts 
deve l oped the i r  own m i nd-contro l contro l techn i ques .  They be l i eve that, deep  down, peop l e  a re s i n fu l .  

I f  w e  were a l l owed t o  roam free, w e  wou l d  have n o  cho ice but to succumb  t o  o u r  basest d e s i re s . "  

Accord i n g  to R u s h koff, the  I nternet i s  des i gned t o  promote g l oba l awa reness .  Evo l ut i o n  does­

n 't a lways favor certa i n  i n d iv i d ua l s  over others .  "Those who fear memes and  evo l ut i o n  rea l l y  j u s t  fea r 

progress .  That's why so many we l l -spoken soc i a l  theor ists hate us pro- I nternet ,  C a l i forn i a-sty l e  utop i ­
a n s .  I f  we attempt to s l ow the t ra n sm i s s i o n  of memes  th rough  cu l t u re ,  we w i l l  s u r e l y  weaken  and  rot 

l i ke the ove r ly  i n bred roya l fam i l i es  of centu r i es  past. But I su ppose I sho u l d n 't worry. The a nt i -evo l u ­

t i on ists are f i gh t i ng  a l o s i n g  batt l e .  S i nce  the i r  memes don 't u l t imate ly promote a nyth i n g  but  soc i a l  

decay, they wi l l  s u r e l y  p e r i s h  i n  t h e  l o n g  r u n . "  
Wha t  wi l l  R i c ha rd Ba rbrook 's a n swer be 7  We don 't know yet. I n  h i s  f i rst c r i t i q u e  h e  stated :  " I t  

i s  prec i se l y  o u r  refusa l  to accept o u r  b i o l og i ca l  dest iny wh ich makes us  mo re t h a n  i n sects .  U n l i ke o u r  
fe l l ow spec i e s ,  we  can  transform o u rse lves through  thought and  acti o n . "  

B u t  l et's go b a c k  to Ba rbrook 's " fundamenta l "  c r i t ique o f  the " Memes i s  Statement" : " I f memes 

' re p l i cate themse lves: wh at are humans do i ng  i n  the meant ime? We ' re not the b l i nd ob jects  of genes 

o r  memes .  We a re the s ubj ects of h i story even i f  i t i s  not  a lways i n  c i rc umstances of o u r  own choos i n g .  

T he  Ne t  i s  a c reat ion o f  h uman  l abou r. Someone ha s  t o  d i g  ho l e s  i n  t h e  road t o  l a y  the f i bre-opt ic wi res .  
Someone has to wr i te the softwa re to enab le peop l e  to use the Net .  Without human act iv i ty, the Net i s  

noth i ng  but a n  i ne rt mass of meta l ,  p l a st i c  and sand .  We a re t he  on l y  l iv i ng  be i ngs  i n  cyberspace . "  
(Y) 
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The " Memes is  Statement . "  aga i n ,  says :  "As a n  a na l ogy to the b u i l d i n g  b l ocks of b i o l ogy, the 
genes ,  memes descr ibe cu l tu ra l  un its of i nformat i o n ,  cogn it ive behav iora l  patte rns that p ropagate and 

rep l i cate themse lves through commun i cat i on .  Fram the ' b i o-adapter' l anguage  as  a p roto -meme to the 
' i nfo-sphere '  of g l oba l  networks as the u l t i mate hab itat for the h uman  m i n d . "  

R i c h a rd Ba rbraok does n o t  be l i eve t h a t  there i s  such  a t h i n g  as an  a utonomous ent i ty, l ocated 

i n s i d e  the techno l ogy. "The 'Memes i s  Statement' regards mach i nes  and i nformat ion a s  autonomous 

th i ngs  outs i d e  o u r  contro i .  Yet. i n  rea l i ty, both  techno l ogy and  c u l t u re a re express ions  of the  soc i a l  re la ­
t i o nsh i ps between  i nd iv idua l  humans .  I t  i s  human act iv i ty wh i c h  i s  c rysta l l i sed i nto mac h i nes  and  i nfo r­

mat i o n ,  n ot memes wh ich  create 'mass c rysta l s ' .  C ruc i a l l y, the statement i g no res  one  of the centra l 

q uest i ons  of modern ity: how a re the rewa rds of l a bou r  to be d iv ided among the d i fferent g roups 

i nvo lved i n  the soc i a l  product ion of mach ines  a nd  i nfo rmat ion? Ah ,  but the soc i a l  q uest i o n  i s  so u nfash­

i o n ab l e  nowadays . 
Tom Sherman a l so stresses the soc i a l  a spect of the use  of techno l ogy. Based at the Schoo l  of 

Art a nd  Des i g n  in Syracuse (NY) .  he reports from a " b u rned-out ,  tota l l y  o ut-of-date i n d u st r i a l  c i ty i n  the 

rust be lt  of the Amer ican northeast ." and he comments o n  wh at i s  go ing on a raund  h im :  "You don 't hear 
a l o t  of evo l u t i ona ry ana log ies  i n  factory l u nch  raoms o r  co l l e ge  coffee houses these days .  The ta l k  i s  

abou t  s u rv iva l and  how tough a p lace the wor l d  has  become .  Peop le  a re form i n g  re l a t i onsh i p s  with 

mach i nes ,  not necessar i ly because they're attracted to mach i nes ,  but  because they a re despe rate ly try­

i n g  to get connected and/or stay connected with othe r  peop l e ,  pa rt i c u l a r ly  with those who can h e l p  
them s u rv ive . "  

I n  t h i s  context the Web, for Sherman ,  i s  becom i n g  a n  " e l ectra n i c  ta l en t  database  o r  tour ist  

bureau lu l l  01  resu mes and brach u res and maps " H e  compa res  th is  " i ndex ica l doma i n "  with today's 
modern  off i c e :  "Same softwa re, same i nformat i on  hand l i n g  methodo l og i es ;  but  no reg u l a r  paycheck ,  no 

hea l thcare ,  no  soc ia l  secu r ity net . The Web i s  The Off i ce  for free l ancers .  Art i sts, that endange red 

spec i es ,  when connected with/by computers, s i t  at a desk and look very much l i ke off i ce  workers ,  
t e l e commut i ng  home-off ice workers. These a re the new i n d u str i a l  l a bou re rs . "  

A nd ,  a few weeks later, Tom Sherman resumes :  "Want i ng  b a d l y  t o  def i ne  o u rse lves at any 

cost ,  we t ry to f i g u re what k inds of memes work best i n  pa rt i c u l a r  tech no l og i c a l  spaces .  We ' l l  wear the 
damndest memes, j ust because they f l ou r i sh  i n  a system .  Apparent ly we enjoy i n d u l g i ng i n  evo l ut ion ­

a ry a n a l o g i es ,  p l ayfu l ly trad i ng  strang op in ions  about  the m i n d 's respon s i b i l i ty to the body, wonder i ng  
whether  o u r  meme poo l  i s  stagnant, expand i n g  o r  c o l l a ps i n g ,  a nd  v i s i t i ng  and  tra sh i n g  the c u l tu ra l  

r u i n s  o f  S i l i c on  Va l l ey. " 

He rbe rt H rachovec, ph i l osopher i n  Vi enna ,  cont r i butes by sayi ng  "the pr intout of my neu ra l  
react i ons  i s  not my neura l  state , "  i n  a refe rence to Kathryn B i g e l ow's f i lm  " Strange  Days . "  "Cogn it ive 
behav io ra l  patte rns that prapagate and rep l i cate themse lves th ra ugh  commun i cat ion  used to be ca l l ed 
' topo i ' ,  ' h ab i ts '  or ' c l i ches ' .  They were thought to be soc i a l  constants ,  sta b l e  but s ubj ect to a l te rat i ons  

at the marg i n .  Th i s  feature i s  l ost i n  ta l k  about  'memes ' .  They seem to be s c i ent i f i c  constructs that can 

be  hand l ed  l i ke c e l l u l ar t i ssue . "  
Sudden ly, a report ca  me i n  fram the streets of San  Fra nc i sco ,  f r am Arth u r  and  Ma r i l o u i s e  

Kraker. F o r  them ,  " 'memes a re j u st another word f o r  n oth i n g  l eft t o  ( d i g i ta l ly )  l ose: t o  bo rraw a ph rase 
from the song  'Me  and Bobby McGee: and i n  Ars Ca l i forn i a  words  are a lways too s l ow. " " Memet ic  

f l esh?  That's ce rta i n l y not  a soc i o l og i ca l  rheto r i c  of evo l ut i o n  o r  d evo l ut i on ,  but  someth i n g  rad i c a l l y  d i f­
ferent .  It 's ne i t he r  futu re nor  h i sto ry, but the mo l e c u l a r  present .  a f l oat i ng  ou t l aw zone where memes 
fo l d  i nto genes .  I n  SF, memes have abandoned the a rt academy, becom i n g  popu l a r  c u l tu re for the 2 1  s t  
centu ry. Memet i c  as da i l y  l i fe i n  cyber-c ity, the  k i nd  of p l a ce  where the v i r u s  of the tech future d i g s  i t s  
way u nder  the s k i n ,  l i ke an  i t ch  o r  a so re  o r  a v i ra l  meme that j u st won ' t  g o  away. " 

They d i scover the "a rt of d i rty memes:' u noffi c i a l  out l aw a rt that 's pract iced i n  h i dden  ware-



houses ,  storefront g a l l e r i e s  a nd  g hetto schoo l s .  " D i rty memes? That's what happens  when  memet i c  

e ng i nee r i ng  escapes  i nto the street of cyberc ity, and  i t s  scen t  i s  p i c ked  u p  by v i ra l  a rt i sts .  N e it he r  tech ­

n otop i a n ,  n o r  tec h nophob i c ,  memet i c  a rt i n  the streets o f  S F  i s  a lways d i rty, a lways r ubb i ng  memes  
aga i n st genes ,  a lways e l i c k i n g  i n  ( ou r )  memet i c  f l e sh . "  

A l i tt l e  l a te r, the Krokers subm i t  a d i g i ta l postscr ipt :  "Memet i c  f l e sh  means  t ha t  u nde r  the  

re l e nt l ess p ressu re  of the  wi l l  to v i rtu a l i ty, the boundar ies  betwee n  memes and  genes ,  betwee n  c u l ­
tu re and  b i o l o gy, becomes permeab l e  a nd  f l u i d  and  m i rrored a n d  i n stant ly  revers i b l e .  M emet ic  f l e s h  i s  
about  t h e  ' anx i ous  m e m e ' .  To date ,  t h e  debate on  t h e  Ars Sympos i um  has  recap i tu l ated t h e  h i sto ry o f  

h i g h  modern i sm .  I ndeed ,  t h e  terms o f  t h e  debate with its recyc l i ng at t h e  l eve l  o f  memet i c  e n g i n ee r i n g  

of ea r l i e r  debates between  t ech  myst i e i sm and t e ch  rea l i sm ,  don 't d i stu rb the sti l l  waters of modern i sm  

at a l l  beca use  it j u st conf i rms the imposs i b i l i ty o f  brea k i ng  ou t  o f  the cyc l e  o f  hyper-( memet i c )  i d ea l ­

i sm  and  hyper- (soc i a l )  rea l i sm .  A beaut i fu l museum o f  t h e  modern m i n d .  Memes i s  as  M i mes i s . "  
The cyber-fem i n ist  g r o u p  VNS-Matr ix posts t h e i r  " B i teh M utant Man i festo , "  command  l i n e  

poetry for sedueed o n - l i n e rs ,  d i g ita l add i cts :  " Read o n l y  m y  memor ies .  U p l oad me  i nto your  porno­

graph ie  imag i nat i o n .  Write me .  We a re the ma l i g nant acc ident wh i e h  fe l l  i nto you r  system w h i l e  you 

were s l e ep i n g .  And when  you wake we wi l l  term i n ate you r  d i g i ta l d e l u s i ons ,  h i j ack i ng  you r  i m pecea­
b le  softwa re .  SUCK MY CODE .  The l i m i t  i s  NO  CAR R I ER ,  the sudden shoek  of n o  eontact, rea c h i n g  out  

to touch ,  but  the s k i n  i s  co l d  . . .  I become the F I R E .  F l ame me if you da re . "  

I n  t h e  meanwh i l e ,  severa l pa rt i c i pants reaeted t o  the " M emes i s  Statement"  a nd  R i c h a rd 

Ba rbrook's c r i t i q u e .  S imo n  Penny reacts to the or ig i n a l  "Memes is  Statement" : " H uman i ty has  N OT co­
evo lved with its a rt i facts i n  any  b i o l o g i e a l  sense .  S u rviva l i nto the n ext centu ry depends not  on  whethe r  
genes  wi l l  ' co-evo lve w i t h  . . .  a rt ifacts ' b u t  whethe r  they ean survive the effeets of t h o se  a rt i facts . The  

' future of evo l ut i o n '  q u a  b i o l og i ca l  evo l ut ion  i s  on l y  brought i nto q u est ion  by  the eance rous  p ro l i fe ra­
t i o n  of one  pa rt i e u l a r  spec ies ,  homo sap i ens . "  

He  adv i ses  u s  to th i n k  twiee before ou r  m i n d  cons ide rs movi n g  out  to take  u p  res i dence  o n  the  
N et .  G l oba l  n etwo rks as  the " u l t imate hab itat for the human  m i nd " ?  " I t  baff l es  me  that t h i s  rheto r i c  o f  

'tra nscendenee v ia  the  Net' d i d  n ot d i e  a qu i c k  death  a deeade ago .  Doesn 't a nybody rea l i se  j u st how 
corny and  retrograde the  not ion  i s ?  I t  i s  j ust one  facet of a genera l  a rg ument  a ga i n st the body, wh ich  

has  been  a n  ongo ing  cha raeter ist ic  of weste rn ph i l osophy and Ch r i s t i an  theo l ogy. Wi l l i am  G i bson 's 
Cyberp u n ks proc l a imed  ' the body is meat '  but they d i d  not pause to n ote how s i m i l a r  t h e i r  pos i t i on  was 

to that of St .  August i n e . "  
Robert Ad r i a n  (Vi e n na )  a l s o  comments on  t h e  "modern" not ion  o f  evo l ut i o n ,  as  i t  i s  u s e d  i n  t h e  

" Memes i s  Statement . "  I t  m i g ht a s  we i l  be othe r  peop l e 's evo l ut i on ,  n o t  o u rs . . .  " Evo l ut i o n  i s  treated 
as  a o ne-way street . . .  a lways better, a lways imp rovi n g .  But the concept of evo l ut i on  i s  not  abou t  

' p rogress '  but about  ada ptat i o n .  Th i s  means tha t  a spec i es  may  be pe rfect ly spec i a l i sed  for a spee i f i e  
env i ronment  but i s  utte r l y  h e l p l ess s hou l d  the env i ronment change  . . .  I n  the f u tu re  the wo r l d  may 

beeome a very uncomforta b l e  p i  ace for soe iet ies of h igh  consumers .  Presumab l y  the memes/genes  that 

s u rv ive i nto the n ext m i l l e n n i u m  wi l l  be those of the e l eetron i ea l l y e ndowed.  That i s ,  members of the 

e l ectro n i c  master-race .  But  there i s  not  rea l l y mueh  support for the assumpt ion  that because i n d u st r i ­

a l  c u l t u re has  e reated th i s  tec h no l ogy, i t  somehow OWN S it . " 
The a rt i st  Perry Hoberman i s n 't ve ry happy with the " demo l i t i on  de rby. " Accord i n g  to 

Hobe rman ,  "the eoncept of meme has been subjeeted to such extreme  m utat i on  that its progeny have 
a l most become u n reeog n i za b l e . "  He  the refore i ntrod uces i nto the d i scuss i on  two " m i sshapen  m utant  

memet i c  c h i l d re n , "  the  L iv i n g  Meme and  the Imposter Meme .  "The L iv i n g  Meme i s  c ross-bred with the  

rheto r i e  of (strong )  Art i f i c i a l  L i fe  and  Art if i c i a l l n te l l i genee and  the  wide-eyed not ion  of g l oba l  networks 
ach i ev i ng  both autonomy and consc i ousness .  The L iv ing Meme i s  ready to ru n the who l e  s how. The 

I mposter Meme o n  the  othe r  hand i s  a lways found  g ross ly  wanti n g  and has  been tak i ng  the ra p he re 
Ln 
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for  j u st about every soc i a l  i l l  of the twent i eth centu ry. A front man  for Soc i a l  Da rwi n i sm  and F i n a l  
S o l ut i ons ,  the L i v i n g  Meme  and  t h e  Imposte r Meme a re i n  fact obvi o u s l y  i d ent i ca l good-and-ev i l  

twi n s . "  

Hoberman proposes t o  return t o  t h e  o r i g i n a l  def i n i t i o n  of memes ,  co i ned  by R i cha rd Dawk i n s  

i n  "The  Se l f i s h  Gene . "  "The meme i s  presented t he r e  ne i t he r  a s  the bu i l d i n g  b l o ck  f o r  some eventua l  
a utonomous rea l m  that wou l d  supp l ant b i o l o g i c a l  evo l ut i o n ,  n o r  t o  i m p ly that the d i rect i on  a n d  deve l ­

opment o f  h uman  c u l tu re a re comp l ete ly o u t  o f  o u r  h a n d s .  The meme  i s  pos i ted i n stead as  a u n it o f  c u  1-
tu ra l  t ransm i s s i o n ,  ana logous to the gene .  I f  we a re go i n g  to use  a term,  we ought to have a reason­
ab le  unde rsta nd i n g  of i t . "  

Accord i n g  to Roy Ascott, we shou ld take meme as  a metapho r. Bu t  the re i s  no t ruth beh ind a 
metapho r. Ascott i s  i n  favou r  of a " pragmat ic a pproac h . "  " I s  the  metapho r  of meme usefu l  to a rt i sts? 
The answer i s  yes. Is the idea of a meme space, unde rstood as  a k i n d  of c o l l ect ive i n te l l i gence ,  a com­

mun ity of m ind ,  usefu l to  a rt i sts7 Yes ,  i t  i s o  The who l e  c o l l a borat ive enterp r i se  i n  a rt i s  based on  the 

i dea  of sha red consc i ousness .  I t  i s  the f i e l d  of consc iousness  wh i ch  a rt i sts now wish  to exp l o re .  I t  i s  

te l emat i c  consc i o usness wh ich presents t h e  oppo rtun ity and  cha l l enge  to a rt as  i t  moves beyond its 
l umpen  concern with the su rface appearance of the wor l d .  Can  we speak yet of a memet i c  aesthet i c  

rep l a c i n g  the o l d  m i met ic a rt? I t  depends .  The meme metapho r  fa l l s  f lat  cons i de red i n  re la t ion  to the 

o l d  b i o l o g i c a l  processes of cogn i t i on .  But i n  its post-b i o l o g i c a l  context ass i m i lated ,  t ra nsposed ,  trans ­

m itted and transformed by the processes of human  cybercept i on ,  the  meme metapho r  acq u i res cons i d ­

e ra b l e  potency. " 
S i m u l taneous ly, as one of the last i n  th i s  "f i rst rou n d "  of network d i scuss i ons ,  Manue l  

DeLanda g oe s  f u rther  with t h e  i dea o f  t h e  " n on-gener i c  rep l i cator. "  I n  t h i s ,  he  c r i t i c i zes Dawki n s :  

" Dawki ns  adopted the term meme because the mode of rep l i ca t i on  he  had i n  m i nd was im itat i o n .  Yet, 

the sounds ,  mea n i ngs ,  and syntact i ca l  construct ions of h uman  l a nguage  ( and  most of the othe r  rep l i ­

ca tors that m a k e  h u m a n  soc iet ies work, s u c h  as  contracts, l aws etc . l  a re n o t  ent i t i es  that rep l i cate 
th ro ugh  ' i m itat i o n '  but i nst itut i ona l  norms which rep l i cate th ro ugh  ' o b l i gatory repet i t i o n ' .  I persona l l y  
wou l d  restr ict t h e  term meme t o  app ly  exc l us i ve l y  t o  patte rns o f  ' behav ior '  transm itted through  im ita­

t ion ,  such as  b i rd songs or too l -use i n  apes ,  o r  fash i o n s  and  fads i n  h umans . "  
But be s i d e s  rep l i cators, there a re a l so i nteractors :  i n  b i o l o g i c a l  terms e nzymes and i n  h uman  

soc i ety " speech  acts , "  as DeLanda suggests .  He  wa rns  us  to be p r e c i s e  and  t a ke  t e rms  l i ke meme l i t­
e ra l l y, with prope r  techn ica l care. "The po i nt is that u n l e ss  we a re very spec i f i c  a bout  both rep l i cators 

and  i nteractors when ta l k i ng  about non-b i o l o g i c a l  f i e l d s ,  we r isk fa l l i ng i nto me re metaphor. Not that 

meta phors are use l ess ,  they a re not .  But the point that Dawk i n s  i s  t ry i n g  to make is p rec i se l y  that the 
re l a t i on  between  memes and genes i s  not one of metapho r i ca l  a n a l ogy but of 'deep i somorph i sm ' . "  

P.S .  Wh i l e  th i s  text i s  be ing  prepared for p ub l i cat i on ,  t h e  presenter i s  a l so try i ng  t o  focus  the 

d i s cuss i on  on  the other top ics  the "Memes is  Statement" p i n po i nted :  cyborg theory and  med ia  memory. 



WWW-Memesis Reference L ist 

Arkuat's Meme Workshop 
http://www. c2. org/-arkuat/meme 
Collection of links to memetics and philosophy 
Mark Dery: Escape Velocity 
http://www. well. com/user /markdery/ESCAPE/VEL DCI TY/links/ 
Links to the book about cyberculture 
School of Cognitive and Computing Sciences 
http://www. cogs. susx.ac. uk/lab/adapt/indexhtml 
Evolutionary and Adaptive Systems at  CDGS, from artificial evolution to evolutionary robotics 
Non-Cartesian Cognitive Science 
http://www. cogs.susx. ac. uk/users/ronaldl/noncartesian.htm I 
Very comprehensive page concerning fields such as cognitive psychology, philosophy, artificial life, and their areas 
of congruence. 
AI, Cognitive Science and Robotics 
h ttp://www. cs. ucl. ac. uk/misc/ai/ 
The University College London 's WWW guide to research groups and resources 
Agents of Alienation 
http://www. voyagerco. com/misc/jaron. h tml 
Dne of the few critical treatments on the subject of "software agents " by "Cyberspace Guru " Jaron Lanier 
EFF "Cyborg Anthropology" Archive 
http://www. eff. org/pub/NeCculture/ Cyborg_anthropology/ 
Archive of the Electronic Frontier Foundation on the subject of cyberculture, including a "trialog " with Mark 
Pauline, Manuel DeLanda, and Mark Dery, plus an article by Anne Balsamo on "VR and the human body" 
Principia Cybernetica Web 
http://pespmc 1 .  vub. ac. be 
The Project's aim is the computer-supported collaborative development of an evolutionary-systemic philosophy. 
Lynn Cherny's  MUD Papers 
http://bhasha.stanford edu/-cherny/papers. h tml 
Deals with various aspects of text-based virtual realities such as "Objectifying the Body in the Discourse of an 
Object-Oriented MUD " 
The Pinnochio Theory by Richard Barbrook 
http://www. hrc. wmln. ac. uk/hrc/manifesto/pinnochio.html 
A review of Out of Control. the New Biology of Machines by Kevin Kelly which argues that  the biological 
metaphor is used to justify Social Darwinlsm and neo-liberal economic policies. 
Reponses to the Holocaust 
http://jefferson. village. virginia edu/holocaust/response. html 
"This hypermedia sourcebook is designed and organized according to disciplines and media tha t  have 
simultaneously influenced our understanding of the Holocaust" 
Of Man, Mind and Machine 
http://www. dataspace. com/documents/consciousness.html 
Meme-Based Models of Mind and the Possibility for Consciousness in Alternate Media 
The Hybrid Cyborg 
http://www. realid. com/Modern ldentity/hybrids.html 
This site deals with aspects of the body in Cyberspace discussing movies like "Blade Runner" or performances of 
Survival Research Laboratories 
The Genetic Aigorithms Archive 
http://www.aic. nrl. navy. mil:80/galist/ 
The Genetic Aigorithms Archive is a repository for information related to research in genetic algorithms. 
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A r s  E l e c t r o n i c a  9 6  

M i n d V i r u s e s  
Compute r  v i ruses a re p i eces of code that g raft themse lves i nto ex ist i ng ,  l eg i t i mate programs 

a nd  s u bvert the norma l  act ions of those programs .  They may trave l  on  exchanged f l oppy d i sks ,  o r  ove r 
netwo rks .  

DNA v i ruses and computer v i ruses spread for  the same reason :  an  env i ronment ex i sts i n  wh i ch  

t he re i s  mach i ne ry we i l  se t  up  to  d up l i cate and  spread them a round  and to obey the i n struct i o n s  that 

the v i r uses  embody. These two env i ronments a re ,  respect ive ly, the env i ronment  of ce l l u l a r  phys i o l ogy 

and the env i ronment  prov ided by a l a rge comm u n ity of computers and  data-han d l i ng mach i n e ry. Are 
the re any oth e r  env i ronments l i ke these, any other h umm i n g  pa rad i ses  of rep l i cat ion? 

We don 't exactly p lug f loppy d i sks into s l ots i n  one  a nothe r's sku l l s ,  but we exchange  sen­
tences ,  both th rough  our  ears and through o u r  eyes .  We not ice each othe r's sty l es  of mov ing  and  d ress­
ing and are i n f l u enced .  We take i n  advert i s i ng  j i n g l es ,  and a re presumab l y  persuaded by them; other­

w i se ,  h a rd-headed bus i nessmen wou ld  not spend so much  money po l l ut i ng  the a i r  with them .  

Th i n k  a bout  the  two qua l i t ies t ha t  a v i r us ,  o r  any so rt of pa ras i t i c  rep l i cator, demands  of a 

fr i e nd l y  med i um ,  the two qua l i t ies that make ce l l u l a r  mach i ne ry so fr i end l y  towa rds paras i t i c  D NA, and 

that make computers so fri end ly  towa rds computer  v i r uses .  These q u a l i t i es  a re ,  f i rst l y, a read i n ess to  
rep l i cate i nformat i on  accu rate ly, pe rhaps wi th  so me  m i stakes that a re s ubseq uent ly  reprod uced accu­

rate ly ;  and ,  second l y, a read i ness to obey i n struct i ons  encoded i n  the i nformat ion  so re p l i cated .  
Ce l l u l a r  mach i nery and e l ectron i c  computers exce l  i n  both these v i r u s-fr i end l y  q u a l i t i e s .  How 

do  h uman  b ra i n s  match up? As faithfu l d up l i cators ,  they a re ce rta i n ly l ess  pe rfect than e ither c e l l s  o r  

e l ectro n i c  computers .  Neverthe l ess ,  they a re sti l l  pretty good ,  perhaps about  a s  fa ithfu l a s  a n  RNA 
v i r u s ,  t hough  no t  as  good as DNA with a l l  i t s  e l a bo rate proofread i ng  measu res  aga i nst textua l  deg ra­

dat i o n .  Ev idence of the f ide l ity of bra i ns ,  espec i a l l y c h i l d  b ra i n s ,  as  data d up l i cators i s  prov ided by lan­
guage i tse l f .  S haw's Professor H i gg i n s  was ab le by ea r  a l o n e  to p lace Londoners i n  the st reet where 
they g rew up .  F i ct i on  is not ev idence for anyth i n g ,  but  everyone  knows that H i gg i ns 's f i ct i o na l  s k i l l  i s  

o n l y  a n  exagge rat ion  o f  someth i ng  we can a l l  d o .  Any Amer i can  can  te l l  Deep  South  f rom M i dwest, 
N ew Eng l a nd  from H i l l b i l l y. Any New Yorker can te l l  Bronx from Brook lyn .  Equ iva l ent c l a im s  cou l d  be 

s u bstant i ated for  any country. Wh at th is phenomenon means  i s  that h uman  b ra i n s  are capa b l e  of p ret­
ty accu rate copy ing  (otherwise the accents of, say, N ewcast l e  wou l d  not be sta b l e  enough  to be rec­

ogn i z ed )  but with some m i stakes (otherwise pro n u nc i a t i on  wou l d  not evo lve ,  and a l l  spea kers of a l a n ­
g uage  wou l d  i n her i t  ident ica l l y the same accents f r om the i r  remote ancestors ) .  La nguage  evo lves ,  
because i t  has both the great sta b i l i ty and the s l i g ht changea b i l ity that a re prerequ i s i tes for any  evo lv­

i n g  system .  
T h e  second req u i rement o f  a v i rus-fr i e nd l y  env i ronment-that i t  s h o u l d  obey a program of 

coded i n struct i ons-is aga i n  on ly  quantitat ive ly l ess  true for b ra i n s  than for ce l l s  o r  com puters .  We 
somet imes  obey o rde rs fram one another, but a l s o  we somet imes don 't .  N eve rthe l ess ,  i t  is a te l l i n g  fact 
that. the world over, the vast majo r ity of c h i l d ren  fo l l ow the re l i g i o n  of the i r  parents rathe r  than any of 
the other ava i l a b l e  re l i g ions .  I nstruct ions to genuf l ect .  to bow towa rds Mecca, to nod one 's head rhyth­

m i ca l l y towa rds the wa l l ,  to shake l i ke a man iac ,  to " speak  in tong ues "-the l i st of such a rb i t rary and  
po i n t l ess  moto r  patterns offe red by  re l i g i o n  a l o n e  i s  extens i ve-a re obeyed, if no t  s l av i sh ly, at l east 

with some reasonab ly  h igh  stat i st ica l probab i l i ty. 
Less portentous ly, and aga i n  espec i a l l y  p rom i nent in c h i l d re n ,  the "craze" i s  a str i k i ng  exam­

p ie of behavi o r  that owes more to ep idem i o logy than  to rati o na l  cho ice .  Yo-yos ,  h u l a  hoops and  pogo 
st icks ,  with the i r  assoc iated behav io ra l  f i xed act i ons ,  sweep th ro ugh  schoo l s ,  a nd  more sporad i ca l l y 
l e a p  from schoo l  to schoo l ,  in patte rns that d i ffe r from a meas l e s  ep i dem i c  in no se r i ous  pa rt i c u l a r. Ten 



years ago ,  you cou l d  have trave l ed  thousands of m i l es through  the U n ited States and  never seen  a 

baseba l l  c ap  tu rned back to front .  Today, the reverse baseba l l  cap is u b i q u i tous .  I do not know what the 
pattern of geograph i ca l  spread of the reve rse baseba l l  cap prec ise ly  was, but ep i dem i o l ogy i s  ce rta i n ­
Iy among  the profess i ons  p r ima r i l y  q u a l i f i ed  to study i t .  We don 't have to get i nto a rg uments about  

"determ i n i sm " ;  we don 't have  to c l a im that  c h i l d ren  a re compe l l ed to i m itate the i r  fe l l ows' hat fash ­

i ons .  I t  i s  enough  that  t he i r  hat-wear i ng  behav ior, as a matte r o f  fact. i s  stat ist ica l ly affected by the 
hat-wea r i ng  behavi o r  of the i r  fe l l ows .  

Tr i v i a l  though they a re ,  c razes prov ide  us with yet mo re c i r cumstant i a l  ev idence that h uman  

m i nds ,  espec i a l l y  perhaps j uven i l e  o n e s ,  have t h e  q u a l i t ies that we  have s i n g l e d  o u t  as  d e s i r a b l e  for 

a n  i nformat i ona l  paras i te .  At the very l east the mind i s  a p l a u s i b l e  cand i date for i nfect i on  by someth i n g  

l i ke a computer v i r us ,  even i f  i t  i s  n o t  q u ite s u c h  a paras ite 's d ream env i ronment as  a c e l l  n u c l e u s  o r  

a n  e l ectro n i c  computer. 

Progress ive evo l ut i on  of more effect ive m i nd-paras i tes wi l l  have two aspects .  New " mutants" 

( e ithe r  random o r  des i gned  by h u mans )  that a re better at spread ing  wi l l  become mo re n umerous .  And 

there wi l l  be  a gang ing u p  of i deas  that f l o u r i s h  i n  one anothe r's presence ,  i deas  that mutu a l l y  suppo rt 

one  another  j u st as genes  do and ,  as I have specu lated,  computer v i ruses may one  day do .  We expect 
that rep l i cators wi l l  go  around togethe r  from bra i n  to bra i n  i n  mutua l l y  compat i b l e  gangs .  These gangs  
wi l l  c ome  to const itute a package ,  wh i ch  may be suff i c i ent ly sta b le to deserve a co l l ect ive name  such  

as  Roman  Catho l i c i sm  o r  Voodoo .  I t  doesn 't t oo  much  matter whether  we a na l og i ze  the who l e  package 
to a s i n g l e  v i r us ,  or each one  of the component pa rts to a s ing le  v i rus .  The ana l ogy i s  not that prec i s e  

anyway, j u st as  the d i st i n ct i on  between a com puter v i r u s  and a computer wo rm  i s  noth i n g  to ge t  

worked u p  about .  Wha t  matters i s  t ha t  m i nds a re f r i end ly  envi ronments t o  paras i t i c ,  s e l f- re p l i ca t i ng  
i deas  o r  i nformat ion ,  a nd  that  m i nds  are typ i ca l l y mass i ve l y  i nfected .  

L i k e  computer v i ruses ,  successfu l m i n d  v i ruses wi l l  tend t o  be ha rd f o r  the i r  v i ct ims  to detect .  

I f  you a re the v ict im of one, the  chances a re that you won't know it .  and  may even v i go rous l y  deny i t .  

Accept i ng  that a v i r us  m i g ht be d i ffi c u l t  to detect i n  your  own m i nd ,  what te l l -ta l e  s igns m i g ht you l o o k  
out  for? I sha l l  a nswer by  imag i n i ng how a med i ca l  textbook m i ght descr ibe t he  typ i ca l  symptoms  o f  a 

suffe rer ( a rb i t ra r i l y  assumed  to be ma l e ) .  

1 .  T he  pat ient typ i c a l l y  f i n d s  h i mse l f  impe l l ed  b y  s ome  deep,  i n ne r  conv ict ion t h a t  someth i n g  
i s  t r u e ,  o r  r i g ht. o r  v i rtuou s :  a conv ict ion that doesn 't  s eem  t o  owe anyth i n g  to evi dence o r  reason ,  bu t  

wh i c h ,  n eve rthe l ess ,  he  fee l s  as  tota l l y  compe l l i n g  and convi nc i ng .  We doctors refe r to such  a b e l i ef 

as "fa i th . "  
2 .  Pat ie nts typ i ca l l y make a pos i t ive v i rtue o f  fa i th 's be ing strong a n d  unshakab l e ,  i n  sp ite of 

not be i ng  based upon ev idence .  I ndeed ,  they may fee l  that the less ev idence there is , the mo re v i rtu ­

ous  the b e l i ef .  

3 .  A re l ated sym ptom ,  which a fa ith-s uffe rer may a i so present, i s  the conv i ct i on  that " myste ry, " 

pe r  se ,  is a good th i n g .  It is not a v i rtue  to so lve myste r ies .  Rather we s hou l d  enjoy them ,  even reve l  i n  

the i r  i n so l u b i l ity. 
Any impu l se  to so lve myste r ies  cou l d  be ser ious ly  i n i m i ca l  to the spread of a m i nd v i r u s .  It 

wou l d  not. the refo re ,  be s u rp r i s i ng  i f  the idea that "myste r ies are bette r not so lved"  was a favo red 

membe r  of a m utua l l y  s uppo rt i n g  gang of v i ruses .  Ta ke the "Mystery of Transubsta nt iat i on . "  I t  i s  easy 
and  non-myste r i ous  to b e l i eve that i n  some symbo l i c o r  metaphor i ca l  sense the eucha r ist i c  wine tu rns  

i nto the b l ood  of Ch r ist .  The Roman  Catho l i c  doctr i ne  of transu bstant iat ion ,  however, c l a ims  fa r mo re .  

The "who ie  su bstance "  of the w ine  i s  converted i nto t he  b l ood 0 1  Ch ri st; the appearance of w i ne  that 

rema i n s  i s  " mere ly  acc identa l , "  " i n he r i ng  i n  no su bsta nce" ( Kenny, 1 986,  p .  72 ) .  
Transu bstant ia t i on  i s  c o l l oq u i a l ly ta ught  as mean ing that the w ine  literally turns i nto the b l ood  

of Ch r ist .  Whether i n  i t s  obfuscatory Ar i stote l i a n  or i t s  franker  co l l o q u i a l  f o rm ,  the c l a im  of t ra n s ub-
m 
L.{) 
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stant ia t ion  can be made on l y  if we do se r i ous  v i o l e nce  to the no rma l  mean i n g s  of words l i ke " s ub­

sta nce"  and  " I i tera l ly. " Redef i n i n g  words is n ot a s i n ,  but .  if we use  words l i ke "who i e  s u bsta nce"  and 
" I i tera l ly" for t h i s  case ,  wh at word a re we go i ng  to use  when we rea l ly and  t ru l y  want to say that some­

th ing d i d  actu a l l y  happen? As Anthony Kenny observed of h is  own puzz l ement  a s  a young sem ina r i an ,  
" Fo r  a l l  I cou l d  te l l ,  my  typewriter m ight  be Benj am i n  D i s rae l i  tra nsubstant iated 

Roman Catho l i c s ,  whose be l i ef i n  i n fa l l i b l e  a utho r i ty compe l s  them to accept that wine 
becomes phys i ca l ly transformed i nto b l ood desp ite a l l  a ppearances ,  refe r to the  " mystery" of transub­

sta nt iat i o n .  Ca l l i n g  it a mystery makes eve ryth i n g  OK ,  you see .  At l east .  it works for a m i nd we i l  pre­
pa red by background  i nfecti on .  Exact ly the same tr ick i s  pe rfo rmed in the " myste ry" of the Tri n i ty. 

Myste r ies  a re not meant to be so lved ,  they are meant  to str ike awe.  The "myste ry is a v i rtue"  idea 

comes to the a id  of the Catho l i c ,  who wou l d  otherw ise  f i nd  i n to l e rab l e  the o b l i gat ion  to be l i eve the 

obv i o u s  non  sense of the transubstant iat ion and  the "three- i n -on e , "  

An extreme  symptom o f  "myste ry i s  a v i rtue "  i nfect i on  i s  Te rtu l l i a n 's " Ce rt um e s t  q u i a  impos­
s i b i l e  est" ( " i t i s  ce rta i n  beca use i t  i s  imposs i b l e " ) .  That way madness l i e s .  One i s  tem pted to q u ote 

Lewis  Car ro l l 's Wh ite Queen ,  who, in response  to A l i c e 's "One  can 't be l i eve i mposs i b l e  t h i ngs "  retort­
ed "I da resay you haven't had much pract i ce . . .  When I was you r  age ,  I a lways d i d  i t  for ha l f-an -hou r  

a day. Why, somet imes  I 've be l i eved as many as  s i x  i m poss i b l e  t h i ngs  befo re  b reakfast . "  O r  Doug l a s  
Adam 's E l ectr ic Monk ,  a l abor-sav ing dev ice prog rammed to do  you r  b e l i ev i ng  for  you ,  wh i ch  was  capa­

b le  of " be l i ev i ng  th i ngs  they 'd have d i ffi cu lty b e l i ev i ng  i n  Sa l t  Lake C i ty" and  wh ich ,  at the moment  of 

be ing i ntrod uced to the reader, be l i eved, contrary to a l l  the  ev i dence ,  that everyt h i n g  i n  the wor l d  was 

a u n iform shade of p ink .  But White Queens and E l ectr ic  Monks become less funny when you rea l i ze 
that these v i rtuoso be l i evers a re i nd ist i n g u i s hab l e  from reve red theo l o g i a n s  in rea l l i fe .  " It i s  by a l l  

means  t o  be be l i eved, because i t  i s  absurd"  (Te rtu l l i a n  aga i n ) .  S i r  Thomas B rowne ( 1 635)  q uotes 
Te rtu l l i a n  with app rova l ,  and goes fu rther :  " M eth i n ks there be not i m poss i b i l i t i es  enough  i n  re l i g i o n  for 

a n  act ive fa i th . "  And " I  des i re to exerc i se  my fa i th i n  the d i ffi c u ltest po i nt; for to cred it  o rd i n a ry and 

v i s i b l e  objects i s  not fa ith ,  but persuas ion  ( s i c ) . "  
4 .  The sufferer may  f i n d  h imse l f  behavi ng i n to l e rant ly  towa rds vectors of r iva l fa i ths ,  i n  extreme  

ca ses even k i l l i ng t hem or  advocat ing the i r  deaths .  He  may be s im i l a r l y  v i o l ent i n  h i s  d i spos i t ion towa rds 
apostates ( peop l e  who once held the faith but have renounced it ) ;  o r  towa rds heretics (peop le  who 

espouse a d i fferent-often, perhaps s i gn i f ica nt ly, on ly ve ry s l i g ht l y  d i fferent-vers i o n  of the fa ith ) .  He 
may a i so fee l  host i l e  towa rds othe r  modes of thought that are potent i a l l y i n i m i ca l  to h is fa i th ,  such  as  

the method of sc ient if ic reason wh ich may funct ion  rathe r  l i ke a p i ece of ant i -v i ra l software .  
5 .  The pat ient may not ice that the part i c u l a r  conv ict i ons  that he ho l d s ,  wh i l e  hav ing noth i n g  to 

do with ev idence ,  do seem to owe a g reat dea l  to ep i d em i o l ogy. Why, he  may wonde r, do  I ho l d  t h i s  

se t  of conv ict i ons  rather t han  tha t  set7 I s  it because  I s u rveyed a l l  the wor l d 's fa i ths and  chose  the one  
whose  c l a ims  seemed  most convi nc i ng? A lmost certa i n ly no t .  I f  you have  a fa i th ,  i t  i s  stat i st ica l l y  over­

whe lm i n g l y  l i ke l y  that it i s  the same fa ith as  your parents and g randparents had. No doubt soa r i ng  

cathed ra l s ,  st i r r i ng  mus i c ,  mov ing  sto r ies and pa rab l e s  he l p  a b i t .  But  by fa r the most i mportant va r i ­
ab le  d eterm i n i ng your  re l i g i o n  i s  the acc ident of b i rth .  The conv ict i ons  that you so pass ionate ly be l i eve 

wou l d  have been a comp lete ly d i fferent. and l a rge l y  contrad i ctory, set of conv ict i ons ,  i f  on l y  you had  
happened to be bo rn  i n  a d i fferent p i  ace .  Ep i dem io l ogy, not ev i dence .  

6 .  I f  the pat ient i s  one of the rare except ions  who fo l l ows a d i fferent re l i g i o n  f r om h i s  parents ,  

the  exp l a nat ion  may sti l l  be ep idem io log i ca l .  To be s u re ,  i t  i s  poss i b l e  that he  d i spass i onate ly  su rveyed 
the wor ld 's fa i ths and chose the most conv i n c i ng  one. But i t  i s  stat i st i ca l ly more probab l e  that he has  

been exposed to a part i cu l a r l y  potent i nfective agent-a John  Wes l ey, a J i m  Jones  o r  a St .  Pau l .  H e re 
we a re ta l k i n g  about  hor izonta l transm iss i on ,  as in meas l e s .  Before ,  the ep i d em i o l ogy was that of ver­
t i ca l t ransm i ss i o n ,  as  i n  H u nti ngton 's Chorea .  



A r s  E l e c t r o n i c a  9 6  

F o r a D i g i t a l R e n a i s s a n c e 
o f  S i t u a t i o n i s m  

N oth i n g  goes  without  say ing  a nymore .  At l east not much ,  to put i t  a b i t  mo re cau t i o u s l y  And 

techno l ogy-based a rt i s  m i s u nde rstood by many peop l e  anyway. Of cou rse ,  there a re a l o t  of d i ffe rent 

reasons for that .  Bu t  i t  s hou l d  be pretty obv i ous-and why e lse wou l d  we even get  i nvo lved in impas­
s ioned d i scuss i ons  l i ke th i s7-that the va r ious  forms of techno l ogy-based a rt, a l on g  wi th  tec hno l o g i ­

c a l  deve l opment i tse l f  and  the effect i t  i nc reas i ng l y  exerts u pon  everyday l i fe ,  h ave  g rad u a l ly o r i ented 
themse lves u pon a s i n g l e  sphe re of man i festat ion-name ly, the rea l m  of data . A foreseea b l e  outcome 

of th i s  i s  the g row i ng  s i m i l a r ity of d i ffe rent concepts of a rt .  For the present ,  though ,  t he  d i st i nct i ons  

may st i l l  be usefu l  to the extent that ,  a s  the a rgumentat ion  that  the s u pposed d ivers i ty of c ha racte r i s -
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t i cs  man i fested by a rt p roves i tse l f  to be i nva l i d ,  new cond i t ions can be de r ived . cu 

::c 
Techno l ogy-based a rts thus  have as the i r  p r ime cr i ter ia the i r  respect ive sphe res  i n  wh i ch  they 

man ifest themse lves and  the i r  refe rent i a l  spheres .  We speak,  for examp l e ,  of the i nformat i o n a l  (med i ­

at i zed )  sphe re by  wh i ch  we mean ,  i n  reference t o  med ia  a rt, t he  fo rms of a ppearance a nd  d i st r i bu t i on  

of i nformat i o na l  med i a  wh i ch  a re orga n i zed as a mono logue  and i nc l ude  newspapers ,  TV, etc .  I n  con­

t rast  to th i s  i nformat i o na l  sphere ,  we speak  of a sphere of s i gn if icat i on  as  that of t rad i t i o na l  manage­

ment as  we i l  as  the management of s igns ,  of or i entati on ,  of po l i t i cs-with s i g n i f i e rs such as  l e g i s l a ­

t u r e ,  a rt ,  soc i ety, mo ra l i ty, o r  specta c l e .  S i tuat i on i sm ,  ant i -art, a rt i n  p u b l i c  s paces ,  o r  s paces  to be 

made access i b l e  to the p u b l i c  base the i r  oppos i t i ona l  att i tude upon th is  d i st i nc t i on  a s  one of aesthet­

ics as  we i l .  D i a l o g i ca l l y  o rgan i zed  commun icat ions med ia  and channe l s  estab l i s h  l i n kages  with the 

data sphe re-in  refe rence to commun i cat i ona l  ( o r  te l emat ic )  a rt .  

We take med i a  a rt to mean e i the r  a rt which emp loys techn i c a l  e q u i pment  to p roduce ( and  

ref l ect) images ,  sounds ,  o r  texts, o r  we refer thereby to  a rt wh i ch  conce ives i ts e l f  a s  a form of game 

p l ayed w i t h  i nformat i o na l  med i a .  Th i s  i ntent ion  descr i bes, f o r  examp l e ,  the strategy p u rsued by 

Ma l c o lm  McLa ren  in the l ate 1 970s .  And t h i s  is wh at mus i c  theor ist We rner  J a u k  is refe rr i n g  to when 
h e  i nterp rets the punk rock/med i a  a rt p roject "The Sex P i sto l s "  by Ma l c o lm  McLaren a s  the conse­

q uence of " p rec i s e l y  these ' theoret i ca l  concepts of authent ic ity' commerc i a l ly b l own out  of a l l  propor­

t i o n . "  McLaren " showed how oppos i t i ona l att i tude is so ld  as a commod ity of the rock ' n '  ro l l  b u s i ness 
in  a g i a nt 'swi nd l e ' " i n  wh i c h  he  " made the exp l o i tat ion of the med i a 's trade  i n  ' oppos i t i o n a l  att i t ude ' "  

h i s  own strategy: " I t 's not the med i a  exp l o i t i ng  mus i c i ans ,  but rather a rt i sts exp l o i t i n g  the med ia ,  s e l l ­

i n g  extreme  oppos i t i o na l  att i tudes th ro ugh  t h e  mechan i sm o f  the 'med i a  rock ' n '  ro l l  b u s i n ess '  wh ich  
otherwise so maste rfu l ly d i sab l es  oppos i t i ona l  att i tudes to consumpt ion  goods .  Th i s  process i s  d i s ­

sected and  documented i n  The G reat Rock  ' n '  R o l l  Swi nd l e  i n  wh i ch  the document  i ts e l f  i s  l i kewise 

dec l a red a commod ity: r i n g i n g  u p  a d o ub l e  sa le or para l l e l  theoret i ca l  e l a borat i on  bef i tt i n g  of a rt ,  a 
method of atta i n i n g  i n s i g h t . "  

Proceed i n g  f r om the examp l e  of McLaren 's "med ia  a rt , "  commun icat i o na l  a rt man i fests i tse l f  

a s  a fo rm of p l ay that  o rga n i zes a rt i n  the d i a l og i c a l  data sphere by  b r i n g i n g  together  t h i s  da ta  sphere 

with the techn i c a l  means  of ( d i g i ta l )  c ommun i cat ion .  Assum i ng  that i nteract ive a rt de r ives none  of its 
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concepts from a connect ion to trad i t i ona l  concept i ons  of a rt wh i ch  it tu rns i nto a p l ayth i n g ,  it i s ,  i n  my 

o p i n i o n ,  neverth e l ess based upon the same pr i n c i p l e  patte rn .  
What  s i g n i f i cance can poss i b l y  be atta i ned by a n  i nteract ive a rt that  does not a sp i re to be a 

p l ayth i n g ?  U s ua l l y, i t 's just someth i ng  that consumers buy-e ither  on cred it or on fa i th .  As a form of 
a rt ,  however, i t  ra i ses the quest ion of an  expanded concept ion  of a rt-and usua l l y d i sm isses i t  peremp­
to r i l y, when one  cons iders how i nteractive a rt i nva r i ab l y  fo l l ows mass consumer  demand .  

As a bas i c  precond i t ion ,  expans ion  of the concept i on  of a rt a utomat ica l l y ca l l s  for a p rocess of 

d i sta n c i n g  from o r  a reject i on  of a rt's c l a ims  to a utonomy. The d i s cou rse on  the s ubject of a rt in p u b l i c  
spaces  w a s  ma rked b y  th is  when i t  d i d  n o t  s imp l y  content i tse l f-d i d  it m a k e  us  f e e l  somewhat i l l  a t  

ease?-with negot iat ing forma l  cr i ter ia o f  t h e  l ocat ions  at w h i c h  i t  m i g ht proper ly  appear. T h e  q u es­
t i  o n  of expans i o n  has  been constant ly i nf l uenced by the i nterpretat ion  of the rea l m  i nto wh i c h  a rt cou l d ,  

i n  a conc rete sense ,  expand .  
I m p l i c i t  i n  the se l f-concept i on of trad i t i on a l l y  def i ned a rt ,  meant he re i n  the sense of d iverse 

a rtwork-produc i n g  d i sc i p l i nes ,  i s  the endorsement  of its trad i t i o na l  sphe re of man ifestat i o n ,  the  

endo rsement  of the contexts of d i st r ibut ion ,  a dm i n i strat i on ,  and  exp lo itat i on  to wh i ch  a rt i s  s ubj ect .  
Even the c r i t i q u e  l eve led by trad i t i ona l  a rt at the l ocat i ons  where i t  appea rs-the i n st itut i o n  of the 

g a l l e ry, for i n stance-conta i ns  an  imp l i ed endorsement of the "ga l l e ry"  as a man i festat i o na l  s ite , s i nce  

the sphe re of the ga l l ery i s  not  i dent i ca l  to the ga l l e ry for wh i ch  a spec i f i c  aesthet i c  fo rm has  been  exe­
cuted . A work  of a rt, then ,  i s  an  express ion  of the  acceptance  of the precond i t i ons  of its man i festat i on  

i f  every fo rm of man ifestat ion ,  i n c l u d i n g  t he  c r i t i q u e  upon  i t ,  s ubm its to t hese  precond i t i ons .  The con ­
cept i on  of a work  of a rt s i gn i f i e s  a form o f  s ubm i s s i o n  t ha t  can  be consummated on l y  i n  the work  itse l f .  

A l l  forms of man ifestat i on  have one th i ng  i n  common :  the p rob l emat ic  i s sue  of a utonomy. I n  

most aesthet i c  theor ies ,  a utonomy i s  understood i n  the sense of Kant , l who i ntrod uced Autonom i e  a s  

a p h i l osoph i c a l  concept .  F o r  examp l e ,  N i k l as  L uhmann  s umma r i zed h i s  cons i de rat ions on the s u bj ect o f  
modern  a rt by stat i n g  "that a rt atta i n s  a state of f reedom f r om exte rna l con stra i nts to the extent that 

i t  rejects d e l i m i t i n g  restr ict ions and ach i eves se l f- l i be rat i o n ,  and  its very pretens i ons  to be i n g  a rt a re 
dependent upon  how th i s  is done . "  And for Adorno ,  a utonomy is o n l y  then atta i ned  when a l l  t races of 

the h uman  i mpr i n t  upon form have been comp l ete l y  d i s so l ved : "The p u re r  the forms and the g reater the 
a utonomy of works ,  the more ho rr i b l e  they are. Appea l s  ca l l i n g  for a more h umane  att i tude by works 

of a rt ,  for  a g reater degree of adj u stment towa rd h uman  be i ngs  as  the i r  v i rt ua l  p ub l i c ,  reg u l a r l y  tend to 
d i l ute q u a l i ty and weaken i ntegr i ty of form . "  If, however, the work (as "catego r i ca l  i m pe rat ive " of a rt) 

i s  obso l ete, so then i s  the concept of autonomy-wh ich  t h i s  a uthor  has never feit comfo rtab l e  with 

a nyway. Someth i n g  i s  either autonomous or it i s  not .  G rad ua l  autonomy i s  conceptua l  non sense .  There 
ex i st ,  at best, forms of dependence wh ich can app roach a utonomy. 

The q uest ion of the mean i ng as we i l  a s  of the q u a l i ty of a rt i s  i n i t i a l l y  posed as  a q uest ion of 
the i nterpretat i on  of the spheres of its man ifestat ion ( thro ugh  its appearance there i n ) .  Th i s  l eads  to an 

expans i on  not on l y  of the concept ion of a rt but a l s o  of the concept of d iverse spheres .  Art no  l onge r  

def i nes  itse l f  th rough  the  i nterpretat ion o f  the na rrowly def i ned space  i n  wh ich  it a ppears ,  but  rathe r  by 
means  of its expans ion  i nto other spaces and the i nterp retat i on  of them :  expans i on  of u rban ,  soc i a l  

spaces i nto those wh i c h  constitute themse lves anew as  a resu l t  o f  n ew contexts o f  funct ion and  s i g n if­
i cance .  Above a l l ,  the quest ion i s  how the su bst i tut ion of the work as  a parameter for the concept of a rt 

const itutes ,  th rough the sphere of its man i festat i on ,  a parameter of the mean i ng  and the q u a l i ty of a rt .  
I f ,  for  examp l e , the sphere of a rt i s  no longer  so l e l y  the p l ace of its man ifestat i on  but ,  at the 

same t ime ,  the  p lace where it i s  produced and d i str i buted ,  thus  both " mater i a l "  and object of a rt ,  a s  i s  

i ntended by h i g h ly advanced art forms ,  then we may we i l  have to p ronounce as  obso l ete a g reat dea l  
more than we,  i n  our  trad i t i ona l l ove of a rt, wou l d  prefer. I wou l d  therefore l i ke to focu s  atten t i on  upon 

two forms of a rt that we have never g rown so ve ry fond of : s i tuat i o n i sm ,  on  one  hand ,  and  a nt i -a rt on  



the other. As a resu l t  of the tra i ts they exh i b it ,  both forms enab le  us to ca rry fo rwa rd a d i scou rse  i n  
wh i ch  a rt i s  conce ived t o  some exte nt as  a phenomenon i n  a h i stori c a l  context. Adm i tted ly, t h e  fa i l u re 
of both of them is q u ite evi dent .  The manne r  in wh ich ant i -art once advanced its i nterp retat i on  of the 

sphe re of estab l i shed a rt as  a re i nforcement  of soc i ety and assumed the att i tude of a n  obso l ete wor ld  

v iew i s  j u st as  i napp l i c ab l e  today as  the wor l d  v iew of the s i tuat ion ists .  I f  everyth i ng  i s  mere l y  a ppea r­
ance ,  then so is the s i tuat i o n i st c r i t i q u e  of the cu l tu re of spectac l e ,  fo r wh i ch  whatever appears is good  

i n c l u d i n g ,  the refore, the s i tuat i o n i st cr i t i q u e  of i t .  And neverthe l ess, e l ements a re to be fo und  i n  these 
att i tudes wh ich  cont r i bute  to D u r  o r i entat i on  rega rd i n g  a techno logy-based a rt .  I n  t he i r  f undamenta l 

negat ion  of the cha racter of the work, med i a  a rt, commun i cat iona l  a rt, and  i nteract ive a rt d i s p l ay par ­
a l l e l s  to the theory and  pract ice of ant i -a rt and/or s ituat i on i sm .  (The cha racter of the work i s  s i g n i f i ­
cant  on l y  i n  the context of the exp l o itat i on  and adm i n i strat ion  o f  art . ) But ,  l i ke ant i -a rt a nd  s i t ua t i on ­

i sm ,  the pract ice of med i a ,  c ommun i cat iona l ,  and i nteractive a rt re l egates th i s  e l ement  to i neffect ua l ­
i t y  a s  we i l .  

Ant i -a rt-both i n  its c l a ss i ca l  modern i st express ions such as  Dada ,  F l uxus ,  a n d  V iennese  
Acti o n i sm ,  as  we i l  a s  i n  the movements i n  th i s  d i rect ion du  r i ng  the  1 970s and  ea r l y  1 980s-usua l l y  

assumed a n  oppos i t i o na l  att i t ude t o  t h e  ma rket, perform ing  what was i nterpreted as  t h e  soc i a l  co rrec­

t ive of a rt .  I t  made the attempt to withdraw from the normative as we i l  as  po l i t i ca l ly a l l - con s um i n g  i de ­

o l ogy of (a esthet i c )  l i a b i l i t i es  and  ( pe rsona l )  assets by  abandon i ng  the concept i on  of a rt as  a work  of 

a rt i n  favo r of the i dea  that a rt man ifests itse l f  i n  an  event. I t  thus su bst ituted the concept of the work 

with that of the Concept .  I t  ca l i ed i nto q u est ion the myth of the or i g i n a l  and  the concept i on  of au tho r­
s h i p-wh ich  i ndeed made it s eem i ng l y  i ncompati b l e  with forms ca l i e d  for by the esta b l i s hed  c hanne l s  

o f  exp lo itat i on ,  t h o ugh  i t s  end ,  as  a va l u e  i n  t h e  i n st i tut iona l i zed management  of works and  s i g n s ,  
a rgues  aga i nst th i s  v i ew. Ant i -a rt p l ayed w i t h  t he  concept ion o f  art and  the way  t he  bou rgeo i s i e  a ppro­

pr i ated i t  for  itse l f  a s  a n  i d eo l ogy of conf ident super io r i ty. The game was p l ayed aga i nst a rt i tse l f ;  that 
i s  to say, aga i nst its i n strumenta l i zat ion to strengthen an  i deo l ogy. I t  was i n ev ita b l e  that i t  wou l d  end 

u p  as  an  a rt i s t i c  va l u e ,  s i nce th is was its very po i nt .  
A much more rad i c a l  a pproach-and ,  thus, one that i s  of even g reater i nterest today-was 

taken by the s i tuat i o n i sts of the 1 950s and  1 960s .  The i r  i nterpretat ion  was not focused  on  the i n stru­

menta l i zat ion  of a rt a s  a p i l l a r  su pport i ng  the ideo l ogy of a soc i ety, but  rathe r  upon soc i ety as  a u n i ­
versa l  spectac l e  o rgan ized accord i n g  to t h e  motto " Everyth i ng  that appears i s  g o o d  and  g o o d  t h i n g s  a re 

those wh i ch  appear. "  Art as u nde rstood by the s i tuat i on i sts is not someth i ng  that is p roduced ;  it is a n  
att i tude out  of wh i c h  s i tuat ions  a re constru ed .  I f  we  i nterpret Meme  as  someth i n g  that b r i ngs  about  

both  an  i nc reased atta i nment of knowl edge wh ich i s  adequate wi th  respect to i t s  env i ronment ,  a s  we i l  
a s  the imp l ementat i o n  o f  knowl edge (whereby the a i m  i s  that i t  ach i eve actu a l  fo rm) .  then s i tuat i o na l  

constructs a re a c l ose equ i va l e nt-vi ra l  effects i n  t he  program of s hee r  appearances .  I t  wou l d  perhaps 

be app rop r iate for the u n i f i cat ion of the att i tudes of ant i -art and s ituat i o n i sm to take effect i n  the p ro ­

g ram of the loom ing u n i f i cat ion  of sphe res  (of i nformati on and med i a ,  of data and  s igns )  i nto a s i n g l e  

mono l i t h i c  sphere .  

As a r u l e ,  a work of a rt i s  regarded as " i nteract ive" on l y  if it u nde rgoes change  as  a res u l t  of 

i nte rventi on  on  the pa rt of a n  act ive ly part i c i pat ing observer. I t  i s  the construct i on  of a context that 

makes poss i b l e ,  i n  a type of cho reographed action, the creation of a work of prox imate i n d iv i d ua l ity. 

Th i s  context is the i nte ract i o na l  framework as we i l  as the actor and the work itse l f .  Beyond th i s  frame­

work, t hough ,  i nteract i v i ty does  not cons iderab ly d i ffer from the  stat ic  work  of a rt .  Las t  and  undoubt­

ed l y  l east , the d i scou rse of i nteract iv ity l eads  i nto that of trad i t iona l  a rt and how th i s  d i s cou rse i s  con­

ducted by means  of the s i g n i f i cance of co l o r  or the pedagog ica l va l u e  of v iewing  a work of a rt .  

I nteract iv ity means  ne i the r  a ga in  for a rt itse l f  nor  for the understand i n g  of the sphe res  to wh i ch  i t  a s  

a wo rk  refe rs .  Comp l ete ly  with i n  the trad i t i on  o f  t he  fa i l u re of ant i -art, i nteract ive a rt-at i t s  best ,  
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wh ich  is tantamount to sayi ng i n  the ra rest of cases-contents i tse l f  with t h umb i n g  its nose i n  def i ­
ance  of the a dm i n i strative sphere of a rt .  I t  most ly reproduces  the o l d  i deas i n  d i g i ta l  fo rmat .  The cre­

a t i on  of a n  e l ectron i c  matr ix ( an  a rt i f i c i a l  system of precond i t i o n s  i n  m i n i atu re-the dyna m i c s  of 
i nvers i o n )  wh i ch  u ndergoes a framework s h i ft as  a res u l t  of i n te ract iv i ty bas i ca l l y refers on l y­

thou g h ,  for  contemporary observers certa i n l y  i n  a most i nterest i n g  way-to the o l d  q u a l ity of refer­
ence and, for  the  most part ,  d i ffers from the i nteract ive in the same  way that the Kant i an  concept of 

a esthet ics ( " the  Bea ut ifu l as  an  object from wh i c h  one takes p l easu re  i n  the a bsence  of a l l  i nterests " )  
d i ffe rs from t h e  assert i on  made b y  A l exande r  G ott l i e b  Baumga rten who-to now i nt roduce t h e  word 

"bea ut i fu l "  in a way that can be i ntersubject ive l y  checked and app roved for  subseq ue nt usage-pr i ­
mar i l y  att r i b uted " beauty" not  to obj ects but  rathe r  used i t  to re fe r  to a way of cogn i t i on  ( someth i n g  
can  be "cogn i zed i n  a beaut i fu l way" ) .  One  i s  a form o f  p l ay with i n  a ( I a rge r )  form o f  p l a y  exert i n g  a n  

effect upon  i t  ( offens ive dynam ics l .  whereas the other  i s  compa ra b l e  t o  a p l ayth i n g .  I nvers i o n  dynam­

i cs  a re ana l o gou s  to t he  act ions of framewo rks . To construct a f ramework a ro u nd  a rt ,  t hus  to make i t  
s ubo rd i nate to framework cond i t i ons ,  means  to convert i t  i n to the status of a work .  Art i n  the data 

sphe re  i s  c ha racte r i zed by the exact oppos i te ,  by the d i s so l u t i on  of frameworks . I t s  own d i s so l u t i o n  

a s  a rt i s  i m p l i c i t  i n  t h i s .  However, i t  i s  on l y  th ro ugh  the convers i o n  of i nteract ive a rt i nto the offen s ive 
dyn am i cs of c ommun icat i ona l  a rt that th is d i s so l u t i on  i s  fu l l y consummated as  a tra n sformat i on  i nto 

a new form of o rgan izat i o n .  

I n  commun i cati ona l  a rt, context i s  thus  a c u l t u ra l  fact . A venue  i s  no t  spec i a l l y  c reated fo r  th i s  
form of p l ay; rather, it i s  set i n  mot ion with i n ,  and  on  t h e  b a s i s  o f  t h e  precond i t i ons  of, t h e  p u b l i c  

s p h e r e .  Th i s  c u l t u ra l  framework o f  i nteract ion-at l east i n  t h e  form i n  wh i c h  i t  i s  pe rce ived-is mod­

i f i ed  by dynam i c  users .  The portraya l wh ich  emerges  i s  the  a rt of usage ,  whereby " a rt" i s ,  of cou rse ,  

meant  to have a doub le  mean ing .  Unt i l now, the creat i on  of (aesthet ic )  i nformat ion was usua l l y  a p r i ­
vate  affa i r. The data  sphere ,  however, makes not o n l y  the data  i tse l f  but a l s o  the  creat ion of data/infor­

mat ion i nto a p u b l i c  matter. I n  " Hor i zonta l Rad i o , " z  for examp l e-a project o rgan i zed  on  the I nternet 
and d i st r i buted i nternat i ona l ly th rough  rad i o  hook-up to the net that a l so i n c l uded  l i ve presentati ons­
mus i c ,  sound ,  text, and a l l  ( i n c l u d i n g  aesthet i c )  types of i nfo rmat i on  were i m bued  with a s i g n i f i cance 

tota l l y  d i ffe rent from that  of the i r  fo rm and conte nt a l o n e .  " Hor i zonta l Rad io"  was a n  exper imenta l set­

u p-the f i rst, to my knowl edge-i n which i nformat i o na l  and commun icat i o na l  med i a  were d i a l og i c a l ­

Iy  hooked up ,  and  th i s  to an  extent that prev i ous l y  had been formu l ated o n l y  a s  a utop i an  fantasy. 
Revers i b i l i ty was i ntrod uced i nto th i s  process as  an aesthet ic  catego ry of c r i t i c i sm ,  name ly  as the c r i ­

t i que  of i nformat i on ,  i nc l ud i ng  the aesthet ic i nformat ion  i tse l f ,  wh i c h  was propagated ,  and  thus  mod i ­

f i ed ,  by the channe l s  o f  commun icat i o n .  The i nfo rmat i on  was  processed at each network i n terface 

po i nt , so that each user  cou ld rece ive a vers i on  d i fferent from that rece ived by a l l  othe r  use rs l i n ked to 
the Net .  Thanks to this d i a l ogue ,  i nformat ion  was s ubj ected to a constant c r i t i q u e .  N ot on l y  the aes­
thet ic  i nformat i on  but a l so  the fu nct i ona l  cha racte r i st i cs  of rad i o  i t se l f  were changed :  rad i o  unde rwent 

a se l f-determ i ned p rocess of d ivergence brought  a bout  by the manne r  of representat i o n  and  the func­
t i o na l  mode i nto wh ich i t  was forced .  For examp l e ,  he re  in Austr i a ,  on ly a port i o n  of the i nformat i on  
cou l d  be rece ived v i a  rad io ;  othe r  countr ies got o the r  port i ons .  O n l y  on  the Net ,  i n  the te l emat ic  sphere ,  

cou l d  the i nformat i on  be  received as a who l e-and a l so be subsequent l y  p rocessed .  Th i s  made poss i ­
b le  commun icat ion  v ia  rad io ,  not j u st i nformat i on ,  s uch  that the mono l og i c  a utho r i ty of the med i um  was 

broken down.  The a im of c r i t i c i sm i s  to aga i n  impa rt s i g n i f i cance  to th i n g s .  I n stead of the i r  g iv ing us  

mean i ng ,  " i nform i n g "  us ,  s i g n i f i cance (mean i n g )  i s  p rov ided  to them by  means  of c r i t i q u e  of i nforma­

t i o n .  Rad io had to be rethought because rad i o  i tse l f  had been i nd uced to do so by the process l e ad i ng  

to the d i s sem i nat ion  o f  i nformati on .  
U n i f i ed  i nto a contempora ry s ituat i o n i sm ,  med i a  a rt and  commun icat i o na l  a rt are organ i z i n g  

themse lves for  the i nteractive construct ion o f  commun i c ab l e  s i t uat i ons .  " Ho r i zonta l Rad i o "  was  the 



f i rst s i tuat i on i st project that has taken i nto account the changed and c hang i n g  cond i t i o n s  of o u r  c u l ­
tu re .  

I nteract iv ity a s  a esthet i c  catego ry-name ly, i n  v iew of  the beaut i fu l ( i n  t he  sense  of 

Baumga rten )  way i t  can be seen to have been f u l l y  rea l ized-is pure i nte rface  d e s i g n .  I t s  a pp l i cat ion  
may some day gene rate g raph i cs ,  texts, aud io ,  etc .  I t s  po l i t i ca l  aspect ( the aesthet i c  cate go ry of c r i t i ­

c i sm )  i s  its revers i b i l i ty. Ca rry i ng  over t ra d i t i ona l  aesthet ic cr i ter ia of g raph i cs ,  texts, a u d i o  i nto the  

sphe re of data means  not on l y  acknowl edg i n g  these structu ra l orders, even with the  ( u l t i mate l y, unfor­
tunate ly )  oppos i te i ntent i on ;  they a re a l s o  pu re nonsense in th i s  context of funct i on  a nd  t ho ught .  If the 
q uest ion i s  posed "What sense does  the data sphere make? , "  then g raph i c s ,  texts ,  a u d i o ,  etc .  prov i de  

the f i rst answer as the e l ements wh i ch  comb i ne  to  generate th i s  data sphe re .  T h i s  type  of i nterface 

des i gn  had to p rovoke a new process of q uest ion i ng  l ead i ng  to a future theo ret i c a l ,  soc i a l ,  and c u l t u r­
a l  foundat ion of a rt .  Othe rw ise ,  fo l l ow i ng  the befudd l ement of fee l i ngs  res u l t i n g  f rom the  overempha­

s i s  upon  sensua l  q ua l i t i e s  of percept i on  i n  t rad i t i ona l  a rt, i t i s  to be feared that on ly  cogn i t ive befud­

d l ement i n  v iew of the c l osed system with its dynam ics of i nvers ion w i l l  be  the conseq uence .  

Notes 

1 .  Kant was the first to set out a philosophical-critical treatment of arts claims to autonomy which had emerged 
in theory and practice in a series of successive steps since the Renaissance. In his view, the power of aesthetic 
judgment is directed at objects whose beauty is a "form of functionality, to the extent that  no evident sense of 
purpose can be perceived with respect to the object. " Here, "beautiful " is defined as that  "wh ich, in the absence 
of an abstract concept, is perceived as the object of essential pleasure. " These determinations do not refer to 
perceived contents but rather to form and proportion that accrue to the work of art as a product of freedom. In 
reference to beauty as functionality of things (works of art) without purpose, the free play of the sensual power of 
perception provides the basis of the aesthetic behavior of the subject. 

2. A co-production (lf Ars Acustica and experts of the EBU with TRANSIT, ORF Landesstudio Tirol, ORF-Kunstradio, 
ORF Landesstudio Oberosterreich, and KAPSCH AG. Concept and project organization: Gerfried Stocker-x-space, 
Heidi Grundmann-ORF-Kunstradio. "Horizontal Radio " was on the air at Ars Electronica 95 from June 22 at 12:00 
CET to June 23 at 12:00 CET on the transmitting frequencies of 24 radio stations. 
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N e u r o n - S i l i c o n J u n c t i o n  
o r  B r a i n - C o m p u t e r  J u n c t i o n ?  

I f i rst observed ne rve c e l l s  and s i l i con  wafers wh i l e  work ing on  two d i st i nct ly d i fferent deg ree 
d i s se rtat i o n s  i n  my laboratory at the Un ivers i ty of U l m  in  1 984. At the t ime ,  we were study i n g  how the 

e l ectr i c a l  act iv i ty of nerve c e l l s  i n f l uenced f l u o rescent  dyes and the effects of a rt i f i c i a l  memb rane  l ay­

ers on m i c roscop ic  s i l i con e l ectrodes .  Enth used by the resu lts ,  I used the occas i o n  of the 20th Wi nter 
S em i n a r  " M o l e c u l es ,  I nformat ion ,  and Memory" presented by Manfred E i g e n  i n  Janua ry 1 985 to pre­

sent a paper ent i t l ed  "Bra i n  on L ine? The Feas i b i l i ty of a N e u ron -S i l i con  J u nct i o n , "  i n  wh i ch  I out l i ned 
how a d i rect e l ectr ica l  contact between a n e rve ce l l  a nd  s i l i con  ( a nd  vi ce  versa l cou ld  be constructed .  

In  the  pape r, I wrote : "The i nformat ion process i n g  of the n etworks of n e u rons  i n  a bra i n  and of the n et­
works of s i l i c o n  c h i ps in a computer is coup l ed  at the present moment  macroscop ica l l y  th ro ugh  the 

opto-mechan i c a l  pathway eye-screen  and f i n ge r-keyboa rd ( F i g .  1 a ) .  I s  a d i rect m i croscop i ca l  coup l i n g  

fea s i b l e  ( F i g .  1 b ) ?  T h e  utop i an  quest ion may  be shaped i nto a proper  sc i ent i f i c  p rob l em :  H ow  t o  des i g n  
a n e u ron-s i l i c o n  j u n ct ion?"  

a b 

Fig.  1 Brain-Computer Junction. 
(a) Classical mechano-optical pathay eye-screen and finger-keyboard. 
(b) Imaginary ionic-electrical junction of the computer with the optic and 
motor centers of the cerebral cortex. 

Fig. 2 Neuron-Silicon Junction. Nerve cell (approximately 
60 micrometers in diameter) of a leech ganglion in direct 
contact with 16 transistors in silicon. Electrical voltage 
impulses in the cell directly effect the chip s electronics 4 

The matter d id  not rema i n  at the des i g n  stage .  H owever, a prereq u i s i te for carry i n g  out  a neu ­

ron -s i l i con  j u nct i o n  was the process of l ea rn i ng a nd  maste r i n g  the prod uct ion  of s i l i con  c h i ps a nd  t he  
c u l t ivat i o n  of n e rve ce l l s-by a sma l l  t eam work i n g  i n  o ne  a nd  the same l abo ratory. S i x  yea r s  later, we 
p ub l i s hed  a desc r i pt ion of the f i rst d i rect e l ectr i c a l  j u nc t i on  of a n e rve c e l l  to a s i l i con  tra n s i stor ; l ten 
years later, the  f i rst d i rect e l ectr i ca l  j u n ct i on  of a s i l i con  m i crostructu re to a ne rve c e l l . 2  

S i n c e  t h e n ,  we have performed a deta i l e d  study o f  t h e  phys ics  o f  t h e  c o u p l i n g  o f  n e u rons  a n d  

s i l i c o n 3-6 W e  unde rstand how t h e  q ua l ity o f  t h e  s i g n a l  t ra n sm i s s i o n  i s  affected b y  t h e  geometry o f  the 
ce l l -c h i p  contact and  by the e l ectr i ca l  propert i es  of the c e l l  membra ne  and  of s i l i con .  

A l l  of these stud ies  were ca r r i ed  out us i ng  l a rg e  n e rve ce l l s  ( app rox imate ly  60 m i c rometers i n  

d i ameter )  of l e e c h  gang l i a .  As  an  examp l e ,  F i g .  2 i l l u strates the "wi r i ng  u p "  of s u c h  a n e rve c e l l  with 
the 1 6  tra n s i stors of a s i l i con ch ip .  The f i rst j u nct i o n s  with n e rve c e l l s  from the bra i n  of a rat have 

recent ly  been successfu l ly performed 7 Here ,  the  sma l l  s ize of these c e l l s  ( about  1 0  m i c rometers )  poses 
pa rt i c u l a r  p rob l ems .  

These  l engthy and d i ff i c u l t  expe r iments have  shown u s  j u st how l a rge  a gap  rea l l y  ex i sts 

between  test tube exper iments i nvo lv i ng  a n e u ron -s i l i c on  j u nct ion and  the i nterfac i n g  of the b ra i n  a nd  
the  compute r. We must keep  i n  m i nd  t ha t  we  are dea l i n g  w i t h  two comp l ete ly  d i fferent aspects h e re­
a phys i c a l  o ne  and  an  i nformat iona l  o ne .  



To beg i n  w i th :  the phys i c s  of the d i rect j u nct i on of nerve ce l l s  and  s i l i c on  i s  based on the  con ­

tac t  o f  the neu rons '  th i n  ( 5  nanometer )  c e l l  membrane w i t h  t he  t h i n  ( 20  nanometer )  l ayer  of q u a rtz 

wh i ch  makes u p  the s i l i c on 's watert i ght  cas i n g .  On ly when the contact i s  extreme l y  c l o se  ( abou t  30  

n a nometers )  does a n  e l ectr i c a l  coup l i n g  take  p lace through  the e l ectr i c a l  f i e l d  ( e l ectrostat i c  i n d uc t i o n ) .  
Th i s  t i ght  j u nct ion can  be successfu l ly created i n  t he  test t ube  with c l ea n  s i l i c on  c h i ps a nd  ne rve c e l l s  

wh i ch  have been d i ssected from t i s sue  samp ies .  The form wh ich such  a contact wou l d  take i n  t h e  t i s ­

s u e  of a ne rve f i be r  o r  of the bra i n  cannot be foreseen at t he  moment .  After a l l ,  t h i s  i s  n ot me re l y  a 

matter of ma i nta i n i n g  a few ra ndom contacts; if the bra i n  and the computer-two sepa rate wor l d s  
m i n iatu r i zed down to m i c roscop i c  l eve l-are rea l ly to  be brought i nto connec t i on  w i t h  one  anothe r, and  

i f  a n  adequate l eve l  of commun i cat ion  i s  to come abou t  as a resu l t ,  then  m i l l i o n s  of contacts m u st b e  
s e t  up .  

Mo reover : i t  i s  n o t  suff i c i en t  to i n sta l l  contacts between the bra i n  and  the computer  wh i c h  
exchange s ome  so rt o f  i nformat i o na l  b its i n  both d i rect i ons .  60th t h e  b ra i n  a nd  t h e  computer m u st 
d i rect ly unde rsta nd the semant i cs  of a fore i gn  l anguage without the abstract i on  and  adaptat i on  accom­

p l i s hed  by  means  of keyboa rd and  mon i to r. 60 th  operat i ng  systems have  to c ommun i cate d i rect ly w i t h  

each  o the r  i n  a mean i ngfu l way. As l o ng  as  we do no t  know how the bra i n  funct ions-what re l a t i o n ­

sh i p  ex i sts between  i t s  m i croscop i c  e l ectr i ca l  s i g na l s  and i t s  macroscop i c  semant i cs-an i nformat i o n ­

a l  i nterface rema i n s  i m poss i b l e  even  i f  t he  phys i ca l  j u nct ion were feas i b l e .  

Wh  a t  c a n  be d o n e ?  Phys i c i sts wi l l  ca rry on with t h e  effort to estab l i s h  thousands  of co ntact 
po i nts between ne rve c e l l s  and  s i l i c on  m i c rostructures .  Expe r iments to ach i eve t h i s-in  cooperat i o n  

w i t h  ma j o r  f i rms i n  the m i c roe l ectro n i cs i ndustry-are now under way. Even i f  th i s  can o n l y  be done  i n  
a test t u be ,  i t  wi l l  prov i de  sc i en t i sts w i t h  a b a s i s  f o r  understand i n g  h ow l a r g e r  hybr id  networks com­

posed  of neu rona l a nd  tech no l o g i c a l  e l ements commun i cate with each othe r  o n  the l eve l  of semant i c  

i nformat i o n .  Thus ,  we m i g ht l earn someth i ng  abou t  the funct ion of the bra i n .  
S ett i ng  u p  contacts with i n  l i v i ng  t i ssue i s  another prob lem.  One  so l ut i o n  m i ght  be a n  i n g e n i o u s  

form of coat i ng  o f  t h e  c h i p  o r  t h e  ce l l .  He re as we i l ,  i t  wi l l  b e  necessa ry to f i rst ca rry out  b a s i c  research 

on  the b i o l ogy, c hem i stry, and  phys i cs  of ce l l  adhes ion .  

The p rocess  of a ch i ev i ng  a d i rect j u nct ion o f  i nd iv i dua l  n e rve ce l l s  and  i n d i v i d u a l  s i l i c on  

m i c rostructures has  opened o u r  eyes  to the d i ff i c u lty o f  estab l i s h i n g  a l i n kage  between  the b ra i n  a nd  

the computer without the med ia t i on  o f  t h e  opto-mechan i ca l  pathway eye-screen and  f i n ge r-keyboard .  

The appa rent prob l ems  posed by t h i s  j u nct ion on the phys i ca l  and i nformat i o na l l eve l s  a re so eno rmous  

t ha t  i t  i s  imposs i b l e  today to pred i ct whether such a form o f  commun icat ion  w i l l  eve r  become a rea l i ­

ty. For t h i s  reason ,  a n  eth i c a l  cons i de rat ion o f  i ssues such a s  "ch i p  i n  t h e  bra i n "  o r  " b ra i n  i n  t h e  com­

puter" wou l d  be u nfounded and  supe rf l u ous .  

N otes 
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l 1 's we i l  over a decade s i nce Donna Ha raway f i rst form u l ated he r  theory of the cyborg . 1  Du r i n g  

t ha t  t ime  the f i g u re of t he  "cybernet ic orga n i sm , "  networked f l e sh  s u bj ect to rat i o na l  contro l ,  has  mor­

phed  from a techn i c a l  i nto a po l i t ica l category, a change  wh i c h  cont i n ues  to su rp r i se  the cyborg's sc i ­

ent i st pa rents .  

At its o r i g i n  i n  the US A i r  Force research programmes  of the n i neteen-f i ft i e s  and  s ixt ies ,  the 
cyborg seemed to ca rry an uncomp l i cated mean i n g ,  the same mean i n g  coded i nto the co ld  wa r s l ew of 

p u l p  space trave l stor ies or the a rc i ng  rear f i n s  of a Chevro le t  convert i b l e .  Man ,  sa id  the cyborg ,  the 
Chevy, the  Ace paperback, was about to transcend a i l l i m i tat i ons .  Born  out of the des i re to adapt h uman  

systems  fo r  s u rv iva l  i n  space,  t he  cyborg i sed man  wou l d  t ranscend  t he  constra i nts of N ewton i a n  

phys i cs  by brea k i n g  free o f  g ravity and go i ng  to the sta rs .  A t  the same t ime  he  wou l d  t ra nscend h i s  own 
phys i c a l  bounda r i es ,  ente r i ng  a control and commun icat ion feedback- I oop  with h i s  env i ronment .  The 
s k i n ,  that u lt i mate boundary between frag i l e  se l f  and host i l e  wor ld ,  wou l d  become g l o r i o us l y  perme­

ab l e ,  permeab l e  not i n  a vu l ne rab l e  way, but in  a manner which wou l d  myst i ca l ly t ransform messy, 

poor ly  u nde rstood h uman b i o l og i ca l  processes i nto the exact, measu rab l e ,  p red icta b l e  processes of 
techno l o gy. Man  thus  penetrated by the mach i n e  wou l d  become an " a ugmented , "  "adapted , "  or 
" amp l i f i ed "  man ,2 functi on i ng  accord i n g  to the p rotoco l s  of technosc i ence .  As sc i ence  imp roved ,  so 

wou l d  man .  H e  was, i n  short upgradeab l e .  No  outer  l i m it seemed to be f ixed for th is augmentati o n .  
Cyborg i sed man  cou l d  potent i a l l y  expand towa rds i n f i n i ty, perhaps even  atta i n i n g  the s u b l ime .  

Ce rta i n ly, i t  seemed that with h uman  b i o l o g i ca l  funct ions reg u l ated by  mach i nes ,  man  wou l d  

be freed t o  exp lo re not o n l y  t h e  phys i ca l  expanses o f  space b u t  t h e  sp i r i tua l o n e s  o f  h i s  own be i n g .  
G overn i n g  the body's homeostat ic processes appeared  to th i s  f i rst gene rat ion of cyborg resea rche rs t o  

req u i re effo rt to d ivert energy t ha t  wou l d  be bette r u sed  for  se lf-evo l ut ion  o r  sp i r i tu a l  exerc i se ,  as i f  
the  b u s i ness  of hav ing  a body was somehow d i stract i n g ,  t ime-con s um i n g ,  l abor ious :  " I f  man i n  space ,  

i n  add i t i on  to f l y i ng  h i s  veh i c l e ,  must cont i n uous l y  be check i ng  t h i ngs  and  mak i ng  adj u stments mere ly  
i n  o rder  to keep h i mse l f  a l ive, he  becomes a s l ave to the mach ine .  The pu rpose of the Cyborg ,  as  we i l  
a s  h i s  own homeostat i c  systems, i s  to prov ide a n  organ izat i o na l  system i n  wh i ch  such  robot- l i ke prob­

lems a re taken ca re of automati c a l l y  and unconsc i o u s ly, l eav i ng  man  free to exp lore ,  to c reate, to th i n k ,  
a nd  to fee l .  " 3  

Though  the backdrop for th i s  stru gg l e  aga i nst s l avery was space ,  the same ho  pes and  fears 

h e l d  t rue for l i fe i n  postwar Amer ica .  Cyborg i sat ion was produced as  a l abou r-sav i n g  process ,  the b i g  
boy's vers i o n  of the d i s hwashers and fr i g i da i res  t hey  bough t  f o r  wives bac k  ho me  on  ea rth .  But  u n l i ke 

the k i tchen of the future ,  whose techno l ogy bought  t ime  for fema l e  l e i s u re or beaut i f i cat i on ,  the cyborg 

had a h i g h e r  pu rpose .  The imp l i cat ion vo iced a ga i n  and aga i n  i n  ear ly cyborg tec h n i c a l  papers i s  that 
by re l i n q u i s h i n g  the l abou r  of bod i ly reg u l at i on ,  man cou l d  atta i n  a h i g h e r  leve l  of s p i r i t ua l  d i sc i p l i n e .  

The cyborg ,  i n  sho rt ,  was des igned t o  eng i nee r  man  c l ose r  t o  God .  
The e ng i n eers a n d  A i r  Force men  who  made  u p  t h e  f i rst gene rat ion o f  the cyborg 's aco lytes 

were i n  n o  doubt that they were on a sp i r i tu a l  m i s s i o n .  "Where a re we,  where a re we go i n g ,  and  how 



do we get there?"  asks Major  Jack  E. Stee l e ,  u s i ng  th i s  
uncontextu a l i sed and  apparent ly  meta phys i c a l  q uest ion 

to open a 1 960 presentat i on  to a space research  sympo­
s i um  at Wri g ht Air  Force Base .  H e  goes on  to descr ibe a 

com i ng  gene rat ion of " b i o n i c "  h u mans ,  the  " g reat and 

d i stant" goa l  towa rds wh i ch  he  and  h i s  a ud ience a re 

wo rk ing 4 

The p i l g r im 's progress ,  s p i r i tu a l  j o u rney as m i r­
ror of a phys i c a l  j ou rney, was a lways one  of the i deo log i ca l  motors of Amer i can  expa n s i o n ,  f rom the 

moment the f i rst boat load of seventeenth-century d i ssenters began the task of i n sc r i b i n g  the i r  s t rug ­

g le  to reach God onto the seem i n g l y  b lank  l a ndscape of the " New Wor l d . "  Cyborg  researc h  c a n  be  seen 
as  the i n he r i tor of t h i s  move ,  cont i n u o u s  with the p ioneers '  j o u rney westwa rds and  the  p u r i ta n s '  i nte­

r ior j o u rney towa rds God. The cyborg represented the ab i l i ty, through sc i ence ,  to take an act ive ro l e  in 
evo l ut i on ,  b r i n g i ng  reca l c i t ra nt h uman  b i o l ogy under the sway of reason and mo ra l i ty, a l l  put i nto the 

se rv i ce  of state expans i o n .  
The h uman  to be rat i ona l ly evo lved was  a lmost inva r i ab ly  an a i r  force p i l ot ,  a n d  a rc h ive i mages  

of p i  l ots u nde rgo i ng  g rue l i ng  phys i c a l  tests and wea r i ng  a var i ety o f  prosthet i cs  a re among  the  most 

potent images  of the ear l y  cyborg e ra .  Shack l ed  i nto exoske l etons, suffe r i n g  i n h uman  ( o r  maybe j u st 
posth uman )  forces, responses a l tered with i ntravenous  i nject ions of d rugs ,  the  f i g hte r  p i l ot becomes 

Amer i ca 's cyborg  Ch r i st, the s uffe rer whose pass ion redeems h i s  nat i on .  A I I -Amer i can  boy ,  chosen  for 

h is phys i ca l  and menta l  perfect i on ,  t ra nsf i g u red by the mach i ne ,  se nt a bove and beyond ,  s uffe r i n g  and 
q u est i n g  for  the peop l e  whose votes and  taxes sent h im  the re-apex of h o  pe  and p robe-head of the 

supe rpowe r's co l d-wa r psyche .  I n  a m i rror of th i s  obsess ion  the postwar USSR ,  wh ich i tse l f  was a vast 

cybernet ic  p roject, a huge expe r iment  i n  rat i ona l  contro l ,  p roduced its own cu l t  of the  cyborg Ch r ist  i n  

the Yu r i  Gaga r i n  i n d u stry whose  suppo rt extended t o  t h e  state-sponsored prod uct i on  of q ua s i - re l i g i o u s  

i cons .  

Pe rhaps  Donna  Ha raway's a c h i evement has i n  part been  a therapeu t i c  o ne .  I n  excavat i n g  the 

u nconsc i ous  of th i s  p umped-up  sky p i l ot, she  has unearthed the anx iet ies ,  t he  sexu a l  and sp i r i tu a l  

amb i g u i t i es ,  t h e  n i g ht terrors of one  of t h e  def i n i n g  f i gu res o f  postwa r technocu l t u r a l  ce rta i nty. Yet he r  
ana lys i s  has a l s o  been d e l i be rate l y  d i s r u pt ive ,  a c r i t i ca l  v i r u s  i ntrod uced i nto a l o op  of s i g n i f i cat ion 

wh ich  a ppeared too c l osed a nd  tao pe rfect ly reg u l ated to admi t  any var i a t i on  o r  oppos i t i o n .  

H i stor i ca l l y, i t  d i d  n o t  take l a ng  f o r  t h e  h u m a n  body's permeat i on  b y  n etwo rks a n d  mach i nes  to 
produce a lternat ive v i s i ons  to the joyous l i be rat ion from the f lesh env i saged by the USAF  g ee ks .  A pre­

v ious gene rat ion of tech no l og i c a l  n i g htmares had a l ready centered on h umans  becom i n g  a utomata . The 
e rgonom i ca l ly governed facto ry worker, d i s c i p l i ned by the twi n  mass mechan i sms  of i n d u stry and  war, 

was i n  the i nter-wa r years of the twent i eth centu ry f i gu red as the robot ( Czech  for  " s l ave l a bou r " ) .  J ust 

as in a sti l l -ea r l i e r  phase of i n d u str i a l i sat ion workers had been metonym ised  i nto " h a nd s , " 5  they 

became p i stons and f lywhee l s ,  moving pa rts i n  vast mach ines .  The image  of Cha r l i e  C h a p l i n  caught  in 

the cogs of some h uge  eng i ne6 i s  the  e ra 's def i n i n g  image of reca l c i trant h uman i ty, c om i ca l ly ref us i ng  

the rhythms of the facto ry. 
Yet in the 1 930 's the l i tt l e  tramp 's sk i n  sti l l  formed an impermea b l e  bar r i e r  to the system wh ich  

oppressed h im .  I n  the  1 960 's ,  when the f i rst generat ion of Chr i st-p i l ots u nde rwent a u gmentat i on ,  th i s  

ceased  to be the case .  The r upt u re of the body's membrane ( by prosthet ics  a nd  i m p l a nts ,  a st ro naut i ca l  

s t igmata ) re l eased far more than expected .  F rom c lass i ca l  t imes onwa rds ,  t he  West  had  made  a huge  

i nvestment i n  the opac ity of the body. F rom the  Apo l l o  Be lvedere to Na t i o na l  Soc i a l i sm ,  the c l osed ,  
i mpermeab l e  body was va l u ed  as  mo ra l ly cont inent ,  aesthet ica l ly p l e a s i n g ,  e p i stemo l o g i c a l l y  s i n g l e  

and  secu re .  
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By contrast, when the body exposed its work i ngs ,  a l l owed its o r i f i ces  to be penetrated ,  i ts 
i n te r i o r  h umou rs to seep forth , th i s  i nva r i ab l y  s i g n i f i ed  the i nvers i o n  of order, the com i ng  of chaos ,  ho r­

ror, a n d  decay. Whether  th i s  i nvers i on  was f i g u red by the g l uttonous ,  sh i tt i n g ,  fuck i ng  g rotesques  of 

the R e na i ssance carniva l ,  by Naz i  rac i a l  s c i ence 's phys i og nomy of the J ew, with its s l ack  l i ps and  pro­

tru d i n g  nose, o r  Neoc lass i c i sm 's m i n g l ed des i re and revu l s i o n  for fema l e  f l e sh ,  i t a lways carr ied the 

same mean i n g .  The c lass i ca l  body has for two thousand years stood sea l e d  ( i n s i de  and  out )  aga i nst a 

torrent of d i s p roport ionate, i r rati ona l ,  exagge rated phys i c a l i ty, wh i c h ,  were it to escape ,  th reatened to 
swee p  away the very foundat ions of c iv i l i sed soc i ety. 

So t he  cyborg body, penetrated by reason i tse l f ,  presents an i rreso lvab l e  paradox-the body 

mu st at  a l l  costs preserve its boundar ies  aga i nst the d e l u g e  of u n reason ,  but  must a l so revea l  its mys­
tery in o rder  to a l l ow reason to transcend phys i c a l  l i m i tat i ons .  Otherwise the body wi l l  present an 

obsta c l e  to reason ,  and f ind itse l f  once aga i n  the sou rce of i r rat i ona l ity. Catch-22 for the f l e s h .  This is 

the etern a l  tra g i comedy of Western thought of the body, a thought  wh ich cannot i ncorporate i tse l f ,  can­
n ot th i n k  with i n  the body, must a lways attempt to th ink  th ro ugh  i t ,  to penetrate i t  from the  o uts i de .  

The  cyborg produced a c r i s i s  i n  technosc i ence ,  even  as  it p rom i sed fu l f i l l ment of techno­

sc i ence 's most secret des i res .  I t  was a rad i c a l  moment ,  and  one  wh ich Donna  Ha raway has  fu l l y 
exp l o i ted ,  u s i n g  t h i s  paradox to l ever open both s c i ent i f i c  d i scou rse and  the va r iet ies  of fem i n i st d i s ­

cou rse  wh i ch  were const itut i ng  themse lves i n  na i ve oppos i t i on  to i t .  Yet though  the cyborg 's brand of  

d i s r upt i on  i s  rad i c a l ,  it i s  not unprecedented .  Perhaps its c l osest c u l t u ra l  ancestor can  be fou n d  i n  the  

g rowth of s c i e nt i f i c  d i ssect ion  du r i ng  the Rena i ssance .  He re too was a d i s cou rse wh i c h  opened u p  the 

body in  the  name of knowl edge ,  wh ich  l i tera l l y  d i smembered corpses to produce truth . The d i ssected 
f i g u re s  dep i cted i n  woodcut i l l u strat ions to the works of the F l em i s h  anatom ist  Andreas Vesa l i u s , 7  d i s­

p l ay themse lves ,  somet imes l i tera l l y  h o l d i n g  a s i d e  ve i l s  of f l ayed s k i n  to a l l ow the gaze of the student 

to penetrate the secrets of the i r  bod i es .  In  th is  and  othe r  Rena i ssance anatom i ca l  texts ,  comp l i cated 

p i cto r i a l  a l l ego r i e s  are used to j u st ify the pract ice of anatomy, wh i ch  produced deep cu l t u ra l  anx i ety, 
presented an i d ent ica l  prob l em of bod i l y i ntegr i ty, a nd  wh i ch  ( i n  one  of those "what i f "  games  wh i ch  
make j o i n i ng  the dots o f  i nte l l ectua l  h i story f un )  one  can imag i ne  so me seventeenth-centu ry Ha raway 

u s i n g  to b l ow " N atura l  Ph i l osophy" wide open .  

I n  1 997 econom ies  o f  s i gn i f i cat ion a n a l ogous  to those c i rc u l at i n g  i n  Vesa l i u s 's operat i ng  the ­

a t re  a re p l ayed out  across c i nema and TV screens .  After a ra p i d  process of popu l a r i sa t i on ,  o r i g i n a l l y  
assoc i ated w i t h  space programme fundra i s i n g ,  the  cyborg became a ma i nstream cu l t u ra l  f i g u re .  
I nev i ta b l y  the c r i s i s  in  sc ience 's re lat i onsh i p  w i t h  the body  ra p i d l y  produced a s l ew of da rk-s i d e  popu ­
l a r  image ry. These days there i s  a ver ita b l e  i n d u stry of cybernet ic  terror :  Tetsuo ,  the  overworked 
J apanese  "sa ra r iman"  whose body becomes b l oated and f i n a l l y  ru ptu red by nasty b i omechan i sms ;  Star 
Tre k 's Borg, whose predatory netwo rked consc i o u sness th reatens  to destroy bod i ly i ntegr i ty and pe r­
sona l i d ent i ty (Trek's cher ished twi n  p i l l a rs of mo ra l ity) ; J ohnny Mnemon i c 's memory-bank  b ra i n ,  where 

i mages  of c h i l dhood have been sea red away to make room for va l u a b l e  corporate data .  Even the out­
of-contro l d i nosau rs of "Ju rass i c  Park" a re q u i ntessent ia l l y cyborg construct i ons ,  hav i ng  been rea n i ­
ma ted  by  a network o f  cap ita l ,  b i otechn i c a l  researc h ,  and  foss i l  D NA.  

The cyborg 's cur rent cu l tu ra l  ro l e  as veh i c l e  for pop u l a r  u nease about  sc ience makes Ha raway's 

d e p l oyment  of it n ot mere ly an oppos i t i ona l  trope ,  but  a pos i t ive one ,  even more sta rt l i n g .  Ha raway's 
cyborg i s  a ff i rmat ive ,  ce lebrato ry, even sexy, wh i c h  i s  someth i n g  of a m i ra c l e  when you cons i de r  that 

p rev i o u s l y  i t  was e i ther a technosc i ent i f i c  re l i g i o u s  fantasy, o r  a pop sc i ence-f ict i on  n i g htmare .  Th i s  
new cyborg 's o r i g i n  i n  fem i n ist debate abou t  overtu rn i n g  the c l a s s i c  h i e ra rch i ca l  b i n a ry oppos i t i ons  
(man/woman ,  reason/emot ion ,  cu l t u re/natu re ,  a nd  so forth )  i s  we i l  u nde rstood .  The cyborg body i s  a 
constructed one ,  and  hence can potent i a l l y  be reconstructed ,  a propos i t i on  wh i ch  makes the fem i n i st 
p roject a matter of resea rch, rebu i l d i ng ,  and redef i n i t i on ,  rathe r  than a metaphys i c a l  stru g g l e  a ga i nst 



a protea n  foe, or a q ua s i -s p i r i t ua l  refusa l  of masc u l i n i sed rea l i ty. The cyborg ,  i n  s ho rt makes  c hange  

rea l i s ab l e .  
H oweve r, beyond sem i ot i cs ,  beyond even the terms o f  t he  fem i n i st debate i nto wh i c h  s h e  f i rst 

i ntrod uced it Ha raway's cyborg has the potent i a l  to change the way in wh i c h  we th i n k  about  bod i e s ,  

networks ,  power, and  mach i n e s .  By  refram i n g  cu l tu ra l  debate i n  rad i c a l l y  mate r i a l  terms (cybe rnet i c  
mechan i sms  of com m u n i cat ion  and  cont ro l  operat i ng  th rough  assemb l ages  of bod i e s ,  tec h no l ogy, and  
soc i a l  p rotoco l s l ,  t he  cyborg  makes poss i b l e  a type of thought unava i l a b l e  to  the  dom i nant c rop of 

sem iot i ca l ly based theo r i es .  
For sem iot i cs ,  mate r i a l ity i s  a n  u natta i nab l e  hor i zon ,  t he  gap  between s i g n i f i e r  and  s i g n i f i e d ,  

a g u l f whose  res i sta nce t o  rheto r i ca l b r i d g i n g  produces fee l i ngs of l o s s ,  entrapment and  despa i r. 

Poet ic  mou r n i n g  often becomes i tse l f  the focus of c r i t i ca l  ene rgy, l eav i ng  othe r  p rob l ems  to fend fo r  

themse lves .  The cybo rg 's response to t h i s  sem iot ic  me lancho l i a  i s  to ut i l i se shock  tact i cs-reac h i n g  

i n s i d e  i t s  stomach and  p u l l i n g  o u t  a ha ndfu l o f  g uts, l i ft i n g  f l aps  o f  s k i n  t o  show t h e  b l oody se rvo-mech ­
a n i sms  swarm i ng  beneath .  

The cyborg fo rces  u s  to s i tuate thought  i n  the body, and i n  tu rn  to s i tuate bod i e s  i n  networks 
which conta i n  e l ements of b i o l ogy, po l i t i cs ,  des i re ,  and techno l ogy. I t  produces cont i n u it i e s  betwee n  
these d i sparate strata ,  a l l ow i ng  us  t o  th i n k  what wou l d  othe rwise be unth i n kab l e .  

Of cou rse ,  asse rt i n g  some uncomp l icated not ion of "the rea l "  o r  " t he  mater i a l "  a ga i nst l a n ­
guage  was ,  o n c e  upon  a t ime ,  the  tact ic o f  t h i n ke rs (on  l eft a n d  r ight )  who w i s h e d  t o  preserve ce rta i n  

sacred spaces ,  free o f  i nte rpretat i o n .  Maraud i ng  l i ng u i st i c  postmode r n i sts cou l d  i nva r i ab l y  b e  s u re that  
i n  these pr i est- ho l es ,  these secret stashes ,  they wou l d  unearth the  fet i shes  of power. God ,  M a n ,  

Woman ,  t h e  Law, t h e  State-h i d i n g  p i  aces o f  t h e  unanswe rab le ,  t h e  u n q uest i o nab l e .  H owever t h i s  
process o f  questi o n i n g ,  o n c e  so v i ta l ,  has  l atte r ly become a ma i nstream  c u l tu ra l  i n d u stry. I n  so d o i n g  i t  

has  been corra l l ed ,  recupe rated by  the system it  se t  out to  deconstruct .  The cyborg 's messy  phys i ca l i ­
ty s i g n a l s  another  phase  o f  oppos i t i ona l  c u l tu ra l po l i t i cs ,  a phase beyond t h e  sove re i g nty o f  l a n g u age .  

Yet cyborg mater i a l i ty i s n 't s i l e nt i s n 't u n q uest ionab l e .  I t 's n o t  t h e  smooth ,  homogenous ,  i m penetra b l e  

body o f  yesteryear. The re i s  noth i n g  c l a ss i ca l  about i t .  I t  i s  constructed ,  h eterogeneous ,  m u l t i p l e ,  s ho t  

th ro u g h  w i t h  code ,  st i c ky to the touch ,  and as Donna Ha raway rem i nds  u s ,  i t  can  a lways be r econ ­

structed . As the t i t l e  of a Ph i l i p  D i c k  nove l has i t :  "We can b u i l d  yo u . "  One  m i g ht add  t ha t  we can  a l s o  

b u i l d  o u rse lves .  
So we d i scover that we a re a l l  cyborgs .  I t  i s  an  eer ie  rea l i sa t i on ,  a fasc i na t i ng  moment  of 

a l i enat ion  i n  front of the m i rror. But  perhaps the a l l -too-human na rc i s s i sm  of th is moment obsc u re s  

aspects o f  t h e  cyborg wh i c h  n e e d  t o  be restated .  T h e  l i tera l penetra t i on  of t h e  s k i n  by technosc i e n ce ,  

whether  i n  the form of ant i b i ot i cs ,  ag r i c hem i ca l s ,  prosthet ics ,  or i nformat ion tec hno l o g i es ,  i s  o n l y  o n e  

aspect o f  o u r  cyborg i sa t i on .  

Fasc i nat i on  with the permea b i l ity o f  the body, i ndeed fet i s h i sa t i on  of t ha t  permea b i l ity s u c h  a s  

one  f i n d s  i n  t h e  goth i c  prose be l oved o f  many  cyborg g roup ies ,  d iverts ene rgy from t h e  ce ntra l rea l i sa ­

t i o n  tha t  the cyborg i s  a networked ent i ty. The cyborg ca res  l i tt l e  for the  bar r i e r  of the s k i n ,  beca u s e  i t  

does  not recogn i se  that bar r i e r. The cross i n g  and recross i n g  of tha t  bounda ry, so fasc i na t i ng  for h uman s  

who  assoc i ate t h e  move of rupture with death ,  i s ,  t o  a cyborg, mere ly  i n c i denta l ,  a n  unma rked p o i nt i n  

a c i rc u i t  wh i ch  may pass t h rough  severa l bod ies ,  w ide ly  d i str i buted i n  space a n d  t ime .  I ndeed the h a rd ­

b i tten academ ic  rheto r i c  of f l e sh  and  meta l ,  d rawn mo r e  from pop-cu l t u ra l  cyborg i conog raphy  t han  

po l i t i ca l theo ry, may be sta rt i n g  t o  c l o ud  t he  i s sue .  
Cyborg networks i n co rporate f l esh ,  but above a l l  are d i str i b uted objects, wh i c h  b r i n g  f l e sh  i nto 

re l a t i ons  with a l l  k i n ds  of h eterogeneous  codes, products, forces .  S u rg e ry i s  not req u i red .  Ha raway's 

own re cent work, wh i c h  moves away from the cyborg, towards netwo rks such  as the h uman  i m m u n e  

system a n d  t h e  mascu l i ne protoco l s  o f  sc i ent i f i c  object iv i ty, underscores t h i s .  
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I n  a n  i nterv iew I conducted with he r, Ha raway remarked ,  "My  cyborg i s  a bad g i r l . "  By i ntro­

d u c i n g  the l i g hthea rted image  of the cyborg a s  a tear-away teen ,  break i n g  r u l es ,  cutt i n g  th rough  
fences ,  b r i n g i n g  the wrong k i nd  of peop le  home to bed ,  s he  h i g h l i g hts i t s  p r ima ry funct ion-as a trans­

g ress ive f i g u re .  The  cyborg operates by transg ress i n g  the  reg imes  of s i g n i f i cat ion  which deny l i nks 
between bod i e s ,  power, and technosc i ence .  These sp l i ts ,  by wh i c h  word i s  sepa rated from wor l d ,  sc i ­
ent i f i c  object iv i ty from expe r imenta l  fa l l out .  a re one  of the  m a i n  ways i n  wh i c h  power ma i nta i n s  i tse l f .  

When  tech nosc i ent i f i c  d i scou rse i s  d e l i be rate l y  d i sconnected from the  econom i c  operators wh i c h  gov­
e rn  it, a nd  when exper imenta l resu l ts a re sepa rated both from the  consequences  of t he i r  use and  the 

messy rea l i t i e s  of t he i r  product ion ,  then it req u i res t ransg ress ive  thought  to produce c r i t i ca l  accou nts 

of sc i ence .  The cyborg i s  usefu l  as  long as  it reta i n s  its power to t ransgress ,  and does not recede i nto 
a convent i o na l  a rt i c u l at ion of anx iet ies  about  p l ast ic  su rge ry, A I ,  wetwa re,  and the l i ke .  

A t  t h e  moment t h e  cyborg i s  st i l l  t h e  baddest g i r l  o n  the  b l ock .  T h e  structures revea l ed  by h e r  

transg ress ive l i n k i n g  o f  supposed ly  separate d oma i n s  a re prec i s e l y  those wh i c h  a re most unpa l a ta b l e  

t o  t he  vested i nte rests o f  technocap i ta l .  T h e  cyborg rem i nds  u s  t h a t  Bhopa l and  Che rnoby l  a re con­
nected to u n ivers i ty l a borato r i es  and  boardroom meet i ngs ,  that a naked human body m i g ht be net ­

worked to gene  patent i ng ,  N i ke market i ng  strategy, pest i c i d e  research ,  ant i b i ot i cs ,  and  i nternat i o n a l  

tou r i sm .  T he  cyborg i s  sti l l  say ing what was  prev i ous l y  u nsaya b l e .  S he  has  ce rta i n ly come a l ong  way 
from DARPA's astronaut Ch r i st .  

N otes 

1 .  Donna Haraway, "Manifesto for Cyborgs: Science, Techn% gy and Socia/ist Feminism, " The 1980's Socia/ist 
Review 80 ( 1985) 
2. A ll terms from Johnsen and Cor/iss, "Te/eoperators and Human Augmentation, " in: Chris Gray, ed. ,  The Cyborg 
Handbook (Landon: Rout/edge, 1995) 
3. C/ynes and K/ine, "Cyborgs and Space, " in: Gray, The Cyborg Handbook. 
4. Jack E. Stee/e, "How da We Get There, " in: Gray, The Cyborg Handbook. 
5. See for examp/e the descriptions of factory workers in CharIes Dickens, Hard Times, first pub/ished 1854. 
6. Modern Times, dir. Char/ie Chap/in (United Artists, 1936) 
7. Andreas Vesa/ius, De Humani Corporis Fabrica (Leyden, 1543) 
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H i s t o r y o f  t h e  
o f  I n f o r m a t i o n  

Kai egeneto po/emos en to aurano. Apoca/ypse 12, 7 

W a r f a r e  

Of cou rse ,  the  n i net ies  of t h i s  centu ry weren't the f i rst to d i scover that i nformat i o n  cou nts i n  

wa r. F o r  ages  now, three e l ementary l i sts ,  wh ich  probab ly d i fferent iate warr i o rs f rom me rchants a s  

we i l  a s  from pr i ests ,  have been i n  u s e .  F i rst, A tr ies t o  know what B knows wi thout  B knowi n g  o f  Äs 
know ledge .  Second ,  A t r ies  to com m u n i cate h i s  knowledge to A' ( s ubo rd i nates o r  s u pe r i o rs o r  a l l i e s )  

w i t hou t  B know ing  of the tra n sm i s s i o n ,  l et a l o ne  of t he  transm itted da ta .  The  l o g i c  of t h i s  i nters u bjec­

t iv ity i tse l f  suggests the ex istence  of a t h i rd l i st :  So h i s  p l ans  cannot b e  fo i l ed by B ,  A wou l d  d o  we i l  

to s p l i t  h i mse l f  i nto Ä and  B '  and ,  o n  the  bas i s  of h i s  knowl edge of B ,  c a l c u l ate a l l  poss i b l e  m oves of 

both s i des .  In othe r  words ,  wars have i m p l i ed  esp ionage ,  commun icat i o n s  tec h no l ogy, a n d  war games  

for a l o ng  t ime  now. The on l y  t h i n g  u n h ea rd of i n  I nformati on Wa rfa re i s  t he  fac t  that  esp i onage ,  com­
mun icat ions  techno l ogy, and  wa r games  a l l  fa l l  together  i n  a g l oba l com puter  n etwork .  

The mean i n g  of wa r game ,  i n  a p reh i story whose techn ica l mode l s  a re i n f i n i te l y  i nfe r i o r  to the  

comp l ex ity of today's computers ,  can  be  exp l a i ned w i th  few words. I n  t he  age  of Deep  B l ue ,  chess  st i l l  

p r i des  i tse l f  on  be i ng  the o l dest toy with wh i ch  the pos i t ions of two e n em i es o n  a batt l ef i e l d  c o u l d  be 
geometr ica l l y  s imu l ated .  There a re grounds for the assumpt ion that t he  g reat chess  ru les reform i n  the 

ear ly  modern age g reat ly i n c reased f reedom of movement for off i ce rs l i ke b i shops a nd  rooks i n  o rder  

to better m i rror the m i l i ta ry i n n ovat i o n s  of the t ime .  But the end of  the  c ab i n et wa rs c o i n c i d e s  with the 
demise of chessboard batt l e s .  The  revo l ut i ona ry theory of C l ausewitz def ined war  a s  t he  c lash of two 

s ubjects who cou l d  base the i r  strateg i e s  so l e l y  upon ca l c u l at ions of p roba b i l i ty, beca u se  they a lways 

had to take i nto cons i de rat i on  the u npred i ctab l e  wi l l  of the opponent ,  the vaga r i e s  of the terra i n ,  and  

the unce rta i nt i es  of commun i ca t i on .  T h i s  theory, wh i ch  had noth ing but  de r i s i on  for  the  b l a c k  and  wh i te  
squa res  of a n  i dea l l y f lat  chessboa rd ,  found i t s  geograph i ca l ly adeq u ate wa r g ame  i n  the  sandbox, 

wh i ch  M üffl i n g  i ntrod uced to the gene ra l  staff i n  1 825 .  With the sandbox ,  i t  was poss i b l e  for the f i rst 

t ime  rea l i st i ca l l y to s imu late the ma rc h i n g  speed i nfantry o r  a rt i l l e ry c o u l d  ach i eve in te rra i n  of known 

g rad i ent . 
For a long t ime ,  esp i onage  and commun i cat ions cou l d  on ly d ream of such phys i c a l  rea l i ty. I t  l ay  

i n  the natu re  of t he i r  cons i de rab l y  i nters u bj ective structure that they  a pp l i ed  mo re to s u bj ects than to  
weapons ,  more to peop l e  than to mach i nes .  So the wars o f  the  past c u l t ivated exact l y  that wh i ch  

NATO, i n  i t s  i n i m i ta b l e  be l i e f  i n  ac ronyms ,  degraded to  the term H U M I NT ( human  i n te l l i g ence ) .  Sp i e s ,  
agents, scouts ,  and  secret cou r i e rs ,  s i n ce  1 800 a l so m i l i tary attaches i n  potent i a l ly host i l e  cap i ta l s­

that was bas i c a l l y  the trad i t i o na l  e q u i pment of I nformati on Wa rfa re .  D u r  wo rd a n ge l  c an  be traced back 
to the G reek  ange/os, but ange/os i tse l f  goes back to the Pers ian name of the  mounted cou r i e rs who,  
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i n  t he  name of t h e i r  G reat K i n g ,  made u p  the f i rst ( and  natu ra l l y  m i l i tary) posta l se rv i ce .  Wa r e ru pted 

in the s ky, a s  the Apocalypse co rrect ly states 1 -but that was the reason why the I nfoWa r stayed i mma­
te r i a l .  

Tec h no l ogy o r  sc ience ( i f  o n e  may even sepa rate these two f i e l d s  after He i d egger )  was 

i nvo lved i n  o n l y  one aspect: the enc rypt ion  of one 's own messages and  the dec rypt i on  of the enemy's .  
Even today, a p r im it ive a l phabet ic  key  i s  st i l l  named  afte r the commander  Caesar. But  the m i l i ta ry h i s­

to ry of secret i nformat ion st i l l  h i des  secrets, even afte r Dav id  Kahn 's p i onee r i ng  Codebreakers. St i l l  

u n known ,  for examp l e ,  i s  the re lat i o nsh i p  between Fran�o i s  V ieta 's i nvent i on  o f  t h e  a l geb ra i c  notat i on  

of po l ynom i a l s  a n d  h i s  cryptana lyt i c  work  d u r i n g  the French  re l i g i o u s  wars .  (After a l l ,  i n  bo th  cases  t he  

g oa l  i s  to a s s i g n  l e tters and numbe rs to  each  othe r. )  
B u t  the  i nfo rmati on that was won o r  h i d d e n  t h i s  way w a s  n o t  yet a wea pon itse l f .  Therefore 

i nfo rmat ion  tech n o l ogy i n  Old E u rope dec ided the outcome of s i n g l e  batt l e s ,  but  not (as  fa r a s  I know) 

wars . Th i n g s  m i ght  have been d i fferent i n  oth e r  c u l t u res ,  but  E u ropean warr io rs at l east were a fa i r ly  

o l d-fash i oned  o r  trad it iona l  caste .  A l i ke l y  ass umpt i o n  i s  that the c o up l i n g  of gene ra l  staff and  eng i ­

n ee r i n g  educat i o n ,  which was  i nst itut i ona l i zed by the French  Revo l ut i o n  t h r ough  the fo u nd i n g  of t he  

Eco l e  po lytec h n i q u e  i n  1 794, made  i nformat i o n  systems  conce iva b l e  as  weapon  systems .  I n  1 809 
Napo l e o n  dec i ded  the outcome of a who l e  campa i gn  ( aga i nst the Austr i a n  emp i re ,  no  less) by emp l oy­

i n g  the  then- revo l ut i onary opt i ca l  te l eg raphy .2 Fo r  a t ime ,  the c h u rch  towers of L i n z ,  precu rsors to a l l  

Ars E l ectro n i ca a s  i t  were, served t o  transm i t  Napo l eon 's sec ret m i l i ta ry codes . 

So the campa ign of 1 809-to say it with Jacques  Laca n-i njected war with a funct ion  of 
u rgency. The po l i te as we i l  as s u i c i d a l  wa it i n g  of the French  kn i g hts unt i l the Br i t i sh  enemy too was 
ready for the batt l e  of Ag i ncou rt i n  1 4 1 5  came to an ab rupt end. From opt i ca l  to e l ectr i ca l  t e l eg raphy, 
from te l e g raphy  over (at f i rst str ict ly m i l i ta ry) rad i o  to sate l l i te l i n ks ,  the h i story of war over the l a st 

two centu r i es  ha s  been pure dromo l ogy, accord i n g  to V i r i l i o 's hypothes i s .  N ot without reason a re de l ay  
t imes  ( " d e lays " )  a l s o  ca l l ed  dead t imes i n  tech n i c a l -m i l i ta ry j a rgon .  H e  who knows a few seconds too  
late i s  not pun i shed  by  so-ca l l ed l i fe but by  a host i l e  f i rst str i ke .  

By now i t  has become common know ledge  what  far-reach i n g  consequences t h i s  wa r h i sto ry 

has  had  upon  c i v i l i a n  cu l tu re .  ( Perhaps st i l l  u n known is the fact that the se l f-proc l a imed competence 

of mass  med ia  soc i o l og i sts does not extend to these consequences . )  Weapon  systems made of wood 
o r  b ronze ,  i ro n  o r  Damascene stee l  eked out the except i o na l  ex istence of a wa rr io r  caste for thousands  
of years ,  wh i l e  the  weapon ca l l ed te l ecommun i cat i ons  t ra n sformed cu l tures that  were  based on  c i v i l ­
i a n  ( i f  not  c l e r i ca l )  storage med i a ,  l i ke books and  the p r i n t i ng  p r e s s ,  i nto i nformat ion soc i et i e s .  Rad i o  
i s  j u st the m i l i t a ry rad i o  system of the F i rst Wo r l d  Wa r m i n u s  the ta l kback capa b i l i ty, te l ev i s i o n  j u s t  t he  

c i v i l i a n  tw i n  of the  radar screens of the Second .  N ot to ment i on  computer techno l ogy, whose  c ryptan­
a lyt i c a l  and  the refore m i l i tary background ,  i n  the  ca se of Alan Tu r i n g ,  stopped be ing a Br i t ish state 
sec ret in 1 974 ,  wh i l e  the Nat iona l Secu r ity Agency st i l l  seems to have dec l a red a news b l a ckout  in the 

i n stance of C l a u d e  E .  Shannon3 ( " Commun icat ion  Theory of Secrecy Systems " )  The i n te l l i gence  of 
com puters ,  as  Tu r i n g  and Shannon deve loped them,  arose not from the mode l i n g  of phys i c a l  p rocesses 

but  from s i m u l a t i n g  enemy i n te l l i gence 4 I t  i s  n o  wonder  then  that John von Neumann ,  a s  the des i gn ­
e r  of the compute r  a rch itectu re of the same name ,  transferred the wa r game back to the symbo l i c :  The  
mat r i x  a l geb ra of games theory takes t he  p lace of M üffl i n g 's phys i c a l  sandbox. 

In the E n g l i s h  l anguage ,  i nte l l i gence means  not j u st b ra i n s ,  but  a lso secret se rv i ce ,  mean i n g  

knowl edge  of the  enemy's knowl edge .  The  good  o l d  C3 1  stood f o r  c ommand ,  contro l ,  com m u n i cat ions ,  

a nd  i n te l l i g e nce ;  the  cu rrent C41 a l so takes  i nto account-as command ,  contro l ,  commun i cat i on ,  com­

puters ,  a nd  i n te l l i gence-the modern-day ha rdwa re .  I t  wou l d  be a worthwh i l e  unde rta k i n g ,  a l be i t  
a lways th reatened  by the  th i rty-yea r  wa i t i ng  pe r i od  on  sens i t ive documents ,  to write a tec hno l ogy h i s­
tory a s  the g rad u a l  i nte r l i n k i ng  of COM I NT, E L l NT, and  games  theory. C O M I NT, or Com m u n i cat ion  



I n te l l i g ence ,  obv ious ly  o r i g i nates from B l etch l ey Park's f i rst computers , wh i ch  cou l d  crack a l most a l l  
code mach i ne s  o f  the Wehrmacht's commun i cat ion l i nes short ly  before the e n d  o f  the wa r. EL l NT, o r  

E l ectron i c  I n te l l i gence ,  p robab l y  de r ives from the ear ly  warn i ng  radar systems ,  wh i c h  s i nce  the f i ft i e s  

no t  o n l y  re-prog rammed new computer  gene rat ions from c rypta na lys is to phys i cs ,  bu t  a l s o  b ro ught the 
j oyst i c k  and  the computer  mon itor i nto the wor l d .  

The showp lace of E l ectron i c  Wa rfa re ,  parad i gm o f  the l ate Co l d  Wa r, was  the impercept i b l e  

rea l m  of phys i cs ,  I y i n g  outs i d e  of h uman  awareness .  E l ectron i c  Wa rfa re fo l l owed as  a concept from t h e  

d i ctum of Adm i ra l  Moore ,  J o i nt C h i ef of Staffs, that v i ctory i n  every future wa r  wou l d  fa l l  t o  that s i d e  
wh i c h  managed to g a i n  s upe r i o r ity over t h e  comp l ete e l ectromagnet ic  spectrum (from t h e  u l tra - I ow 

submar i ne  commun icat ion  freq uenc i e s  to the i nte rste l l a r  g i gahe rtz reg i on ) .  The second Gu l f  Wa r made  
h i s  adage  come t rue .  I t  i s  a l most forgotten today tha t  t he  f i rst US bomber  squads  f l ew ove r  the I ra q i  

borde r  sho rt ly  before m i d n i g ht ,  wh i l e  t h e  undec l a red e l ectron i c  wa rfa re ,  wh i c h  opened u p  t h e  s k y  ove r 
Baghdad ,  had sta rted i n  the ea r l y  afte rnoon .  

But  E l ectro n i c  Wa rfa re ,  t h i s  dark  s i de  of the new med i a-compat i b l e  weapons systems ,  a l so  has  

i t s  d i sadvantage .  Wor l dw ide  systems for ear ly  warn i n g ,  reconna issance ,  pos i t i o n i n g ,  and  contro l o f  
a rm ies  presuppose equa l ly g l oba l  compute r  networks .  On l y  i n  t he  f i rst p l ann i ng  phase d i d  the forgot­

ten a ncestor of a l l  our commun i cat ive raptures ,  ARPAN ET, connect the command bunga l ows, wh i ch  

were  sp read  a l l  ove r the U n ited States ,  w i t h  se l ect e l ite u n ivers i t ies .  The net a l  ready began i t s  g l oba l  
pro l i fe rat i on  w i t h  the f i be r-opt ic  cab l es wh i ch  NATO l a i d  i n  t he  Atl ant i c ,  i n  o r de r  to immed i ate ly  feed 

the raw data from EL iNT and  C O M I NT back to the i r  US head off ices .  An e l ectro n i c  d u p l i cate of poss i ­
b le  m i l ita ry campa i g n s  wh ich ant i c i pates the i r  topo l og i es and operat ions  i n  ha rdware and  software 

tends to e l i m i nate the d i fference between  war and wa r game.  Esp ionage  and  commun icat ions  tech­
no l ogy on  the one  hand ,  computer  s im u la t i ons  on the other, a l l  fa l l  togethe r  i n  one  and  the same e q u i p­
me nt .  

The Pentagon  has ch r i stened th is new d i spos it ive " I nformat ion  Wa rfa re" and has  done every­

t h i ng  poss i b l e  in the l a st few yea rs to red i rect its sti l l  cons ide rab l e  funds ,  ta k i ng  i nto account  the end  

of the Co l d  Wa r, f r om E l ectro n i c  Wa rfa re t o  I nformat ion Wa rfa re. The reasons a re p l a i n  to see .  The 

Mon roe Doctr i ne  fa l l s  with the g l oba l  networks and sate l l ite l i nks that have been esta b l i s hed  i n  the 

last  th i rty years  For e i g hty years ,  Amer i ca  was the so l e  cont i nent  that  enj oyed the pr iv i l e ge  01 be l ong­

i n g  to the Amer ica n s .  ( O n l y o n  H a l l oween 1 938 and on l y  i n  O rson We l l e s '  magn i f i cent  rad i o  d rama ,  for 

one  hor r i b l e  day, d id the states of New Je rsey and New York undergo an  i nvas i o n  from Ma rs .  These 

i nvade rs a l ready put i nto pract ice a B l i tzkr ieg andjor I nformat ion  Wa rfa re i n  that they d id not attack  
a rm ies ,  but  on l y  e l ectr i c a l  netwo rks, b r i dges ,  and ra i lway l i ne s . )5 The I nternet ,  as  the shadow wh i ch  

E l ectro n i c  Wa rfa re has  cas t  upon  the g l obe ,  d i sposes o f  any l ast vest i ge  of "sanctuary, " even  i l  i t  i s  

c a l l ed God 's own country. 

I nformat i on  Wa rfa re can beg i n  on any desk equ i pped with a PC .  To copy a host i l e  CPU is eas­

i e r, chea per, and  the refore mo re l i ke l y  to pro l i ferate than copy ing a host i l e  phase rada r. That i s  why, 

f i n a l ly, the dea l e rs and e ng i n ee rs (e g .  at Advanced M i c ro Devices) have l ea rned from the wa r r io rs that 

know ledge  on ly cou nts as  knowl edge of the enemy's knowl edge (e .g .  at I nte l ) .  R everse eng i nee r i ng  

bas i ca l l y means to found one 's own prod uct ion techn i ques  on esp ionage .  Th i s  new i n te l l i gence wi l l  st i l l  

p resent d i ff i c u l t  q uest ions ,  because i t  rep laces the good o l d  assumpt ion  o f  i g norance ( among  compet i ­

to rs ,  advert i s i n g  customers ,  a nd  consumers ) .  

But  perhaps reve rse e ng i nee r i ng  can a l so  mean that s ubjects, a l i as  unde r l i ngs-in ma rked d i f­

ference to those of wood a nd  bronze ,  i ron and Damascene stee l-have a chance aga i n  I f  the US Army 

can g ive up its o ld d ream of having the best propr i eta ry computer eq u i pment poss i b l e  and  i n stead buy 
on  the common ma rket l i ke the rest of the wor l d ,  a form of equa l opportun ity weapons tech no l ogy 

resu lts ;  but  th i s  has  h i stor i c a l  conseq uences .  Accord i ng  to the scena r i os  of I nformat ion Wa rfa re ,  the  



monopo ly  on the  use of force by nat i on-states sad ly  no l o n ge r  ex i sts .  The end  of H obbes '  c i v i l  wars has  

i ts e l f  come to a n  end  w i t h  maf ias and ca rte l s ,  NGOs  and  terror bands .  When power  systems co i n c i de  
w i t h  operat i n g  systems and computer networks, t hey  become  suscept i b l e  on  a l e ve l  wh i ch  i s  p r i n c i pa l ly 

i n te l l i g i b l e :  the l eve l  of code .  

The refore the appea l  to wage war accord i ng to the  cond i t i ons  and  budgeta ry dreams of the  

newest a rm of the serv ice ,  an  appea l  as fam i l i a r  as  i t  i s  d u l l  s i nce  the budget izat i o n  of the i n te l l i g ence  

troops ,  i s  not the on ly t h i ng  to appea r  on the hor i zon  of the  I nformat i on  Wa rfa re .  The f i g u re of the  

a rt i st- eng i nee r  reappears ,  after hav ing been seem ing ly  d i s p l aced by the fou nd i n g  of stand i ng  (mean i n g  
nat i o n a l )  a rm i e s .  On ly  a rt h i story sti l l  knows t ha t  the f amed  g e n i u ses o f  the Rena i ssance d i d  no t  j u st 

c reate pa i n t i ngs  and b u i l d i ngs ,  but ca l cu lated fo rtresses and  constructed war mach i nes . 6  If the phan ­

tasm of a l l  I nformat ion Wa rfa re, to  red uce war to softwa re and  i ts fo rms  of death  to operat i ng  system 
crashes ,  were to come true ,  l onesome hacke rs wou l d  take the p l ace  of the h i stor i e  a rt i st-eng i n eers .  

Not without reason does a famous I nfoWa r scena r i o  of the RAN D Co rporat i o n  imag ine the fo l ­
l ow ing  scene :  I n  t h e  yea r 2002, t h e  U S A  withd raws its m i l ita ry s u pport f o r  a c o l l a p s i n g  S a u d i  Ara b i a n  
ru l i ng h o u s e  because A i rbusses fu l l  o f  Amer i can  tou r i sts a re d ropp i ng  l i ke f l i e s  from the s ky over 

Ch i c ago .  The  A i rbus was the f i rst c iv i l p lane that needed a n  on-board computer to rema i n  in the a i r, 
j u st l i ke its m i l ita ry predecessors .  I n  the RAND Corporat i o n 's war game ,  I ra n i a n  m u l l ahs ,  who have 

a lways th rown o i ly l ooks towa rds Saud i  Arab i a ,  have managed  to br ibe the I n d i a n  programmer  of the 

A i r bus  softwa re to hack h i s  own program .  A s i n g l e  a rt i s t- eng i nee r  of that u n - i n c i denta l  ha l f  cont i nent .  

wh i ch  once c reated the bas i s  of a l l  t h i ngs  d i g i ta l  with the  i nvent i o n  of zero ,  s uffi ces  to strateg i ca l ly 
para lyze the l a st rema i n i n g  super  power with the transm i s s i on  be l t  of the Amer i can med ia  democracy 7 

Such  scena r ios are not j u st based on the pre sumpt i on  that a l l  powers on t h i s  ea rth wi l l  q uake 

l i ke God 's own country, equa l ly fearf u l  of the i r  i n h a b itants '  dy i ng  med i a-effect ive k i nds  of death .  They 

a l s o  sty l i ze  the  wr i t i ng of softwa re i nto an a rt i s t i c  feat of a n  i n d i v i d u a l ,  who ceased to ex ist i n  the soft­

ware forges a l o ng  t ime ago .  It is therefore much  to be feared ,  as in A l v i n  Toff l e r 's i deo logy- I aden  
Cyberspace Manifesto, that  the f ree  i nd iv id u a l ,  with h i s  power  to l ead  the m i nd i t se l f  to v ictory ove r 

the mater i a l i sm  of the n i n eteenth and the m i l i ta ry- i n d u str i a l  comp l exes of the  twent i eth centu ry, wi l l  
a lways rema i n  a f i g  l eaf . 

When i t  comes to non-governmenta l o rgan izat i ons  that m i g ht, step by step,  d i sso lve the th ree­

h u nd red-year-o l d  monopo ly of the nat ion-states on  the use  of force ,  the strateg i sts of i nformat ion  war­
fare ,  f i nanced by the same nat ion-states ,  wi l l  not g row t i red of nam i ng  env i ronment-contam i nated 
eco l o g i sts, peace-contam i nated l eft i sts and I s l am-contam i nated terror g roups .  Wh at they fa i l  to men­

t i  on  i s  the computer  bus iness  itse l f-not as a myth i ca l  f i n a l  f ront i e r  for hackers ,  but  a s  a band of g l ob­
a l  compan ies ,  who a re as  imper ia l i st i c  as they a re wa r l i ke .  Th is  gang  has  a l ready a c h i eved the brea k­
i n g  of the state monopo l i e s  of ma i l ,  rad i o ,  a nd  te l ecomm u n i ca t i ons .  Even the US Army has ceased to 
set h i g h  goa l s  for the computer i n dustry, such  a s  Very H i g h  Speed Comput i n g ,  but i n stead prov ides  for 

its own needs ,  modest l i ke the rest of the wor l d ,  on  the free ma rket. So the gang  has sta rted to i nco r­
porate enterta i nment med i a  and te lev i s i on  compan i es i nto t h e i r  c h i ps and networks .  When even Andy 
G rove's "Wa r  over the eye ba l l" wi l l  be won, there wi l l  hard ly be  a ny worthwh i l e  opponents o r  u nf r iend­

I y  takeovers l eft-except for the nat ion-states themse lves .  Read ing the l oud  wa rn i ngs  of a l oss  of  
power of the nat ion-states i n  an  a l te rnate way may l ead  to t he  i nterp retat ion  that computer wa rfare i s  
bes t  l eft to the  computer i ndustry i tse l f .  B i l l  G ates and  Scott McNea l y  a s  condott i e r i  of t he i r  pr ivate 

a rm i e s  cons i s t i ng  of servers and c l i ents, operat i ng  systems and propr i eta ry networks . 
A l l  p rognoses ,  however, no matter if they be s i n i ster  or neo- l i be ra l ,  a ssume one  t h i n g :  that the 

U n iversa l  Tu r i n g  Mach ine i s  i n  fact and  i n  theory the end  of a l l  h i sto ry. I nformat i o n  Warfare s imp ly 

means  to f i gh t  ove r d i g ita l techno l ogy with d i g i ta l tec hno l ogy. Phys i c i sts today assume that the Tu r i ng ­
C h u rc h  Hypothes i s  i n  i t s  most  genera l  (mean i n g  phys ica l )  i nterp retat i o n  was a m i sapp rehens i o n ,  one  



that the i nformat ion wa rr i o rs a re st i l i l a bo r i n g  under :  The one th ing ce rta i n  abou t  natu re ,  whatever t h i s  

a n c i ent t e rm  m i g ht imp ly, i s  t ha t  i t  i s  not a Tu r i ng  Mach i n e .  Fram t he  fact that  i t  ex i sts we can  assume 

that othe r  prag rammab l e  mach i nes  a re poss i b l e .  I n  th i s  ca se wor ld h i story wi l l  not  have reached its 

i n ev ita b l y  d i g ita l end, and  the  Pax Amer i cana ,  as  far as it i s  st i l l  based o n  J o h n  von Ne uman n 's com­
b i nat ion  of Eng l i sh computers ,  Ge rman  rackets ,  and Amer ican nuc lear  bombs ,  w i l l  have been an i nter­

l u d e .  The war, started i n  the  s ky, w i l l  be cont i nued in the heaven of mathemat i c s .  

N otes 
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M e d i a  A r t :  E x p a n s i o n  o f  
W h a t W i l l  R e m a i n  
E l e c t r o n i c A g e ?  

o f  t h e  

Theses on Art and Electron ics 

La creation est prioritaire. 
La communication vient quand on a quelque-chose a communiquer. 

P i e rre Bou l ez 

Med i a  a rt 01 today is not a creat i on  01 the e i g ht i e s .  It had  been c l ea r l y  " o n  the scene"  belore ,  
somewhere between 1 965 and  1 970 ,  another  t ime when the term "expan s i o n "  was l i nked to a rt . 1  And 

to be exact ,  the  years 1 950 to 1 955 must be stated as  the years 01 its o r i g i n .  I t  was then  that the e l ec­

tro n i c  age  01 a rt set i n ,  and i t  d i d  so s im u l taneous l y  at va r i o u s  l eve l s .  Arch i tecture and  e l ectro n i c  

mu s i c  j o i ned h a n d s  i n  t h e  Ph i l i ps Pav i l i o n  at t h e  Expos i t i o n  01 Brusse l s  i n  1 958 ,  a d eve lopment  that 
cou l d  be traced back to Donauesc h i ngen  i n  1 953 when P i e rre Schaeffer had d i st r i b uted h is  " O rphee "  
mus i c  among  severa l  l o udspeakers .  I n  1 952-53 Ka r l h e i n z  Stockhausen ,  then  23 yea r s  01 age ,  had  

worked  with P i e rre Schaeffe r i n  Pa r i s ;  h i s  l i rst compos i t i on  with synthet i c  sounds ,  cons i st i ng  01 s i ne  
tones ,  res u l ted i n  the " E l ectron i c  S tudy  I "  i n  1 953 .  

Wo l l  Voste l l  met Stockhausen i n  1 954, and  i n  1 959 he  sta rted h i s  e l ectro n i c  de-co l l /ages  by 
te l ev i s i o n - d i stort i o n  and e l ectro-acoust i c  o bjects .  I n  1 958 ,  Nam June Pa i k  started to work i n  the stu­
d io lor  e l ectro n i c  mus ic  01 the WDR Kö ln ( the West G e rman  Broadcast i ng  Compa ny, Co l ogne ) ; l ive 

years l ater  he  exh i b i ted h is  " M us i c - E l ectro n i c  Te l ev i s i o n "  i n  Wuppe rta l .  
Eve ryon e  not c l o s i n g  h i s  eyes had t o  b e  d rawn i nto the wh i r l 0 1  the deve lopment  0 1  a rt and  

tech no l ogy. A n etwork 0 1  s i g n i l i cant exh i b i t i o ns ,  01 g roup  a nd  i n d i v i d ua l  act i v i t i es ,  was  l i a sh i n g  

a r o u n d  o u r  g l o b e ,  a t  t h e  p e a k  0 1  an  a g e  that w a s  p o s i n g  b r i l l i a nt q uest i o n s  and  g i v i n g  b r i l l i a n t  

a n swers .  
The "Art & Techno l ogy C i rcus "  (and  I th i n k  01 a poet i c ,  e l ated and  e l at i n g ,  mob i l e  c i rc u s ,  01 

a n  obsessed g roup  01 prod ucers )  perlormed in New Yo rk in Octobe r  1 966 ,  p resent i ng  "9  Eve n i n g s .  
Theatre and  E n g i n ee r i ng , "  and  i n  E i n dhoven l r om  Septembe r  t o  De c embe r  1 966 ,  p resent i n g  
" Ku n stl i chtKunst . " From May t o  August 1 967 ,  F ra n k  Poppe r  orga n i zed h i s  " L um i e re et Mouvement " i n  
Pa r i s  i n  the  same ,  s l owly decay i ng  Museum 01 the C i ty 01 Pa r i s  i n  wh i c h  h e  p resented " E l ectra " i n  
1 983-84. 

Th i ngs  were on the i r  way ! Legenda ry 1 968 b rought  Pontus H u l ten 's pe rlo rmance 01 "The 
Mac h i n e-As Seen  at the End 01 the Mechan i c a l  Age"  i n  New Yo rk . "Tech n o l ogy now dom i nates 
every step 01 eve ryday l i le comp lete ly, "  an  i ntrod uct i on  to the l a st pa rt 01 a n  exh i b i t i o n  ded i cated to 
"Art and Tech no l ogy" stated . "Cybernet ic Serend i p i ty"-a term i mp l y i n g  the g i lt 01 "mak i n g  chance  



d i scover ies"-was o rgan i zed  by Jas i a  Re i c h a rdt i n  London that same year, def i n i t e l y  presen t i n g  the  
computer as  a n  i n str ument  for a rt i sts .  

The f i na l  p rograms of the  "Art & Tech no l ogy C i rcus "  were the two most a mb i t i o u s  ones .  F i rst, 
the f i ve-yea r  project by Mau r i c e  Tuchman  t i t l ed  "Art and Techno l ogy, " for wh i c h  the c u rator of the Los 
Ange l e s  Cou nty Museum  of Art a s semb l ed  a rt i sts and i n dustry to c u lm i nate in an e x h i b i t i o n  in May 

1 97 1 . And second,  the " Pav i i i o n "  at the  wor l d 's fa i r  of Dsaka i n  1 970 .  B i l l y K l üver, a s c i en t i s t  and e n g i -

n ee r, at that t ime  p re s i dent  of t he  EAT g r o u p  ( Expe r iments i n  Art a n d  Tec h no l ogy, f o u n d e d  i n  1 966 )
' 

wh i c h  was de s i g n i n g  the  " Pav i i i o n , "  saw the  oppor­

t un i ty for the i n d i v i d u a l  to re l ate to the  wor ld  a round  

by means  of tec h no l ogy :  " Fo r  tack l i n g  these  d i ffi c u l t  

p ro b l ems  the immed i ate ,  forwa rd sens i b i l i ty of t he  

a rt i sts i s  needed . "  

Fi rst thesis:  

From the beg i n n i ngs  of e l ectro n i c  a rt i n  the 

f i rst ha l f  of the f i ft i es  th ro ugh  the  esta b l i s hment of 
the  ent i re ra nge  of the med ia i n  the second ha l f  of the 

s i xt i e s ,  we have now, i n  the m i d d l e  of the  e i g ht ies ,  

reached a peak of the i nteract ion  of a rt and  techno l o­
gy. Deve l opment obv i ous l y  happens  i n  the  form of 

Electronic Happening, Nam June Paik and Charlotte Moorman, 
Ars Electronica 82 

cyc l es .  I expect the present ly expand i n g  i n te rest i n  techno log i ca l  art to reach a s u m m it a n d  then  

dec l i n e .  

The  q u est i on  m ust be p u t :  Wh at w i l l  rema i n  o f  t h e  e l ectron i c  age  conce rn i n g  t he  rea l m  of a rt? 

I t  is ev ident  that the f i rst two cyc l e s  have not fo und  a p lace  in Dur storehouses  for c u l t u ra l goods ,  the 

museums ,  and  even l e ss  have they fo u n d  cont i n u i ng c u l t ivat i on ,  research ,  a nd  c o m m u n i cat i o n .  
D u r  museums  a re b y  no  m e a n s  l a bo rato r i es  f o r  a new ph i l osophy o f  t he  h i story of a rt-a pos­

t u l ate ra i sed  by A l exander  Dorner  i n  the  twent ies ,  wh i ch  he  h i mse l f  had t r i ed  to f u l f i l l  by i n c l u d i n g  the  

" abstract cab i net" of and  togethe r  w i th  E I  L i ss itzky i n  h i s  museum i n  H a nnover  a nd  by p repar i ng  

anothe r  one  with Moho ly -Nagy. 

Second thesis:  

E l ectro n i c/tec h no l o g i c a l  a rt ,  med i a  a rt ,  const i tutes a l eap  i n  deve l o pment ,  new a s  to i ts  q u a l ­

i ty, structure ,  and  genes i s ,  that m a y  be compared i n  i t s  effects t o  t h e  eme rgence  of pane l - p a i nt i n g  

w i t h  a l l  t he  soc i a l ,  e c o nom i c ,  educat i o n a l  effects i nvo lved . Th i s  art i s  n o t  a con t i n u at i o n  of pane l ­

pa i n t i n g  o r  scu l ptu re w i t h  new means ,  Art ist and  spectator wi l l  certa i n l y  b r i n g  a l o ng  t h e i r  expe r i ences  

made  with othe r  objects of a rt ,  t h e i r  patte rn ,  so to speak ;  the v iewi ng  eye  l ooks  at t h i s  d i ffe rent  a rt 

t h ro u g h  the expe r i ences  made .  The  spectator of med ia  a rt ,  however, need  not  have passed  t h r o ugh  a 

tra i n i n g  i n  the h i story of a rt ,  j u st as the  twe lve-year-o l d  p up i l  who s its at t he  compute r  p rog ra m m i n g  

h i s  d raw ing  a rsena l  n e e d  n o t  have b e e n  i n i t i ated i nto t h e  h i story o f  a rt ,  i n d e e d ,  m a y  be c o m p l ete ly  

i g n orant of i t  ( and  probab l y  i s ,  a nyhow, I 'm so rry to say ! ) . 

The  structure of the  a u d i ence  at exh i b i t i ons  of ho l og raphy, the refore ,  i s  a b so l ute l y  u n h omo­

geneous ,  no  longer  the  somewhat homogeneous  g roup that wou l d  v i s i t  a n  exh i b i t i o n  of Ka n d i n s ky o r  
s u rrea l i s m .  Lack i ng  stat i s t i ca l da ta  I t r u s t  my persona l  observat ion  i n  a r r i v i ng  at t h i s  con c l u s i o n ,  wh i c h  

may, h owever, be put to the  t e s t  anyt ime .  

I f  med i a  a rt d oe s  const i tute a new stage o f  deve l opment, t h e n  we have  to a s k  fo r  adeq uate 

p i  aces  to d i sp l ay  and  store th is  a rt ,  that i s ,  we have to ask  for media mu se ums .  
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Th i rd thesis :  

F ine a rt today happens with i n  a system 01 th ree components . Bes ides  g ra p h i c  and p l ast ic  a rt .  
wh i c h  appea r  to be i n exhaust i b l e  as they a re b e i n g  red i scovered and  executed anew in sp ite 01 the i r  

h i sto r i c  c o u rse ,  med ia o r  e l ectron i c/tec h no l o g i c a l  a rt i s  l i ke l y  t o  g a i n  g round ,  t o  be j o i n e d  b y  env i ron ­

menta l  a rt a s  the  th i rd 01 these th ree components .  

As a lways, there wi l l  be a rt i sts "occupy i n g "  a l l  01  the th ree l i e l ds  with the i r  work ,  a nd  the re 

w i l l  be a rt i sts co ncentrat i ng  on one l i e l d  01 work .  Aga i n  I want to ask :  H ow can the  mu se um-be i n g  

t he  re l evant p l ace-d i sp l ay, i nvest i gate, store such  a system 01 t h ree  components? The museum  must 
not  be re l i eved 01 its duty 01 be i ng  the p l a ce  01 rele rence lor  works 01 rema i n i n g  va l u e .  C e rta i n ly, l i l m ,  

p hotography, v i deo ,  d i sc ,  tape ,  etc . a r e  m e d i a  t o  store 
events 01  a rt .  Where shou l d  they be co l l ected ,  exam i ned ,  

a nd  pa s sed  o n  i l  not i n  an  adeq uate museum ,  t h a t  i s ,  i n  a 

med i a  museum?  

Des ign  Techno log ies or What Have Vou 

I n  t h e  cata l og u e  01 the  exh i b i t i o n  "Art a n d  
Tec h n o l ogy-Sett ing Out Towa rds N e w  Rea l i t i e s " 2 w h i c h  

I o r gan i z ed ,  I i n trod uced a n d  exp l a i ned t h e  term " de s i g n  
tec h n o l ogy. "  We need a l i tt i ng  term t o  denote the  proce­
d u res  and resu l ts 01 med ia a rt and to avo i d  t he  p i tfa l l s  01 

d i s c u s s i o n  a n d  assessment  01 a rt i s t i c  a n d/o r 

tec h n i ca l/tech n o l og i ca l  q ua l i ty. 

F ra n �o i s  Mo l na r, co-Iounder  01 the  G roupe  de  
R e c h e rc h e  d 'Art Vi s u e l ,  h ad  c a l l e d  d e s i g n  a b r i d g e  

between a rt and  sc ience .  W e  must n o t  a p p l y  t he  yardst i c k  

01 " t he  concept 01 art" to the works and p rocesses  01 con ­
tempo ra ry tec hno l og i ca l  a rt .  We wi l l  not be ab le  to pe r-
ce i ve  and  app rec i ate wh at is new. 

Jürgen Claus: Sunstrueture, 
a Computer graphies, Diaeomed 0 38 

It i s  a cha racte r ist ic  01 h o l ograph i c  and  computer-g ene rated works ,  presented i n  exh i b i t i o ns  

s i n ce  the  m i d - s i xt ies ,  t ha t  t hey  have  often been  p roduced  by s c i e nt i sts o r  e ng i n ee rs who were most 
i nte rested i n  q u est ions 01 the l ine a rts o r  rath e r  01 " d e s i g n , "  mo re so ,  actua l l y, t han  many experts 01 

a rt h i sto ry, the world 01 museums ,  and a rt p u b l i c a t i ons .  
Obv i ous l y, th i s  was  a l so due  to the  l i m i ted access i b i l ity 01 the new med i a ,  h o l o g raphy  and  

compute r  d e s i g n .  So  tar, l a borator ies  a re out rageous l y  expens i ve .  W i t h  the cos t  lor one  h o u r  01 l a bo­
ratory (a t  a l i l m  stud i o  i n  M u n i ch ,  lor prod u c i n g  prole s s i o na l  v i deotapes ,  th is runs a round  3 ,000 
Ge rman  ma rks ! .  there i s  ha rd l y  any chance lor a rt i sts ,  u n l ess they have comm i s s i o n s  lrom i n d u stry­
wh i c h  u s u a l l y  i m p l ies some l i m i tat i ons ,  however. Expe r imenta l  work i s  not poss i b l e  u n l ess access to 

the i n st ruments becomes un i ve rsa l .  
V i deo  a n d  computer have become mo re rea d i l y  ava i l a b l e .  T h i s  i s  not yet t rue lor h o l o g raphy, 

v i d eo  d i sc ,  or v i deo  text ( btx) to the extent that  they may be used  as a rt ists '  med i a .  A n umbe r  01 pos­
i t i ve  advances can  be expected .  Ars E l ectro n i ca 01 L inz can  c l a i m  to have paved the  way and to con­
t i n u e  d o i n g  so .  The expans i on  01 med ia  a rt wou l d  not  have atta i n ed  its present ra n k  without the  var i ­

ety 01  oppo rtu n i t i es  offered and rea l i zed so cou rageous l y  and  luture-m i nded l y  i n  L inz t h ro u g hout the 
past years .  The  lo l l owing quest ions rema i n :  Where and  how s hou l d  i n struct i o n  i n  the  med ia  be  g iven? 
What about  t he  med ia museum? How can t he  tec h no l o g i c a l  i n st ruments be made  mo re rea d i l y  ava i l ­
a b l e? 



I n st ruct ion and  tra i n i ng for a rt i sts i n  the med i a  age must be recons i d e red .  I q uote the  G e rman  
soc i o l o g i st Ro l f  Da rendo rf ,  who wrote recent ly, "The futu re does not  cons i s t  of the  t rad i t i o na l  work­
ing wor l d ;  i t  i s  one  that comb i nes  h i g h  techno l ogy with a new soc i a l  construct i o n  of h u m a n  l i fe . "  

Schoo l s  o f  a rt m ust ra i s e  a n d  d i scuss  the  i s sue  o f  a rt i st i c  work and its c ommun i ca t i on  t o  soc i ety. They  
m ust i n c l u d e  the expan d i n g  med i a  a rt .  

I want to refe r  to the work i ng  g roup  "Med ia  deve lopment/M ed i a  researc h "  at the  Co l l eg e  of 

Des i g n  i n  Offen bach/Ma i n .  Th is group,  d i rected by Manfred E i senbe i s ,  presented v i deo-texts deve l ­

o p e d  b y  a rt i sts accord i n g  to C EPT sta nda rds3 a t  t h e  I nternat iona l e  F u n ka u sste l l u n g  Be r l i n  i n  1 983 .  

E i s enbe i s  comments ,  "Vi d eo-text i s  a med i u m  today, ta k i ng  i t s  p l ace i n  the context of p r i n t  med i a  a n d  
t e l ev i s i o n . "  

Another  pos i t ive examp l e  i s  that o f  the a rt i st- i n-res i dence program offe red b y  the  New Yo rk 

Muse um  of Ho l o g raphy, for  i n stance .  Such programs ought  to be expa nded .  I n d ust ry, computer  com­
pan ies ,  t e l ev i s i o n  stat i o n s  ought to be e n l i sted to supp ly new opport u n i t i e s  for a rt i sts .  

I we l come the  open i n g  of the  so-ca l l ed med ia  l a ndscape ,  prov i ded  i t  does  not dete r i o rate to 

become a mere can -opene r  to an  i ncrea s i n g  n umber  of sha l l ow, p u re l y  commerc i a l  p rog rams .  

U nfortunate ly, the  road t h a t  i s  be i n g  taken i n  t h e  Federa l R e p u b l i c  o f  G e rmany at present conce rn i n g  
c a b l e  p i l ot projects ,  tends  t o  become s u c h  a can-opene r. Organ izers stress repeated l y  that they a re  

o n l y  prov i d i ng the  " roof , "  tra n sm i ss i o n  t ime .  Th i s  cou l d  be an  opport u n i ty for expe r imenta l ,  a rt i s t i c ,  

c u l t u ra l  p rograms ,  they ma i nta i n .  
These  a rg u m ents h o l d  i n  t heo ry o n ly .  Actua l l y, however, what i s  m i s s i n g  a re t h e  sponso r s .  

A one - hou r  program ,  l i ke the one  recent ly  made  by  Ra l p h  Bernhardt of the  MAZ-Stud i o  Mun i c h  fo r  

c ab l e  TV, takes  about  7 5 ,000 Ge rman  ma rks ,  after a l 1 4 Th i s  i s  beyond the  means  of a n  i ndependent 

prod uce r, a nd  ne i the r  p u b l i c  no r  p r ivate dono rs have yet earma rked s u ch  funds  for  those p u rposes .  I 
actu a l ly wonder  if c a b l e  TV were not bette r restr icted to l o ca l  app l i ca t i on ,  to state a n  exa m p l e :  t e l e ­

ca sts of a u n ivers i ty/c o l l e g e  for the campus ,  f o r  i n sta nce .  Th i n g s  wou l d  be eas i e r  that way. 

Exper i menta l p rograms wou l d  be encou raged .  The aud ience  wou l d  be  restr icted to the v i c i n ity of t he  

u n ivers i ty/co l l ege ;  the  target g roup  wou l d  be c l ea r l y  def i ned .  A state g r an t  cou l d  be u sed  t o  f i n ance  

t h i s  l i ke o t he r  u n ivers i ty act iv i t ies  (fees,  l i b ra r ies ,  staff, and ma i ntenance costs ,  etc . ) .  Of cou rse ,  I refe r 
to the Federa l  Repu b l i c  of G e rmany. 

The Med ia  Museum:  What Remai ns? 

This new kind of a cultural institute would not only not be a museum of 'art ' statically speak­

ing, but not even a 'museum. ' This new kind could be compared to a power station rather, to 

a generator of new forces. 

A lexander  Do rne r  

At  a cos t  of fou r  and  a h a l f  b i l l i o n  f rancs ,  the Musee  de la  Vi i l ette i s  b e i n g  bu i l t  i n  Pa r i s ,  ded ­

i c a ted  to sc i ence ,  tech no l ogy, and  i n d u stry. The g i a nt stee l  ha l l  from the  1 9th centu ry i n  the pa rk  of 

the  muse um  i s  to house the  Par is B i e n n a l e  i n  autumn 1 985,  hav i n g  a s  its to p i c  " I ntersect i o n  of 

Tec h no l o g i e s . "  Much money and many conc rete a i ms have been i nvested to man ifest our e l ectro n i c  

a ge  i n  a rch itectu re a nd  i n  to p i c a l  p rog rams .  

Wha t  s h o u l d  a museum of med i a  a rt, a museum fo r  t h e  new med i a  t e l e v i s i o n ,  v i deo ,  v i d eo  

d i sc ,  v i deo  text, cybernet i c  scu l ptu res ,  computer-gene rated a rt, i ntermed i a  theatre ,  l a se r, h o l o g ra phy, 

be l i ke?  What provi s i o n s  ough t  to be made?  

The p ro b l ems  posed by the p roduct i on ,  co l l ect i on ,  storage, p l ayback fac i l i t i e s  of these works 

a re abso l ute ly  nove l when compa red to those of pa i nt i ngs ,  d rawi ngs ,  scu l ptu res ,  a nd-maybe-pho-
(Y) 
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tographs  u p  to n ow housed i n  museums .  Th i s  a p p l i es to e q u i pment .  l ayout  of rooms ,  a u d i ence  part ic­

i pa t i on  a s  we i l  a s  to the structure of the b u i l d i n g  a s  s u c h .  In  h is book Überwindung der Kunst 

(Overc om i n g  Art; 3rd ed i t i on  1 958)
' 

A lexande r  Do rne r  has  g iven  the  fo l l ow i n g  c ha racte r i s t i c ,  w i thout  

refe r r i ng  d i rect ly  to a med ia  museum.  "There i s  n o  need  for  a magn i f i cent p a l ace  but much  rathe r  for 
a funct i o n a l ,  f l e x i b l e  construct i on  of l i ght .  modern mater i a l s .  I ts  success wou l d  g o  back to t he  c re­

at iveness and the  i n i t iat ive of its d i rector, that is ,  to h i s  recept iv i ty and the t h r u st of h is dec i s i o n s  and 

h is act iv i ty. " The  new museums b u i l t  in the  Federa l R e p u b l i c  of G e rmany in recent years a re mo re of 

the pa l a ce  k i n d .  No  wonder  that now the m i l l i o n s  used for the respect ive b u i l d i ng s  in Stuttga rt .  

Möncheng l a dbach ,  and so on  a re not ava i l a b l e  for the  concern proper. There a re hard ly any funds for 

buy i ng  works of media a rt .  which causes se r i o us  f i n a n c i a l  p ro b l ems  for  the  p roduce rs and  const i tutes 
a lack of i nformat ion on the part of the p u b l i c .  

A n ew  med i a  mu s e um  m i g ht i n c l u d e  a proper  workshop .  I t  m i g ht prov i d e  the  necessary e q u i p­

ment  to a rt i sts l a ck i ng  such i n sta l l at i ons  at present .  The  new muse um  m i g h t  a l s o  se rve as a term i n a l  

t o  p o o l  t h e  va r i o u s  serv i ces ,  capac i t i es ,  resu l ts .  Soone r  o r  l a te r, t h e  adva nces of tech n o l ogy wi l l  make 

us connect D u r  own d i sp l ay  screen to such  a muse um .  Many  se rv i ces  wi l l  be ava i l a b l e  to eve ryone .  
The expans i o n  o f  med ia  a rt ca l l s  f o r  such  an  au tonomous ,  new k i n d  o f  muse u m .  Ex i s t i ng  museums  for 

h o l o g raphy  ( i n  New York, Par is ,  Pu l  h e im  near Co l ogne )  a re stepp i n g -stones  o n  o u r  way. A med i a  mu se­

um resemb l e s  a network (and I do  not t h i n k  of cab l e s  now) l i n k i n g  new tec h no l o g i es-rad i o  and t e l e­

v i s i o n  compa n i es ,  educat i ona l  i n st i tut ions ,  l i b ra r i e s ,  med i a t heques ,  and  so o n .  

Notes 

7 .  See Jürgen Claus, Expansion der Kunst (Reinbek bei Hamburg: Rowohlt Taschenbuch Verlag, 1970; new edition: 
Berlin: VI/stein Taschenbuch, 1982) 
2. Exhibition "Kunst und Technologie-Aufbruch in neue Wirklichkeiten " (Art and Technology-Setting Out 
Towards New Realities!, Federal Ministry of Research and Technology, Bonn, September 9-0ctober 5, 7984 
3. As compared to field tests with coarse rasters, CEPT standards have greatly improved the quality of video texts. 
CEPT is the abbreviation of Conference Europeenne des Administrations des Postes et des Telecommunications. 
4. Reference is made to the first cable film with and on artists, first presented in the Ludwigshafen cable project 
on January 26, 1 984, entitled "Künstler '84. " 



A r s  E l e c t r o n i c a  8 6  

M e d i a  A r t 

Today the wor ld  of i mages ,  texts, a nd  sounds  has assemb led at a s i n g l e  term i n a l  at wh i c h  the 
" a rt i st "  of tomo rrow can  be  fo u n d  ready to comb i ne  them at h i s  wi l l :  at the pa int  box .  I n  convent i on ­

a l  terms t h i s  wou l d  imp ly  a b r u sh ,  p a i nts ,  a nd  an  ease l .  I n  keep i ng  with today's tec h no l ogy  they a re 

the compute r, the synthes i z e r, a n d  the d i sp l ay. To anyone work ing at the p a i nt box these  t h ree  e l e ­

ments connected t o  the network of prod uce rs ,  use rs ,  and memor ies o f  i mages ,  texts, a nd  s o und s  con­
st i tute the h u b  of the wor l d .  

From t h e  vast a nd  no  l o n g e r  conce i va b l e  abundance o f  i nformat i on  ava i l a b l e ,  t h e  very best 

res u l t  can  be chosen from among  ever a cc umu l at i n g  new poss i b i l i t ies of i nformat i o n .  The  l i nea r i ty and  

" i d ent i ty"  of sc r i pt b u rsts i nto a n  i n te rm i nab l e  a rray of images ,  texts ,  a nd  sounds  p l u n g i n g  a one ­

d i mens i ona l ,  r educed  p i ct u re of the wor l d  i nto an  abu ndance o f  subject ive wor ld  p i ctu res ,  a n d  aga i n  

creat i n g  i n  never-en d i n g  comb i na t i on  a n e w  work . Carr ied away by t h e  vortex of h i s  o r  h e r  prod uct . 
the  ope rator has to accept a n  open work of a rt .  

The wor l d  has  assemb l e d  at th is p lace not to be def ined ,  but to d i scuss  the  present poss i b i l i ­

t i  es  i n  a d i a l o g u e .  T h i s  i s  what i s  n e w  a b o u t  t h e  magnet ism o f  t h e  v ideo c l i p ,  t h i s  c u r rent ly h ottest i tem 

which serves best to i l l u strate the fac u l t i e s  of the pa i nt box. Who knows what the  future has  i n  store 

for us?  I do  not want to c l a im  that the c l i ps a re the best prod ucts i n  the wor ld  of the med i a .  The i r  pro­

d ucers adhe re too much  to past patte rns of avant-ga rde and to sex and c r i m e  stereotypes .  The i r  u n ity 

of image ,  text. and sound ,  howeve r, has reached the latest denom i n ator. That i s  to say, that they 

encompass a l l  the convent i o n a l  med i a  as  we i l  as  tak ing  up  any newly deve l oped tec h no l o g i c a l  

f i n esse .  

The resu l t  can be bo th ,  the p i ct u re o f  an  open  ga rbage can  as  we i l  a s  G l oba l  G roove ( Pa i k  

1 973 ) .  They a re t h e  best means  t o  convey t h e  suscept i b i l i ty o f  o u r  days, o f  o u r  g l oba l  enta n g l ement .  
a l so of the postmodern s i t uat i on ,  the constant threat of the arsena l s  of n u c l e a r  bombs .  They a re a 

means  of express ion  for the b i l l  i o ns  of peop le ,  for the i r  most subtly d i fferent iated i d iosyncras i e s  and 

man ifestat ions .  Certa i n l y  on l y  to the extent that ind iv idua l  des i res and concepts can be rea l i zed ,  and  not 

i f  the d i str i but ion  and the hand l i n g  of c l i ps i s  concentrated i n  the a l l -powerf u l  mass med ia  of o u r  days .  
Stat i n g  i t  s im p ly, we may say that  so far the med ia  have been  used  to o rgan i ze  the  masses 

by whoever  was i n  the cha i r. Th i s  has  not been q u ite as  obvi ous i n  f i l m mak i n g  a s  i t  has  been  i n  the 

newspapers ,  the  rad i o ,  a nd  late ly TV. The re i s  a centre for the d i str i b u t i on  of i nformat i o n  respon s i b l e  
LI) 
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fo r  ed i t i n g ,  censor i ng ,  man i p u lat i ng ,  and copy i n g .  Th ro u g h  most d i ffe rent c hanne l s ,  t hese  so-ca l l ed 

tra nsm itters reach an a ud i ence of ent i re l y  d i fferent tastes who a re ,  however, se rved t he  very same 
canned  menu ,  whateve r the i r  w ishes  m i g ht be .  The v i ews formed du r i ng  recept i on  (over  the years )  

effect a k ind of s i mp l i f i cat ion of the stereotypes of the  med i a .  They are l i n ked most ly to the  ho rror  of 

everyday l i fe and  on the othe r  hand to those i mages  that  deve l o p  i nto c e l eb r i t i e s .  There i s  no  way of 
eva d i n g  them; they sta re at us from the most h i dden  co rne rs .  

We cannot escape these mecha n i sms ;  t h ey  h ave  rep l aced the c h u rch  of former d ay s  a nd  t h e  
p ub l i c  p l a ces ,  a nd  have become t he  carr i e rs of the  " i de o l ogy" of the soc i ety, wh i ch  i s  t u r n i n g  i nto an  

i nc rea s i n g ly s i m i l a r  g l oba l  mass  th rough  the mass  med i a ,  notwithsta nd i n g  the ex istence of b l ocs  and  
d i ffe rent po l i t i c a l  credos . Anyone hav ing  seen  the f i rst h o u rs of TV afte r Wor l d  Wa r 1 1  wi l l  conf i rm th i s .  

I n  c on s i stence  w i th  the  deve l opment of TV, t he re sudden l y  was a netwo rk ope rat i ng  i n  cont i n uou s l y  

l a rg e r  o rders ,  u nt i l i t  became the g l oba l  network o f  today's sate l l i te TV. 
Th i s  has  made the wo r ld  orb i ta l .  It i s  d i rected from ou ts i d e ,  from above ,  and  f u t u re gene ra­

t ions of exp l o rers and conquerors wi l l  no l o n g e r  traverse j u n g l es and  the seas to d i scover new l a nd ;  
after l a nd i n g  o n  t he  moon  i n  1 969 1with rathe r  l i tt l e  effectl .  t hey  now f l y  to manned  space  stat i o n s  

wh i c h  i n  the  meant ime contro l o u r  p l a net Ea rth togethe r  w i th  h u nd reds of sate l l i t es .  As i n  a l l  

i n stances  o f  prog ress, th i s  i s  f i rst o f  a l l  a m i l i t a ry co ntro l ;  they mon i tor, they take photog raphs ,  they 

s py. The heads of the powerfu l have separated from t he i r  s h o u l d e rs and are c r u i s i n g  t h rough  space 

l i ke the cou ntenance of God .  

J ust a s  exhaust f umes  heat  u p  o u r  a tmosphe re ,  so do m i l i ta ry tech n i q u e s .  The o rb i t  i s  to ho l d  
secu r i ty for  o u r  future, i n  t he  g i g ant i c  project of S O l .  We shou l d  not rea l l y  ob ject to ho theads  f i g h t i n g  
t h e i r  batt l e s  at  a safe d i stance f r om ou r  ea rth ;  h owever, i n  the  end ,  wi l l  i t  not come down on  us?  

Whatever  fu tu re techno l og i es may be opened u p  th ro u g h  o rb i ta l t h i n k i n g ,  shou ld  we not  rathe r  so lve 

the  g l o ba l  p rob l ems  f i rst before adj o u rn i ng them i nto the o rb i t? 

The Sta r Wars prog ramme proves that war no l o n ge r  needs  s o l d i e rs but technoc rats .  
F u rthe rmore ,  war  i s  no longer eas i ly to be detected;  i t  takes p l a ce  i n  the product ion and  obso l escence 

of a rms ,  a nd  o n  the sma l l  but ve ry effective sca l e  of ter ror  attacks by g roups  of most d i fferent  o r i g i n ,  

who do  n o t  hes i tate t o  make  c iv i l i a n s  v i ct ims  of t h e i r  attacks .  Thus  anyone i s  t h e  potent i a l  v i c t im  not 
on ly of actu a l  a gg ress ion but a l so of so me prog ramme  patte r i n g  down on  h im o r  he r. Th i s  i s  t rue a l so 

of o u r  c u l t u r a l  act iv i t ies :  f i rst we have to u n de rgo  the hot-c o l d  t reatment of d i fferent tastes ,  q u a l i ty 
c l a i ms ,  a nd  a cts of se l f-rea l i zat ion before f i n d i n g  o u rse l ves .  We have to become permea b l e ,  to be 
open ,  a nd  t hen  perhaps we may dec ide  for th i s  one  f i rst and  for  someth i n g  e lse l a te r  on ,  a s  to h ow 

we de f i ne  q u a l i ty, va l ue ,  or s imp l y  ou r  prefe rence .  The re i s  a n  " i mmate r i a l  i mper i a l i s m "  of the images  
at the  g l o ba l  c u l t u ra l  front; we  are branded ,  a s  forme r l y  he rds  of catt l e  we re  b randed  wi th  the mark  

of the i r  owner. Ado lescents crave fo r  these ma rks ,  they a re fans ,  they  ado re the i r  i do l s .  Rather  l a te  
they rea l i z e  that they  were noth i n g  but the s u n ny s i de ,  the  u n reachab l e  d i stance of the  c l oseness  of  

the i r  pa rents o r  f r i ends ,  who a re on l y  profa ne  compa red  to the l u r i n g  appea l  of the h e roes  of mass 
c u l t u re .  

The d i ff i c u l ty i s  no t  to  be dece ived by th i s  mechan i sm of the  c u l t ivat i on  of i mages ,  a nd  to con ­
t r i b ute perso n a l l y  to the  prod uct ion of cu l tu re ,  so  a s  to change  c u l t u re for  the masses  i nto c u l t u re by  

the  masses .  A c u l ture by  g roups  who stay open a nd  c hange ,  a c u l t u re aware  of the i n d i v i d u a l ,  beca use  
the  i n d iv i d u a l  i s  n ot on ly  a rec i p i ent but a l s o ,  i f  h e  o r  s he  de s i re s ,  a n  ac t i ve  prod uce r. Th i s  seems to  
be fu l f i l l e d  i n  the case  o f  the a rt ist .  who  creates h i s  o r  h e r  wor ld  u n h ampe red by cond i t i o n s  and  con ­

stra i nts .  We can  neg l ect the q uest i on  of whethe r  a rt i sts can  l ive by the i r  work  o r  have  to f i n d  anoth­
e r  way to ea rn  t h e i r  l i v i ng .  

The i r  a utonomy, however, wi l l  be o n l y  f i ct i t i o u s  i f ,  a s  i s  often the case i n  the e i g ht i e s ,  the i r  
prod u ct conforms so much ,  that , together  with the i r  s i g natu re ,  i t  h a s  tu rned i nto a mere  consumer  



good  d i ffe r i n g  fram a p a i r  of l o u dspeake rs on l y  by be i ng  u n i q u e .  The funct i on  wou l d  rema i n  the s ame :  

acoust i c  o r  opt i ca l  sat i sfact i o n .  "Wi l d "  p a i n t i n g  has  l a rge l y  become the i mpudent  exp l o itat i o n  of a n  
o utdated concept o f  t h e  a rt i s t  ( the master  pa i nter ) .  These works witn ess a retreat act i on  s h u n n i n g  t h e  

u s e  of t h e  potent i a l i t i e s  affe red b y  a l l  t h e  med i a  a n d  t h e  opportun i ty of c reat i ng  m e d i a  a rt .  
We can spea k of med ia  a rt on ly  i f  the a rt i s t i c  i ntent asserts i t se l f  with i n  a ce rta i n  med i u m :  

u n l i ke t h e  u s u a l  seedy eyewash .  I t  makes no  d i fference i f  the med i um  i s  used p u re ,  m ixed ,  o r  i n  new 
comb i nat i o n s .  The emphas i s  w i l l  a l ways be  on pass ing  on that  spark to rea l  l i fe-to i ntermed i a ry 
act i o n  and  pe rformance .  The work of a rt is not to po in t  to i tse l f  exc l u s ive ly ;  it i s  to en cou rage  the  

rec i p i e nt to become act ive .  
Th i s  i s  the seed of d i a l o g u e  that can be deve l oped fu rthe r, i f  the  work of a rt becomes the  

i nte rface of a d i a l o g u e  of t houghts and  pe rhaps a l s o  of common creat i o n .  The new med i a  l i ke f i l m  a nd  

v i deo  l e nd  themse lves  to t h i s  p u rpose as  d i d  former r i tu a l s .  They a r e  cooperat i o n  a nd  s h a red  expe r i ­
e n ce .  And a n  a rt i s t i c  p roduct a l ways takes  account  of i t s  a ud i ence .  The aud i ence  s ha res  i n  the  pra­

duct ion  of the  exh i b i t ,  contr i b utes its imag i nat ion ,  and  becomes a part i c i pant .  Th i s  a l so a p p l i e s  to the  
pa i n t  box .  The re i s  n ot mere l y  a n  i n pu t  and  a n  ou tpu t  and same b lack  box i n  betwee n .  No ,  i t  i s  a g ame  

w i t h  known e l ements ,  c h a n g e d  b y  c h a n c e  i nto poss i b i l i t i es  n o t  seen ,  h ea rd o f ,  o r  t hought  of befo re .  
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11 
A n E a r A I o n  e i s N o t a B e i n 9 " 

(John Cage)  

1 )  I n  1 970 ,  Tom Mar i on i ,  the founder  and  d i rector of the  M O CA ( M use um  of Conceptu a l  Art) 
in San F ranc i s co ,  hav ing def i ned the act iv i t i es  of h i s  mu se um  as  " i dea-or i e nted s i t uat ions  not d i rect­
ed at the prod uct i on  of stat i c  objects , "  ut i l i zed sound  as  a bas i c  component  for act i o n s ,  i . e .  presenta­

t ions of creat ive processes dur ing spec i f i c  t ime-spans .  In  Ma r i o n i 's perspect ive ,  "ac t i ons "  i nvo lved 

p u b l i c-or soc i a l-i nte l l i gence ,  and were made for pa rt i c u l a r  spaces o r  p l a ces .  M OCA's c o l l ect i o n s  
cons i sted of "ev i dence-g i v i ng  res i d ue "  t ha t  was  " e i t he r  the  res u l t of an  act i on  by a v i s ua l  a rt ist ,  o r  

the  res u l t  of actu a l  and phys i ca l  change  to  the  a rch itectu re , "  each  a rtwork a dd i n g  to the  h i story of the  
b u i l d i ng "w i thout  eras i ng  previ ous  h i sto ry. " When  the  b u i l d i ng was torn down i n  1 985 ,  the c o l l ect i ons ,  

i . e .  a l l  t he  e l ements t ha t  had become part of the  space ,  were  destroyed ;  the  b u i l d i n g  had  prov ided  a n  
au tob i og raphy, a n  " i nv i s i b l e  work o f  a rt , "  " a  frame  o f  a f rame  of a f rame , "  " a  b o d y  of work wh i c h  i s  

p r ima r i l y  about  t i m e "  ( Renny Pr i t i k i n l . a "monument" ( i n  G i a n n i  Vatt imo 's sense ) :  o r  a n  " e t  cetera " o r  
" p u b l i c  document"  (= a koan ,  i n  J u an  H i d a l go 's perspect ive ) .  

2 )  Tom Ma r i o n i 's sound i n g  "act i o n s "  may reca l l  R o be rt I rw i n 's def i n i t i o n  of m i n i m a l i s m  as  

" a  r educ t i o n  of imagery to ge t  at phys i ca l ity" o r  " a  red uct i on  of metapho r  to get at presence "-the i r  
common  g o a l  i s  "to expu rgate a l l  metaphors o f  p resence from t h e  expe r i ence  o f  a rt a n d  t o  rep lace 
them with  a consc i ous  awareness of percept i o n . "  The  perce iver  " i s  l ocated at the  very moment h i s  

own percept i o n s  become man ifest t o  h imse l f  at  t h e  very b r i n k  of h i s  f i rst contact with t h e  wor l d "  
(Thomas DeL i o ) .  B u t  i t  i s  d i ffi c u l t  t o  imag i n e  t ra c i n g  a d i v i d i n g  l i n e  between a rt i sts from a v i s ua l  back­

ground and  those from a mus i ca l  backgro und .  At l east i n  the  Cagean o r  post-Cagean  pe rspect ive 
(wh ich Tom Ma r i o n i  c lear ly assumesl .  what Bergson ( o r  Adorno)  cons i de red  as  a n  a l i enat i ng  feature ,  

the  " spa t i a l i za t i on  of t ime ,"  can but appear  as  pos i t ive .  ( Cf .  Ca r l  D a h l h a u s :  " G o i n g  beyond Bergson ,  
we m i gh t  ask :  i s  t ime  a mere med i um  of processes in  i t? o r  i s  t ime i t se l f  a n  occu rrence? And does 
mu s i c  s i t uate i tse l f  ' i n  t ime , '  o r  does mus ic rathe r  have ' t ime i n  i ts e l f ' ? " )  In  fact ,  one  of the most str i k­
i n g  featu res of Cage 's mus i c ,  and of the mutat i on  i t  has b rough t  i nto the avant-ga rd i st mus i c a l  sphe re ,  

i s  that ,  s i nce  i t  o beys Ch r i s t ian  Wo lff's "Zero Ti me "  p r i n c i p l e ,  i t  eschews the  concept o f  a l i nea r  
sound i ng  ob j ec t  w i t h  a beg i n n i n g  and an e nd ,  i . e .  t he  Western t rad i t i o n  of the  composer  p l ott i n g  a 
path of mus i c a l  s uccess ive events .  Cage 's works have everyth i n g  i n  common  with  v i s u a l  a rt .  except 

that they a re a l s o  for the ears :  the scores ,  accord i n g  to the  com poser, do  not  prov i d e  the  perfo rmer  



with a p i ct u re but with a " came ra-the pe rformer has to shoot the p ictu re . "  The compose r  i nvents not  
on l y  the mus i c  but the mus i ca l  i n st rument, t h u s  e n l a rg i n g  Ha rry Partch 's a rt i s a na l  i n st rum ent-ma k i n g ;  

and  he  composes n o t  o n l y  processes ,  bu t-as i n  t h e  c a s e  o f  Dav id Tudo r's e l ectro n i c  c i rc u i try a n d  o f  

Max Neuhau s '  s o u n d  i n sta l l at i o ns-mus i c a l  env i ronments .  

3 )  Such  a de- l i nea r i za t i on  of mu s i c  a l l owed the composer A lv i n Luc i e r, a s  soon a s  1 965 ,  to 
focu s  upon a l pha waves and e nab l e  the pe rformer to exper ience them i n  a var i ety of v i s u a l  and s o n i c  
g u i ses  i n  h i s  Music for Solo Performer. The i dea  o f  ma k i n g  sound "v i s i b l e "  was  p resent  a l so i n  The 

Queen of the South ( 1 972 ) .  Tyndall Orchestrations ( 1 977 ) .  Ghosts ( 1 978 ) .  Directions of Sounds from 

the Bridge ( 1 978 ) .  and  Music for Pure Waves, Bass Drums and Acoustic Pendulums ( 1 980 ) .  I n  t he  l at­
ter, the sound  i s  projected in s u ch  a way that the swi ng  of the pendu l um s  represents the s i n e  wave 

and  revea l s  not on ly the acoust i c  v i b rat i o n s ,  but  the v i s ua l  trans lat i ons  of the mechan i sm  by wh i c h  

t h o se  v i brat i ons  a re t ransformed i nto a n  a u d i b l e  event ( De L i o ) .  T h e  perce iver  " i s  forced to reeva l uate 
h is own pos i t i on  v i s-a-v i s the a rtwork . . .  The expe r ience i s  c i rc u l a r. As the l i st e ne r  becomes  con ­

s c i o u s  of the object of h i s  percept i o n s ,  h e  a l s o  becomes  aware o f  t he  ac t  of pe rc e i v i n g  a n d ,  f i n a l l y, of 

h i mse l f  a s  the pe rce i v i n g  be i n g  . . .  In  th is sense Luc i e r's a rt may be seen as  the c u l m i na t i o n  of a post­
Ca rte s i a n  d i a l ect ic  in wh i c h  percept i on  is u nde rstood not as the prod uct of the th i n k i n g  m i n d ,  but as 
the sou rce  of a l l  thought" ( De L i o ) .  Or we may a rgue ,  with Th i e rry de D uve ,  that L u c i e r 's work opens  

the way  t o  the overcom i ng  of Kant 's def i n i t i o n  o f  s pace  and t ime as the a p r i o r i  d i men s i o n s  of h u m a n  

sens i b i l i ty, and  a l so t o  t h e  redef i n i t i o n  o f  what presence means i n  modern i sm  ( t h e  l a s s  of con f i dence  
i n  Kant 's a p r i o r i  " f o rmes  de  l a  sens i b i l i te " ;  the  susp i c i on  that presence i s  i m poss i b l e ,  a s  i n  De r r i d a 's 
p h i l osophy or Beckett's theatre )  The new def i n i t i on  of presence ,  if t raced back  to Cage ,  a nd  to the  

m i n i m a l i s t  scu l ptu re ,  req u i res  " r ea l  space"  and  " rea l t ime , "  s i nce the beho l de r  i s  not  p l aced  i n  f ront 
of a n  object ,  but  p l u nged  i nto a s i t ua t i on  of wh i ch  he i s  a pa rt-so that fa r f rom r e l y i n g  o n  a p r i o r i  

concepts of t ime  and  space ,  he  has  to p roduce  the i r  rea l i ty as  o f  h i s  own  co rpo re a l  expe r i e n ce  o f  

" b e i n g  confronted w i t h  a n  i n sta l l a t i on  i n  wh i ch  he  i s  i n c l uded"  (de D uve ) .  

4) Th i s  new k i nd  of p resence i nvo lves a "nonmetaphor ica l "  way of m ix i ng  l i st en i n g  and  see i ng  
( c f .  wha t  He idegger  d i s cove rs i n  Mozart :  when he composed, he not on l y  l i stened to wh at h e  was com­

pos i ng ;  he  was  "see i n g "  the who le  p i ece i n  a g l impse) .  Such a presence does  no t  i nvo lve on l y  synaes­

thes ia ,  i t  i n c l udes as  we i l  " equ i tempora l ity" (Gleichursprungszeitlichkeit), i . e .  t he  q u a l i ty of the t ime ­

spans ,  e i ther  " present" (= the " p resence"  of the present) or "absent" (= the pas t  and  the fu tu re ) .  I t  may  

thus  be opposed to  the typ i ca l ly modern i st def i n i t ion of aesthet ic expe r ience as  suspended ,  w i thdrawn,  

o r  u ncanny presence ,  " a  def i n i t i on  that i nf i l t rates Wa lter Benjam i n 's concept i on  of the a u ra "  ( de  D uve ) .  

Now, s i nce accord i n g  to Benj am i n  the reproduc i b i l ity of the a rtworks st r ips  them bare of the i r  a u ra ,  the 

m i n i m a l i st/Cagean movement appears a s  transfer r ing the cond i t ions of aesthet ic expe r i ence  from the 

"modern i st" a u ra to the postmodern i st actua l i ty by acknowl edg ing a rt's reprod u c i b i l ity ( de  D uve) .  

H e i degge r's "yes and no"  ( o r  " equan im i ty " )  to techno l ogy i s  to be taken ser ious ly :  p resence i nvo lves the 

techno l ogy of today (and  espec i a l l y dev ices or systems that both "d i stance and  connect the pe rfo rmer 
from and with the aud i ence "-we need a redef i n i t ion of "nearness" as a "tech no l o g i ca l "  Zeitspielraum) . 

5) Now we may unde rsta nd  N a m  J u n e  Pa i k's ana lys i s  of the re l at i o nsh i p  between  tech no l o ­

gy and  the poet ics of s i m u l ta ne i ty. Many  myst i cs ,  he  says, "a re i nterested to s p r i n g  out  f r om one - row 

t ime ,  one -way t ime ,  in o rder  to grasp the Ete rn i ty. To stop at the cons ummated or ste r i l e  zero-po i n t  i s  
a c l a ss i ca l  method t o  g r a sp  the Ete rn i ty. To perce ive s imu l taneous ly  the pa ra l l e l  f l ows of many  i nde­

pendent  movements i s  a nother  c l a s s i c a l  way for i t .  But poor Joyce was compe l l ed to wr i te t he  pa ra l ­
l e l ,  advanc i n g  sto r i es  i n  o ne  b o o k  w i t h  one -way d i rect ion . .  
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"The s im u l taneous percept ion  of the pa ra l l e l  f l ows of 1 3  i ndependent TV movements can  pe r­

haps  rea l i ze t h i s  o ld  dream of myst ics ,  a l t hough  the p rob l em  i s  l eft u n reso lved ,  whethe r  t h i s  is poss i ­
b l e  with o u r  norma l  phys iognomy (we have  on l y  one  hea rt .  one  breath, one  focus  of eye ) .  w i thout  some 

myst i c a l  tra i n i n g .  And  i f  we i l  tra i ned . . h e  needs n e ithe r  1 3  TVs , no r  TV, no r  e l ectron i c s ,  no r  mus i c ,  
no r  a rt . "  Thus  Nam June Pa i k , desp i t e  h i s  p rofound  i nvo lvement i n  techn i c a l  matters and  dev ices-he 

i s  common l y  cons i dered the i nventor of v i deo  a rt-stands  not so far f rom He i degge r's " tao i st" adv ice 

abou t  techno l ogy:  we have s imu ltaneous l y  to l et tech n i c a l  dev ices enter o u r  d a i l y  l i fe a nd  l eave them 

outs i d e ,  "that i s ,  l et them a l one ,  as  th i ngs  wh i ch  a re noth i n g  a bso l ute but rema i n  dependent upon 

someth i n g  h i g he r" so that  they do not affect "our  i nner  and  rea l  core"  (Discourse on Thinking). 

6) The refore even in a soc i ety dom i nated by the  e l ectron i c s  of commun i cat ion  one  may not  
c on s i d e r  that rea l i ty or "presence" ( i . e .  rea l space-t ime )  tends  to d i sappear. True ,  i n  s u ch  a soc i ety the  

ve ry def i n i t i on  of the  rea l may  become " that  of wh i ch  i t  i s  poss i b l e  to g ive an  e q u i va l ent  reproduc ­

t i  on , "  o r  " t ha t  wh ich  i s  a lways a l ready reproduced " ;  t rue ,  with product i o n  reprod u c i n g  i ts e l f, a rt i f i c e  

o r  simulacrum, and so a rt as " hype rrea l i ty, " i s  eve rywhere and  the refore nowhere-and s i n ce  
" m etapho r  and  metonymy a re abo l i s hed i n  d i g i ta l i ty" ( Ba ud r i l l a rd ) .  i t  may seem tha t .  acco rd i n g  to 
H e g e l 's prophecy, a rt i s  dead .  But the idea that rea l i ty i s  rep l aced  by a s i n g l e  " hyper rea l i ty "  i s  too s im ­

p l e-we a re rath e r  confronted with a p l u ra l i s t i c  u n iverse o f  va r i o u s  hype rrea l i t i e s ,  o r  a m u l t ivers e .  I n  

M i c h ae l  Ph i l i pson 's terms, w e  m i g ht say that th ro ugh  t h e  re l a t i on  o f  t h e  f ragment  t o  d i s pe rsa l  o r  to 

F ra g mentat i on  i tse lf , the a rtwork of today ma rks the lack of a whole and  sta nds as  a meta pho r  for  the 
who l e ;  a nd  that th is who l e  i s  the bu rst i ng  and  f l a s h i n g  of man ifestness ,  the  appearance of wond rous  

be i ng  (myo u)  f r om t r ue  empt iness (shin ku) ( S h u n ryu Suzuk i ) .  

7 )  I n  a n  essay of 1 963 about  the " N ew Onto l ogy  of Mus i c , "  Pa i k  wrote : " I n  the  no rma l  con ­

ce rt .  t he  sounds  move, the a u d i ence s i ts  down . I n  my so - ca  l i ed ' ac t i on  mus i c '  t he  sounds ,  etc . ,  move ,  

t he  a u d i e n ce  i s  attacked by  me .  I n  the 'Symphony  for  20  Rooms:  the sounds ,  etc . ,  move ,  the  a u d i ­
e n c e  moves a l s o .  I n  m y  'Omn i b u s  M u s i c  No .  l '  ( 1 9 6 1 ) .  t h e  sounds  s i t  down,  t h e  a u d i ence  v i s its t h em .  

I n  t he  Mus i c  Expos i t i on ,  the s o u nd s  s i t .  t he  a u d i ence  p l ays o r  attacks t hem .  I n  t he  ' M ov i n g  Theatre 

i n  t he  Street '  the  sounds move i n  the st reet ,  t he  a u d i ence  meets o r  encou nters them in  the street 
' u nexpected ly . '  The beauty of mov ing theatre l i es  in th is ' s u rp r i se  a p r i o r i :  beca use  a l most a l l  of the 
a u d i e n ce  i s  u n i nv i ted ,  not know ing  what it is ,  why i t  i s ,  who i s  the  composer, the p l ayer, o rgan i z e r  o r, 

better speak i n g ,  o rgan i ze r, composer, p l ayer. " Then  we may u nde rstand  how, i n  a wor l d  ma rked by the  

i nf l a t i o n  of s im u lat ion  and re-presentat ion ,  the  a rtwo rk " i n  the street" has  to be pu t  outs i d e  the pos­
i t i v i t i es  of i nformat ion and of the sem iot i c  s i g n-s i nce  i t  sta nds  not as  the s imp l e  negat ive  of the s i g n  
o r  mean i n g ,  b u t  beyond its reg i on ,  i t  m a y  avo i d  the  " negat ive"  l eve l o f  t h e  modern i st p resence qua 

absence .  In Nam  June  Pa i k's perspect ive ,  i t  e l udes  the  relative noth i n g ness o r  absence  of the  Weste rn 

t hought .  but  a im s  at absolute noth i ngness  o r  empt i ness-the  "form l ess form" o r  " space l e s s  space"  

of Eastern aesthet i cs .  Thereupon we l eave the Kant i a n  a p r i o r i  forms of sens i b i l i ty-as the  Ch i ne se  
p h i l osophe r  Chang  Chung-yuan has shown . " Ka nt 's space ,  i n  Eastern t e rms ,  i s  r e l a t i v e  empt i n ess ,  o r  

s u nya . F o r  H e i degge r  a n d  t h e  East. space i s  n o t  l i m i ted to re l at ive empt i ness  . . .  but  i s  t he  h i g he r  aff i r­
mat i on  of the rea l i ty of th i ngs ,  o r  abso l ute empt i n ess ,  or s u nyata . "  In a s i m i l a r  way, Kant has ma i n ­
ta i n ed  t h a t  t ime  i s  t h e  mere form o f  i n ne r  s e n s e :  i t  d oe s  n o t  ex i st i n  i tse l f ,  no r  i s  i t  a n  o bj e ct ive deter­
m i na t i on  i n h e rent  i n  th ings ;  it is on l y  the forma l  a priori cond i t i o n  of a l l  a ppearances whatsoever, a nd  

i t  i s  o n l y  i n  t ime  that two contrad i ctory pred i cates can  meet i n  a s i n g l e  object .  o n e  after the oth e r. 
"Th i s  i s  q u ite d i ffe rent, Chang te i l s  us ,  from the Eastern v i ew of t ime .  As the Ch ' a n  p h i l osophe r  Dogen  
says ,  t ime  i s  not l i m ited to  the mere cond i t i o n  of a ppearance ,  o r  to the fo rm of i nne r  sense .  Rathe r, 
' t ime  i tse l f  i s  ex i stence '  and ex istence i s  t ime .  F u rt he r, t ime  ' i n  the  p r imo rd i a l  sense '  i s  not  conce ived 



i n  terms of the sequence  of oppos i t i o n ,  but  is the abso l ute moment i n  wh i ch  a l l  cont ra d i ct i o n s  a re  
s i m u l taneous l y  i dent i f i e d . "  

8 )  Therefore works i n s p i red  by t h e  path-b reak i ng  i n novati o n s  o f  John  C a g e  a n d  N a m  J u n e  

Pa i k ,  l i ke those o f  t h e  Korean a rt i st Soun-G u i  K i m ,  h o l d  here a cruc i a l  pos i t i o n .  A pa i nter  a nd  scu l p­
tor, Soun -G u i  K im  has  fo u nd  i n  v i deo  a rt the means of eschewing the reduct ion  of s ee i n g  to any  opt i ­

c a l  act iv i ty and  the reduct i o n  of hear i ng  to a ny acoust i c a l  one .  To see ,  s he  a rgues ,  req u i res  a n  act iv ­
ity of the hea rt (xinf, and  the  hea rt s i m u l taneous l y  perce ives ,  sees ,  th i n g s  (si) and  o r i g i nates i deas  (yi). 

The f i rst step of creat i o n  i s  Yi M i n g-a see i ng  of the i dea  by the heart .  But  the hea rt c annot be taken 

as  a nyth i n g  s ubject ive ,  n o r  i s  i t  a nyth i n g  o bj ect ive .  Beyond the subject-object s p l i t .  " t ime t imes"  and 
"space spaces . "  H e re Soun -G u i  K im  retr ieves He i degger 's i ntu i t i on  of a co-dependency between  t ime  

and  space .  I n  Ta keuch i  Yos h i no r i 's words ,  " t ime  as t ime  enjoys a u n i q u e  and  e l ementa l o p e n i n g  ( the 

open i n g  of the past .  t he  future ,  a nd  the present ) .  and  space a u n i q u e  and  e l ementa l o p e n i n g  a s  
space-but i n  add i t i o n ,  t ime  i s  ex-stat i c  of i t s e l f  i n  space ,  and  space ex-stat i c  of i t s e l f  i n  t ime ,  wh i c h  

together resu l t  i n  a l o c u s  of epoc h a l  t ime  (Weile) that i s  t h e  t i me-space of the h i sto r i ca l wor l d .  Th i s  

l eads  t o  t h e  rea l i za t i on  that t h e  provenance  o f  Da-Sein, whose fate i t  i s  t o  b e a r  t h e  bu rden  o f  t h e  h i s ­
tor i ca l wor ld  a t  that l o c u s ,  represents t h e  'event-aspect' (Ereignis) o f  t h e  p r i n c i p l e  o f  s u nyata " ( The 

Heart of Buddhism, pp. 7 6-77 ) .  
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A r s  E l e c t r o n i c a  8 7  

T h e S o u n d  o f  M u s i c  

All in all, art should get a sound thrashing. 

R i cha rd H u e l senbeck 

Art i s t i c  a ct iv ity i nvo lv ing  sound has  i n tens i f i e d  recent ly. Th is  can  be  attr i buted to a n umbe r  
of factors ,  not the l east o f  wh i c h  i s  a percept i o n  among  t ho se  a rt i sts bent  on  d i s covery t h a t  t h e  

ten u red  a rt f o rms  have l ong  exhausted the i r  respect ive pe r i o d s  of ma j o r  d i scovery wh i l e  a co rre­

spond i n g  pe r i od  i s  upon us-or impend i ng-for the a rts of s o und .  Wh i l e  others speak once a ga i n  of 
endgame ,  h e re i t 's a season opener. 

Th i s  p henomenon of a perce ived f i e l d  of a rt i s t i c  poss i b i l i ty with i n  the  t rad i t i on  of the avant­

g a rde  appea rs to contrad i ct the we l l - rehearsed h i sto r i c a l  s cena r i o  that states that the avant-g a rde  of 

the f i rst th i rd of the centu ry he l d  the key a rt i s t i c  a s s umpt i o n s  and strate g i e s  of wh at was to fo l l ow: 
post-WWI I  act iv i t i es  be i n g  re legated to l i tt l e  more than va r i e t i es  of h i sto r i ca l repet i t i o n .  This scena r i o  

i s ,  i n  fac t .  pe rsuas ive i n  a vast  numbe r  of cases ,  and  i t  i s  not necessa r i l y  restr icted to a rt .  

Postmodern i sm  i tse l f  has been descr ibed i n  pa rt a s  a n  i n c u r s i o n  of the avant -garde i nto mass c u l t u re ;  
the  ea r l y  avant-ga rde may even c la im De r r i da 's e l a bo rat i o n  of c o l l a g e . 1  But  th i s  scena r i o  i s  not pe r­
s uas ive when it comes to sound ,  for the s imp l e  reason that the a rts of sound  d u r i n g  the ea r l y  avant­
garde l a c ked  f undamenta l areas of deve l opment-a stunted past res u l t i n g  f rom an  asso rtment  of i n h i ­

b i t i o ns ,  both i n st i tut i ona l  a n d  d i s c u rs ive ,  both externa l l y  i m posed a nd  se l f- i m posed .  I f  we  a re present­

I y  i nterested in attempts at departure ,  o r  at l east in attem pts at forward i n g  a compe l l i n g  c omp l i ca­
t ion ,  we mu st face the prob l em that the sou rces of i n h i b i t i o n  a re  st i l l  ope rat ive and  have ,  i n  fact ,  been  

j o i ned by others .  Assumpt ions  etched deep ly  i nto commonsense mu st be q uest ioned and  steps for  a 

gene rat ive project on new tu rf must be take n .  
The  fo l l ow ing  wi l l  present w h  at I ,  a nd  other  a rt i sts w i t h  w h o m  I h a v e  spoken ,  u nde rsta nd to 

be the p r ima ry so u rce of i n h i b i t i on :  the equat i on  of a n  a rt i st i c  pract ice of sound  with mu s i c .  We wi l l  
ca l l  th i s  the  mu s i c a l  conce i t .  I t 's a powerfu l ,  tena c i o u s  d i s c u rs i ve i mped i men t  wh i ch  has l o n g  b r i d l e d  

a rt i s t i c  poss i b i l i ty, an  imped iment  whose on l y  pos i t i v e  featu re i s ,  f r om o u r  van tage  po i nt ,  tota l ly se lf­
se rv i n g ;  the  d e l ay of the potent i a l  for d i scovery to the present day. I t  can  be  traced theoret i ca l ly to the 
red uct ive featu res of any act of a u ra l  appercept i o n  and  of the d i s pos i t i o n  of mus ic  to the tota l ra nge  
of poss i b l e  sound .  Dan i e l  Cha r l es  has ment ioned these wh i l e  obse rv i ng va r i o u s  "concea lments"  i n  the 



mus i ca l p ract ices of post-wa r theoret i c a l  composers .  He c i tes contempora ry ph i l osophe r  Don  I h d e  
who  says that ,  f o r  l a ck  of e a r l i d s ,  at any  one  moment we  can on l y  exert psyc h i c a l  a nd  n o t  phys i o l o g ­
i c a l  cont ro l  o ve r  the ent i rety of a u ra l  occu r rence .  Th i s  psych i c a l  contro l  " i s  my attent i on  a nd  i t s  s e l ec­

t iv i ty. Bu t  th is  very se l ect iv i ty i s  both wh at revea l s  someth i n g  about sounds to me  a nd  at the same  
t ime  concea l s  othe r  a spects of sound . " 2 For  Cha r l e s ,  c ommon  approaches  to mus i c ,  espec i a l l y  con ­

vent i o n a l  pract ices of n otat i o n  a nd  predom i nant  systems of organ i z i ng  mus i ca l  mater i a l ,  necessa r i l y  

repeat th i s  p rocess o f  reve l a t i o n  and  concea l ment .  The i r  cons i stent pr iv i l e g i n g  of the l a tter, h owever, 
b e l i e s  a project of a uthor i ta r i a n ,  " ca l c u l at ive"  contro l .  Cha r l es '  observat i o n s ,  however, a re restr icted 

to mus i c ,  and thereby echo mus i c 's own d e l i m i t i ng  effo rts exerted upon the expanse  of a u ra l  occ u r­

rence .  

There ex i sts a concea l ment  n ot conta i ned  to mus ica l  pract ice wh ich  ope rates where mus i c a l  

pract i c e  borders othe r  poss i b l e  a rt i st i c  pract ices o f  s o u nd .  I t  i s  cast i n  t e rms  of the mos t  p ronounced 
featu re  of the mus i ca l  conce i t-the dema rcat ion between m i met ic and non -m i met i c  aspects of sound .  

The sepa ra t i on  may fu l f i l l  a l l  t he  ru l es  of common sense .  I t  i s  nevert he l ess a rb i tra ry and  becomes 

i nc reas i n g l y  a rb i t rary a s  contempo ra ry p ressu res mount .  There a re many ways bes i de  mus i c  to con ­

ce ive of a nd  o rgan i ze s ound .  The re shou l d  be others st i l l  wh ich  cross the dema rcat i on  betwee n  
m i met i c  and  non -m i met i c  s o u n d  with imp u n i ty. Restr i c t ions on th i s  mob i l i ty d i stort t h e  f i e l d s  o f  pos­

s i b l e  a rt i s t i c  pract i ces  not  on ly  between  mus ic  and an  a rt of sound ,  but a l so across a n  a rt( s )  of sound  
i ts e l f, because  mus i ca l impe rat ives a re imposed across sounds  wh i c h  have  noth i n g  i n t r i n s i ca l l y  mus i ­

ca l  about  t hem .  I m pos i t i o n  doesn 't s top  at a rt .  I t  i s  a very common  pract i c e  to extend  mu s i c  a s  a t rope 

to the tota l i ty of sound .  

Russo lo  and  the  Mus ic  0 1  No i se 

The trad i t i o n  of the m i m et ic/non -m i met ic  demarcat ion runs deep .  There has  been ,  of cou rse ,  

a ro l e  p l ayed by  the rea l a nd  se lf-co ns i g ned  l i m i tati ons of the capac i ty of mus i c  techno l ogy ( i n st ru ­

ments )  for aura l  i m i tat i o n ,  a l t hough  p l a u s i b l e  tech n i q ues for an  a rt of m i met i c  sound  have a lways 

ex iste d .  H owever, rat i ona l e  for  i n a ct i v ity c l ea r l y  cannot be sought among  such l i m itat i o n s  afte r t he  

l ate 1 9th centu ry deve l opment of phonog raphy, t he  tech no l ogy proper for  au r a l  i m itat i o n ,  fo r m i met i c  

sound .  Around  the same t ime ,  t he  i ncrea s i n g  d i n  o f  mechan i zat ion ( the f i rst phonog raph  was bas i c a l ­

Iy a sens i t ive meta l l a the )  a nd  wha t  Hen r i  Lefebvre ca l l s  t h e  " b reakdown of refe rent i a l s " 3  emphas i zed  

the se l f -same m i met i c  a nd  soc i a l  c ha racter ist ics o f  sound .  The  traj ectory of a u ra l  " m i met i c i zat i o n "  

c u l m i nated d u r i n g  t h e  1 920s ,  w h e n  phonog raphy was j o i ned b y  rad i o  a nd  s o u n d  f i l m  t o  i rretr i evab l y  

c o de  i n stances of sound  ac ross  the who l e  range o f  " natura l "  sounds ,  n o i s e ,  speech ,  and  mu s i c .  
Bu t  i t  d i d n 't matter how widespread i ntens ive ly m imet ic s o u nd  became ,  a rt i s t i c  pract i ces  o f  

phonog ra phy and  m i met i c  sound  refu sed t o  mater i a l i z e .  When  attempts were made ,  o r  s hou l d  have 

been  made ,  we f ind a "mu s i c a l  s i l e n c i n g "  at work . I t  occurs when the very i n stant sound  enters the  

avant-ga rde :  Lu i g i  R usso l o 's " a rt of no i se . "  F rom the way he conce ived h i s  a rt i s t i c  r aw mate r i a l  at  a 

mo l e c u l a r  l eve l  to the recept i o n  of h i s  work by others , not ions of mus i c  s u ppressed a t ru l y  rad i c a l  a rt 

of sound .  H i s  i na u g u ra l  man ifest of 1 9 1 3 , wh i l e  showing s i gns  of stru g g l e  aga i nst the m i croto n a l  

mus i c a l  concea l ments of the re i g n i n g  I ta l i a n  Futu r i st compose r, Fra ncesco Ba l i l l a Prate l l a ,  demon ­
strated a deep-seated tens i o n  on  the q uest ion o f  whethe r  t he  a rt o f  n o i s e  shou l d  be a n  i ndependent 

a rt o r  whether  it s h o u l d  be dependent  upon mus i c .  Because he reso l ved  it u n p rob l emat i ca l ly w i th i n  

t h e  p roject o f  a " g reat  renovat i on  o f  mus i c "  i t  rema ined  a source o f  cont i n u a l  d i ff i c u l ty. 
O n e  d i ff i c u lty c ropped up immed i ate ly. Russo l o  p l aced the a rt of no i s e  at the c u l m i nat i on  of 

the h i stor i ca l traj ectory of mu s i c .  Mus i c ,  he sa i d ,  was born in anc ient  t imes  of a sepa rat i on  from the  

wor ld  of sound ,  de tached  th roughout  the ages  f rom the momentum of l i fe and  stagnant  wh i l e  cu l tu re 
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progressed .  Mus i c  attempted to recupe rate t h i s  sepa rat i o n ,  a nd  the accompany i ng  i rre l evance ,  by 
c l a i m i n g  a fatuous  transcendent  powe r, from wh i c h  h e i g hts i s  d i rected a nd  po l i c e d  a "fantasy s upe r­
i mposed on rea l i ty. " Howeve r, the no i se  from the  " g rowi n g  m u l t i p l i c i ty of mach i n e s , "  the sounds  of 

mode rn i sm ,  of the c i ty and  wa rfa re, no l o nge r  a l l owed s u ch  supe r impos i t i o n ,  but  i n stead ,  R u s so l o  

i n s i sted ,  mandated the very type o f  connect ion  w i t h  l i fe d e n i e d  s i nce the  o r i g i n s  of mus i c .  Yet. o n ce  

h e  emb raced t he se  sounds ,  he  refused the ve r y  m i met i c  as pects wh i ch  connected t hem i n  so  many  
ways w i t h  s i tuat ions i n  da i l y  l i fe .  Desp ite h i s  a r gument  fo r  a n  app roach to sound  that .  to h i s  m i nd ,  

h ad  n ever ex i sted ,  no supe rsess i on  o r  depart u re t ook  p l a ce ,  n o  space  fo r  a n  a rt i s t i c  pract i ce  wi th  any  
deg ree  of a utonomy was  attempted,  the c u l m i nat i on  of the  trajectory of mus i c  was to rem a i n  mu s i ­

ca l .  A t  i t s  root a no i se 's s i gnature was t o  be t im b ra l  only . . .  phys i c a l ,  a referent i a l ;  t h e  way i n  wh i c h  

h e  s aw  i n  n o i s e  a vert i ca l i ty o f  i ndeterm i n a nt h a rmon i c  c omp l ex i ty se rved at o n c e  as  a representat i o n  

fo r  the  i ntertext ua l ity and  i nterpenetrati on  o f  " l i fe"  and  as  i t s  s u rrogate .  F u rthe rmore ,  h i s  i d e a s  f o r  a n  
" a rt of n o i s e "  were supported b y  h i s  i d e a  of a rt i n  gene ra l .  Art was  of t h e  emot i ons  and  m ime s i s  has  

n o  b u s i ness  i n  the depths of the psyche where t hose  emot i ons  trave rsed .  A l so ,  t he  a rt i st a l o n e  was  
to be  i n  contro l  of t he  a rt i s t i c  mater i a l .  I m itat i o n ,  t hough ,  rem i n d s  peop l e  of t h e i r  own  encou nters w i t h  

the  wor ld  a nd  t hese  mnemon i c  representat i o n s ,  m u l t i fa r i o u s  and  t ra n s i e nt b i ts of mate r i a l  t ha t  they 

a re ,  a re out  of compose r's contro l .  
T h e  " i ntonarumor i , "  the i nstruments Russo l o  b u i l t t o  p l ay  h i s  a rt o f  no i se ,  were a l s o  contra­

d i ctory. For hav ing ostens i b l y  been produced as  a n  a rt i s t i c  response to modern i sm 's enc roachment  of 

motors and meta l s ,  the i r  core des i gn  d rew not from contempora ry techno l ogy but from the tec h no l ogy 

of t ra d i t i o na l  m u s ica l  i n struments: the drum, h u rdy-gu rdy, l i o n 's roar, etc .  Because none su rv ived ,  what 
the I ntona rumor i  sounded l i ke i s  a matter of spec u l at i o n .  Ea r  witness accounts of concerts and  demon­

strat i ons ,  h owever, do repeat the same sp l i t  on  the q uest ion  of i m i tat ion and  mus i c .  Russo l o  acknowl ­
edged that the I ntonarumor i  were q u ite capab l e  of "m i s l e a d i n g , "  i . e . ,  of prod u c i n g  sounds  of a n  i d e n ­

t i f i a b l e  n a t u r e .  H e  consequent ly  sought  methods to avo i d  t h i s  f r om  occu r r i n g  a nd  rat i ona l e  t o  a l l ay  

fea rs that i t  m i g ht occu r. Othe r  i nd iv idua l s  who commented o n  the  I ntona rumor i  a nd  the a rt of no i se  
asse rted ,  for  t he  most part, an  i ntracta b i l ity of i m itat i o n . Conseq uent ly  they  unde rstood the a rt of no i se  

to be  i n commensu rate w i th  mus i c ,  o r, s i nce  mus i c  was u nde rstood as  the so l e  a rt of sound ,  i n com­

mensu rate with the req u i s ites fo r  any  a rt .  I t  was  d i sm i ssed as  a vu l g a r  ca se of sound  effects o r  put to  

work  i n  the deg raded task  o f  provi d i n g  sound effects .  R u s so l o  l o ng  pe rsevered with attacks of t h i s  sort .  
H owever, afte r many years he i nterna l i zed the op i n i o n  t ha t  the na t u r e  of h i s  a rt was ,  i n  fact. i m itat ive .  
In  the  1 920s h e  des igned i n st ruments exp l i c i t l y  capa b l e  of " m i s l e a d i n g , "  c u l m i nat i ng  i n  the 
Russo l ophone ,  a keyboa rd i n strument so capab l e  of i m i ta t i on  i t  was used to accompany s i l ent f i lm s .  I n  

t h i s  respect .  h e  had  ar r ived a t  a n  i n st r ument  wh i c h  s e rved t he  f u n c t i o n  o c c u p i e d  a l ready b y  s o u n d  
effects o rga n s .  And a l o n g  w i t h  t he  sound  effects o r gan s  i t  was r e nde red  obso l ete b y  s o u nd  f i l m .  

I f  Russo l o 's a rt o f  no ise had been conce ived a n d  car r ied out  wh i l e  tak i ng  i nto account  a l l  aspects of 

wor l d l y  sound ,  i n stead of forc i ng  sounds i nto the reduct ive mo l d  of mus i c ,  the retu rn of the repressed 
m imes i s  wou l d  not have taken the tr iv i a l i zed form of sound effects .  N e i t he r  wou l d  h is a rt have been  
so eas i l y  savaged  by  the new techno l ogy of s o und  f i l m .  I f  h e  had  i nteg rated m i mes i s  i nto the  very 
mate r i a l  of h i s  a rt .  the a rt of no i se wou l d  have been a n  a rt .  

� The I nterven i n g  Vears 
� 
.. 

g. 
.g Anothe r  s i g n i f icant state of affa i rs was encou ntered with  c u b i sm ,  espec i a l l y  i n  the d i ffe rence 

between  ana l yt i c  and synthet ic cub i sm .  Ana lyt i c  c u b i sm 's d i sso l ut i o n  of representat i o n  was pe r­
formed u nde r  the  s i g n  of mus i c .  Mus i c  prov ided a mode l  for  a s p i ra t i ons  toward non referent i a l i ty and  
as  a system of re l a t i ona l i ty per se s im u l ta ne i ty, for i n sta nce ,  was c h i l d 's p l ay for  mu s i c .  I f  t he re had  



been  a pract ice of sound  based upon  ana l yt i c  c ub i sm ,  i n  other words, it wou l d  have been  i n d i s ce rn i b l e  
f rom m u s i c .  Synthet i c  c u b i sm  was a d i fferent matter a l together. Its i nco rporat i o n  of actua l  o bj ects 

wou l d  have led to a pract i c e  of sound  s ubstant i a l l y  d i fferent than mus i c ,  one wh i c h  may have been  
i n a u g u rated w i t h  the ba l l et Parade had  the  proposed use  of m imet ic sound  not been  exc l u ded  a nd  
d i m i n i s hed .  We  may  ask ,  i n  fact, w i t h  each  i n sta nce o f  co l l age  i n  pa i n t i n g ,  scu l pt u re ,  photog raphy, 

a nd  l i terature d u r i n g  the  ea r l y  avant-ga rde ,  where was the correspond i n g  pract i c e  of sound?  
Remembe r i ng  that  wh at was ,  and  i s ,  fa nc i ed  as mus i ca l  c o l l a ge i s  bas i ca l ly q u od l i bet i c a l ,  i . e . ,  a n  

organ i za t i on  o f  other  mus i c a l  mate r i a l ,  whe reas co l l age  imp l i es  art ifacts fore i g n  to the  s u b strat um .  
The  spread of rad i o ,  e l ectr i c a l  advances i n  phonog raphy, a n d  opt i c a l  s ound  f i l m  i n  t he  1 920s 

encou raged  a ras h  of spec u l at ive act iv i ty d i rected toward an a rt of  sound u n h ampe red  by m u s i c a l  d i s ­
c o u rse .  I t  was  at t h i s  t ime ,  afte r  a l l ,  t h a t  the  fu l l  ra nge o f  sou nd-speech ,  mu s i c ,  s ou nd/no i s e ,  a nd  

the  q uot i d i a n  sound  of the  med i a  encompass i ng  t h em  a l l-became  soc i a l ly a ud i b l e .  D u r i n g  t h e  

We ima r  Repub l i c  Wei l l ,  Brecht ,  a nd  Arn h e im  a r g ued  f o r  rad i o 's art i s t i c  prospects a nd  i n  1 933  P i  n o  

Masnata and  F. T. Ma r i n ett i penned  the i r  " La Rad i a "  man i festo . Ventures i n  avant-ga rd e  f i lm  sound  

ma i nta i n ed  the mus i c a l  c once i t  i n h e r i ted f r om the "v i s ua l  mus i c "  o f  ea r l i e r  f i lms  a nd  f r om t he  synaes­

thes ia  of co l o red  l i g h t  o rgans .  I n  the  late 30s some i nd i v i d ua l s  imag i n ed a mu s i c  cast  f rom sound  
effects f i l es and  l i b ra r i e s  of opt i c a l  sound  f i lm .  Bu t ,  as Ca r l o s  Chavez obse rved i n  1 937 ,  noth i n g  had  

been  done  to exp l o i t  the  new poss i b i l i t i e s ,  a n  observat ion  w i t h  some l a s t i ng  powe r 4 
The i r repress i b l e  i nc u rs i o n  of soc i eta l sound  after the wa r, espec i a l ly sound  of t e l e v i s i o n  and  

the  bu rgeon i n g  cap i ta l i s t  specta c l e ,  req u i red t ha t  mus i ca l  theoreti c i a n s  and  t heo ret i c a l  m u s i c i a n s  
make exp l i c i t  a r guments f o r  what d i d  and  what d i d  n o t  const itute raw mate r i a l  fo r  mu s i c .  I t  i s  i n  the 

pe r i od  wr i t i ngs  of such  peop le  a s  M i l ton Babb i t  and P i e rre Bou l e z  that  one  f i nds ,  a s  one  wou l d  expect ,  
the  most d i sc i p l i na ry of proc l amat i ons ,  a sc i ent i sm set awkwa rd ly a ga i n st s u rmoun t i n g  s oc i a l  a n d  

a rt i st i c  p ressu res .  H owever, t h ey  n eve r  made pretense f o r  dea l i ng  w i t h  a nyth i n g  e l s e  bu t  rece ived  

not ions  of mus i c ;  t hey  neve r  l a i d  c l a i m  to dea l i ng  with sound i n  an  exte ns i ve manne r  ( t he  sounds  they  

dea l t  with were  "c i v i l i zat i o n " ) .  

H owever, pretense  was  made  w i t h  musique concrete. P i erre Schaeffer 's " a cousmat i c s , "  i . e . ,  

h i s  i ntroduct i on  of phonog ra p h i c  sound  o n l y  t o  r i d  i t  o f  i t s  assoc iat ive tra i ts ,  c o up l e d  w i t h  h i s  g ene r­
a l  confo rmance to rece ived mus i c a l  modes  of organ i zat ion ,  has conseq uent l y  had  a mo re st i f l i n g  i nf l u ­

ence .  L i ke the others ,  h e  wanted noth i n g  mo re but t o  make  mus ic ,  y e t  the i n h i b i t i o n s  i n  h i s  o r i g i n a l  

formu l at i ons  h a ve  l ed  i n d i v i d u a l s  to t h i s  d a y  t o  g l i b l y  subsume a rt ist ic  u s e s  of phonog ra p h i c  mate r i a l  
u nde r  musique concrete. The nature of the  i n f l u e n ce  car r ies on fram the  same conse rvat ive i m p u l se 

wh i c h  compe l l ed h im ,  for i n sta nce ,  to de s i g n  h i s  so lfegg io - l i ke structu res and  othe r  m u s i ca l ly de r ived 

tech n i c i sms :  h e re a mus i c a l  concea l ment  i s  i n d u l ged  long before quest i o n s  of sound ,  and t h u s  mu s i ­

c a l  conce i t ,  a r i s e .  

Sound  as Cagean  Mus ic  

The  mos t  i n f l u e n t i a l  ma i ntenance  of t h e  mu s i c a l  conce i t  d u r i n g  the post-wa r p e r i o d  i s  to b e  

f o u n d  i n  the  aesthet ic  program of J o h n  Cage .  Desp i te h i s  work's b e i n g  the  mos t  se r i o u s  a n d  s u sta i n ed  
c h a l l enge  to mus ica l t h i n k i n g  of recent t imes ,  n o t  t o  ment ion areas outs i d e  the  bounds  of mus i c a l  

pract i ce ,  when i t  c omes  to a n  a rt of sound  Cage 's thought  has  h ad  a l i m i t i n g  effecl . I t  wou l d  n o t  b e  
t h a t  ma j o r  of a concern i f  h e  d i d  not  p rofess ,  as  he  has  done  cons istent ly, to be  dea l i n g  w i th  s o u nd  

pe r  se .  H i s  fa i thfu l ness  to the mu s i c a l  c o n ce i t  d oe s  n o t  mere ly  affect ope rat i o n s  outs i d e  h i s  own  work, 

i t  contra d i cts some of h i s  most ce ntra l soc i o-aesthet ic precepts .  

I t  i s  an  i rony of Cage, whose name sha res the same breath a s  postmodern i sm ,  that t he  u n i ­
ta ry p r i nc i p l e  pract i ced t o  ma i nta i n  the  dema rcat ion between m imet i c  and  n o nm i met i c  s o u nd  i s  mo re 
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c h a racte r i s t i c  of modern i sm .  He b r i dges  modern i sm  and  postmodern i sm ,  i n  t h i s  respect ,  as h i s  ca reer  

ha s  b r i dged  the  war years, f rom its beg i n n i n g s  d u r i n g  the  m i d-30s to i ts man i fest i n f l u e nce  beg i n n i n g  

i n  the  e a r l y  5 0 s .  I n  a 1 942 statement, presa g i n g  Schaeffe r, h e  s o u g h t  t o  d e ny  t h e  c ha racter of t h e  
sounds  made  ava i l a b l e  b y  phonography and  opt i c a l  sound  f i l m  by k e ep i n g  " th e i r  express ive rath e r  
t han  representat i o na l  q u a l i t i e s  i n  m i nd . " 5  

H e  p u t  t h i s  i nto act ion i n  1 952 with Imaginary Landscape No. 5 and  Williams Mix. The  former 

emp l oys t he  sound of  any 42 phonograph  records a nd  was ,  acco rd i ng to Cage ,  " the f i rst p i ece of mus i c  

fo r  magne t i c  t a pe  made i n  t h i s  cou ntry. " 6  Williams Mix was  composed as  pa rt o f  Lou i s  and  Bebe  

Bar ron 's " M us i c  f ü r  Magnet i c  Tape"  project i n  N ew York ,  to wh i c h  Ea r l e  B rown, Mo rton F e l dman ,  
Dav i d  Tudo r, a nd  Ch r ist ian Wo l ff a l so contr i buted . Williams Mix was  a dense  a gg l omerat i on  o f  m i n ute 
sound  f ra gments from very d ivergent sou rces 7 

The score is written for tape trave l l i n g  at 1 5  i nches  pe r  seco nd .  Each  page l a sts 1 - 1 /3 sec­
onds ,  and the  who le score ( 1 92 pages )  l a sts a fract i o n  ove r 4- 1 /4 m i n utes .  The  mate r i a l s  emp l oyed 
fa l l  i nto s ix categor ies [A ( c i ty sounds ) .  B ( cou ntry sounds ) . C ( e l ectro n i c  sounds ) .  0 (man ua l l y  pro­

d u ced sounds ,  i n c l ud i ng  the l i teratu re of m us i c ) .  E (wi nd -p rod uced sounds ,  i n c l u d i n g  s i n g i ng ) .  and F 

( sma l l  sounds  req u i r i n g  amp l i f i cat ion to be hea rd with  the  othe rs) ] . Some 500-600 sounds  were 
recorded by Lou i s  and Bebe Barron ;  the e i g ht tapes we re assemb l ed  over a 9 -month per iod by Ea r l e  

B rown ,  Dav id  Tudo r, and myse l f .  

Fo r  the  l i stener equ i pped with the f ra m i n g  d i s cou rse ,  the  c o l l apse  of such a web of sound wi l l  
ba rte r, l i ke much  other mus i c ,  i n  representat i o n  i n  a n d  o f  i t se l f; i t  may even represent "mu s i c "  j u st as  
the  p r i zed  i n effa b i l i ty of mus i c  wi l l ,  at the ve ry l e a st, represent i n effa b i l i ty. I n  t h i s  respect ,  Williams 

Mix i s  to representat ion wh at 4 '33 " is to prox ima l  acoust i c  expe r i ence .  H owever, a ny assoc i a t i ons  of 
the sounds-perhaps with the i r  sou rce-were d i s p l aced to a p l ay a so l e  ro l e  of no i s e .  L i ke Russo l o ,  

n o i s e  was at once Cage 's t i cket to the wor l d  a nd  h i s  fo i l  a g a i n st mus i c a l  convent i o n .  For  bo t h ,  no i s e  
was t he  e l ast i c  separat ion  needed  to rea l i ze a renovat i o n  of mu s i c B ( " N o i se "  has  no  u l t i mate mean ­
i n g  s ho rt of phys i c a l  pa i n  and damage .  But  t hen ,  wh at i s  stu n n i n g ? )  Once  Cage c l a i med  t ha t  any  

sound ,  any  no i s e ,  was to  be accepted for d e l ectat i o n  o r  d e l i be rat i on-"as i s "-espec i a l l y  as  i t  

occu rred i n  s i t u ,  outs ide  a mus i ca l  venue ,  i ts pr io r  transg ress ive funct ion  was sapped .  No i s e  had 

become i n stru menta l .  I ts p r i o r  funct ion was s imp l y  rep l aced  by a nothe r  i n h i b i t i o n ,  o ne  wh ich had 

ex i sted before but  was even l ess t h i n kab l e  t han  no ise ,  that of the  m i met ic  dema rcat i o n .  Fo r  Cage ,  ref­
e rence  is the new no i se .  

Cage  unde rsta nds s i l ence to be i nextr i c a b l e  wi th  the  wor ld  of sound .  4 '33", a l t h o ugh  i t  i s  

k nown as  the  " s i l ent p i e ce , "  concerned an  exp l i c i t  reve rsa l  a l ong  t hese  l i nes ,  but  not i n  the  g l o ba l ­
i z e d ,  q uot i d i a n  sense o f  a l l  s i l e nce and  a l l  s o u nd .  I n stead ,  h e  s i l e nced the  mu s i c  to mu s i c a l i ze  sound ! 
A p i ece  l i ke Williams Mix makes a l l  sounds  ava i l a b l e  for  mu s i c a l  utte rance whereas 4 '33 " extends 
mus i c a l  appe rcept ion  to any sound whethe r  i t  was utte red mu s i ca l ly o r  not .  Such a pe rfo rmance  can 

take p lace outs i de  an i nst itut i ona l  venue and  occu r  any  t ime ,  any  p lace .  I t 's s i mp l y  a matte r of attu ne­

ment . 9  " I f you want to  know the t ru th  of the  matter, the mus i c  I prefer, even to my own o r  a nybody 
e l s e 's ,  i s  what we a re hea r i ng  i f  we a re j u st q u i et . " 1 0  But  the  c ha racter of t h i s  attu nement ,  because 

i t  i s  enacted with i n  the te rms of mus i ca l  recept i o n ,  req u i res  that sounds  be str i pped of the i r  seman­
t i c  content ,  at the  m in imum .  A l though  they  may, a s  a l a st resort, be  l eft u n h ampe red to sta nd  as  per i ­
od i c  aff i rmat i o n s  of i ndeterm i nacy, t h i s  s i g n a l s  no  depa rtu re .  The  imp l i c i t  d i rect ive to m a i nta i n  an  
attu nement a ga i nst t he  i n c u rs i o n  of m i met ic  s ound ,  refe rent i a l i ty, mean i n g ,  soc i a l i ty, etc . ,  n a rrows an  
i n d iv i d ua l 's r e l a t i o n sh i p  t o  the son i c/sem iot i c  o bj ect .  I n  attempt i ng  to neut ra l i ze  the ob j e c t  by mak i ng  
i t  mu s i ca l ,  t he  i n d iv i dua l  i s ,  as  a conseq uence ,  natu ra l i zed ,  res u l t i n g  i n  a rathe r  despa i r i n g  v i s i o n  o f  
h uman  s u bject iv i ty, l et a l one  the potent i a l  for  rad i c a l  s u bject iv i ty. 

Cage  is wi l l i ng  to extend mus i c  as a t rope to a l l  s o und .  In the same moment  as t he  a uthor-



s h i p  01 a n  i ndeterm i nant  compos i t i o n  by Cage can be p rob l emat ized ,  we can  a l so o n l y  hope  that ,  when 
a person u nde r  the suggest i o n  01 Cage  l i stens " omn iattent ive l y" w i th  " h a ppy new ears "  to a u r a l  rea l ­
i ty sepa rate lrom a d i sc rete compos i t i o n ,  any  res i d ua l authors h i p  assoc i ated w i t h  Cage  h i mse l l  i s  j et­
t i soned .  The q uest ion  01 h i s  au tho rs h i p , h owever, doesn 't rea l ly matter. Any s uggest i on  u nde r  the s i g n  
01 mus i c  w i l l  necessa r i l y  aesthet i c i z e ,  e n cu l t u rate, and gene ra l ly barte r i n  aspects cont r i bu t i ng  t o  t h e  
soc i a l  c onst i tu t ion  0 1  s u bj ect iv i ty to wh i c h  a uthors h i p  be l ongs .  T h i s  deg ree  01 anth ropomorph i sm  i s  

very much  aga i nst Cage 's stated d e s i re s .  To a rg ue  that i t  does not im  p o s e  a soc i o -c u l t u ra l  l i g u re ,  t o  

a r g u e  t h a t  a n y  representat i o n  i s  n o t  h i stor i ca l ,  t o  appea l  t o  t h e  la nc ied  natu ra l i za t i on  01 a l l  s o u n d  by 
m us i c ,  is to exace rbate what is d e n i ed by mak i ng  i t  su rrept it i ous .  The way t h i s  cont r i b utes to l eg i t i ­

mate  no rmat ive and  impe r i a l  att i t udes  runs  counter to eco l ogy  and soc i a l  e co l ogy, desp i te the lact, o r  

pe r haps  centra l to the lact .  that  Cage  eq uates mus i c  and eco l ogy: "Mus i c ,  a s  I conce ive i t ,  i s  eco l og ­
i ca l .  You c o u l d  go  l u rthe r  a nd  say tha t  'it is ecology" ( o r i g i n a l  emphas i s ) . l l  

H e  shares with many  oth e rs t h i s  w i l l i ngness to cast very la r the  web 01 mus i c .  R .  M u rray 
Schaler, lo r  i n sta nce ,  has  ba l d ly stated :  "Today a l l  sounds be l ong  to a cont i n u o u s  l i e l d  01 poss i b i l i t i e s  

I y i ng  within the comprehensive dominion of music" ( o r i g i n a l  emphas i s ) . 1 2 Bu t  n o  w i l l i n gness  i s  shown 

to recogn i ze the symbo l i c  v i o l ence  comm i tted .  When ,  after a l l ,  was the  l a st t ime you hea rd the word 
"dom i n i o n " ?  

One  examp l e  0 1  a n  a rt 0 1  s o u n d  conce ived u n d e r  a Cagean m u s i c a l  conce i t  i s  t h a t  0 1  t h e  we l l ­

p u b l i c i z ed  work 0 1  B i l l  Fonta na ,  i n  pa rt i c u l a r, the recent coord i nated rad i ophon i c  p roj ect Satellite 

Soundbridge Between San Francisco and Köln l i n k i n g  the sound scu l pt u res  Sound Sculptures Through 

the Golden Gate and Metropolis Köln. 1 3  1 ' 11 say at the outset that the c e l eb rat i o n  these works have 

rece ived appears to be attr i b u ta b l e  to a d i s p l aced adm i rat ion  01 a form i d a b l e  tec h no l o g i c a l  a ppa ratus  

mob i l i zed  lor the goa l  01 a rt i s t i c  p u rposes ,  not attr i buta b l e  to art i s t i c  p u rposes themse lves .  They 

wou l d  have run  l ess  r i sk  01 be i n g  m u nda  ne  and m i g ht have been bette r  e q u i po i sed  wi th  the techno l ­
o gy  had  h e  no t  a b i ded  by  the i m  pos i t i o n  01 mus i ca l  i d ea s  on  t he  au ra l  env i ro nments .  

Fonta na promotes the typ i c a l  mus i c a l  trope .  "We a re surrounded by mu s i c . "  Per  h i s  act iv i t ies  

i n  Kö ln :  " I t  was my i ntent i o n  to tempora r i l y  turn the u rban l andscape 01 Kö ln  i nto a mus i c a l  scu l p­
ture . " 1 4  I n  h i s  work the assoc i at ive cha racter ist ics 01 sounds a re invoked and  then  l ed  to l abo r  u nde r  

the s i g n  01 ( C agean )  "mus i c . "  The app l i cat ion  0 1  mus i c  t o  a "portra i t "  01 a c ity has  a h i story and ,  l i ke 

Fontana 's Kö l n ,  it i s  a Ge rman  c i ty: Wa lter  Ru ttmann 's 1 927 cross-sect i on  l i l m ,  " Be r l i n ,  the Symphony 

01 a G reat C ity. " R uttmann 's l i l m  d i s regarded th i ngs  l elt u ntouched by the s u rface i n spect i on  01 the 

camera .  I t  opted i n stead lor  " opt i ca l mus i c , "  lorma l ly submerg i ng the soc ia l  work i n g s  01 the c i ty, espe­

c i a l l y th ro ugh  its use  01 " rhythm i c  monta ge . "  As S i eglr ied Kraca uer  wrote i n  1 928 :  "Th i s  symphony la i l s  

t o  po i nt o u t  anyth i n g ,  because i t  does n o t  uncover a s i n g l e  s i gn i l icant context . " 1 5  There was actu a l l y  

a g reater  depopu l at i on  0 1  Fontana 's Kö l n  t h a n  there was 0 1  R uttmann 's Ber l i n .  Soc i a l  sounds  were aes­
thet i c i zed  and  the d i s c u rs i ve sounds  wh i ch  d i d  ex i s t  were d im i n i shed ,  e . g . ,  the sounds  01 pedestr i a n s  

i n  Kö l n  we re  m i ked I r om  beneath a manho l e  cover, i n  t he  same  manne r  the ca rs c ros s i n g  the Go l d e n  
Gate b r i d g e  were m i ked l r om  be l ow. I t  was  accompan i ed ,  i n  t h e  San  F ranc i sco a rea as  we i l ,  with a pe r­

vas ive ly  u ncr i t i ca l sense 01 the soc i a l  lactors i nvolved i n  representat i o n s  01 "natu re . "  

We i l  ou ts i de  t h e  i nl l u e nce  0 1  Cage ,  o r  a n y  theoret ica l compose r  l o r  that matter, t h e  mu s i c a l  

conce i t  i s  strongest i n  the  rea l m  01 recent deve l o pments 01 d i g ita l sa m p l i n g  i n st ruments .  l 1 's no  s u r­

p r i se  that d i s cou rse i s  st ructured i nto techno l ogy, but here i 1 's exace rbated p robab ly  as a res u l t  01 i ts 

la l l i n g  i nto l ockstep with the econom i c  impe rat ives 01 the mus ic 01 mass  c u l t u re .  Over  the l a st sever­

a l  yea rs ,  t he  tech no l o g i c a l  I ru i ts 01 i n d u stry can be witnessed at a g l a nce  i n  trade  and  popu l a r  mag ­

a z i nes .  As t he i r  su btext. a nd  i n  i nterm ittent a rt i c l e s  and  comments, these I ru i ts  have been eq uated 

with a n  open i n g  u p  01 a rt i st i c  poss i b i l ity as  we i l .  But what has occ u rred may be  bette r descr ibed as  

an  i m p l os i ve outpou r i n g ,  a concent ra t i on  01 what  a l ready ex ists .  
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Th i s  is most ev ident when it comes to the ve ry i dea  of i n st rument .  S amp l i n g  keyboards and  

o the r  i nteract ive conf i g u rat ions may  condense  a n umbe r  of i n st ruments to one  locat i o n .  exped i te the 
utte rance of c e rta i n  sounds .  dep l oy who l e  fam i l i es of sound not prev i ous l y  ava i l a b l e  for i nteract i o n .  

e t c .  But  t h i s  h a s  been  done  a l most e n t i r e l y  for  the rep l i ca t i on  of ex i st i ng mu s i c a l  i n struments and  

with i n  accepted mus i ca l  vocabu l a r i e s .  wh i l e  the bas i s  of sam p l i n g  i n  the p rope rt i e s  of phonog ra phy. 
espec i a l l y  d i s p l a cement .  suggests a new non -mus i c a l  concept i o n  of i n str ument . 1 6  B r i e f ly. the l o c u s  of 

sounds  in a conventi ona l  mus i ca l  i n strument .  say. a v i o l i n .  is cong ruent  with the phys i c a l l o c us  of the 

i n st rument  i t se l f  (very much a l ong  the l i nes  of speech .  of the metaphys ics of p resence ) .  When a v io ­

l i n  i s  p l ayed .  s o u nd o r i g i nates at the phys i c a l  s i te .  at t he  s i te  of wood .  meta l .  f i be r. Phonog ra p h i c  
sound  o r i g i nates e l sewhere and l acks a s i g n i f i cant  cong ruence  w i t h  t h e  d i g ita l s amp i e r  i tse l f .  T he  

" i n st rument"  i n stead c a n  be conce ived as  some type of conf i g u ra t i on .  a l o cus .  s e l ected t h r o u g h  a the­
oret ica l ly u n l i m i ted mob i l i ty. separated out  from the fu l l  ra nge  of sound .  An i n st rument's l o cus-i . e  . .  

i n  t he  most c ompe l l i n g  way. the i n strument i t se l f-wou l d  n o  longer  be phys i ca l .  p resent .  but  sem i ­
ot i C . 1 7  Th i s  wou l d  be  fu rthered by  the fact t ha t  the very statuses  of a l o cus  a n d  of l o c i  wou l d  t hem­
se lves be  the products of a negot iated .  eve r  s h i ft i n g  mob i l i ty. 

A l t hough  it wi l l  be the pu rpose of another  essay to propose bases of samp i e r  des i gn  bette r 
adaptab l e  to compos it ion with th i s  new idea of i n strument. it can be sa i d  that a n  impo rtant e l ement  

wi l l  be the deve l o pment of capac i t i es  for a u ra l  wr it i n g .  There are many othe r  a reas of deve l opment. 
both tech no l o g i c a l  and compos it i ona l .  such that the who l e  project i s  a rathe r  amb it i ous  and  protracted 

one .  I t  has to be stated outr i ght .  however. that adequate tec hno l ogy a l ready ex i sts and that the ma i n  

wo r k  n ow i s  compos it i ona l .  a rt ist ic .  and conceptua l . 1 B  H opefu l l y. we wi l l  s o o n  enjoy centers wh i c h  
exp l o re the u n i q u e  compos i t i ona l  poss i b i l i t i es  presented by t h e s e  i nstruments .  i n  t h e  way e l ectro n i c  

and  computer  mus i c  stud ios  cropped up  some t h r ee  decades  ago .  so t ha t  the wo r k  can ge t  unde r  way. 

The Exception :  Vertov 

It is t r ue  that in the pre-WWI I  avant-garde ne i the r  an a rt of m i m et i c  sound  no r  a phono­

g raph i ca l ly based a rt o f  sound was deve loped .  and  that  those who were  i n  the best pos i t i on  to do  so 
( a s  we i l  a s  the  ge nera l  d i s cu rs ive m i l i e u )  s uffe red from mus i c a l  conce i t .  Th is  does  not mean  that a 

fa i r l y  c l e a r  i ntent  was l eft undeve l oped .  no r  that no one  escaped mus i c .  We can  f i nd  t h i s .  to my knowl ­

edge .  we can  on ly  f ind th i s  i n  the act iv i t i es  of the R u s s i a n  Dz i ga  Ve rtov. best known as  a revo l u t i on ­

a ry f i l m make r  i n  the  company of E i senste i n .  Shub .  Pudovk i n .  K u l e shov. e tc .  I n  fac t .  h e  d i d  not set out  
to become a f i l mmaker but .  i n stead .  had attempted around 1 9 1 6 . after  g a i n i n g  a background  i n  wr i t ­
i ng  a nd  mus i c .  wh at wou l d  now be ca l l ed a u d i o  a rt .  As a boy Ve rtov wrote e ne rget i ca l l y  i n  many gen­
res a nd  when he  reached age  1 6  he entered conse rvatory for  three yea rs to study v i o l i n .  p iano .  and 

mu s i c  theory. I n  1 9 1 6 . wh i l e  attend i ng  the Psychoneu ro l o g i c a l  I n st i tute i n  Petrograd .  he  was i ntro­

duced  to some of the majo r  p l ayers of the R u s s i a n  avant-garde .  i n c l u d i n g  B r i k .  Rodchenko .  and  
Maya kovsky. The comb inat ion  of a backg ro und  of wr i t i n g  a nd  mus i c .  a m idst the  adventu rou s  i mpera­
t ives of the avant-garde .  " turned i nto an  enth u s i a sm  for  ed i t i n g  sho rthand records [stenographs ]  and 

g ramophone  record i ngs .  I nto a spec i a l  i nterest i n  the poss i b i l ity of documenta ry sound  record i n g .  I nto 
expe r iments in record i ng .  with words and l ette rs .  the  no i s e  of a waterfa l l .  the sounds  of a l u mbe rm i l l .  

etc . .  a laboratory o f  Hea r i ng  .
. .  
· 1 9  

Towards t h e  end o f  1 9 1 6 . Vertov attempted t o  rea l i z e  h i s  La boratory with a 1 900 o r  1 9 1 0  

mode l  Pathephone  wax d i s c  recorder :  

I had the original idea of the need to enlarge our ability to organize sound. to listen not only 

to singing or violins. the usual repertoire of gramophone disks. but to transcend the limits of ordinary 



music. I decided that  the concept of sound included all the audible world. As part of my experiments, 

I set out to record a sawmil1. 20 

I t 's a ssumed  h e  became fru strated with the paar  sound qua l i ty. I ndeed ,  h e  spake of h i s  t ra n ­

s i t i o n  to f i l m  i n  terms of a n  i nadeq uacy of phonog raph i c  techno l ogy. I n  h i s  reco l l ect i o n ,  u p o n  . 

. . . returning from a train station, there lingered in my ears the signs and rumble of the 

departing train . . .  someone s swearing . . .  a kiss . . .  someone s exclamation . . .  laughter, a whistle, 

voices, the ringing of the station s bell, the puffing of the locomotive . . .  whispers, cries, farewells . 

. . And thoughts while walking: I must get a piece of equipment that won 't describe, but will record, 

photograph these sounds. Otherwise, its impossible to organize, edit them. They rush past, like time. 

But the movie camera perhaps? Record the visible . . .  Organize not the audible, but the visible world. 

Perhaps thats the way out? 2 1 

I n  t h i s  respect ,  the  famed " K i no-Eye , "  the fet i s h  of much  post-WW I I  avant-ga rde  f i l m ,  s eems  

to have  been the  resu l t of a fru strated e a r. An i n a b i l i ty t o  "phonograph  sounds , "  i n  E d i s o n 's words ,  

a nd  i n  the later  sense  of opt ica l f i lm sound  of " sound  photography" and  "sound came ra , "  res u l ted i n  
a de s i re to " p hotog raph  these sounds . "  The  def i c i ency of the techno l ogy cannot be  e q uated w i th  paar  
sound  q u a l ity; s i nce the  c reat i on  of phonog raphy, determ i nat ions of  sound  q u a l ity have been  c reatu res 

of the  moment .  The de f i c i ency comes about i n  re lat ion to Vertov's montage  o rg a n i za t i on  of t he  reco rd ­
ed mater i a l .  Wi thout  the  e l ectr i c a l  record i n g  and  amp l i f i cat ion tha t  was to become ava i l a b l e  i n  t he  

1 920s ,  h e  wou l d  have  been unab l e  to re-record w i t hou t  se r i ous  generat i o na l  l a s s .  

He  d i d  n ot wa i t  u nt i l p rope r  sound  f i lm  techno l ogy  to beg in  rea l i z i n g  h i s  i d eas  of sound .  F rom 

the  moment  h e  began  f i l mmak i n g  u nt i l " E nt hus i a sm"  ( 1 93 1 ) ,  h i s  f i rst sound  f i l m ,  h e  attempted to keep  
sound  i n c i p i ent .  to p repare for the  i n ev i ta b l e  advent of sound  i n  Russ i a n  f i lm  even before sound  came 

to Amer i can  f i l m .  He  i nt roduced  " I mp l i e d  sound "  i nto h i s  f i l ms ,  a rgued theoret i c a l l y  conce rn i n g  s o u nd ,  
c h amp i o n ed  a n  expa nded concept of rad i o ,  and  argued aga i nst t h e  d ogma  i n h i b i t i n g  re l at i o n s h i ps 

between  sound  and  i mage  set fo rth by E i senste i n  ( "A Statement") and others .  H e  a l so a r g ued  a g a i nst  

the  " theo ry of cate rwa u l i n g . "  I n  1 929 ,  wh i l e  Vertov emba rked upon "en th u s i a sm , "  t he  f i l m  c r i t i c  

I ppo l i t  Soko lov  wrote i n  " O n  the  Poss i b i l i t i e s  o f  Sound C i nema"  tha t  the natu ra l  wor l d  of sound  was  

not conduc ive to record i n g 22 The  ou tdoo rs  and  the remote,  the sounds  of work ,  i n d u st ry, c e l e b ra t i o n ,  

p ub l i c  gathe r i n g s ,  etc . ,  i . e . ,  a l a rg e  pa rt of the doma i n  of documenta ry, we re  not  " a u d i o ge n i c . "  

"Ag i tat i ona l  a n d  sc i ent i f i c  f i l m s  wi l l  be produced not i n  the l a p  o f  nature ,  n ot i n  t h e  n o i s e  o f  the 
streets, but  with i n  the soundproof wa l l s  of the f i lm stud i o ,  where no outs i de  sound  can  penetrate . The  

sound mov ie camera wi l l  l east of a l l  f i lm  ' I i fe caught unawares . '  The  uno rgan i zed  and  acc i denta l  sounds  

of o u r  streets and  b u i l d i ngs  wou l d  become a genu i ne  cacophony, a l i tera l ly caterwa u l i n g  conce rt . "23 

Ve rtov u nde rstood Soko l ov's " theo ry of caterwa u l i ng "  to be "an t i - newsre e l , "  i . e . ,  ve ry mu c h  

with i n  the  ma i d  o f  form a l i st c r i t i c s  who  preferred o n l y  actors a n d  act i ng  u p o n  t he  screen-i n t he  ve r­

n a c u l a r :  p l ayed f i l ms .  Ve rtov a l so u nde rstood it as symptomat ic of an exc l u s iv i st conce i t  d e r ived from 

mus i c :  " Everyth i n g  which i s  not ' s ha rp '  o r  ' f lat: i n  a ward, eve ryth i ng  which does  not ' d o re m i fa s o l i ze '  

was uncond i t i o n a l l y  l abe l ed  ' cacophony. " ' 24 

Vertov cons i dered the t rue refuta t i on  of Soko l ov's "theory of caterwa u l i ng "  to be enthusiasm 

i t se l f .  There  was noth i n g  do-re-m i  in the  " sett i ng  of d i n  and c l ang i ng ,  am i dst f i re a nd  i ra n ,  among  fac­

tory workshops  v i brat i n g  from the  sound . " 25  Ve rtov "penetrated i nto m i nes  deep beneath  t he  e a rt h :' 

much  l i ke Nada r  i n  the  catacombs ,  and  rode atop "the roofs of speed i n g  t ra i n s "  l ug g i ng twenty-seven 

h u ndred pounds of record i n g  eq u i pment .  d eve l oped spec i f i ca l ly for  the f i l m ,  a nd  " for  the  f i rst t ime in  

h i story recorded ,  i n  documenta ry fas h i o n ,  t he  bas i c  sounds  of an  i ndustr i a l  reg i o n  ( the  sound of m i nes ,  

facto r i e s ,  t ra i n s ,  etc . ) . " 26 
m 
m 
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Ve rtov may have rej eeted Soko l ov's mu s i e- l i ke exe l u s iv i ty but he d i d n 't rej eet mu s i e ,  no r  e o u l d  

h e  w i t h  a eonse rvatory sehoo l i ng .  He  often referred to h i s  ro l e  i n  f i lmmak i n g ,  n o t  a s  d i reetor, but  a s  
eompose r. 27 H e  ea l led " Enthus i a sm"  a "symphony  of no i s e s , "  and  the f i l m 's seeond  name ,  u nde r  wh i e h  

i t  was known i n  Russ i a ,  i s  "Symphony of the Donbas . "  "Symphon i e "  as  a f i g u re i s ,  i n  o ne  of the many 
a u ra l l y ref l ex ive moments of  the f i lm ,  extended to s i gna l  the  "ha rmon i e "  orga n i zat i on  of the aet i v i t i e s  

of the  5-Yea r  P l a n  i n  the Don Bas i n  Reg i on ,  a nd  i ts pa ra l l e l  i n  the  struetu re and  p roeess  of the f i l m  

i tse l f .  I n  a n ote se n t  t o  Ve rtov from London ( N ov. 1 93 1 ) .  Cha r l i e  Chap l i n  wrote :  " N ever  h a d  I known 
that  these meehan i ea l  sounds eou ld be a r ranged  to sound so bea ut i fu l ,  I regard i t  a s  one of the most 

exh i l a ra t i ng  symphon ies  I have heard .  M r. Dz iga Vertov i s  a mu s i e i a n  . . .  " 28 

Vertov i nvoked mus i ca l  metapho r  w i thout  the red u ct i o n ,  reg u l a r i za t i on ,  o r  aesthet i c i zat i on  i t  

had  co me  to i m pose i n  genera l  cu l tu ra l  d i scou rse ,  because the metapho r  had to i nteract w i th i n  a doc ­
umenta ry context that  Ve rtov ca l l e d  an  "enth u s i a sm  of facts" a nd  a l i te ra ry p roeess  whe re i n  sounds  

themse lves were  scr ipted ( p r i o r  to the v i sua l s ,  n o  l ess ,  a s  was the case w i t h  " Enth u s i as m " ) Z9 

We can o n ly feeb l y  spec u l ate what a Ve rtov a u d i o  a rt ,  an autonomous  pract i ce of recorded 
so und ,  wou l d  have sounded l i ke ,  s i nce h is  a rt of sound was caught up i n  re la t i o n s h i p s  with v i s u a l  

image s .  S e t h  Fe l dman  says i t 's poss i b l e  t o  i n fe r  o n  wh at a Rad i op ravda p roduct ion  wou l d  h ave  s o u nd ­
ed  l i ke by  son i ea l ly an imat ing  t h e  t i t l e s  and  i m p l i e d  s o u nd s  i n  " K i nop ravda no .  2 3 . "  But  wha t  abou t  a 

p re-Revo l ut i o na ry work, st i l l  caught i n  the C ubo-Futu r i st exuberance of the twenty-yea r- o l d  i n  St .  
Pete rsb u rg ?  And how m i ght th i s  have deve l oped  after Octobe r, through the  1 920s ,  o r  past the Sta l i n i s t  

an t i -forma l i s m  of the 1 930s? The l egacy that we have rece ived t rom h im i s  the way h e  approached 
the new a rt i s t i c  poss i b i l i t i es  of sound i n  a non-dogmat ie ,  pan-d i se i p l i na ry way, away from the fu l l  

we i gh t  of the mus i c a l  eonce i t ,  a l ong "the l i ne o f  max i m u m  res i sta nce"  a s  h e  ea l l ed  i t .  H e  asked o f  h i s  

a u d i e n ce  that any  o f  t h e  d i ff i c u l t i es  they m i g h t  encou nter be peree ived i n  t h e  p roper  context. n o t  a s  
" a  s ho rtcom i n g ,  but as a se r i o u s ,  l ong- range expe r iment . " 3 0  I f  we take  h i s  expe r iment  i n  the t e rms  i n  

w h i c h  he  cast i t  i n  h i s  youth ,  o r  i n  what Arn h e im  ca l i ed " b l i nd -hea r i n g , "  then  w e  rea l i z e  that  t h e  l o ng ­
ra n ge  expe r iment  i s  sti l l  before u s o  
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M e m o r i e s 

L i ke no othe r  known l iv i ng  creature ,  we pass on not o n l y  i n her i ted but  a l s o  acq u i red i nforma­

t ion to future g e ne rat ions .  I n  do ing so ,  we negate natu re tw i c e :  the  second law of thermodynam i c s  
states t ha t  i n  na tu re a l l  i nformat ion has a propens i ty to be  fo rgotten .  L i v i n g  c reatu res negate t h i s  p r i n ­

c i p l e ,  s i nce  t hey  store and pa s s  on genet i c  i nformat i o n .  And Mende l 's l aw states t ha t  acq u i red  i nfor­

mat i on  can not be  t ransmitted from one orga n i sm to the n ext .  D u r  spec i es  def i es  t h i s  l aw, too ,  for it 
stores acq u i red  i nfo rmat ion  i n  a cu l tu ra l  memory access i b l e  to success ive gene ra t i ons .  Th i s  two-fo l d  

negat i on  of natu re i s ,  however, n o t  as i t  seems :  u l t i mate ly, a l l  stored i nformat i on  has ,  b y  necess i ty, to 
remerge i nto the g enera l  flow towa rd entropy. J u st the same ,  t h i s  two-fo l d  negat i o n  is the h uman  
p o s i t i o n :  " h uman  d i g n ity" (that wh i c h  d i st i ng u i shes  u s  t r om  a l l  othe r  l i v i ng  o rg a n i sms l  can be def i ned  

by o u r  hav i ng  g enet i c  and c u l tu ra l memor ies  at ou r  d i s posa l .  We a re " h i sto r i c a l  c reatu res . "  At  p re ­

sent ,  e l ectro n i c  m emor ies  are i n  the process of res hap i n g  o u r  c u l t u ra l  memory. Hence ,  the not i o n  o f  

" h u man  d i g n ity" w i l l  ga i n  new s i g n i f i cance .  Th i s  i s  t he  top i c  that w i l l  be  d i scussed  i n  th i s  pape r. 
Memo ry can  be def ined as the storag e  of i nformat i o n ,  at l east i n  the  context meant  he re .  

U nde rstood as  s u c h ,  memor ies  are to be found  everywhere i n  natu re .  B i ts of s to red  i nformat i o n  f l oat 

l i ke i s l a n d s  in the gene ra l f l ow toward entropy. By chance  they emerged from i t ,  and by necess i ty they 
w i l l  r emerge  i nto i t .  Examp l es of such memory i s l a n d s  (wh ich a re  a l most as o ld a s  the u n i verse i t se l f )  
a re hyd rogen  atoms and ga l act ic systems .  An i mpress ive exa m p l e  of such  a n  an t i -ent rop i c  e p i cyc l e  

s upe rposed on  t h e  l i near  tendency toward entropy i s  t h e  b i omass .  Severa l  b i l l  i o n s  o f  yea rs a g o ,  i t  hap ­
pened  to eme rg e  from entropy onto  the ea rth 's s u rface .  I t  c o n s i sts of sma l l  d rops  whose c o m p l ex 

m o l e c u l e s  conta i n  e ncoded genet i c  i nformat i o n ,  a n d  we h u m a n s  a re o u rse l ves  o utg rowths of t h i s  

b i omas s .  The  i nfo rmat ion  stored i n  these d rops  i s  p a s s e d  o n  by copy i n g ;  i n  t he  p rocess  o f  t h i s  copy­
i n g ,  m i stakes  occ u r  from t ime  to t ime .  Most of these m i stakes a re e l i m i nated trom the b i omass '  
memo ry (as  " n onv i a b l e  mutat i ons " ) .  a l though a few a re reta i n e d  i n  the memory a n d  fo rm " I i fe 's evo­

l u t i o n . "  In othe r  words :  the b i omass processes i nformat i o n  stored in i t  as  a res u l t of fa u lty copy i ng ,  

and  thus  gene rates new i nformat i o n .  And  t h i s  fact i s  of g rowi n g  i nterest today. G e n e  tech no l ogy can  
be  seen  as  the attempt to  store acq u i red i nfo rmat i o n  i n  the b i omass ,  to prod uce  c u l t u ra l  memory from 
the b i omass .  I f  we see  th i s  tech no l ogy as  a form of a rt (and the  c h i meras produced  by i t  as  works of 
a rt ) .  then future a rt i sts wi l l  have to dea l  with the fact that the  memo ry of the b i omass  makes m i stakes 
and  cannot be v i ewed as tru stworthy. 



Cu l t u ra l  memory, a muc h  mo re recent phenomenon ,  deserves to be trusted even l e s s  (wh i c h  
means ,  " h u man d i g n i ty"  has  not  dese rved o u r  u n l i m ited adm i rat ion so f a r ) .  M ost of t he  i nfo rmat ion  
we have acq u i red i n  o u r  re l a t i ve ly  s ho rt presenee he re has fa l l e n  i nto o b l i v i o n .  N ot on ly  d o c uments 

tu rn to ashes  and b u i l d i ng s  i nto r u i n s ,  but most prev i ous  eu ltures have ha rd l y  l e ft a t ra ce .  In other  
words ,  when humans began  deve l o p i n g  c u l t u ra l  memor ies  ( as they began  beco m i n g  h u man ) ,  they 
fo u n d  access on l y  to very q uest i onab l e  memory a ids .  ( Such  a i d s  a re o bj ects that  a l l ow u s  to be 

" i nformed , "  i . e .  to store i nformat i o n . )  Two of these a ids ( ha rdwa re)
' 
wh i c h  have been  used  ever  s i nce  

we began  becom i n g  human shou l d  be ment i oned  here :  a i rwaves and h a rd o bj ects ( fo r  exa m p l e ,  sto nes  

and  bones ) .  

A i r  has  the advantage  of be i n g  read i l y  access i b l e ; moreove r, we have o rg a n s  wh i c h  seem to  

have  been  made to transform a i rwaves i nto s i g n s  ( to  make "phonemes "  o ut of t hem ) .  The  q uest i on  

wh i c h  a r i ses  a bout  the i n cohe rent  re l a t i o n s h i p  between  i n he r ited and  a cq u i re d  i nfo rmat ion  has  to be 
d i s rega rded he re :  speech as  a n  a b i l i ty i s  i n her i ted ,  yet each i nd iv i d u a l  l a n g uage  has  to be  a cq u i red .  

But  a i rwaves have  the d i sadvantage  that  t hey  a re suscept i b l e  t o  no i ses  wh i c h  destroy t he  i nfo rmat ion  

s to red i n  t hem .  That  i s  why a l l  i n format i o n  stored i n  a i rwaves ( i n  " o ra l  c u l tu res " )  h a s  to be  ra p i d l y  
rece ived and  stored i n  the rec i p i ent 's n e rvous system .  Yet how the i nfo rmat ion  i s  t hen  p rocessed ,  
befo re  i t  i s  passed o n  to other  rec i p i ents and  undergoes fu rth e r  d i sto rt i o n ,  i s  st i l l  u n c l e a r. 
Consequent ly, with respect to "o ra l  c u l t u res , "  it i s  on l y  poss i b l e  to speak  of h i sto r i o g raphy  ( the  c umu ­

lat ive sto r i n g  of acq u i red i nformat i o n )  i n  a very restr icted sense .  
H a rd ob jects  (stones a nd  bones )  have the advantage of  sto r i n g  the i nformat i o n  recorded in  

them for a re l at ive l y  long t ime .  (A ston e  kn i fe can ,  for i n stance ,  preserve t he  i nformat i o n  stored in  i t­

"to cut "-fo r  tens of thousands  of yea rs . )  The d i sadvantage is that s u c h  memo ry a i d s  s e rve s i m u lta­

neous l y  as  too l s :  a kn ife not on ly reca l l s  the  i nformat i o n  "to cut" bu t  i s  a ctu a l ly used to cut .  Usage  

wears  " o ut"  the i nformat i o n  ( i t  i s  forgotte n ) .  The tota l i ty of i nformed h a rd objects i s  ca  l i ed  " mate r i a l  

c u l t u re , "  and  i t s  cha racte r i s t i c  memory defect (that i t  wears o u t  and be comes  waste ) st i l l  p o se s  u n re­
so lved p ro b l ems  wh ich ,  a s  our  c u l t u ra l  c r i t i q ue  sees i t ,  th reaten human s u rv iva l .  Fo r  th is  ve ry rea son ,  

" p u re memory a i d s "  have  been  c reated a l ongs i de  too l s  s i nce the  sta rt; "mon u ments"  l i ke the  Venu s  

of W i l l e ndo rf o r  cave pa i n t i n g s  a re not  s u bj eet t o  wea r  b u t  on ly  t o  the s e cond  l aw of the rmodynam­

i c s .  And u nt i l reeent ly, t h i s  was about  a l l  t hat  we had aecomp l i shed as  far  as  " c u l t u ra l  memo ry" was 
concerned .  

Approx imate l y  three thousand  f ive h und red years  aga ( i n  othe r  words ,  o n l y  a s ho rt t ime ago ) ,  
a n  i mportant s tep  was taken ;  the  a l ph a bet was  i nvented .  I t  i s  a system wh i c h  recodes  the  phonemes  
of spoken l a ng uages  i nto v i s ua l s i gns ,  a l l ow ing  them to be engraved i nto h a rd ob jec ts .  As a conse ­

q uence ,  i t  became poss i b l e  to l i n k  the advantages  of o ra l  c u l tu re to those of mate r i a l  c u l t u re ,  a nd  a 

much  mo re f unct i ona l c u l t u ra l memory ca me i nto ex i stence .  "Monuments"  c o u l d  be p roduced  (texts) 
that store ora l i nformat i on  in ha rdwa re from whieh i t  can be eas i l y  reca l l ed and wh i c h  a l l ow i t  to be 

cop i e d .  This was an  extrao rd i na r i l y  fru i tfu l i nvent i on ,  for it perm itted a re l a t i ve l y  re l i a b l e  and d i s c i ­

p l i ned storag e  of acq u i red i nformat ion-and h i sto ry, i n  t h e  t r u e  s en se  of the wo rd ,  became poss i b l e .  
Th i s  deve l opment l e d  t o  a rad i c a l  c h a n g e  i n  thought and  act ion .  T h e  l i nea r i ty o f  the  a l phabet i c  code  

affected th i n k i n g :  i t  a l so became  l i n ea r  ( p rogress ive ) ,  and h i stor i c a l l y  consc i ous  act i on  ( u l t i mate ly  

tec hno l ogy) became poss i b l e .  The  i nvent i on  of the a l pha bet was a dec i s ive step o n  the  road toward 

our becom i n g  h uman .  
A n ew cu l t u ra l  memory ( t h e  l i b ra ry )  cou l d  on l y  assert itse l f  s l ow ly :  i t  had  to strug g l e  a ga i nst 

prev i o us  o ra l  memory (myth )  and mate r i a l  memory (mag i e )  i n  the i r  comp l ex re l a t i ons h i p  to one anoth­

e r. I n  the  cou rse  of the l i b rary 's g rad u a l  acceptance ,  i t  became i deo log i c a l l y  sac ra l i z ed ,  a fact that  st i l l  
c ha racter i zes occ i denta l c u l t u re today. The l i b ra ry was n o  longer  seen  as  a memo ry a i d  i n  wh i ch  

acq u i red i nformat i on  i s  recorded ( i n  wr i t i n g )  and  reca l l ed ( by read i n g ) .  I n stead ,  i t  began  to be  v i ewed 
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a s  a t ranscendence  suspended over h umans  ( i m posed on them ) .  As a res u l t ,  t he  c u l tura l f unc t i on  of 

the l i b ra ry was red i rected :  i t  did not se rve h uman s  in the i r  comm itment to p reserve acq u i red  i nfor­

mat i on  from ent rapy, but rathe r  h umans  se rved i t  to p reserve themse lves in i t  from entropy (f rom 
death ) .  I ndeed ,  th is reve rsa l of c u l t u ra l  memory 's funct i on  i s  typ i c a l  for the  re l a t i onsh i p  between  

h u m a n s  a nd  t he i r  p roducts ( the spoken word was  sacra l i zed i n  o ra l  c u l t u re a nd  the monument i n  mate­
r i a l  c u l t u re ) .  H owever, i n  the f i n a l  ana lys i s  the l i b ra ry 's sacra l i zat ion  has  to do  with a n  i d eo l ogy  wh i c h  

f o rms  the bas i s  of a l l  so-ca l i ed Western va l ue s .  Amongst the  many d iverse-convergent o r  d i ve r­

g ent-forms of th i s  ideo l ogy, we shou l d  focu s  on the  P l a to n i c  va r i a nt .  because  the  essent i a l  i s  pa r­

t i c u l a r l y  ev ident  i n  i t :  the l i b rary ( the supe rh uman  memo ry )  i s  a heaven l y  p l a ce  (topos uranikos), i n  

w h i c h  eterna l ,  i m m utab le  i nformat i o n  ( " i deas , "  " fo rm s " )  a re p reserved accord i n g  t o  t h e  r u l e s  o f  l o g i c .  

T h i s  heaven l y  storehouse i s  o u r  o r i g i n a l  home  f r am  wh i c h  we fe l l  i nto the  wo r l d  o f  decept ive p he ­

n omena .  I n  fa l l i n g ,  we  trave l ed  ove r the r i v e r  of forgetfu l ness (Lethe), but i t s  waters d i d  not  e ra se  the  
i nfo rmat ion  i n  u s ;  they on ly  covered i t  u p  so that  we may red i scover i t  aga i n  (a-Ietheia). Al l  i nforma­

t ion that  we a c q u i re i n  the wor ld of phenomena i s  decept ive (doxalt. on ly red i scovera b l e  i n bo rn  i nfor­

mat i on  has va l i d ity (sophia). Red i scovery (theoria) i s  to l ook  with a n  i n n e r  eye ,  and i t  i s  due to i t  that 

we can contemp l ate i nformat ion  stored in the heave n l y  l i b ra ry. Mo reover, we can a l s o  reca l l  i t  by 

mean s  of l o g i c a l  d i s c i p l i n e .  In so do i n g ,  we not o n l y  rega i n  know ledge  of ete r na l  i nformat i o n ,  but we 

a l s o  become ( i n  a very l i b ra ry- l i ke sense )  immo rta l .  
I t  i s  not  d i ff i c u l t  for us  t o  recogn i ze  a who l e  se r i e s  o f  o u r  own culturemes i n  what seems  today 

to be  a somewhat a rcha ic  i deo l ogy. We can  see  not  on ly the  bas ic structure of Ch r i s t i an i ty and a l l  s ub ­
s equent va l u e  systems, bu t  a l s o  the bas i c  st ructure of modern  s c i ent i f i c  t hought .  However, I want  to  

po i n t  out  a n  even deepe r  conseq uence  of the l i b ra ry's sac ra l i zat i o n :  n ame ly, that  i t  i s  i n  r e l a t i on  to  
t h i s  sac ra l i z ed  c u l t u ra l  memory t ha t  we i den t i fy o u rse lves to sta rt with . We i d e nt i fy o u rse lves a s  
" s u bj e cts "  ( s u bo rd i nates) of an  " i mmater i a l "  l i b ra ry s u spended  ove r  us ;  a s  p rotu berances wh i c h  b u l g e  
ou t  i nto the  wo r l d  o f  phenomena .  There i s  t h e  l i b ra ry-th i s  a b i l ity t o  store i nformat i o n ,  i d eo l o g i zed 

as  a " th i n g "-suspended on the one  s ide ,  a nd  the  wo r l d  of phenomena o n  the other. As orga n i sms  

we a re pa rt of the phenomena l  wor l d ,  b u t  a s  p ratu berances of the l i b ra ry we face t h e  phenomena l  
wor l d  a s  s u bj e cts .  We possess ,  so to speak ,  a co re i n  wh i ch  i nformat ion  i s  acq u i red ,  stored ,  and  
pracessed ,  a nd  i t  has  t he  funct ion to pass  o n  i nformat i o n  to the  l i b ra ry. T h i s  core has  had  d i ffe rent 

names  in the c o u rse of Weste rn h i story (for examp l e ,  " i mmo rta l sou l "  o r  " s p i r i t "  o r  " i nte l l i gence"  o r  
" e go "  o r  " se lfl bu t .  no  matte r wh at i t  has  been  ca l i e d ,  i t  c ha racter i zes j u st about  every a nth rapo lo ­
gy of Western soc i ety. Bas ica l ly, i t  i s  a q uest i o n  of re i fy i n g  a nd  sac ra l i z i n g  the a b i l ity to s to re  acq u i red  

i nfo rmat i on ,  of re i fy i ng  cu l t u ra l  memory wh i c h  i s  p rajected upon  the t ra nscendent .  A lmost a l l  occ i ­
d e nta l "ete rn a i "  onto l og ica l q u est ions ( for i n sta nce ,  those about  the re l a t i o n s h i p  between  " body" and  
" m i n d " )  and  a l l  " eterna i "  ep i stemo l og i ca l  q u est i ons  ( f o r  i nsta nce ,  t hose  about  the equa t i on  of "th i n k­
i n g "  s u bsta nce  to " extended" su bsta nce )  a re to be asc r i bed  to t h i s  i d eo l o g i c a l  re i f i ca t i on  of c u l t u ra l  

memo ry. They const i tute " eterna i "  quest i ons  because  they have been put  wrang .  The i nvent i o n  o f  

e l ectra n i c  memor i es  wi l l  h e l p  to end such  nonsense .  
E l ectro n i c  memor ies a re s imu la t i ons  of a f ew of o u r  b ra i n  funct i o n s .  A s i m u l a t i on  i s  a n  i m i ­

tat i o n  i n  wh i c h  c e rta i n  aspects a re exagge rated a nd  others i g no red . ( Fo r  examp l e ,  t h e  l ever  s im u lates 
the  arm:  i t  exagge rates its a b i l ity to l i ft th ings and i g n o res  a l l  othe r  aspects of i t . )  E l ectra n i c  memo­

r i e s  exagge rate a nd  project so me  b ra i n  funct i o n s  ou t  of the s ku l l  on  to i n a n i mate objects ,  where they 
can  be  obse rved and  dea lt  with .  The i ntent ion  of such i nvent i o n s  i s  to i mp rove ce rebra I memo ry func­

t ions (to imp rave them a lmost i mmeasurab ly ) .  Bu t  a n  u n i ntent i o n a l  consequence  of th is i nvent i on  is  

that  i t  a l l ows u s  to atta i n  a cr i t ica l  d i stance f ram these f unct i o n s .  Without a doubt ,  t he  imp ravement  
of memo ry funct i ons  wi l l  change  cu l t u re i n  the  futu re ;  however, i t  wi l l  be the u n i ntent i o n a l  conse ­

q uences  of memo ry s imu lat ion  that  cause the g reatest c hanges .  



E l ectro n i c  memo  r i e s  can  rece ive i nformat i on  more eas i ly than  b ra i n s  can  a nd  they have a 
much  l a rg e r  storage  capac i ty. They a re bette r at preserv i ng  i nformat i o n  a nd  can  reca l l  i n d iv i d u a l  i t ems  
more  eas i l y. I t  i s  a l s o  n ot d i ff i c u l t  to tra n sm it i nformat ion f rom one e l ectro n i c  memo ry to anoth e r. A l l  

these ( a n d  other )  advantages  m e a n  that acq u i red i nformat ion (data ) w i l l  no  l o nge r  be  stored i n  b ra i n s  

b u t  i n  e l ectro n i c  memor i e s .  A s  a consequence ,  b ra i n s  wi l l  b e  free t o  adopt other f unc t i ons .  Peo p l e  w i l l  
no  l o nge r  have t o  memor i z e  facts b u t  l ea rn  how t o  store , reca l l ,  a n d  va ry data exped i ent l y. They w i l l  

no  l o n ge r  need t o  l e a rn systems '  reperto i res but i n stead the i r  structu re .  Data process i n g  o f  t h i s  
k i n d-wh ich  had b e e n  checked  b y  the n e ed  t o  l earn facts-is ca l l ed " c reat iv i ty" ;  h ence ,  we  can  n ow 

reckon w i t h  a t r u e  b u rst of h uman  creat iv i ty. 

E l ectro n i c  b ra i ns can be coup l ed with automat ic mach i nes (with robots ) .  I nformat ion stored i n  
e l ectro n i c  memo r i es  c a n  be  t ra n scoded i nto the movements ( gestures )  made b y  s u c h  mach i n e s .  Th i s  

means  that automat ic  mach i ne s  c a n  i mpr i n t  i nformat ion stored i n  e l ectro n i c  memor i e s  o n  objects .  S u c h  

i m pr i n t i ng  o f  i nformat ion  o n  objects i s  ca l l ed  "work . "  ( Fo r  examp l e ,  a stone kn i fe i s  t h e  resu l t  o f  work ,  
of a movement, that i mpr i nted the i nformat i on  "to cut" on  the stone . )  I t  w i l l  re l i eve peop le of work a nd  

g ive t h em  t ime to wo r k  out  " prog rams"  ( of i nformat ion t o  be a utomat i c a l l y  imp r i nted o n  objects ) .  The  
human be i ng  wi l l  n o  l o nge r  be a worke r  ( " homo faber" )  but an  i nformat i on  p l ayer  ( " homo l udens " ) .  

E l ectro n i c  memor i e s  pe rm i t  stored i nformat ion to be erased effort l e ss l y :  t hey  forget mo re  

eas i l y  than  bra i n s  d o .  I nformat i o n  i s  va l i d  for  on l y  a l i m i ted amount of t ime ,  and  most a cq u i red  i nfo r­
mat i on  proceeds from the  a s s umpt i on  that it wi l l  be supe rseded by new i nformat i o n .  ( S u ch  i s  t he  

dynam i sm  of sc i en t i f i c  d i sc o u rse ,  i ndeed ,  of a l l  d i scou rse :  to "fa l s i fy "  a cq u i red i nformat i o n . )  H u m a n  
b ra i n s  a re bu rdened  b y  fa l s i f i a b l e  i nformat i o n .  E l ectron i c  memor ies ,  o n  t h e  other  h a n d ,  e n a b l e  t h e  

c r i t i c a l  e l i m i na t i on  o f  s u c h  i nformat i o n .  They perm i t  d i s c i p l i ned a n d  c r i t i c a l  com p i l at i o n  o f  a cq u i red  

i nformat i o n .  And so i n  the futu re ,  " h i story "  ( i n  the sense of i nformat i o n  acc u m u l at i o n )  w i l l  be  a mu c h  

more d i s c i p l i ned  and  c r i t i c a l  p rocess t h a n  i t  was befo re .  
A l l  these changes  i n  c u l t u re that a re expected i n  the future (and other  c hanges  not ment i oned  

he re )  a re ,  i n deed ,  rathe r  u n sett l i n g ,  but  t hey  st i l l  do  not get to t he  r oo t  of the c u l t u ra l revo l ut i o n  we 
a re witness i n g .  We can  on ly beg i n  to u nde rsta nd the impact that th i s  revo l ut i on  i s  hav ing on  our  ex i s ­
tence ,  when we face  the c r i t i c a l  d i stance f rom memory f unc t i on  tha t  ha s  been  made  poss i b l e  by e l ec ­

t ro n i c  memor i e s .  

Desp ite a l l  t ra d i t i o na l  i d eo l o g i es ,  pract i ca l  expe r ience w i t h  e l ectro n i c  memor i e s  forces u s  to 

recogn i ze i nformat i o n  acq u i s i t i o n ,  storage ,  process i n g ,  and transm i s s i o n  as  a process which re l i e s  on 
ob jects ( for i n stance ,  on  memo ry a ids such as  computer  ha rdware o r  h uman  orga n i sms ) .  Neverth e l ess ,  

i t  r uns  o r  works th ro u g h ,  so  to speak ,  these objects (a  fact wh ich  can  be  seen  i n  the  te rm "med i u m " ) . 

Expe r i ence  makes us recogn i ze a l l  these obj ects ( i nc l u d i ng  o u r  own bod i e s )  as med i a  of the i nfo rma­
t i o n  process .  I t  i s  sense less  to t ry to re i fy t h i s  p rocess ,  to want  to l o c a l i z e  i t  i n  a med i um ,  wh ich  i s  

why a l l  re i fy i n g  not i ons  for  th i s  p rocess ( s uch  as " sou l , "  " sp i r i t , "  " i d e nt i ty, " "ego"  o r  "se l f " )  m u st be  

d ropped .  A new anth ropo logy  has  to be deve loped :  the pecu l i a r  ab i l ity of o u r  spec i e s  to store, p rocess ,  

a nd  t ransm i t  acq u i red  i nfo rmat ion  ( " h uman  d i g n i ty " )  has to be g rasped  i n  the l i g h t  pf th i s  pract i ca l 

expe r i ence .  We have to see  o u rse l ves  as nodes i n  a net through whose l i nes  (whether  mate r i a l  o r  
e ne rget i c )  i nformat i on  f l ows .  With i n  these nodes ,  i nformat i on  i s  accu m u l ated ,  p rocessed ,  and  t ra n s ­

m itted ,  but  the nodes  themse lves a re no t  a nyth i n g :  i f  we  undo  them  ( u nt i e  the r e l a t i o na l  l i n e s  form­

ing theml .  the re i s  n oth i n g  l eft ( j u st a s  with the prove rb i a l  on ion ) .  I n  o the r  words :  we have to deve l o p  
a n  a nth ropo l ogy that reg a rds  h umans  as  noda l po i nt (warp) o f  seve ra l i ntersect i n g  re l a t i ona l  f i e l d s .  

T h i s  i n ev i ta b l e  re l ease  from i deo l og i c a l  encaps u l at i on  i n  i n d i v i d u a l ity ( i d e nt i ty, s u bj ect iv i ty )  i s  

not .  o f  cou rse ,  t o  be  attr i buted t o  pract i c a l  expe r i ence with e l ectro n i c  memor i e s  a l o n e .  I t  w a s  i n  

p reparat ion l o ng  before s u c h  expe r i ence  a n d  i n  many heterogeneous a reas .  To name  j u st a few exa m­

p i es :  ana lyt i c a l  psyc ho l ogy  shows the i n d i v i d ua l  psyche  as  the t ip  of a n  i cebe rg structured on  co l l ec-
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t i ve ,  psyc ho l o g i c a l  processes go i n g  beyond o u r  spec i e s .  Eco l ogy  shows i n d i v i d u a l  o rgan i sms  ( i n c l ud ­

i n g  u s  humans )  a s  funct i ons  of comp l ex re l a t i o na l  f i e l d s  (of ecosystems ) .  Po l i t i c a l  s c i e nce shows that  

the " i nd i v i d u a l  pe rson" and  " soc i ety" a re a bstract i o n s  and  that  conc rete facts a re to be found i n  i nter­

h u m a n  re l a t i ons  that const itute h umans and  soc i ety to b e g i n  with . Th is re la t i o n a l  ( topo l og i ca l )  v i ew 

of o u r  pos i t i on  i s  conf i rmed by the "other s i d e , "  name ly, by the phys i c a l  s c i ences .  H ence ,  phys i c a l  
o bj ects appea r, fo r  i nstance ,  as  nodes  ( notches )  i n  phys i c a l  f i e l d s  of force .  H usse r l 's phenomeno l ogy 

can  be  seen as  t he  art i c u l a t i on  of t h i s  f ie ld  v i ew. I n  s ho rt ,  i t  states that the conc rete wor ld  of l i fe ,  

afte r  be ing " reduced  phenomeno l o g i ca l l y  and  e i det i ca l l y, "  p roves to be  a f ie ld  of conc rete re l a t i ons  

f r om wh i ch  " s u bj ects" and "objects" a re extrapo l ated .  

N everthe l ess ,  even though  the re l a t i ona l  p o i nt of v iew has  l ang been i n  p reparat ion at many 
l o ca t i ons  and  the  i nvent ion  of e l ectron i c  memor i e s  can  be  seen  as  a n  outcome of t h i s  prepa rat i o n ,  i t  

rem a i n s  i n d i spu ta b l e  tha t  pract i ca l  expe r i ence  with such  memor i e s  f i rst forces u s  to r i d  ou r se l ves  o f  

the  t rad i t i o na l  i d e o l ogy o f  a ha rd core (that we have  o r  a re )  I n  t u r n ,  i t  a l s o  fo r ces  u s  to s top  re i fy i ng  
a nd  sac ra l i z i n g  o u r  a b i l ity to sto re ,  process ,  a nd  t ra n sm i t  acq u i red  i nformat i o n .  The i n ev i ta b l e  conse­

q uences  that s u c h  a n  adj ustment of ou r  thoughts ( and  act i o n s )  wi l l  have a re i n conce i va b l e .  Yet ,  same 
changes  can  a l ready  be  foreseen .  

We wi l l  have to  reformu l ate many (maybe a l l )  of the  catego r i e s  we have used  t i l l  now. An 

exa m p l e :  we w i l l  h ave to rep lace the catego ry of " s u bj ect-objecr with the catego ry of " i nte rs u bjec­
t i v i ty, " wh i ch  w i l l  i nva l i date the d i st i nct i on between  sc ience a nd  a rt :  sc ience wi l l  eme rge  as a n  i nter­

s u bj ect ive f i ct i o n ,  a rt as an i nters u bj ect ive d i s c i p l i n e  i n  the sea rch  for  know ledge ;  t hus  sc i ence  wi l l  

become a form o f  a rt and a rt a va r i ant  of the sc i ences .  Anothe r  exa m p l e :  i f  '' I '' i s  seen  a s  that t o  wh i ch  

othe rs  say "yo u "  ( i f  se lf-knowledge i s  seen as  a consequence  of acknow l edg i n g  o the rs ) .  then the d i s ­

t i n ct i o n  between  knowi ng (cogn i t i o n )  and acknowl edg i n g  ( recogn i t i o n )  wi l l  a l s o  be rendered i nva l i d :  
a rt a nd  sc i ence  w i l l  have then t o  be seen as  " po l i t i c a l  d i s c i p l i ne s . "  Ta ca rry t h i s  t o  a n  extreme :  i f  we 
see o u rse l ves a s  the funct i on  of others ,  and a l l  others a s  func t i ons  of o u rse lves ,  t hen  " respon s i b i l i ty"  

wi l l  have to take on  the impo rta nce wh i ch  " i nd i v i d u a l  l i be rty" has  had  t i l l  now. And then i t  w i l l  no  

l ange r  be d i sc o u rse  bu t  d i a l ogue  that  structu res c u l t u re i n  the  futu re ,  n o  l a nge r  " p rogress"  but  m utu­

a l  e n co unter. 
A l l  these thoughts a re j u st premon i t i ons ,  a nd  they i nvo lve j u st as much  dange r  as hope .  

H oweve r, one  t h i ng  i s  certa i n :  i f ,  beca use of o u r  pract i c a l  expe r i ences  with e l ectro n i c  memor i e s  ( these 

p r im i t ive and  prov i s i ona l  s im u la t i ons  of funct i ons  of our  own memo ry) .  we a re forced to g ive u p  the 
i d eo l ogy we have had about o u r  i d ent i ty, then our  a nt i -e ntro p i c  pos i t ion (our  "ex- s i sten ce " )  wi l l  i n  no  

way be "de-sac ra l i z ed . "  On  the contra ry :  the obsc u re mystery of the a b i l ity to res i st natu re 's tenden ­
cy toward  decay, a s  we i l  as  the des i re to  da  so ,  w i l l  become even obscu rer. Mo re so than  ever  before ,  

i t  w i l l  become ev i dent that th is a b i l ity ( and  th is d e s i re )  i s  doomed to fa i l  i n  the end .  
N o  b i b l i og raphy has been i n c l uded he re :  t h i s  pape r  resu l ts f r om my hav i n g  c o l l ected i nfor­

mat i o n  from a wide var i ety of f i e l d s .  And i t  has  a l s o  not been my i ntent i on  to esta b l i s h  a thes i s  but 
to cont r i b ute same  cons i de rat i ons  to the c u rrent d i s c uss i on  o n  the an t i c i pated c u l t u ra l  revo l ut i o n ,  
espec i a l l y  w i t h  respect to  e l ectro n i c  tech no l o g i e s .  I n  othe r  words :  i t  i s  to h e l p  u s  get o u r  bea r i ngs  i n  

a s ituat i on  q u i te  d i ff i cu l t  t o  g rasp .  

Translated by Catherine Kerkhoff-Saxon 
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V i r t u a l  W o r l d s :  
T h e  E m p e r o r 's N e w B o d i e s 

Perception here, 

and there the Object. 

G .  W. F. Hege l  

I n  the 1 8th centu ry, at  the dawn  of t he  mach i n e  revo l ut ion ,  a stra nge  story took p l a ce .  

A mag i c i a n ,  a n  extreme l y  adept watchmaker, h ad  constructed a n  a utomato n .  H e  had  executed 

th is mach i ne  to such perfect i o n ,  i ts movement so smooth and natura l ,  that the p u b l i c  c o u l d  not d i st i n ­

gu i sh  them ,  once both  appeared on  stage .  To put a po i nt to  the specta c l e  the maste r  fe i t  compe l l ed  to  

"mechan i s e "  h i s  own movements ,  even  h i s  comp lete bear i ng ,  lest the spectators i n  the i r  i nc rea s i n g  

u nease  as  t o  who  o r  wh at was  " rea l "  s hou l d  actua l ly take t he  man  f o r  the  mach i n e ,  a nd  v i  ce  versa . 1  

Mach ine  S imu lati ng Man-and M a n  S imu lat ing Machine 

Th i s  story prov i des  a s i m p l e  i l l u strat i on  for the d i ffi c u l t re l a t i o n s h i p  between  mach i n e  and 
body, man  and  mach i n e .  I t  a l so add resses  a nother p rob l em with tech no l ogy, that i ts p e rfect i o n  m i ght  
one  day e l i m i nate the d i ffe rence between man and  mach i n e .  Wou l d  there  be ,  somet ime ,  computer­

robots ,  i nte l l i gent mach i nes  that pe rfect ly s im u l ate man? C l ear ly  any  t h i n g ,  a ny  " S u bstance"­

He idegger  uses  the term Zeug--i s  bas i ca l l y  amorphous Mate r i a l  ob jec ts  a l so  g ive away someth i n g  

a bo u t  t h e i r  prod uce r. F i rst of a l l  any  manmade object i n he rent ly d i s p l ays i t s  make r 's p rope rt i e s ,  s im ­
p l y  by be i n g  made  by man .  Second l y  t hey  repeat human  behav iour  th ro u g h  the pu rposefu l d e l egat i on  
o f  human  propert i es  on to  them .  I t  i s  obv i o u s  that  mach i nes  a re constructed to enhance ,  take over, o r  

rep l ace  h uman  funct i o ns .  F re ud  g ives a n  exact desc r i pt i on  of the i r  funct i o n i n g  a s  a rt i f i c i a l l i mbs i n  h i s  

Civilisation and Its Discontents. We con struct mach i nes  to sati sfy human  needs ;  t he refore any  

mach i n e  w i l l  d i sp l ay  a nth ropomorphous  propert i e s .  The po i n t  i s  that on  account  of t h i s  d e s i red a nthro­

po mo rph i  sm  the mach i n e  w i l l  be  pe rfected to such an  extent as to be a b l e  to r ep l a ce  h u mans ,  wh i ch  

i s  i n  t u rn  l amented . Stu p i d l y  so ,  a s  the a im of such  anthropomorph isat i o n  m ust l i e  i n  t he  pe rfect s im ­

u l a t i on  a nd  eventua l  s u bst i tut i o n  of h umans .  
I n  the  cockp i t  of a n  a i rp l a n e  i n  b l i n d  approach on autopi l ot ,  i . e .  steered by a mach i n e ,  the 

i n struments a re neverth e l ess  st i l l  cont ro l l e d  by human hand .  It i s  foreseea b l e ,  h oweve r, that even 
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t hese  i n stru ments m i ght soon be contro l l ed by a mach i n e  that  wou l d  read them ,  react .  and  p rog ramme 

them,  etc .  Such  a n  inte l l i gent  devi ce ,  capab l e  of rea l -t i me  react i o n ,  cou ld  rep lace  h umans .  Such  a 
b l i nd cockp i t .  a n  i ndependent. se lf-suff i c i en t  f l y i n g  mach i n e  wou l d  be an a utomaton ,  ta k i n g  off, f ly ­

i n g ,  and touch i n g  down automat ica l l y  and o n  i ts own . Of cou rse such  au to p i l ots a re devo i d  of con­
s c i o u s ness ;  neverthe l ess, the more perfect the  mach i n e ,  the  l e ss  need i s  there for  h uman s .  Lew i s  
M umford a l  r eady  fo resaw th i s  when  he wrote i n  Technology and Civilization: "The  mach i n e  e l i m i nates 

h u m a n  pe rfo rmance ,  wh ich  amounts to para l ys i s . "  

A s  th i s  pa rab l e  shows, t h e  more pe rfect t h e  m a c h i n e ,  t h e  more i t  wi l l  exceed man  i n  i t s  very 
pe rfect i o n ,  because  we must def ine perfect i on  as " pe rfect i on  of what? " Of h uman  propert i e s ,  to be 

prec i s e .  We want mach i nes  because they pe rform more re l i a b l y, l o nge r, stronge r, a nd  mo re exact ly 
than h uman  b e i n g s .  The mach i n e  pe rfects h uman  propert i e s  to such an  exte nt as  to rep l ace  h u mans  

o r  the  pa rt i a l  act iv i ty o f  man .  However, such  pe rfect i o n  f r om  s i m u la t i on  outdo i n g  h u mans  w i l l  l e ad  t o  
a reverse s i t uat i o n ,  where h umans  wi l l  s im u late the  mach i n e .  I n  t he i r  pe rfect s i m u l a t i on  a nd  an th ro­

pomo rph i sm ,  t h i n g s  become i ndependent, se lf-s uff i c i ent ,  au tonomous .  S i m i l a r  to goods behav i ng  a s  

i f  they we re  i mbued  with a l i fe of the i r  own ,  mach i n e s  behave l i ke Go l ems ,  a s  i f  t hey  had  th e i r  own 
s p i r i t  and m i n d .  Because of th i s  new sovere i g nty mach i n e s  step i nto a new re l a t i on  to h u m a ns ,  and  

h u m a n s  to mach i ne ,  occas iona l ly becom i ng  th e i r  s l ave .  

The Evo lut ion 01 the Machine:  

Concern ing  the Sp i rit 01 Mach ines, and Mach i nes 01 the M i n d  

I n  h i s  utop i an  nove l Erewhon, a backwa rd rea d i n g  of the word nowhere ( 1 872 ) .  S amue l  Bu t l e r  
a l ready  recog n i sed these prob l emat ic  re l at i o n s h i p s  between  man  and  mach i n e .  " I s  i t  man 's eyes ,  o r  
i s  i t  t he  b i g  see i ng -eng i ne  wh i ch  has revea l e d  to u s  the ex i stence of wor l d s  beyond wor l ds  i nto i n f i n ­

i ty7 . . .  And take man 's vau nted powe r of ca l c u l at i o n-have we not e ng i n e s  wh i c h  can do a l l  manne r  
of s ums  mo re q u i ck l y  and co rrect ly  than we can?  . . .  I n  fact , wherever prec i s i o n  i s  req u i red  man  f l i es 

to the  mach i n e  at once,  as far prefe ra b l e  to h i mse l f  . . .  May not man  h i mse l f  become a so rt of pa ra­

s i te upon the  mach i nes? " 
Beca use  of the i r  very prec i s i o n  man seems  to a l m ost take refuge i n  the mac h i n e .  The  mach i n e  

i s  p referab l e  to man  i n  many  aspects . I n  the end  man  becomes the mac h i n e 's paras i te .  
O ut of these cons iderat ions But l e r  deve l ops  a n  evo l ut i o na ry theory of the mach i n e .  Mach i nes  

t hemse lves deve l o p  through  evo l ut i on ,  s i m i l a r l y  to Da rw i n 's evo l ut i o n  of the spec i e s  thro u g h  s u rv iva l  
of the  f i ttest .  These proposa l s ,  whose a uthor  has  been  forg otten ,  a re of pa rt i c u l a r  re levance espe­

c i a l l y today, i n  v i ew of  the work of Gottha rd G ünther, Hans Mo ravec ,  Ge ra l d  M.  Ede lman ,  D a n i e l  H i l l i s ,  
and others .  

Neura l  Darwin ism 

G .  E .  E de l man ,  w inne r  of the 1 972 Nobe l  P r i ze  for med i c i n e ,  dev i sed a new theo ry for  the 

f u n ct i o n i n g  of the  b ra i n  and neurona l  systems in  h is  book  Neural Darwinism, the theory of n e u rona l  
g ro u p  s e l ect i o n .  As a l ready imp l i ed i n  the t i t l e ,  t h i s  amounts t o  a q u a l i f i ed  app l i cat i on  of Da rw i n 's 
evo l ut i o n a ry theo ry to the ne rvous system .2 Accord i n g  to t h i s  theory the n e rvous  system i n  each  i n d i ­
v i d u a l  ope rates as  a se l ect ive system correspo n d i n g  to s e l ect ive mechan i sms  i n  natu re ,  bu t  u s i n g  d i f­
ferent  mechan i c s .  The categor i sat i on  of va r i o u s  st i m u l i  to the senses is shown to be a dynam i c  

p rocess  o f  re-categor isat i on .  
H e u r i s t i c  g rounds have l ed  Ede lman  to des i gn  a n  a utomaton tha t  i n teg rates pa rts of th i s  t he ­

o ry of se l e ct i o n  i nto t he  phys i ca l  structure of a n  ope rat i ona l ,  se l f -org a n i s i n g  n etwork .  Th i s  percept ive 
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Figure 1. Logieal strueture of a group in Darwin 11. All the repertoires 
in the automaton are made by eonneeting together groups that have a 

eommon logieal structure, as summarized in figure 2. Figure 2. Simplified eonstruetion 
plan for Darwin 11. 

a utomaton he  apt l y  names  Da rw i n 1 1 .  A long  i nterconnect ions  ( synapses )  wi th i n  the netwo rk ,  g r oups  

s i g na l  the i r  act iv i t i e s  to other  g roups .  Pa ra l l e l  n etworks w i t h  severa l s u b-networks i n  pa ra l l e l  o pe ra ­

t i o n  are a l so poss i b l e .  The second network i s  named "Wa l l a ce , "  after  anothe r  ma i n  f i g u re i n  evo l u ­

t i o na ry theo ry. 

The Da rw i n  n etwork reacts p r ima r i l y  to i n d i v i d ua l  st i m u l i ,  mak i ng  i n d i v i d u a l  s e l ect i o n s  in i ts 
categor i sat i o n ,  whereas Wa l l ace  wou l d  react to objects as  part of a g roup ,  emp loy i ng  stat i s t i c a l  

means  i n  i ts  catego r i sat i o n .  Together, they const itute a c l a ss i fy ing co u p l e .  

D a rwin ism i n  Computer Programming  

Wh i l st Ede l ma n 's app roach  to the prob l em i s  based  on an exa m i nat i on  of rea l effects, t he  

computer  sc i ent i s t  D a n i e l  H i l l i s  uses  s i m u l at i o n .  I n  1 983 h i s  enterpr ise Th i n k i n g  Mach i nes  Co rpo rat i o n  
constructed the pa ra l l e l  computer  "Connect ion  Mach i n e "  where "thousands  of p rogrammes  c ompete 

in a so rt of evo l ut i o na ry process"  ( H i l l i s )  in order to f ind the best so l u t i on  to a g iven p ro b l em .  A k i n d  

of ump i re-programme  chooses  the most s u i ta b l e  vers i o n  o f  softwa re d u r i n g  the process .  These  s e l ect­
ed  va r i a nts meet in a second rou nd .  Th ro ugh  th i s  pr i n c i p l e  of " su rv iva l of the f i ttest" the p rog rammes  

deve l o p  themse lves  eve r  f u rthe r-fo l l ow i n g  a Da rw i n i st p r i n c i p l e  o f  evo l u t i on-i n o r de r  to eventua l ­
I y  " pe rform i n  exact ly t h e  m a n n e r  w e  w i s h  them t o "  ( H i l l i s ) .  

E de lman 's i dea  of dynam i c  re-categor i sat ion  of sensua l  sti m u l i  had a l ready been  s uggested 

in broad out l i n e  in  1 949 by the Canad i a n  neu rophys i c i st Dona ld Hebb,  i n  h is  book Organisation of 

Behavior: "The more  act ive the two n e u rons , "  i . e .  the g reater the n umbe r  of s i g n a l s  exchanged  
between  them,  the mo re t hey  st i m u late each  othe r, " t he  stronger wi l l  any  connect ion  betwee n  them 

deve l o p . "  Th i s  wou l d  mean  that o u r  b ra i n  a l te rs the cab l i n g  of i t s  phys i c a l  structure s l i g ht l y  w i th  each  

new exper ience .3 

R a l ph L i n s ke r  of the I B M  Watson Research  Lab has demonstrated th i s  a b i l ity of a n eutra l net­

work to shape its connect i on  l i n es  i n  response to expe r i ence  i n  the s i m u l a t i on  of a n e u ra l  n etwo rk 4 

Menta l Mach ines  and  Neura l  N etworks 

I think tha t  the computer 

is a spiritual machine. 
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L i nske r  is on l y  one  of many, many s c i e nt i sts who a re  t ry i n g  to d r ive at the comp l ex way of 

f unct i o n i n g  of the human b ra i n  by means of a "Connect i o n i sm "  that can sens i b l y  c omp l ement  i ncom­

p l ete patte rns through these neu ra l  networks ,  wh i ch  a re ab le  to l ea rn  by themse lves  and  to set up 
assoc i a t i ons .5 Te rry Sejnowsk i ,  whose N ETa l k  computer  work i n g  with a huge n umbe r  of i nterconnect­

ed a rt i f i c i a l  n e u rons i s  l ea r n i ng  how to read a wr i tten text a l o ud ,  says that the n e u ra l  network theo­
ry i n  fact " p rov i des  a new l anguage  by which s c i e nt i sts f rom va r i o u s  f i e l d s  can  ta l k  a bout  the bra i n  
and  t h e  sp i r i t . "  

Bo th  s i  des ,  neu rosc ient i sts app l y i ng  f i n d i n g s  f r om compu te r  tec h no l ogy, a nd  compu te r  s c i e n ­
t i sts fo l l ow ing  theor ies f r om neu rosc ient i f i c  research ,  have  t hus  form u l ated a n ew theo ry t ha t  has cre­

ated a new gene rat ion of a rt i f i c i a l  b ra i n ,  of compute r, which I wou l d  ca re to ca l l  Hypermaton ( i nstead 

of a utomaton ) .  Amongst these neu ra l  network revo l u t i ona r i e s  we a l so have to count J i m  Anderson 
who began  research twenty years ago ,  and  John Hoppf i e l d ,  who f i rst made  p u b l i c  the  term "neu ra l  

netwo rk" by app l y i ng  t hem i n  the construct i on  of mach i n e s .  O the r s  a re the n e u rob i o l o g i st G a ry Lynch ,  
the ph i l osophe r  Patr i c i a  Chu rc h l a nd ,  the l i ng u i sts G eorge La koff a nd  G eoffrey H i nton ,  and  pa rt i cu l a r­

Iy Dav id  R ume l h a rt and Jay McC l e l l a nd ,  who together  ed i ted the sta nda rd work i n  three vo l umes  

abou t  n e u ra l  n etworks, where t hey  a l so dev i s ed  new mode l s  for  s u ch  networks and  the necessary 
new mathemat i cs  for the i r  format i on .6 

Hypermatons and  Postb io log ica l  Life 

After  research i nto a rt i f i c i a l  i n te l l i g e nce  we have t h u s  begun  to set up a sc i ence  of postb io ­

l o g i c a l ,  a rt i f i c i a l  l i fe .  Th i s  sc i ence i s  try i ng  to f i n d  "the g host i n  the mach i n e , "  to d i scover the o r i g i n s  

of spontaneous  format ion of mo l e cu l e s  and  n etworks of n e rves ,  of how we see ,  l ea r n ,  ta l k ,  th i n k , per­
ce ive ,  and  reco g n i se-how the seem i n g ly b l i n d  pr i n c i p l e  of natu ra l  s e l ect i on  cou l d  b r i n g  forth such  

var i ety a nd  beauty i n  l i fe , and  how we may s i m u late and  a rt i f i c i a l l y recreate such  evo l ut i o n .  
C h .  G .  Langton, ed i tor  of the book  Artificial Life ( 1 989 ) ,  i s  conv i n ced  t ha t  " a n  e ra of evo l ut i on  

i s  d raw ing  to a c l ose and another one i s  beg i n n i n g . "  H owever, t h i s  f i rst era of evo l ut i o n  i s  d rawing  to  

a c l o se  and  a nother  one i s  beg i n n i n g .  The p rocess  of evo l ut i o n  has  l ed-in u s-to "watches"  wh i ch  
u nde rsta nd what  makes them "t i ck , "  wh i c h  a re beg i n n i n g  to t i n ke r  a round  with the i r  own mecha ­

n i sms ,  and  wh i ch  w i l l  soon have  mastered the " c l ockwork" tec h no l ogy necessary to const rue watch­
es  of the i r  own des ign .  The B l i nd Watchmake r  has  prod uced  see ing  watches ,  and  these "watches"  

have  seen  enough  to become watchmake rs themse lves .  The i r  v i s i on ,  however, i s  extreme l y  l i m i ted ,  so 
much so that perhaps they shou ld be refe rred to as  nea rs i g hted watc hmakers .  

The p rocess  of  b i o l og i c a l  evo l ut i on  has  y i e l ded genotypes that code for phenotypes capa b l e  

of rnan i p u l a t i ng  t he i r  own genotypes d i rect ly :  copy i ng  t h em ,  a l t e r i n g  t h em ,  o r  c reat i n g  n ew  on  es  a l to­
gether  in the ca se of Art i f i c i a l  L ife. By the m i d d l e  of t h i s  centu ry, h umank i n d  had acq u i red the power 

to ext i n g u i s h  l i fe o n  Earth . By the m i dd l e  of the next centu ry, we w i l l  be a b l e  to c reate i t 7 
The  mutua l  man i p u l at ion  and  creat i on  of genotype a nd  phenotype c l ose l y  fo l l ows my propo­

s i t i o n  of the m utua l s imu la t i on  of human and  mach i n e  a s  a natu ra l  res u l t  of evo l ut i o n .  

Such  a pe rspect ive wou l d  f u rther  re i te rate But l e r's assessment  o f  the pa ra s i t i c a l  symb i o s i s  
between  man  and  mach i ne ,  o r  rather  t he  e l i m i na t i on  of man  by the mach i n e .  

The  Mach ines Rebel  

Hans  Moravec, d i rector of the Mob i l e  Robot Laboratory at the Carneg i e  M e l l on Un ivers ity, 
env isages such a rad ica l  scenar io for the "future of mach i n e/man i n te l l i gence"  i n  h i s  book Mind 

Children B 



I n  c hapter fo u r  he i s  a s k i n g  a l most i dent i ca l  q u est i ons  to But l e r  when  h e  says i n  t he  f i rst two 
sentences ,  "what happens  when  ever-cheape r  mach i nes  can rep l ace h uman s  in a n y  s i t ua t i o n ?  I ndeed ,  

what  w i l l  I do  when a computer  can  wr i t e  t h i s  book ,  o r  do my research bette r t h a n  I ? "  ( p .  1 00 ) .  H i s  
a n swer i s  s i m i l a r  t o  Bu t l e r's , that i nte l l i g ent  mach i nes a re th reaten i ng  o u r  ex iste n c e .  " W e  w i l l  s i m p l y  
be outc lassed . "  Over t h e  next centu ry mach i nes wi l l  become as  comp l ex as  u s ,  a n d  we w i l l  be  p roud 

to see  them proc l a im  themse lves a s  ou r  descendants .  A l ready, an i n d i ca t i on  for  t he  c u rrent c omp l ex­

ity of mach i nes  l i es  in the term " u s e r-fr i e nd l y. "  Too comp l i cated for our s i m p l e  m i nd s  to ope rate ,  they 
have to be des igned to be u se r-fr i e n d l y, i . e .  the i r  comp lex i ty thresho l d  m ust be lowered .  I n  a compet­

it ive s p i r a l  over b i l l i o n s  of years o u r  genes  have t r i cked each othe r  and have now dev i sed  a new sec ret 
weapon :  the  i nte l l i g e nt mac h i n e .  These " c h i l d ren  of our m i nds"  wi l l  one day b r eak  f ree from u s  a nd  

sta rt t h e i r  own  l ives .  The  beg i n n i n g  of t h i s  f i n a l  p h a se  l i es at t h e  sta rt of the  i n d u st r i a l  revo l ut i o n  two 
h u n d red years ago ,  when  a rt i f i c i a l  s u b st i tutes for human  bod i ly funct i o n s  came  i nto u se .  Mach i n e s  

b e came  i n d i s pensa b l e  i n  t ranspo rt ,  p roduct i o n ,  etc . Comput ing power f o r  me c h a n i c a l  mac h i n e s ,  

deve l oped  recent ly, has  mu l t i p l i e d  by a thousand  every twenty years a nd  has  b r o ugh t  u s  c l ose to a n  
e ra when  no  f undamenta l  h u m a n  phys i c a l  o r  menta l funct ion wi l l  l a c k  i t s  a rt i f i c i a l  c o u nte rpa rt .  As t h e  

ep i tome of t h i s  deve l opment  t he  i n te l l i g en t  robot wi l l  construct a n d  i m prove on  i t s e l f ,  w i thout  u s  a nd  

wi thout  the  genes  t h a t  a re o u r  make - u p .  I n  evo l ut i ona ry competit i on  D N A  wi l l  have  l o st out .  S u c h  

gene t i c  takeover by  the  mach i n e  w i l l  rad i c a l l y  a l ter  ou r  c u l tu re .  (A .  G .  Ca i rns-Sm it h ,  Seven Clues to 

the Origin of Life, 1 985 ) 

A l t hough  we a re st i l l  l i v i n g  orga n i sms comp lete ly def ined by o u r  genes  we can  a l ready o n l y  

f u n c t i o n  with i n  o u r  c u l t u re by r e l y i n g  o n  i nformat ion wh i c h  i s  n o t  h a nded  down  by o u r  genes  gene ra ­

t i o n  afte r  gene rat i on ,  bu t  rat he r  on i nformat ion tha t  i s  be i ng  produced a nd  s to red  ou t s i de  o u r  genes .  
The n ext s tep  wi l l  be  that we as  human  be i n g s  wi l l  no l onge r  be necessary for  t he  ma c h i n e ,  no r-one 

day-for  the wo r l d .  Without  our  h e l p  i n te l l i gent  mac h i nes wi l l  then be capa b l e  of t h e i r  own upkeep ,  

deve l opment, and  reprod uct i o n ,  o u r  c u l t u re wi l l  progress i n dependent l y  f rom h u m a n  b i o l ogy :  the  

genet i c  takeover com p l ete .  The  founda t i on  of a postb i o l o g i c a l  wor ld  d om i nated by s e l f-deve l o p i n g ,  
l e a rn i n g ,  and  t h i n k i n g  mach i n e s  i g n o rant  of t h e  l i m itat ions  o f  t h e  morta l h u m a n  b ody  wou l d  e n s ue .  

Cybe rnet i cs ,  a rt i f i c i a l  i nte l l i g ence ,  and  robotron i c s  a re on l y  t h e  f i rst i n d i cato rs fo r  s u c h  a th i rd e ra i n  

evo l ut i o n ,  i n te l l i g en t  robots after a n i m a l  and  h u m a n  l i fe .  Accord ing t o  Mo ravec o u r  own futu re s u r­

v iva l a n d  that of o u r  c i v i l i s a t i on  i s  a l ready dependent on a ra p i d  deve l opment  of s u c h  mach i nes ,  pa r­

t i c u l a r ly  for space research a nd  c o l o n i sa t i on .  Perhaps these i nte l l i gent robots wi l l  r e nde r  q u ite u n nec­
essa ry our  own soj o u rns  i n  space  that may be so much  more d i ff i cu l t  and  b i l l i o n s  m o re expens ive .  And 

one  day they wi l l  em i g rate i nto the  u n iverse ,  l eav ing  us  beh i nd i n  a c l o u d  of d u st .  
S i m i l a r  t houg hts were espoused  by K .  E r i c  D rex l e r  i n  h i s  book  Engines of Destruction 

(Anchor/Doub l eday) .  M i c robots ,  robots that reproduce in m i c roscop i c  essence ,  ba sed  on i nteg rated 

c i rc u i ts m i n i a tu re tec h n o l ogy  wh ich is pa rt i a l ly adapted to genet ic mechan i sms ,  wou l d  have a n  eter­

na l  l i fe-span and take on  q u i te spec i f i c  tasks .  
Mo ravec has  set out  a cha rt mapp i n g  computat i ona l  power ( speed at wh i c h  c a l c u l at i ons  a re 

ca r r i ed  out )  a nd  computat i o n a l  capac ity (storage capa b i l i ty) i n  an evo l ut i o n  of the  c o mpu t i n g  mac h i n e .  

Forma l  L im itat ions t o r  Menta l Mach i nes? 

This i mpress ive c ha rt mu st not ,  h oweve r de l ude  us  ove r the form a l l i m i tat i o n s  expressed i n  

t h e  pa ra b l e  a t  o u r  beg i n n i n g ,  a nd  i n  t h e  famous Chu rch-Tu r i ng  Hypothes i s  a s  we i l  a s  i n  Göde l 's f i nd ­

i n g s  and  i n  Tu r i n g 's t r i a l s .  
W e  know t h a t  Göde l  forma l l y  demonstrated that n o t  a l l  parameters o f  a fo rm a l  system c o u l d  

actu a l l y be proven i n  t h a t  system ,  and  were thus  forma l ly doubtfu l .  F r om  t h i s  we m i g h t  d e r ive t h a t  t h e  



N 
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c ompute r  as a forma l system-anyth i n g  that can  be form a l i sed may be mechan i sed-cannot so lve a l l  

t h e  e q u at i o n s  fo r  th i s  wor l d .  I t  fo l l ows that not everyth i n g  can b e  c a l c u l ated ,  form a l i sed ,  a n d  mecha ­
n i se d  w i th i n  the  forma l system o f  the computer. Göde l  h i mse l f  took an  amb iva l ent  stance i n  h i s  own 
c o n c l u s i o n ,  neve rthe l ess l e an i n g  towa rds a n  nona l g o r i t hm i c  i nterpretat i on  of the  na tu re  of h u m a n  

tho u g ht .  Though t  i s  not mecha n i ca l .  therefore t he  m i n d  w i l l  a lways be s u pe r i o r  t o  t h e  mac h i n e .  H e  

does ,  h owever, emphas i se  that the d i g ita l  a n a l ogy between  com puter  a n d  m i nd-that both ope rate 

o n  d i g i ta l p r i n c i p l es-has to be accepted .  Ta ken f u rt he r, t h i s  p ropos i t i on  wou l d  l i m i t  the  extent  of pos­
s i b l e  s i m u l a t i on  of human capab i l i t i es  by mach i n e s .  G ö de l 's f i n d i ngs  are advanced fu rt he r  in the 

C h u rch-Tu r i n g  Hypothes i s  that na rrows computa b i l i ty down to on ly those funct i ons  ca l c u l a b l e  o n  a 

Tu r i n g  Mach i ne ;  as Chu rch  showed, t h i s  a p p l i e s  o n l y  to t he  c l a s s  of funct ion  h e  ca l l s  recu rs ive f unc ­
t i on .  On l y  what  can  be  ca l c u l ated can be expressed i n  form u l a e ,  c o u l d  be mechan i sed .  However, ca l ­

c u l a b l e  i s  o n l y  wh at can ,  i n  effect. be ca l c u l ated recu rs i ve l y. T h i s  wou l d  cons i s t  of a descend i n g  o rde r  

fo r  t h e  extent of the  poss i b i l i t i es  fo r  a d i g i ta l i sa t i on  of the  m i n d .  
App l i e d  t o  o u r  prob l em ,  t h e  quest wou l d  h a v e  t o  be  f o r  a s i m i l a r  theorem l i m i t i n g  s i m u la t i o n .  

C an  s i m u l at i ons  be red uced equa l ly t o  compa rat ive l y  effect ive c a l c u l at i ons  l i ke that o f  t h e  Tu r i n g  
M a c h i ne ?  Ooes  the  d i g ita l dream o f  pu re n ume r i ca l d ep i c t i on  a nd  ca l c u l at i o n  of a l l  p rocesses o f  

h uman  l i fe ,  o r  at l east t h e  h uman  bra i n ,  s imp l y  end  i n  the  forma l l i m i tat i ons  s e t  b y  Göde l 's ,  Tu r i n g 's ,  

a n d  C h u rc h 's f i n d i ngs? I f  t h e  computer cannot so lve a l l  f unc t i ons  of t h e  wor l d  a nd  every mathemat i ­

c a l  e q u at i o n ,  how shou l d  i t  then perfect ly s i m u l ate the  m i nd ?  
Göde l ,  of course ,  has p l aced the i mpo rta nce  of h i s  t heo rem for such  a q u e st i on  f i rm l y  i n  pe r­

spect i ve ,  l e av i ng  a p l aton i c  way out .  

In h is famous 1 950 essay "Comput i n g  Mach i n e ry and  I nte l l i g ence"  Tu r i n g  asked the  q uest i on  
"can  mach i nes  t h i n k? , "  s u rpr i s i n g l y  answe r i n g  i t  aff i rmat ive l y  i n  h i s  ope rat ive a rgument of what i s  

n ow known as  Tu r i ng 's Test .9 He  st i p u l ated t h a t  a compute r  w i l l  t h i n k  when  i t s  a n swers become i n d i s ­
t i n g u i s h a b l e  f r om those by  a rea l h uman  be i n g .  A pe r son  i s  p l aced i n  front of a wa l l  a nd  poses  a q ues­
t i on ;  h e  does  not  know beforehand wh i ch  of the  wr i t ten  a n swe rs appear i ng  on  a v i deo  sc reen a re 

g iven  by a computer or another person .  The  computer  w i l l  w i n  t he  test if that pe rson  i s  u n a b l e  to 
detect wh i c h  a n swers came from the computer  and wh i c h  ones from the h uman  respondent .  In t he  

m i d - s i xt i e s  K .  M .  Co l by so successfu l ly s im u lated a psychoana lyst by compute r  that many pat ients 

preferred the  l a tter. 

S u rviva l by S imu lation 

Go i n g  back to our i n i t i a l  parab l e ,  s i m u l a t i on  i s  s u ccessfu l when i t  removes the d i fference 

between  h uman s  and  mach i n e .  However, i t  does  not  a utomat i ca l l y fo l l ow that th i s  rende rs the  forme r  
s u pe rf l u o u s ,  bu t  rather i t  wou l d  no l o n ge r  make  sense  to d i fferent i ate between  the  two , a s  i n  a rea l ­

I y  p e rfect and  comprehens ive s imu lat ion  o f  h uman  b y  mach i n e ,  t h e y  wou l d  i n  fact ope rate a l i k e .  N o  

l o n g e r  wou l d  we know whether w e  dea l t  with a mach i n e  o r  a h uman  b e i n g .  There w i l l  n o t  be  a n y  d i f­
fe re n ce ,  t he refore we sha l l  no l onge r  make any; i t  w i l l  be po i nt l ess  to be ta l k i n g  of h uman  vers u s  

mach i n e .  Even Göde l  env isaged a nond i g i t a l  c omputer  o ne  d a y  to defy a n y  l i m i t i n g  theorema ;  o n l y  
t h e n  w i l l  we  no  l onger recogn i se t h e  compute r. H u man s  can  t hen  e i t h e r  ope rate be l ow mach i n e  
capac i ty, a s  i n  t he  fab l e ,  i n  order t o  reg a i n  the i r  i den t i ty, o r  they can  beg i n  t o  s i m u late t h e  compute r. 

M a n  i n  pe rfect s i m u lat ion to supe rsede the pe rfect i o n  of h i s  own creat i on  wh i c h  imp roved on the  s i m­
u l at i o n  of h i s  own k i nd-H usser l  wou l d  def i n e  t h i s  as t he  t ranscendent  i n  immanence .  T h i s  i s  why at 

t he  beg i n n i n g  of th is  essay I have sa id  that the  s i m u l a t i on  of man  by the mach i n e  w i l l  rea ch  a h e i g h t  
of pe rfect i o n  t h a t  w i l l  l e a d  h umank i n d  t o  t ry to e m u l ate prec i s e l y  s uch  a l eve l  of pe rfect i o n  th ro u g h  
s i m u l a t i o n  of t he  mach i n e .  When man  b e g  i n s  to s i m u late p ropert i e s  of h i s  own p roducts ,  t hen  the re 



i s  a dange r  that the soc i a l  c ha racte r i s t i cs  of these man made prod ucts w i l l  s udden l y  be m i staken  as  
natu ra l ly i n h e rent i n  s u ch  products .  Ma rx de f i n ed  th i s  process as re if icat i on ,  the  object i f i ca t i on  of a 
s u bj ect a nd  its state of b e i n g .  Th i s  tendency to u n i versa l l y  object ify one 's ex i s tence ,  t rea t i n g  a l l  
h uman  i ntercou rse a n d  act iv i t i es  a s  commod i f i ed  goods ,  has its or ig i n s  i n  barter  t rade a n d  f i n d s  i ts 

exte n s i o n  i n  the mechan i sed wo r l d .  Goods with the i r  fet i sh-cha racte r represent the p rototype fo r  
o bj ect i f i ca t i on .  "The myste r i o u s  q u a l i t i e s  i n he rent i n  goods l i es s imp ly  i n  the fact  that the  o bjec t i f i ed  
c ha racte r i s t i cs  of the p rod ucts of man 's work  a re a ref l ect i on  of t he  soc i a l  c ha racte r i s t i cs  of h u m a n  

l a b o u r  th rown b a c k  at man  i n  t h e  soc i a l l y natu ra l propert i es  o f  these good s . "  M a rx cont i n u e s  a bou t  
man  made  prod ucts i n  a commod i f i e d  wo r l d :  " H e re the products o f  t he  h uman  m i n d  seem i m bued  w i t h  

a l i fe of th e i r  own ,  i n d ependent  f i g u re s  re l a t i ng  t o  each  other a nd  t o  mank i n d .  Th i s  i s  what  I ca l l  
fet i s h i sm  wh i c h  the p roducts of l a bou r  acq u i re a s  soon a s  they become a ma rketa b l e  commod i ty; th i s  

fet i s h i sm  i s  t hus  i n sepa ra b l e  from product i on . " 1 0  Wh  at Ma rx h a s  sa i d  a bout  c o n s ume r  goods  o f  
c o u rse a pp l i e s  even mo re to robots .  Mach i nes  even more t h a n  t h e  prod uct i on  of g o o d s  r e d u c e  h u m a n s  

to ma rketa b l e  commod i t i e s ,  mach i nes  i m bued  with a d o u b l e  fet i sh i sm  as  g o o d s  themse lves  a n d  

th rough  re i f i cat i o n ,  a s  the omn i present fet i s h i sm  o f  a motor car, a te l ev i s i on  set ,  o r  a c omputer. 

R obots a re prec i s e  p roducts of the h uman  m i nd with a l i fe of the i r  own , i ndependent  creatu res .  0 0  

i n te l l i g e nt mach i nes w i t h  the i r  d o ub l e  a p p e a l  t o  consumer  fet i s h i sm, t h e n  represent the end  i n  a l i e n ­
a t i on?  Ce rta i n l y  i n te l l i gent  robots ep i t om i se  Hege l 's " a l i enated sp i r i t . "  H owever, h e  a l s o  wr i tes  i n  h i s  

Phenomenology of the Spirit ( 1 807 ) .  f rom wh i c h  A I  wou l d  have much to l e a r n ,  " t h e  ex i s tence of t h i s  
wo r l d  a nd  t h e  rea l ity of consc i o u s ness r e l y  on  that movement wh ich  i t  extorts f r om  i t s  pe rso na l i ty, 
c reat i ng  its own wor ld  so a l i e n  that i t  m ust now be reappropr i ated. But  the re n u n c i a t i on  of b e i n g  i s  

i n  i tse l f  t he  c reat ion of truth th rough  wh i c h  that truth may  be acq u i red . " l l  The rea l m  of rea l i ty can  

o n l y  be  c reated th ro ugh  se l f-extort i o n  and  subject ive a l i enat ion .  Mo ravec thus  q u i te r i g h t l y  ca l l s  

robotmach i nes ,  a s  s u ch  prod ucts o f  t h e  se l f-a l i e nated m i n d ,  "m i nd c h i l d re n . "  "A l th o ugh  sp r i n g i n g  

fo rth f rom i n d iv i d u a l i ty, " t h e  r e a l  wor ld  i s  " I i ke an  a l i e n  ent i ty t o  the consc i o u s . "  B ut t h i s  i s  h o w  "the  

com ing  i nto be i ng  of the rea l wor l d "  takes p l a ce . 1 2 Mach i n es and too l s  i n  s i m u l a t i on  of human o rgans  

and  act i v i t i es ,  se l f-extorted f rom humans ,  a re contr i bu t i ng  to the construct i on  and  evo l ut i o n  of the 

wor l d .  
Accord i n g  t o  Hege l  t h e  s imu lat ion  of s imu lat ion i n  a k i n d  o f  recurs ive cyc l e  where man  s imu ­

l ates those products that s imu late h i mse l f  provides a mode l  f o r  t h e  creat i on  o f  rea l i ty. I t  i s  t hus  p r ima r­

i l y  s imu la t i on  wh ich  q uest i ons  Oa rw i n 's theory of evo l ut ion  i n  its tauto l og i ca l  essen ce conta i ned  i n  the 

d i ctum of s u rv iva l of the f i ttest . Th i s  term i s  determ ined by su rv iva l  i n  an  Ar i stote l i a n  sense ,  a rt obscu re 
ente l echs i s .  However, it i s  not fact that a r i ses  from fact i n  evo l ut ion ,  it i s  rathe r  mode l s  that transform 

i nto facts wh i ch  then become s imu lated models prov i d i ng  once more the sou rce for facts . I n  truth evo­

l ut ion  cons i sts of a fu l l  i nte ract ive network of mutua l  s imu lat ions ,  represent ing a n  ex i stence pe rforated 

by s imu l a t i on .  I deo l og i ca l  q u a l i t i es  a re a l ready part of nature, and m im i c ry as  a n  i nsta nce of ad justment 

to a dynam i c a l l y  chang i n g  env i ronment wou l d  be c l ea r  ev idence for  such a state .  The mea n i ng of the 

term mimicry has to be recons i de red i n  t h i s  context. A p lant produc ing ye l l ow dots on  its l eaves to repe l  

i nsects who have  been ta ught by  exper ience and genet ic i nformation that such dots wou l d  conta i n  a po i ­

sonous  s u bstance represents a successfu l i n stance o f  s imu lat ion he l p i ng  to su rv ive .  I f  t hese  i nsects 
detect such  s im u lat ion  afte r a wh i l e  and readapt (obta i n i n g  new genet ic i nformat i on )  to neve rthe l ess s i t  

on  that  p l a nt ( now pe rhaps  themse lves acq u i r i n g  ye l low dots as protect i on  f rom othe r  i n sects l .  then  the 

p l ant wi l l  aga in  be compe l l ed to change .  Th i s  wou l d  descr ibe a cha i n  of adaptat i ons  to a se r i e s  of 

dynam i c  s i m u la t i ons .  S u rv iva l of the f i ttest therefore amounts to surv iva l of the f i ttest s im u lat i o n .  

T h i s  i n  essence i s  the  g i st of o u r  i n i t i a l  parab l e .  T he  evo l ut ion o f  man  and  mac h i n e  represents 

a new evo l ut i o na ry phase ,  where the ex i s t i ng  model i s  be i ng  restructured th ro ugh  a re-accentuat i on  

and  redef i n i t i o n  of i ts  p re em i n ent e l ements .  Such mutua l evo l ut ion of man  and  mach i n e  t h ro u g h  s i m-
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u l a t i on  wi l l ,  of course ,  res u l t  i n  the format ion  of a tota l l y  a rt i f i c i a l ,  s i m u lated wo r l d .  (V i z .  a l so Jean  
Baud r i l l a rd ,  the  " Penseu r" of s imu lat i o n . )  S u rv iva l of the f i ttest s i m u l a t i on  a l so enta i l s  s u rv iva l of t he  

s i m u l a t i on  of the fittest, h umans  des i gn i ng  rea d i n g ,  i nterpret i n g  mach i ne s ,  c apab l e  of a cq u i r i n g  l ea rn­
i n g ,  from whom they in tu rn  wi l l  l e a r n .  T h i s  structure can  cou nteract the d i g i ta l  d reame rs '  ( i n  a 

H e ge l i a n  sense )  numer i ca l  fet i s h i sm that i s  compa ra b l e  to consume r  fet i s h i sm .  Even i n  natu re the fab­

r ic of rea l ity i s  pe rforated by the sp i r i t  of a l i enat i on  where me re a n i m a l s  c reate too l s  of d e-express i o n  

and  thus  t he i r  own  truth . The mach i ne  revo l ut i o n  o n l y  renders obv i o u s  the f a c t  t ha t  rea l i ty has  a lways 
depended  on  a rt i f i c i a l ,  v i rt ua l  construct i o n .  

The  Consciousness o f  Machines 

One much r i d i c u l ed  t h i n ke r  in the H e g e l i a n  trad i t i o n ,  G ottha rd G ü nthe r, p u b l i s hed  his f i rst rev­
o l ut i o na ry work The Consciousness of Machines ( 1 957 )  wh i c h  has assumed new re l eva nce  for our d i s ­

c u ss i o n . 1 3  (Th i s  fo l l owed h i s  expose on  the " Bas i c s  of a new Theory of Tho u g ht i n  H e g e l 's Log i c "  i n  

h i s  d i sse rtat i on  i n  1 933 . )  D i sm i s s i n g  na ive l i n ea r  Pythagorean p r i n c i p l e s  ( "A l l i s  n umbe r " )  he  deve l ­

o ped  a keno-g rammar  ( kenos, G reek "empty" )  b a sed  on  the p re m i se of the  vo i d  as  the  bas i c  structur­
a l  component  i n  mathemat ics and l o g i c  wh i c h  can  be taken u p  by any random coeffi c i en t .  The Arab i c  

sifr ( G e rman  Ziffer, Eng l i s h  digit) means empty o r  ze ro .  F r om t h i s  he  de r i ved  a comp l ex non- l i nea r  

Pythago r i sm ,  an  a r i thmet ic theory where  n umbe rs do  not p rog ress  i n  l i nea r  fa s h i o n  bu t  may rathe r  

verge off the l i ne ra ndom ly. I n  h i s  theory of po l ycontextua l i ty he  a l s o  had  to g ive u p  the  l o g i c  of the 

power of two . Such a t h i rd opt ion of a mu l t i fa r i o u s  k ind of l o g i c  of cou rse  rej ects the who l e  concept 

of a l te rnate thought i n  terms of true o r  fa l s e .  The amb iva l e nt l o g i c  of ex i stence i s  g iven  u p  i n  favou r  
of a va l u e-added l o g i c  that g ua rantees o p e n  opt i ons  i n  forma l i s m  cate r i n g  f o r  a constant extens i o n  i n  
comp l ex i ty. T h u s  mu l t i fa r i o us ,  non- l i n ea r  l o g i c ,  together  w i t h  the structu ra l  context of the  theo ry of 

po lytextu ra l ity where ambiva l ent l og i c  may st i l l  be va l i d ,  s e rve to exp l a i n  the i nf i n i te var i ety of mate­

r i a l  q u a l i t i es  in th is wor l d .  Quant i ty transformed i nto q u a l ity d e n i e s  a mode l  fo r  the u n iverse that con­
s i sted of a c l osed u n i f ied contexture .  Thus G ü nthe r  i s  an t i c i pa t i ng  the i deas  of ete rn i ty in para l l e l  u n i ­
verses i n  q u a n t um  mechan i c s  that were t o  a p pea r  l a t e r  ( v i z .  D av i d  Deutsch )  i n  1 957 . I t  i s  t h i s  po l yva­
l e nt l o g i c  of ref l ect ion p i tted aga i nst the p u re l y  l i nea r  and amb iva l en t l y  form a l i sed and mecha n i sed 

d i g i ta l computer that ant i c i pated the deve l opment  of pa ra l l e l  com puters and  n e u ra l  n etworks .  
G ü nthe r's po lycontextu a l ,  po ly l i n ea r, and  po l yva l e nt l o g i c  c o u l d  be  of benef it in the orga n i sa t i on  and 

conceptu a l i sa t i on  of fu rthe r  such  networks .  
G ü nther  a l so has an  answer to the p rob l em  posed by our pa ra b l e .  Fo l l ow ing  H e g e l ,  man  and 

mach i n e  may a lways be d i fferent i ated because  the s u bj ect changes with the evo l ut i on  of the  mach i ne ;  

i n  i t s  express i on  i n  t he  mach i ne  i t  i s  sp l i t  i n  two , l o s i ng  i t s  fo rme r  i dent i ty. Depos i t i ng  a me re mecha­
n i sed ,  forma l i sed  form of its consc iousness i n  the a rt i fact the s u bject advances i nto h it he rto u nat­

ta i ned  depths o r  he i ghts of awa reness .  The h uman  sp i r i t  wi l l  a lways rem a i n  s u pe r i o r  to the mach i ne  
(v i z .  a l s o  G öde l ) .  a s  t he  s imu l at i ng  mach i n e  compe l s  man  to i n c reased ref l ect i on  i n  t h i s  evo l u t i ona ry 

game  of s im u l a t i o n .  From th i s  ensues the se l f - re g u l atory and  se l f- ref lect ive p rog ress i n  the deve l op­
ment of matter towards h i g he r  p l anes  of comp l ex i ty, l i be rat i n g  h uman  consc i ou sness from i mpr i son­
ment  i n  its own s ubject iv ity, so apt ly l amented i n  1 904 by Kar l  He im and  aga in  by G .  G ü nthe r  i n  h i s  
Global Image for the Future-Weltbild mit  Zukunft. Such  a refo rmed s ubj ect w i l l  be possessed of a 

sovere i g nty unconstra i ned by b i o l ogy or prob l ems  of l ocat i ng  i d e nt i ty between f l e sh  and  s p i r i t-a sub­
j ect c l ose to the observer of q uantum mechan i c s ,  a phantom if seen  i n  re l a t i on  to h i sto ry, of cou rse .  



The Surrogate Body 

Moravec q u i te r i gh t l y  accepts h uman s  imp roved by genet ic  e ng i n ee r i n g  on ly  a s  second-c l a s s  
robots ;  i n stead he  i s  l o o k i n g  for  a s u bject possess i n g  the advantages of the mach i ne  w i t hou t  cor re­
spon d i ng l y  l o s i n g  i ts sense  of perso na l  i d e nt i ty. A l ready a l a rge  n umber of peop l e  s u rv ive with the  a i d  

o f  a rt i f i c i a l  o rgans  and  l i mbs ,  mach i n e s  that s u pport t h e  body, and o n e  d a y  s u c h  s u r rogates ,  o r  s i m u ­
l a t i o ns ,  wi l l  be  bette r s u i ted f o r  s u rv iva l t h a n  t h e  o r i g i n a l .  Mo ravec t h e n  asks w h y  n o t  rep l ace  t h e  l ot 

a nd  s i mp l y  t ra n sp l a nt the b ra i n  i nto a spec i a l i sed robot . Such  an i n sta nce i s  i l l u strated i n  P i et 
Hoende ros '  f i l m  "V i ct im  of the  B ra i n , "  where the protagon i st's bra i n  i s  removed ,  stored outs i d e  the  
body, and  a c l o ned  vers i o n  of i t  i m p l a nted i nto a computer. The subject can  now switch between  h i s  

two exte r i o r  b ra i n s .  T h i s  wou l d ,  h owever, n o t  free the b ra i n  from the constra i nts of  i t s  l i m i ted i nte l  l i ­

g ence .  T h e  ques t i on  i s  t hus  n o  l o n ge r  whethe r  mach i nes  c a n  th i nk , o r, p u t  d i ffe rent l y, c a n  w e  tra ns ­

p l a nt the b ra i n  i nto the  compute r  much  l i ke a k i dney; i t  must rather be as  to the extent  of the sp i r i t 's 
i n d ependence  from its phys i c a l  b a s i s ,  the  b ra i n .  Cou l d  we extract the s p i r i t  f rom o u r  b ra i n ?  

An i n i t i a l  step l i es ,  o f  c o u rse ,  i n  g iv i n g  u p  t h e  i d e a  o f  s u bject ive i d e nt i f i ca t i on  w i t h  t h e  phys­

ica l  bas is of the body, t ransg ress i ng  the  o ld conf l i ct between sp i r i t ,  f l e s h ,  m i nd ,  and  the body. 
Mo ravec proposes " patte rn - i de nt i ty" as the essence of the patterns and  processes  ta k i n g  p l a ce  i n  
both m i nd a n d  body, equa t i n g  i t  t o  software a n d  not t o  ha rdwa re, the mach i n e  wh i c h  mere l y  s uppo rts 

and conta i n s  these processes .  

No r  does  t h e  body- i n -p rosthe s i s ,  t h e  su rrogate body, provide a n  an swer to t h e  rea l p rob l e m  
a b o u t  t h e  phenomenon  o f  consc i o usness ,  n a m e l y  that t h e  sp i r i t  o f  l i fe i s  a dyn am i c  system a r r i v i ng  a t  

mo re t h a n  j u st t h e  c o l l ect ive s um  o f  i t s  components .  S u c h  a state o f  v i rtu a l i ty w i l l  h a v e  t o  be exa m­

i ned  fu rther  on .  

Ouantum Mechan ics and  Consc iousness 

One of the key p ro b l ems  l i e s ,  of c o u rse ,  i n  the phys i ca l  nature of consc i o u s n es s .  Th i s  can best 

be i l l u m i nated th ro ugh  q u a nt um mechan i c s  that enab l e  us to recons i de r  p ro b l ems  of the body-sp i r i t u ­
a l ,  of human i dent i ty and  awa reness ,  a nd  a l so th i n k  a bout theor ies  l i m i t i n g  fo rm a l  systems and  the  

capac i ty of the m ind .  I t  i s  q uan t um mechan i c s  tha t  th reaten most  acute ly  that p rem i se  i n  the d i g i ta l  
d ream that wants  to exp ress  and  c a l c u late everyth i n g  i n  n umbers .  G .  G ü nther, by exte nd i n g  the theo­

ry  of n umbers ,  has  t r i ed  to ban  such  dange r, however, at the same t ime prefo rmu l a t i n g  q u a ntum­
mechan i c a l  cond i t i ons  a l be i t  exp ressed  i n  a t rad i t i ona l  d i a l ect i c .  

S h o u l d  q uan tum theo ry rea l l y be  a u n iversa l phys i ca l  theo ry, then  the s p i r i t  a nd  b ra i n  a re 

u ndoubted ly  q u a ntum-mechan i c a l  p henomena .  A l ead i ng  advocate of t h i s  o p i n i o n  i s  the  e m i nent  
phys i c i a n  and  mathemat i c i a n  Roge r  Penrose ,  who ,  togethe r  w i th  Stephen  Hawk i n g  i nvented s u bsta n­

t i a l  pa rts of such  a new cosmo l ogy. Start i n g  out i n  oppos i t ion  to the thes i s  that "eve ryth i n g  i s  a d i g i ­
t a l  computer, "  " eve ryth i n g  can  be  m o d e l e d  exact ly th rough  d i g ita l  c a l c u l at i o n s , "  h e  f e i t  t h e  i l l eg i t i ­

macy  of the unde r l y i n g  a r gument  dec l a r i ng  the human  bra i n  and sp i r i t  to be  noth i n g  but  a d i g i ta l  com­
puter. H e  a l s o  had to contest the not i o n  trad i t i o na l l y  a r i s i n g  f rom the a bove abou t  the  i n s i g n i f i cance  

of ha rdware i n  menta l p henomena .  

I n stead the evo l ut i o n  of the b ra i n  i s  s een  as exp l o itat i o n  o f  q u a ntum-mecha n i c a l  effects ,  a nd  

consc i o u sness  i tse l f  a s  a q u a nt um-mechan i c a l  phenomeno n . 1 4  Although  i n deed  conced i n g  the a l go­
r i thm i c  nature of some of the b ra i n 's act iv i t i es ,  he  f inds h imse l f  unab l e  to imag i n e  the  c omp l ex a l go­

r i thms  of the h uman  b ra i n  a s  s i mp l y  the res u l t  of a "natura l  se l ect i on"  of a l go r i thm s .  Pen rose deduces  

that  even q u a ntum mechan i cs  a re  i n s uff i c i ent  to desc r i be  the activ i t i e s  and  s t r uc tu re  of the h uman  
sp i r i t .  wh i ch  wou l d  i n  fact req u i re l aws  mo re fundamenta l  t h a n  quantum mecha n i c s .  The refore the re 
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seem  to be facets of the human  sp i r i t  that can  never  be s i m u l ated by a mac h i ne . 1 5  

I f  the b ra i n  i s  not a d i g ita l computer, cou l d  i t  b e  a q uantum computer? Let us  try t o  transfer the 

game of s u rv iva l  by s imu lat ion onto the computer, as  Dav id Deutsch d i d  i n  1 985 . 1 6  The concept of a quan­

t um computer i s  based on pr i nc ip les  of the Tu r i ng  mach ine .  No  one  has as  yet  managed to bu i l d  a quan­

t um computer, no r  do we know if th i s  cou l d  be poss i b l e ,  but there a re some remarkab l e  p recond i t ions .  

As the  Tu r ing mach i n e  i s  a ser i a l  c omputer  not on ly  l i m i ted by the  ha l t i ng  p ro b l em  but  a l so  by 

the c omp l ex i ty theory, we cou l d  hope that such l i m itat i o n s  wou l d  be remed i ed  by the  add i t i o n  of a few 
pa ra l l e l  com puters ,  wh ich  i ndeed they m i g ht be. H owever, a q u a ntum computer  with i ts own com­

p l ex i ty theo ry d i ffer ing f rom that  of the Tu r i n g  mach i n e  cou l d  of cou rse  avo i d  s u c h  l i m i tat i ons .  The  

q u es t i on  a r i s i n g  i n  t he  s imu lat ion  of a u n ive rsa l q uan t um compute r  t h ro u g h  a u n iversa l Tu r i n g  mach i n e  

i s  whethe r  t h e  q uantum computer  c a n  actua l l y  c a l c u l ate f unct i o n s  that t h e  Tu r i n g  mach i n e  cannot d o ,  

wh i c h  wou l d  i nva l i date t h e  a bove men t i o n ed  C h u rc h -Tu r i n g  t h eo r em .  D e utsch  h a s  n everth e l e s s  

d emon strated t h a t  t h e  n umbe r  o f  funct i ons  c a l c u l a b l e  o n  a q uantum computer  amounts to exact ly t he  

numbe r  of C h u rc h 's recu rs ive funct ions that can  be  done  o n  the  Tu r i n g  mach i n e .  Ye!, t he re a re tasks 

beyond  the  me re ca l cu l at i on  of funct i ons .  I n  q uan t um pa ra l l e l i sm ,  for examp l e ,  the  n umbe r  of tasks 
that  can be pe rformed at the same t ime i s  n o  l o n ge r  l i m i ted ,  the  advantage  be i n g  that wh i l st any c l a s­

s i c  c o mputer  or Tu r ing mach i n e  programme c o u l d  r u n  on t he  q u a ntum computer, by no means  cou l d  

a n y  q u a ntum programme operate o n  a Tu r i n g  mach i n e .  

D e utsch does be l i eve that quantum com puters w i l l  be  constructed one  day, and  t he i r  ex i s ­

tence  w i l l  prov i de  powe rfu l  proof for the i nte rp retat i o n  of q uan tum mechan i cs  as  a n  i nf i n ity of para l ­
l e l  u n iverses .  A q uantum computer 's behav i o u r  can  be expressed i n  terms o f  i t s  d e l egat ion  of s u b­

ope rat i o n s  to cop i es  of i tse l f  i n  othe r  u n iverses .  

The  Oxford ph i l osopher  M ichae l  Lockwood ha s  advanced Penrose 's i deas ,  that quantum co r­

re l a t i o n s  occ u r r i n g  ove r wide d i stances c o u l d  be respo n s i b l e  for  the  u n i ty and  g l o b a l ity of the  states 
of awareness in the human b ra i n  (as  h i g h ly cohe rent  q u a ntum states l .  In h i s  book Mind, Brain and the 

Ouantum he def i nes  "the compound 1 , " 1 7  u s i n g  the  phys i c i a n  H .  Fräh l i c h 's 1 968 d i scove ry that the  

q u a nt um  mechan i ca l  phenomenon of the Bose condensat i on  can  be app l i ed  to b i o l o g i c a l  systems .  
Condensed  B o s e  states c a n  be seen as respon s i b l e  f o r  the  cohe rence  o f  b i o l o g i c a l  systems ,  and  use ­

fu l fo r  the  amp l i f i cat ion o f  weak  s i g na l s ,  a nd  the  cod i f i ca t i on  of i nformat i o n  i n  m i n ute space .  

I .  N .  Ma rsha l l  i n  1 989 espoused  the t hes i s  that Bose condensed  states prov ided  the phys i c a l  

b a s i s  f o r  menta l states s u c h  as  t h e  un ity of Consc i o u s ne s s . 1 8 Lockwood then  d ed u ce s  t h a t  the s i n g u ­

l a r i ty of the  h uman  m i n d  der ives fram prec i s e l y  s u ch  B o s e  condensed  states ,  s h o u l d  t h e  b ra i n  rea l l y  
ope rate as  a q u a ntum compute r. 

I ndeterm inate Thought 

The rea l  th reat to the d i g ita l  dream emanates fram the ra le of the observer i n  quantum mechan­

i cs  a nd  i n  its i ndetermi nate p r i nc i p l e .  Wh at happens  when we observe a phys i ca l  system? The con ­
tent ion  offered i n  conventi ona l  i nterpretat i ons  of the  " p rob l em  of measu rement" i s  that  the actua l  

observat i on  i n f l uences t he  observed system at the moment of contemp la t i on ,  t ha t  there i s  an  i nteract ive 
re la t i o n s h i p  between observer and the object . Anothe r  i nterpretat i on  te i l s  us  that we i nva r i ab l y  l ose  
someth i n g  i n  observati on .  Yet unobserved events pass a l l  the t ime ,  and  the pr i n c i p l e  of i ndeterm i n a b i l ­

i ty q u ite c l ea r l y  causes l o s s  o f  rea l i sat ion i n  observat i on ;  the re i s  no  certa i nty wh i c h  poss i b i l i ty the next 
success ive moment wi l l  chose,  as the paradox i ca l  menta l expe r iment  of "Sch räd i nge r's Cat" wi l l  i l l u s­

trate . 
Lockwood has e l a borated on t h i s  i n d eterm i n i s m  to ask  if the  " g host" i s  to be fou n d  i n  " the  

mach i n e "  of t he  body, o r  i f  i t  i n  fact needs no  mach i n e ,  body, o r  any  spec i f i c  mach i ne  o r  body. O r  i s  



the  sp i r i t  pe rhaps  p u re softwa re,  p u re mathemat ica l a bstract i on ,  whether  with or w i thout  opt i o n a l  

h a rdwa re? N e i t he r  q uest i on  c o u l d  be  an swered pos i t ive ly ;  i n stead Lockwood concentrated o n  sett i n g  
u p  a n ew i nterdependence ,  b a sed  i n  q u a nt um mechan i cs ,  between s p i r i t  a nd  b ra i n ,  a nd  consc i o u sness  

a nd  the phys i c a l  wo r l d .  At  t he  hea rt of the  q u a ntum mechan i c a l  "observat i on  and  measu rement  p rob ­
l em"  l i es  t he  q uest i o n  of " h ow consc i o u s ness ( spec i f i ca l l y  the consc i o u sness of t he  obse rver )  f i ts  i nto ,  

o r  maps onto ,  the phys i ca l wor l d . "  The  phys i c a l  state of the observ i ng  b ra i n  i s  unde rgo i n g  a stre am  
of observa nt expe r i ences ,  i . e .  a stream of consc iousness  des i gnated by  and  emana t i n g  f r om  the  b ra i n ,  
that  yet at  t h e  s a m e  t i m e  has  t o  pa rt i c i pate i n  t h e  propert i es  o f  the set o f  observab l e s  s e l ecte d .  O n ly 

s ha red propert ies  between  the b ra i n  a nd  the  chosen set of observab l e s  may be des i g nated a s  con ­
s c i o u s  obse rvat i o n .  Lockwood 's Theorem can  be taken  to mean that someth i n g  i n  the  phys i c a l  q u a n ­

t um  mechan i c a l  state o f  t he  obse rved ent i ty has  t o  correspond t o  t h e  q u a ntum mechan i c a l  state i n  
s ome  pa rt of the  bra i n  of t he  observer, i n  o r d e r  t o  be reg i stered consc i o u s l y. Very s imp l y  t hen ,  some­

th i ng  a pproa c h i n g  the  sp i r i t  o r  a state of consc i ousness has  to be a l ready i n h e rent  i n  ob jects o r  

mach i nes .  Consc i o u sness ,  observa b l e ,  a nd  observer s imu l ate e a c h  othe r  and  transfer p ropert i e s  o nto 
each othe r. Thus  the q uan t um mechan i c a l  formu l at i on  of the measu r i n g  prob l em  in terms of t he  

obse rve r's pa rt i c i pa t i on  i n  t he  system unde r  observat ion  must be a q uest i on  of consc i o u s  pro ject i o n ,  

l o o k i n g  for  t h o se  components of h uman  consc i ousness i n he rent i n  the " consc i ousness "  of t he  very 
objects themse lves .  H u m a n  i nte rfe rence i n  the  wor l d  cannot go aga inst  the wi l l  of the  ob jects t he re­

in ,  a nd  as  the  wor ld  i s  t he  on ly one  we can  recogn i se ,  we on ly se lect objects from i t  wh i c h  we can 
detect wi th  our  senses ,  ob jects that a re in  fact detected by ce rta i n  p ropert i es  i n  o u r  senses and that  

the refore mu st be cor respond i n g  rec i p roca l ly to any such  propert ies .  G oethe put i t  that " the  eye i s  of 

a s u n ny d i s pos i t i o n , "  and  i t  i s  th is that  we term anthropomorphous ,  a s  " theory of natu ra l i s ed  c ogn i ­
t i o n "  to u se  W .  v .  O .  Q u i n e 's words .  

Compenetrati on of Matter  and  Sp i rit 

I am i n debted to the g reat chaos  s c i ent ist  Otto E .  Räss l e r  for po i n t i n g  out  to me  that  a s  ea r l y  

a s  1 763 Roge r  Joseph  Boscov ich  formu l ated such  a theorem i n  a l l  i t s  consequences  i n  h i s  Theoria 

philosophiae naturalis. 1 9  Boscov ich  def i nes  h i s  law of a so l e  dr iv ing force as a common p r i n c i p l e  of 
co -va r i ance ,  accord i n g  to wh i c h  the  u n iverse has  to be descr i bed in re l a t i on  to the  observer, a nd  that 

even mot i o n s  with i n  the  obse rver  cont r i bute to its tra nsformat i on .  

The  Boscov i c h  c u rve i l l u strat i n g  h i s  thes i s  dep i cts an  asymptot i c  branch ,  accord i n g  to wh i ch  

o u r  u n iverse wou l d  be a se l f-conta i ned ,  c l osed ,  cosm i c  system .  Th i s  wou l d  mean  t ha t  no  p o i nt ou ts i d e  

that u n iverse cou l d  c ome  i nto contact w i t h  u s ,  wh i c h  opens up  t h e  poss i b i l ity of i n f i n i te s p a c e  f i l l e d  

w i t h  cosm i c  systems t h a t  can not i n te rfere w i t h  e a c h  other. N o t  even a g host wa nde r i ng  a ro und  s u c h  
a system c o u l d  recogn i s e  any  u n iverse other  t h a n  t h e  one  i n  wh ich  he  ex i sts .  Th i s  actu a l l y  amounts 

to a p remon i t i o n  of t he  q u a ntum mechan i c a l  " many wo r l ds "  i nterpreta t i on ,  where space i s  i nf i n i te ,  
but  can  on ly  be  recogn i sed as  f i n i te .  Thus  wr i tes Boscov i ch  i n  h i s  supp l ement # 1 1  "O f  Ti me  a nd  Space ,  

a s  We Know Them " :  "We cannot obta i n  a n  abso l ute knowledge of loca l modes of ex istence ;  n o r  yet  

of abso l ute d i sta nces of magn i t udes .  " 20 S h o u l d  the u n i ve rse  commence to revo lve i n  another  d i rec ­

t i o n  o r  contract o r  expand ,  we wou l d  be u naware of i t .  H i s  ear ly  theory of re la t iv ity a l so a l ready 
encompasses  the "measu rement  p ro b l em , "  "what has  been sa i d  with regard to measu rement  of 

space ,  w i thout  d i ff i c u l ty can be a p p l i ed to t ime ;  i n  this a l so we have no  def i n i te constant measu re ­

ment . " 2 1 
Consc i ousness  can not s imp l y  be s u btracted from the wor ld of matter ;  even Kant 's abso l ute 

term i n o l ogy-a priori, beyond our expe r i ence  of t ime and space-is be i n g  put i nto perspect ive ,  " a s  

we know i t . " Consc i o u sness  i t s e l f  i s  n o  abso l ute category a p r i o r i .  Boscov i c h  de f i n e s  t h i s  m ut ua l  re l a -
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t i o nsh i p  between  awareness and the phys i c a l  wor ld  with the  com p l i cated i dea  of " compenetrat i on "  

and  the coex i stence o f  po i nts of matte r i n  t ime .  Consc i ousness  de r ives from the compenetra t i on  o f  

matter and  sp i r i t ,  as the i r  des i g nated p rocess .  H i s  doctr i n e  of i mpenetra b i l ity has  acq u i red somewhat 

i n famous  renown. "Matter i s  composed of pe rfect ly i nd iv i s i b l e ,  nonextended ,  d i sc rete po i nts , "  wh i ch  
h e  ax iomat i ca l ly q ua l i f i es  i n  tha t  "two po i nts of matter cannot be at the same  po i n t  i n  space at the 

same po i n t  i n  t ime . "  H is  c r i t i cs  tend to ove r l ook  what he  says la te r :  "To the i n f i n i te n u mbe r  of poss i ­
b l e  po i nts of matter there wi l l  correspond a n  i nf i n i te n umbe r  of poss i b l e  modes  of ex i ste nce .  But  a l so 

to any  one  po i n t  of matte r there wi l l  correspond the i nf i n i te poss i b l e  modes  of ex ist i n g ,  wh i c h  a re a l l  

t h e  poss i b l e  pos i t i ons o f  that po i n t . "  Thus " a ny po i nt o f  matter h a s  its own imag i na ry space ,  i mmov­

a b l e ,  i nf i n i te and  cont i n u o u s . "  " Every po i n t  of matter is possessed of the who l e  of imag i n a ry space 
a nd  t ime ;  the  natu re of compenetrati o n . "22 

Virtua l  Space as Psychotic Space 

Th is imag i nary space i s  v i r ­
tua l  space ,  v i rt u a l  rea l i ty takes p l ace  

i n  Boscov i ch  spaC8 .  I f  i ndeed two 
bod i es  cannot be perceived sensua l ­
I y  i n  the same po i nt i n  space  at t he  

same po i n t  i n  t ime  i n  the rea l wor l d ,  

t h i s  may nevert he l ess be ach i eved i n  

v i rtu a l  space .  Wi th  the a i d  o f  data 

g l oves and data v i sors we can su per-

B 

i m pose imag i na ry space onto rea l space ,  a computer-gene rated sphere c o u l d  occupy the  same space 
as  oth e r  objects .  Virtua l  rea l ity i s  a j o u rney i nto imag i n a ry Boscov ich  space ,  where rea l a nd  poss i b l e  

a re contr ived i n  coexiste nce ,  i n  compenetrat i o n .  The i r  fasc i nat ion l i es i n  t h e  s im u l ated def iance o f  a l l  

c l a ss i ca l  l aws o f  nature, o f  t h e  tyra nny o f  he re and  now, space and  t ime  conque red .  Trad i t i ona l  spat i a l  
concepts d i s i nteg rate when I c a n  s e e  m y  own h a n d  i n  s i m u l ated space ,  w h e n  I can  obse rve r e a l  a n d  
imag i na ry o bj ects react t o  m y  act i ons .  T h i s  k i n d  o f  space where t h e  present a nd  t h e  a bsent  m a y  ex ist 
equa l l y  i s  p i cto r i a l  space which ,  for the f i rst t ime ,  I can  actu a l l y  penetrate . I have e ntered the p i ctu re 

th ro ugh  c l osed c i rcu i t  te l ev i s i on  i n sta l l a t i ons ;  Jackson Po l l oc k  had  c l a imed  to have entered h i s  own 

p i ctor i a l  space with subj ect iv ity. Here, however, the v i s ua l  spectrum of the spectator and p i ctor i a l  
space of t h e  i mage  i nterm i ng l e ,  c o l l a borate, as  anyth i n g  the spectator d o e s  i n  p i cto r i a l  s p a c e  he does 

i n  h is  rea l  env i ronment .  The v i rtu a l  env i ro nment i s  not the rea l wor l d ,  not rea l i ty, but  a representat i on  
of the rea l  as  a rt i f i c i a l  rea l i ty, where wish  f u l f i l l ment  st i l l  co r responds  to rea l i ty, where i nte r i o r  and  
exte r i o r, imag i nat ion and rea l i ty, l and othe r  a re a l l  b r i dged .  My ron  W.  K r üge r  def i ned  " a rt i f i c i a l  rea l ­

ity" as  a n  env i ronment contro l l ed by  computers who reg i ster  o u r  n eed s  a nd  react t o  them .23 Vi rtua l  
wor lds  embody the pu re essen c e  o f  omn i potent expe r i ence  and  t h e  p l e a s u re p r i n c i p l e .  Th i s  i s  the 
space of the psychot i c  that stage-manages rea l i ty in  h a l l u c i nato ry wish-fu l f i l l ment, utte r i n g  the bat­

t le c ry "VR everywhere . "  Freud ,  descr i b i n g  the a im s  of tec hno l ogy in his Civilisation and Its 

Discontents as be ing the creat i on  of su bst i tute o rgans  a nd  I imbs  that make  of man  the God  of pros­
thes i s ,  i s  actu a l l y  i l l ustrat i ng  the sorts of fanta s i e s  of omn i potence  that s i m u l a t i on  tec hno l ogy makes 

poss i b l e :  fanta s i es that we can forget the t ro u b l e  i n  l i fe ,  the  oppos i t i on  of the obj ect .  Cyberspace is 

the name for  such a psychot ic  env i ronment, where the bounda r i e s  between wish and  rea l i ty are 
b l u r red .  I n  i ts worst express i o n  the VR movement w i l l  rema i n  a n  i nfant i l e  toy, at i ts best a too l  in  

space trave l techno l ogy where te l eportat i o n  beam i n g  peo p l e  from one sta r to a nother  cou l d  be ren­
de red fram me re S/F v ia  concepts of VR i nto rea l ity .24 



D i g ita l  Data- ism 

" I n  t he  beg i n n i n g  the re was the  n umbe r" must, so to speak, i n i t i ate any  d i g i ta l d rea m .  The  

f i rst d i g i ta l th i n ke r  was ,  of c o u rse ,  Pythago ras ,  who f i rst set  up  the p h i l o s oph i c a l  c i rc u mspect i on  
accord i n g  to wh i c h  n u m bers a re t he  o m n i p resence beh i nd  a l l  structu res  for  a n y  phenomena ,  and  

n ume r i ca l re l a t i ons  a re t he  benefactors of ha rmony. P l ato s im i l a r ly preached  d i g i t a l  ha rmony, l eav i ng  
an  i n d e l i b l e  ma rk  on  Western c i v i l i s a t i o n .  D u r  yearn i n g  fo r  pe rfect ha rmony l ed  u s  to the  go l d e n  ru l e ,  
the d i v i n e  measu re of p roport i o n  i n  the  a rts and a rch i tectu re o f  ant i q u i ty, a nd  i n  i t s  rena i ssance  that 

bore i n  Leonardo da Vi n c i  yet another  d i g i ta l  d reamer. I t  was the Fre nch  p h i l o s ophe r  Desca rtes who 
f i rst form u l ated the d i g i ta l d ream as  sc ience i n  h i s  pretens ions  at e l evat i n g  mathemat i ca l  method 
onto the p lane of beco m i n g  the  u n ive rsa l s c i ent i f i c  methodo l ogy: mathesis universalis. The d i g i ta l 

d ream l i es i n  the  c l a i m  of Pythago rean/P la ton i c  metaphys i cs  that the ent i re wo r l d  c a n  be dep i cted i n  
n um bers a n d  n u mer i ca l  re l a t i ons .  I t  i s  i nterest i ng  t o  t h i n k  that a s imu l ated Desca rtes c o u l d  j u st a s  l o g ­

i ca l l y  d edu ce  h i s  ex istence as  c o u l d  t he  rea l  Descartes .  S imu l at ion threate n i n g  t h e  d i g i ta l d r eam i s  i n  

i tse l f  a man ifestat i on  o f  that d rea m .  
T h e  end  o f  t h e  d i g i ta l d ream i s  t h e  fu l l y  comprehens ive enumera b i l ity of t he  wor ld  i nto math­

emat ics ,  i n  fact a "mathemat i sat i o n "  of the  wo r l d .  The astronomer Johanne s  K e p l e r, who l ived and 

worked i n  L i n z ,  a nd  who i s  the s u bj ect of th i s  year 's Ars E l ectron i ca 90 ,  was a lso such a d i g i ta l d ream­

e r  when he  p u b l i s hed  h i s  Harmonices Mundi i n  1 6 1 9 , a key  exponent of d i g i ta l h a rm ony, the  ha rmony 
of the  wo r ld  based i n  n u m be r. 

The p h i l o sophe r  and  mathemat i c i a n  Le i b n i z  succeeded at a dec i s ive b reakth rough  a centu ry 

l a te r  when he deve l oped the  theory of b i n a ry n umbers ,  the b i na ry code ,  the  d e p i ct i o n  of a l l  n umbers 

i n  j u st two d i g i ts ,  ze ro and  one ,  vo i d  and  mater i a l  presence ,  to be o r  not to be .  Wh at seemed at the 
t ime  a mere c u r i os ity became the  ce ntra l bas i s  for modem computer tec h no l ogy. I n  fact ,  by sett i n g  up 

the fac i l i ty for the dep i ct i o n  of a l l  n u m be rs i n  j u st the two d i g its 0 and  1 ,  Le i b n i z  formed the bas i s  for  

the techno l o g i c a l  rea l i sa t i on  of the  d i g i ta l d ream .  He  had tr ied to re p l a ce  l o g i c a l  deduct i on  th rough 
c a l c u l at i on ,  i . e .  l og i c  t h ro ugh  mathemat i cs ,  amount i ng  to the d i sp l acement  of thought  by a mach i n e  
t h a t  wou l d  a utomat i c a l l y  prov i de  proof w i t h  t h e  a i d  o f  those two d i g i ts .  Two c e n t u r i e s  l ater Le i b n i z 's 

d i scovery has  been t ransformed i nto a n  a l gebra i c  switch board,  a l o g i c a l  network based on networks 

of e l ectr ic  c u rrents ,  tech n i c a l  mach i n e s  where the d i g its "0" o r  " 1 " a re i n d icators for  the a bsence or 

presence of a f l ow of e l ectr i c a l  c u rrent :  in sho rt, d i g i ta l  techno logy, e l ectro n i c  c a l c u l at i ng  mach i nes ,  
d i g ita l compute rs .  The  ca l c u l ator  has  a lways been the compan ion  of d i g i ta l  d re ame rs ,  and  i t  was a 

c l o se  assoc iate of Kep l e r, Wi l h e l m  Sch i ckard of Tüb i ngen ,  who i nvented the  f i rst known computer. 
Thus  the computer represents the  c u rrent peak i n  the embod i ment of the  d i g i ta l d ream wh i ch  wou l d  

l i ke t o  s e e  t h e  wor ld  a s  a cosmos o f  n u m bers ,  t o  b e  s imu l ated a n d  reconstructed f r o m  t h e  l aws o f  n u m ­

be r. 

D i g i ta l ha rmon i e s ,  c a l c u l ators ,  v i rt ua l  mach i n e ry a l l  emanate f rom o ne  a nd  the same h uman  
drea m ,  t o  tra n sform natu re i nto a h umane  env i ronment that c a n  be cont ro l l e d  by man  w i t h  the  a i d  o f  

n u m be r  and i t s  l aw-to t ame  the  te rro r o f  t h e  e l ements ,  t o  be ab l e  to p re d i ct a n d  conta i n  the forces 
of nature .  Here l i es  the  base for the  g r adua l  creat ion of a new wo r l d  by man a l o ne ,  a n  a rt i f i c i a l  rea l ­

i ty seem i ng l y  mo re favo u ra b l e  t han  ( h ost i l e )  nature .  
Attem pts at an t i c i pat i ng  such a rt i f i c i a l  rea l i t i es  i n  computer-cont ro l l ed mach i n e  wor lds that 

react i nte l l i ge nt ly  to our needs w i l l  p rov i de  the focus  for the 1 990 Ars E l ectro n i c a .  Data g l ove ,  data 
s u it ,  data v i so r, data banks a re  a l l  a n  i n d i cat ion for a new wor l d .  Data - i sm  for  Dada - i sm .  D i g i ta l  c redo ,  

beg i n n i ng wi th  Pythagoras ,  for t he  t ime be ing has doubt less  reached i ts h e i g ht of pe rfect i on  i n  today's 

computer tech n o l ogy. 
m 
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I n  t he  l a nd  of hypermed i a  and hypermata v i rtu a l  mach i n e s  represent a new gene rat i on  of 

au tomato n .  H uman  i nteract i on  with three-d imen s i o n a l  cybermode l s  i n  a nea r-wo r l d  ( v i rtua l  wor l d )  i s  

p robab l y  a n  imp roved form o f  human-mac h i n e  i nteract i o n  a nd  s i m u l a t i on ,  a nd  so f a r  i s  t h e  most pe r­

fect s i m u l a t i o n .  The anthropomorph i sat ion  of the  ob ject has  atta i ned new perfect i o n ,  as has  the i r  i n ­
a nd  se l f -dependence as i n te l l i gent v i rt ua l  ma c h i n e s .  H e i degge r  wou l d ,  of cou rse ,  see h i s  worst fea rs 
of tech n o l ogy d i sp l ac i ng  nature and the body co rpo ra I conf i rmed in VR .  

The body doub l ed  and part- imag i ned  i n  V i rt u a l  R ea l i ty (VR )  a s  the  most  re cent  poss i b i l i ty i n  
i ts tec h n o l o g i c a l  transfo rmat ion may  i ndeed represent  i t s  depos i t i o n ,  ye t  a l s o  enta i l s  i t s  imp rovement; 
I may now compo rt myse l f  without danger  to l i m b  and body in zones pe r i l o u s  to the natu ra l body. The 

I ,  the state of consc ious  awa reness ,  wi l l  need less of the phys i c a l  body; VR wi l l  d r a i n  the consc i o u s  

m i n d  " I "  of l i mb  a n d  nature .  Through i t s  tec h no l o g i c a l  deter r i to r i a l i sa t i on  i n  VR the s u bj ect ive h a s  

been  ra i sed  i nto a new category o f  res extensa, of po i nts i n  s p a c e  and  t ime ,  now i mmate r i a l i s i n g  i n  

the  v i rt u a l  i nf i n i te .  
Consc i o u sness, i n  the cou rse of evo l ut i o n  th ro u g h  s u rv i va l  of the f i ttest , has  created s i m u l a ­

t i o n ,  a n d  th ro u g h  the s imu l at i on  of su rv iva l eve r  more  c omp l ex mode l s  a nd  med i a ,  t he  l egenda ry g h ost 

in the mac h i n e  c reat ing eve r improved mac h i n e s  fo r i tse l f .  Consc i ousness  a s  the d r i v i n g  force beh i n d  
evo l ut i o n  a l s o  c reates t h e  s imu la t i on  o f  consc i o u sness .  R ea l i ty i s  pe rfo rated w i t h  s i m u l a t i on ,  with 

strateg i e s  of semb l ance and dece i t .  fo unded  p re c i s e l y  i n  those mechan i sms  of s e l ect i on  I have 

desc r i bed  when  I c ited m im i cry as  an  i nsta nce of adaptora l  strategy .  I t  i s  in  such  s i m u l a t i ons  that the 
" g host in the mach i ne" of Lockwood's Bose condensat i ons  i s  to be l ocated .  

D i g ita l Mach ines-the End of the D ig ita l Dream? 

Th is  a rg ument wou l d  actu a l l y  be corrobo rated by C h .  G .  Langton 's def i n i t i o n  of v i rt u a l i ty i n  the 

book  Artificial L ife that  appeared unde r  h i s  ed i to rs h i p .  To h im "v i rt u a l  pa rt i c l e s "  a re the rea l mo l e c u l e s  

of l i fe a s  th e i r  c ha racter i st i cs  wou l d  appea r  ne i t he r  i n  the  system ,  no r  i n  the  part i c l e s  themse lves ,  b u t  
o n l y  i n  m ut ua l  i nteracti on .  A system becomes v i rtu a l  when  i t s  pa rt-components a nd  i t s  ent ity d i s p l ay  

the i r  ma rked c h a racter ist ics not i n  i so l a t i on ,  but  o n l y  at the moment of the i r  mat i n g  ( compenetrat i o n ,  
a s  Boscov i ch  wou l d  say) . S u c h  v i rt ua l  systems a re non- l i n e a r  a nd  dynam i c ,  a l i ve .  The sp i r i t  i s  a v i rtu ­
a l  system i n  t he  mach i ne  of the phys i ca l  body, body ope rat i n g  i n  s p i r i t .  a n d  sp i r i t  i n  body. N ow we may 

u n d e rsta nd what the attempt to su rg i ca l l y remove the sp i r i t  f rom the body wou l d  enta i l ,  i t  i s  imposs i ­

b l e-acco rd i n g  to Boscov ich  ( " every po i nt of matte r  i s  possessed of the  who l e  of imag i n a ry space " l ,  
accord i n g  to q u a ntum theory and v i rtua l i ty. A t  t h i s  p o i nt i t  wou l d  pe r hap s  be f i tt i n g  t o  q u a l i fy my s t i p ­
u l at i o n s  to say that s imu l at i on  wou l d  correspond  mo re c l ose ly  to mecha n i c a l  systems  whereas v i rtu ­

a l i ty wou l d  seem to be co rrespond i ng  to dynam i c ,  non- l i n e a r  systems .  I n  actua l  fact  we were ta l k i n g  

a b o u t  v i rt u a l i ty whe n  we d i scussed s imu l a t i on  i n  t h e  co ntext of evo l ut i o na ry theory; t h e  essence o f  

s i m u l a t i o n  i s  v i rt u a l i ty. Thus a c l ock i s  bas i ca l l y  a mecha n i c a l  system that neverthe l ess d i sp l ays h i nts 

of v i rt u a l  cha racte r i st ics .  I n  its funct i ona l  essence a c l o c k  w i l l  on ly ex ist  in the act ion of i ts movement  
powe red by so  me  externa l  sou rce of  ene rgy, bu t  a hand  rema i n s  a hand  no  matter whethe r  the c l ock  

l i es  "dead"  o r  " I i ves . "  Equa l l y  the body  i n  prosthes i s  i n  its c l ass i c  funct i on  wou l d  rep resent  such  a 
mechan i c a l  system i n  its essent i a l l y uncha ng i n g  natu re ;  it a nd  i ts component  pa rts do not l ose  the i r  

i d e nt i ty i n  a s p l i t express i o n ,  rema i n i n g  fo reve r t h e  base s um  o f  the i r  p a rts .  
The  com puter  wou l d  d i s p l ay a number  of v i rt u a l  c ha racte r i s t i c s .  As d i g i ta l a utomaton i t  

embod ies  natu re t rans l ated i nto a d i fferent l anguage  wh i c h  then  g rad u a l ly i ntrod uces  u s  i nto the state 

of v i rt u a l i ty. Th i s  mach i ne  i s  a-chang i ng ,  i ts ha rdwa re,  i ts body, has changed  and w i l l  cont i n ue  to 

c hange .  N everthe l ess ,  its def i n i ng essence ,  the  b i n a ry code ,  w i l l  rema i n  f ixed. U n l i ke  in the c l ock ,  
howeve r, i t  i s  t he  p rogramme that i s  more impo rtant  i n  the compute r, i ts l a n g uage the a l g o r i thm ,  more  



i mporta nt  than the messenge r, the  body, the mach i n e  i tse l l .  The computer  wou l d  ev i den t l y  conta i n  
mo re 0 1  a " sp i r i t "  t han  t h e  c l ock .  T h e  body may become its own c l one  t o  t h e  extent 0 1  i ts b i n a ry se ll ­
codat i on  and decodat i o n ,  decod i n g  d i stance .  Perhaps the body i s  the q uantum compute r  in whose con ­

struct i o n  we have  so lar la i l e d .  Afte r  a l l .  the body, j u st l i ke the quan tum compute r  wh i c h  sends  cop i e s  

01 i ts e l l  i nto o the r  u n iverses ,  now sends  cop i es  01 i tse l l  i nto other, v i rtu a l ,  wor l d s .  The  compute r  i s  i n  
l ac t  a s i m u lat ive p rosthet i c  body  h i nt i n g  at potent i a l  v i rt ua l i ty i n  the coex istence 01 l i m b  a nd  s p i r i t .  
H owever, a s  long as  i t  rema i n s  j u st a body in  p rosthes i s ,  a mechan i ca l  body, i t  w i l l  l ack t r ue  l i le lorce ,  
l a c k i n g  i n  v i rt ua l i ty. 

We have t hus  reached a s i t ua t i on  with compute rs on the one  hand  that s i m u l ate in essence  

the " s p i r i t "  01  the b ra i n ,  a nd  robots that  s i m u late the " I i le" 01 the body. Wi l l  i t  be  poss i b l e  to m ix  the  

two ,  u n i te body  and  sp i r i t? We i l ,  yes ,  a l be i t  on l y  th rough  v i rtua l i ty. 
V i rt u a l  mach i n e s  may be seen  as occupy i ng a stop a l ong the way lrom the  "th i n k i n g "  to the  

" I i v i n g "  mach i ne .  N ot o n l y  wou l d  the l iv i n g  mach i n e  have  to be v i rtu a l ,  bu t  shou l d  the re  lo reve r  be a 

d i llerence between  man  and  mach i n e ,  it a l so wou ld  be immune  aga i n st s i m u l a t i o n .  But .  il eve ryt h i n g  

c o u l d  be a rt i l i c i a l l y  c a l c u l ated ,  d ep i cted ,  and  reconstructed i n  b i na ry c o de  as  st i p u l ated i n  the  d i g i ta l  
d ream ,  then  eve ryth i n g  cou l d  be s i m u la ted .  

I have a rgued  p r imar i l y  i n  terms 01 q uantum phys ics that  the d i g i ta l  d ream cannot ho ld  u n i ­

versa l ly t ru e .  My m a i n  a rgument  mu st ,  however, be t h e  theory 0 1  s im u l a t i on  i tse l l .  A I D S  has  demon ­

strated that  the pe rlect v i rus  i s  the  one  t ha t  i s  immune  aga i nst s imu l a t i o n .  Thes i s  # 1 :  The h i g hest  
leve! 01 s i m u l a t i on  l i es  i n  atta i n i n g  i m m u n i ty I rom s imu l at i on  i tse l l .  (A copy wi thout  o r i g i n a l ,  a c l o n e  
without  body ) Th i s  u s e d  to be expressed in principio individuationis. So ,  h ow  co u l d  a " I iv i n g "  mach i n e  

t h a t  wou l d  have to pe rlect ly s i m u late h umans  lrom a d i g ita l b a s i s  be ellected ,  when  we t a k e  i t  that  
h umans  represent the  end  i n  a c h a i n  01 evo l u t i on  01 s u rv iva l 01 the l i ttest s im u l a t i o n ?  App l y i n g  t hes i s  

# 1 ,  h umans  wou l d  be  immune  l r om lu l l  s i m u la t i on ;  t hey  canno t  be comp rehens i ve l y  s i m u lated by a 

( d i g i ta l )  mach i n e .  Second l y, I put  it that l i le i s  a cond i t i on  01 v i rtua l i ty V i rt ua l i ty, h oweve r, i s  de l i ned  

not a s  a p roperty i n h e rent  i n  the very o bj ects, mach i n es ,  parts, or systems wh i c h  themse lves can  be  
s i m u lated ,  bu t  rathe r  a s  a property pe rta i n i n g  on l y  i n  the ac t  01 corre l a t i on  01 a l l  pa rt i c l e s .  Pe r  de l i n ­

i t i on  prec i s e l y  t h i s  co rre l a t i on  cannot be  s i m u l ated . Because  01 v i rtu a l i ty not everyth i n g  c a n  be s i m u ­
l a ted ,  l east 01 a l l  s i m u l ated d i g i ta l ly .  So  la r t h e  v i r u s  i s  t h e  best v i rtua l m a c h i n e ,  o r  a s  Wi l l i a m  S .  

Bu r ro ughs  says ,  " I a nguage  i s  a v i r u s  01 outer  space . "25 Language wou l d  the relore prov i d e  a n  i n sta nce  
01 a v i rtua l system i n  D u r  context. O n  the  one  hand  i t  seems to  lunct i o n  l i ke a mecha n i c a l  c l ockwork 

movement in  a dete rm i ned  system cons i s t i ng  01 26 e l ements ( I ette rs ) ,  embedded in  a determ i n ed  

a l go r i thm i ca l structu re  ( g r ammarl ,  wh i c h  some are 01 the op i n i o n  i s  noth i n g  more than a p rog rammed  

s u c ce s s i o n  01 va r iants ,  comb i nat i o ns ,  a nd  permutat i ons .  I n  no way co u l d  the  l i te ra ry o u t p u t  0 1  
mank i n d  ove r the l a st 2 , 000  years h ave  been  ach i eved i n  th i s  manner, n o t  even  i n  etern i ty. The  pro­

duc t i on  01 a mass  01 sens i b l e  text by means beyond the mechan i ca l  capac i ty 01 l a n g uage  as  a c omb i ­

nat i o n  01 text e l ements i nva l i dates the v i ew 01 l a n g uage  as a k i n d  0 1  system 01 natu ra l  s e l ect i o n  0 1  

a l g o r i t hms .  More  than  a me re mechan i c a l  system i t  manages t o  set u p  comb i nat i o n s  01  i t s  e l ements 

more speed i ly and  mo re sens i b l y  than  any  mechan i c s .  I s  t h i s  the sp i r i t ua l  q u a l i ty 01 the m i nd?  Th i s  

e l u s i ve s p i r i t  i s  n o t  t o  be l o u n d  i n  t h e  ma c h i n e ,  no r  i n  t h e  mach i nery 0 1  l a n g u a g e ,  n o r  i n  g ramma r, b u t  

i n  t h a t  pa rt 01 t h e  b ra i n  where these p redeterm i ned  and  l i n i te e l ements and  a l go r i t hms  a re t rans ­

lo rmed  i nto a n  i nl i n i te ,  u ndeterm i n ed  success i o n  01 sens i b l e  sentences .  Such  a n  essence  01 v i rtua l i ­
t y  o r i g i nates o n l y  i n  t h e  dynam i c  p l ay 0 1  t h e  e l ements 0 1  the mechan i c a l  system that  i s  l a n g uage ,  

embedded  i n  a nonmechan i st i c  b ra i n-it i s  then  that l a n g uage " I ives . "  
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Virtu a l  Mach ines 

Afte r Cybe rnetics ,  A I ,  and robot i cs ,  v i rtu a l  mach ines a re the last  express i on  of the d i g ita l 
d ream ,  term i nat i ng  it at the same t ime .26 A computer  such  as Te rry Se jnowsk i 's N ETa l k  that teaches 

i ts e l f  to read a loud a written text i s  ca n n i ly c l ose to a ta l k i n g  person ,  the s i m u l at i on  (of . ne u ra l  net­
works)  seems pe rfect, s im i l a r l y  the resu l t .  Wi l l  v i rt ua l  mach i nes  become the ma i n  protagon i sts in a 

g l oba l  process that red uces the human  to a me re spectato r and  paras ite? A pe rfect tech n i c a l  m i mes i s  
o r  s i m u l at i on  so fa r advanced tha t  i t  wou l d  rep lace  the rea l  wor ld  by  a n  a rt i f i c i a l  creat i on  where 
h umans  wou l d  tend to se lf-abstract ion as mere obse rvers .  We have seen the consequences  of such  

pe rfect s i m u la t i on  i n  our parab l e ,  h uman  as s i m u l ator of the mach ine ,  as  empty to rso ,  easy p rey to myth 
and othe r  such  power-crazed prog rammers of rea l ity who ho l d  forth the prom i s e  once more of tota l ity 

and a uthent i c ity 

H owever these wor lds  are contro l l e d ,  ca l c u l ated and des i gned  wo r l d s  a re ca l i ed v i rt ua l  
wor l ds  not beca use  they im itate nature ,  bu t  because  they  d i g i ta l l y  s im u late a n  i mage  of d e l u s i o n .  

T hey  a re s im u l a t i ons ,  computer o r  cybermode l s  f o r  imag i n a ry wo r l d s  wh i ch  comp l y  w i t h  the  l aws  of 

l o g i c  a nd  phys i c s ,  and yet seem i n g l y  defy these l aws in the c reat i o n  of imag i n a ry space where any­

t h i n g  is poss i b l e .  V i rtua l  wor lds are i l l u s i o na ry wo r l d s ,  th ree-d i mens i o na l  n ea rwor l ds  based on  d i g i ­
ta l tec h no l ogy. V i r tua l  a rt i f i c i a l  rea l i t i e s  do represent a l te rnat ive rea l i t i e s ,  i nformat i on  space conta i n ­

i n g  ima g i na ry ob jects in d imens i ons  of space and  t ime  that can  be man i p u l ated d i rect ly or f rom a d i s ­

ta nce .  O bjects i n  v i rtua l  rea l ity react to  h umans ,  they can  be man i p u l ated by the  spectator. At  the f l i c k  
of the spectato r's head  objects dep i cted i n  d i g i ta l  s i m u l a t i on  may change  the i r  p roport i o n  o r  perspec­

t i ve ,  h umans  i n  fact integrat i ng  with the f i c t i on  of th e i r  imag i nat i on  as  conj u red u p  d i g i ta l l y by the 
compute r. I t  i s  th is  a l ternat ive rea l i ty that makes v i rtu a l  wor lds  mo re than mere ly the s i m u l a t i ons  of 
a rt i f i c i a l  d i g ita l t ruths .  

Because  the spectator h i mse l f  i s  a n  emphat ic  pa rt of the i mage  i n  such a n  a rt i f i c i a l  rea l i ty, 
e mpowered with the i l l u s i o n  of h i s  own body act i ng  as c l o n e  in front of h i s  f i e l d  of v i s i o n ,  a nd  because 

he  may yet  s i m u l taneou s l y  contro l the imag i n a ry objects from outs i de  the v i rt u a l  wo r l d ,  he  i s  putt i n g  
i nto pe rspect ive the un iversa l ity of t he  d i g ita l d ream ,  a s ,  natu ra l l y, the  spectator as  the c reator of s u ch  
v i rt u a l  wo r l d s  ca nnot h i mse l f  be d i g i ta l i sed .  I t  wou l d  be po i n t l ess  to emp l oy a mach i n e  a s  man i p u l a ­

to r  i n  the  v i rt ua l  wor ld as anyth i n g  appea r i n g  i n  h i s  data v i so r  wou l d  be d i g i ta l s i m u l a t i on ,  no matte r 
whethe r  the obj ect existed exte rna l ly in front of h i m  or wou l d  be gene rated i nterna l l y  th ro ugh  the 

v i so r. For  the mach i ne both rea l and gene rated object appea r  s i m u l ta neous l y  i n  the v i so r. 
V i rt u a l i ty, where s imu l a t i on ,  imag i nat i o n ,  a nd  rea l ity a re m utua l ly t ransgress ive ,  is psychot i c  

space and  yet  res i d ua l l y  non-d i g i ta l i s ab l e .  The ro l e  of the spectator  us ing  the b r idge across the rea l 

a nd  s i m u l ated represents the q uantum mecha n i c a l  constra i nts on the d i g i ta l  d ream ;  v i rt u a l  wor lds  
ex i st at  the bo rde r l i ne between d i g ita l d ream and  q u a ntum mechan i cs ,  evok i n g  a n  env i ronment  con­

tro l l e d  and  c reated by computer, but react i n g  to human needs  a nd  i deas .  N ow, i f  a l l  were c a l c u l a b l e  
i t  wou l d  fo l l ow that a l l  must be predeterm i n ed .  Thus  we  arr ive at t h e  e n s u i n g  a l te rnat ives :  t h e  s im u ­
l a t i o n  of imag i n at ion  b y  v i rt ua l  mach i nes  can  mean  e i t h e r  i t s  determ i nat i o n ,  o r  d eterm i na t i on  opened 

u p  to the imag i nat ion .  Chaos theory and  q uantum phys i c s  seem to suggest an  i ndeterm i n a b l e  s p i r i t u ­
a l  cosmos .  The d i g ita l  a rts emanat i ng  f rom the cosmo l ogy of n u m be r  a re a l so  a l i n k  between  d i g i ta l  
f i n a l i ty and  i nf i n ite imag i nat i on ,  defend i ng  man  i n  h i s  i m poss i b i l ity to be s i m u la ted .  They wou l d  se rve 

not  to den i g rate but to research and approp r i ate a nyth i n g  d i g i ta l  so  that we may express o u rse lves of 
it. Art i s t i c  c reat iv i ty supported by mach i n e  the refore wou l d  not represent a contra d i ct i o n  in terms ,  j u st 

as postb i o l o g i c a l  l i fe wou l d n 't .  Both a re fa r removed from someth i n g  l i ke a q u a l i ty of the  sp i r i tua l .  
D i g i ta l i sed a rt i s t i c  creat iv ity i n  an  expert system towa rds the c reat ion  o f  a rt wi l l  one  day be  poss i b l e  

and  s uch  an  a l g o r ithm wi l l  prod uce works o f  a rt e q ua l  t o  " rea l "  a rt ,  wh i c h  i n  fact on l y  re i te rates the 



i n va l i d i ty of a rt so far, mechan i c a l  a nd  l a c k i n g  i n  sp i r i t ua l  d i mens i on .  Th i s  ca l l s  for  t he  remedy i n  the  
aesthet i c  of the v i rtu a l ,  mecha n i sed  creat iv i ty and  the automaton wi l l  r id  u s  of a l ot of d i rt .  Tec h no l ogy 
as  e n l i g htenment of man  researc h i n g  h i mse lf? 

V i rt ua l  mach i nes  prov i de  the  sp i r i t  with new bod ies ,  packag i n g  i t  in t e l e - bod i e s  and  t e l e ­

o rgans ,  sett i ng  the scene for  wh at M o ravec has  ca l l ed  " eject i ng  the sp i r i t  f r om the  body. " The em per­
o r, the  s p i r i t  of the m i n d ,  i s  now f i tted out  w i th  new bod ies ,  ne i the r  by tra n s p l a nt ,  nor  by ge net i c  e n g i ­

n e e r i n g  o r  robot i c s ,  b u t  by e q u i p p i n g  i t  w i t h  n ew  a rt i f i c i a l  "o rgans- i n-prosth e s i s , "  n ame l y  w i t h  v i rt u ­
a l  mach i nes  l i ke data g l ove ,  etc . These te l e -organs make man i nto the  Fre u d i a n  god  of p rothes i s ,  o r  
te l e -de i ty, a g o d  of te l e -p resence i n stead of omn i presence .  V i rt ua l  mach i n e s  c reate t he  te l e -body a nd  

thus  represent the empero r 's , the  s p i r i t 's ,  new bod ies .  
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A r s  E l e c t r o n i c a  9 0  

C y b e r m e d i a  a n d  t h e  
F a t a l A t t r a c t i o n  o f  R e a l i t i e s  

Dan 't want, dan 't want, dan 't want  ta be part af yaur warld. 

Dav i d  Byrne 

"Away with the cameras ! Away with the came ras l S i t l  Down ! "  A l ive l y  band from Su r i n am  
danced  o n  t he  ba l cony o f  t h e  c i ty theatre awa it i n g  the  a rr iva l of Ne l s o n  Mande l a .  H e  was  to add ress  
t he  1 5 ,000  res i d e nts of Amsterdam who had f l o cked by .  H owever, the mus i c i a n s  rema i n ed  i nv i s i b l e  as  

a batte ry of (wh i te )  p ress  cameras was sta n d i n g  d i rect ly  i n  f ront of t hem ,  k i l l i n g  t ime .  Th i s  accord i ng l y  
g ave  r i s e  to i r r itat ion .  As  t h e  news came  t h a t  the  " K i n g  of Afr i ca "  had  entered the b u i l d i n g ,  " the 

med i a "  gathe red round the m i crophone i n  the  ce ntre of the  ba l c ony. I t  became c lear  to the  c rowd that 

they wou l d n 't see th i s  e i ther  and they began to scan . S pontaneous l y  the  cr ies of " came ras  beat i t "  
c h anged  i nto a n g ry chants of "Down with TV "  Th i s  was a va r i an t  of " D own with M E ! "  (ME = mob i e l e  

E e n h e i d ,  t he  D utch F ly i ng  S q u ad  wh  i c h  i s  g ene ra l l y s e n t  i nto act ion  d u r i n g  r iots ) ,  t h e  p i ct u re h u nters 

b e i n g  c ompa red  to the po l i c e  task force. The  d i ffu se  an t i -med i a  unease  that had  a l ready been preva­

l e nt fo r  some yea rs with a p ub l i c  that had been t h rott l e d  for  a decade to become i n s i g n i f i cant  deco r  
o r  j u st a s  i n s i g n i f i cant consumers ,  changed to rega rd  t he  cyn i c a l  med i a  agents as  hav i ng  taken over 
t he  ro l e  of t he  task force ,  depr iv i ng  the masses of t h e i r  happen i n g .  "The med i a "  have dec l a red them­

se lves  i n c rea s i n g ly fo r  the happen i ng  and g rad u a l l y  took ove r the  f i e l d  wi th  a l l  the i r  tec h n i c a l  pros­

thes i s .  The rea l masses i n  the squa re i n  front  of the c i ty theatre had  become j ust a s  ima g i na ry to the 

pressm e n  as  t he  v i ewers at home, who were j ust a s  i n d i fferent to t hem .  "The masses of the  peop l e "  

feared t hey wou l d  o n l y  s e e  t h e  backs o f  s ome  med i a  men  a l t h o ugh  t h ey  k n ew t h a t  Mande l a  had  c ome  
f o r  t h em ,  a nd  the  happen i ng  h a d  n o t  b e e n  i ntended to be  a n  open -a i r  press conference .  The  j o u r na l ­

i sts s en sed  that  i t  wou l d  on l y  be a matter of t ime  before the  f i rst stones  h i t  the i r  h i g h -tech and  with­
d rew f rom a meter-and-a -ha l f-wide  med ia -free zone .  Then  t he  " R oya l ty in  Ex i l e "  a ppea red i n  the 

p ress-f ree zone  and  had a good l ook  a round to see who a l l  h ad  come to h i m .  H e  not i ced that the re 
were st i l l  t housands  of peop l e  at the s i de  of t he  ba l cony, sta n d i n g  the re a pp l a u d i n g  and  he forced h i s  

way t h r o u g h  t h e  cameras t o  we lcome them,  too .  
U n l i ke a l l  the pop sta rs , footba l l  teams ,  q ueen s ,  and  po l i t i c i a n s  who use  the c rowds for  t he i r  

PR ,  Mande l a  d i d  no t  make  a dash  stra i g ht for  the  m i c ro phone ,  bu t  t ook  t ime  to mee t  the  masses .  He ,  
t o� ,  cast  " the  med i a "  a s i d e  f o r  the ha ppen i n g .  A l l  at once  i t  became ve ry st i l l ,  a nd  contra ry to expec-



tat i o n ,  Mande l a  d i d  n ot j u st ree l  off a n umbe r  but da red i n  the s imp l i c i ty of it a l l  to e m ba rk  on a d i a ­
l o g u e  w i t h  those present t o  m a k e  t h e  p u rpose o f  ANC  c l ea r. After about h a l f  a n  h o u r  h e  f i n i s h ed  ta l k­
i n g  with the  words ,  "We respect you ,  we thank  you ,  and  above a l l ,  we l ove you . "  We had  never  h e a rd 
that  f rom "the med i a "  befo re .  

The  med ia an t i c i pate b e i n g  faced with a batt l e  of l i fe and death i n  t he  c om i n g  age of d i g i t a l  

i nterfaces .  The 0/ 1  b i t  p r i n c i p l e  c o u l d  even  have  a yes/no ana l ogy. Two stagge r i n g  s cena r i o s  man i fest  

t hemse lves :  I f  we say "yes" to the  med ia then  we em i g rate to Cybe rspace ,  we l eave t he  h a rdware of 

our bod i e s ,  a nd  consc i ousness  i s  e ntered in softwa re .  I f  we say "no"  then  we s e l ect t he  "ex it  to rea l ­
i ty"  a nd  the  med i a  w i l l  end  u p  as  a househo l d  a rt i c l e  o r  as  a museum  a rt l i ke a vacu u m  c l e a n e r  a n d  

w i cke rwork peasant 's basket .  
The  sca l e  and the  freq u ency of ant i -med ia  i n c i dents a re i ncreas i n g  d a i l y  but  t hey a re ca refu l l y  

set a s i d e  i n  t h e  press o r  a re not termed as  s uch .  Not o n e  newspaper ment i oned  t h e  a bove-ment i o ned  
attac k  o n  the  u nfr i e n d l y  cond uct of the  med i a  towa rds the pub l i c .  Neverthe l ess ,  t he  conto u rs of an  

i nternat i o n a l -sca l e  " a nt i -med i a "  movement a re be i ng  out l i n ed .  The  motto i s  that  i n  o rde r  to meet  
someone  at a l l ,  severa l connect i ons  have to be i nterru pted f i rst o f  a l l .  The  hab i t  of r i pp i ng  a t e l e p hone  
box  apa rt before g o i n g  t o  bed ,  o r  s ho rt-c i rc u i t i ng  a switch cab i net o r  pou r i n g  conc rete i nto a meter, 

ta k i n g  v i deo  cameras  from crassraads o r  cutt ing th rough  street cab les  i s  no l o n ge r  sensa t i ona l .  T h i s  
j o i nt l y  d iv i ded  a rt of l i v i n g ,  wh i c h  o r i g i nates fram do- i t-you rse l f  a i d  and  wh i c h  i s  s e t  o n  s i m p l e  p l e a ­

s u re i s  not  y e t  beyond the  stag e  o f  l o ca l  d i stu rbance .  However, when the " u p l i n k s "  to t he  " g l oba l  v i l ­

l a g e "  a re c apped  en  mas se  i t  i s  ev ident  t h a t  many  mo r e  earth l y  b e i n g s  wi l l  u s e  the i r  med i a -f ree t ime  
f o r  othe r  t h i n g s .  V iewers have enjoyed years o f  b e i n g  thoraugh l y  b l u nted b y  te l ev i s i o n ,  bu t  that .  too ,  

becomes bor i n g .  

The  p l ea f o r  educat i o na l  TV  w i t h  j ust i f i a b l e  braadcasts rea l ly does  d i sc o u ra ge  t h em .  Resea rch  

has  shown tha t  the t e l ev i s i o n  v i ew ing  ra te  has  "decreased a l a rm ing ly "  of l a te .  Even  those  rema i n i ng 
g raups  who st i l l  have a TV at home  deny mak i ng  use  of i t .  The avers i o n  of a dm i tt i n g  to b e i n g  a con ­

s ume r  l e ads  to the rep ly  we hea r  f ram a l coho l i c s :  "Me  and d r i n k i ng ? "  "The few s hows cannot b e  

termed watc h i n g  te l ev i s i o n . "  

The  "med i a  caste" moves exc l u s ive l y  with i n  permanent actua l i ty, as  i t  c o n s i d e rs i t  to be  t he i r  
soc i a l  task  t o  avert the  dange r  o f  a sudden  comeback o f  h i sto ry. For t h i s  p u rpose i t  r i d s  a l l  h appen ­

i n g s  of t h e i r  o r i g i n  a nd  conseq uence  by prod uc i n g  i t ems  w i t h  no connect ion  a nd  consequence .  I t  i s  
a l s o  aware that o n c e  t h e  masses  reg a i n  t h e i r  a b i l ity t o  act . "the med i a "  i tse l f  w i l l  be  t h e i r  f i rst v i c ­

t im .  "The med i a "  was fo rmer l y  a n  except i o n .  The impress iveness o f  l i ve moon l a n d i n g  p i ctu res was 

d ue  to t he  fact  that the  l i kes  of t h i s  had  never  been seen befo re :  the  who l e  wor ld  was switc hed  on  to 
the fasc i na t i on  of s i tt i n g  at home  and be i n g  ab l e  to l eave ea rth . The pram i s e  of b e i n g  a b l e  to l eave 
the u nbea ra b l e  i n e rt i a  of l i fe ,  of be i n g  a b l e  to def i n i te ly  penetrate the tech no l o g i c a l  u n iverse by 

speed i n g  we i g ht l ess l y  fram one p l ace to the othe r  seemed to have mate r i a l i z ed .  

Two decades l a te r  v i  ewers became  aware o f  wh at th i s  actua l l y  meant .  Sy tu rn i n g  everyt h i n g  

i nto i nformat ion ,  " t h e  med i a "  i s  capab l e  o f  leve l i n g  every happen ing t o  the s ame  p i ctures ( a l l  the Dutch 

med ia  compa red the Mande la  speech to cheer i ng  the nat i ona l  footba l l  team ) .  As " the med i a "  i s  
omn i present .  space has  l ost its conte nt and  can be f i l l ed  with p i ctures fram somewhere e lse without 

be ing someth i ng  e lse .  The on l y  context of the p l ace that can be seen ,  i s  the fo l l ow ing  i tem .  The  med i a  

gogg l e s  have  become i den t i c a l  w i t h  the tou r ist ic expe r ience o f  " here today, gone  tomorrow. " I t  i s  n ot 

necessary to confrant onese l f  with someth i n g  e l se ,  there are i nfos about i t .  "Why s hou l d  we converse 

with one  another  when we can commun i cate so we i l ? "  The others have become obstac l e s  o r  objects 
about which you can d i scover i nterest i ng  cha racter ist ics .  And when they become bo r i ng ,  you j u st g o  o n .  

N ow rea l ity i s  the except i o n .  The med i a  men a r e  vague ly  aware t h a t  i t  rep resents a r i s ky 
temptat i o n .  Psyc h i ca l l y they can  i nterpret t h i s  as a ramant ic  fee l i n g  they once  had  every now and  
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a g a i n  d u r i n g  t he i r  certa i n  "moments . "  Or they can  d i sm i s s  the c ry lor  rea l i ty a s  nosta l g i a  or the  lear  

01 tech n o l ogy The attack on the med ia wi l l ,  w i thout  doubt. be  denounced as  be ing the  undemoc rat i c  

behav i o u r  01 vanda l s  and the d i s i nterest as  be ing a n  a l a rm i n g  deve l opment  wh i c h  can  be cou ntered 

with i nlormat i o n .  But the avers i on  to the "gogg l e  box" i s  noth i n g  mo re than the  express i o n  01 the  gen ­

e r a l  human  need lor "outs i de "  where one can  make "exper i ences  01 one 's own . "  R ea l ity i s  regarded 

as  be ing the doma i n  01 the unloreseeab l e  and  that n o  l onge r  cor responds to the  wonde rs 01 techno 1 -
ogy. The  mora l  va l ues 01 the ant i -med ia movement  ( respect .  g rat i tude ,  l ove? ) can  prevent th e i r  aver­

s i o n  f rom go i n g  so lar as to del i n i t e l y  destroy the med i a .  The med i a  j u st have to con l i ne  themse lves 
a l i tt l e .  The ant i -med ia  movement cou ld a l l ocate the c hanne l s  01 i nlormat ion  a p l a ce  i n  the  mach i n ­

e ry 01  d a i ly l i le and  no t  bothe r  abou t  i t  any mo re .  

N ow tha t  "the med i a "  know they  have  been cornered ,  t he i r  response  i s  s u ch  as  to s u c k  t he i r  

c o n s ume rs i nto the screen once  and  l o r  a l l :  cyberspace " t he  med i u m  to  end  a l l  med i a . "  The r umou r  
a b o ut the " new space" wh ich  i s  c i rc u l a t i ng  the rea l ex i s t i n g  g l oba l v i l l a ge  c h a rges  c u rrent research 

wi th  e no rmous  expectat i ons  01 unbounded poss i b i l i t i e s .  The cyberspace ep ic  has  a l ready been  wr i t­

ten  by a ce rta i n  Wi l l i am G i bson .  The v ideo k i d s  ne rvou s l y  keep watc h at the doo r  01 t h e i r  a rcades  and  
the  m i l i ta ry eage r l y  expe r iment  w i t h  the tota l i nterlace between  body  and  mach i ne .  O l d  h i pp i e s  don  

da ta  j a ckets and  g l oves to persona l l y make  the i r  Eastern d ream 01 u n i n h i b i ted t r i p s  i nto u n ive rs a l  con ­
s c i o u s ness come t rue  w i thout  the lo rmer  withd rawa l sym ptoms .  And f i n a l l y  t he re a re the v i deo  a rt i sts 

with t he i r  aesthet ic  mora l s ,  who want to keep the new cyber exper ience vacant  to prevent i t  l rom 

b e i n g  l i l l e d  with bana l i ty. I t  cannot be gathered lrom the ear ly works 01 these p i o nee rs ,  to wh at extent 
cyberspace wi l l  rema i n  a pr ivate expe r i ence i n  the near luture ,  o r  w i l l  be  the v i rtu a l  veh i c l e  01 hyper­
c ommun icat ion  between cosmopo l i tes .  " Cybermed i a "  i s  the  synonym lor th i s  p u b l i c  space wh i c h  i s  

u n d e r  construct i o n .  

I n  the cybermed ia  t he  d i stance between s u bject and  obj ect ,  wh i c h  presented so many  d i ff i ­
c u l t i e s  f o r  t h e  o l d  med i a ,  h a s  b e e n  e l i m i nated .  A l l  the  rel l ect i ng  a b o u t  t h i s  a nd  c r i t i c i s i n g  on  the p l a ce  
01 s e i l  i n  the wor ld  and the s i ngsong about  a n  imag i na ry rea l i ty wh i ch  cannot  be lo und  aga i n  i n  p i c ­

tu  res ,  m ust l i na l l y  come  to an end .  The pu r i st na rrow-m i ndedness  wh i ch  endeavou rs to str i c t l y  sepa ­
r a te  h u man  and  v i rtua l  rea l i ty i s  ban i shed by the  exp l o rers 01 cyberspace to the preh i story 01 po l i t i c a l  
m etaphys i c s .  Th i s  o ld -Iash i oned  need to  d raw l i nes  i s  r ep l a ced  by a democ ra t i c  v i ew 01 rea l i ty :  i l  i t  
doesn 't appea l  to someone ,  l ook  at them th ro ugh  cybergogg l e s  and  it l ooks  en t i r e l y  d i ffe rent .  

The twent ieth century med ia  have not been ab le to meet the i r  prom i se  01 the "g l oba l v i l l a ge "  

a s  b e i n g  a p i  ace 01 maxi mum mob i l ity. The  ant i c i pated u p root i ng  01 a l l  ea rth l y  be i n g s  by  progress ive 
m ed i a l i sat ion  was regarded as  be ing a part 01 the i nescapa b l e  process of h uman  progress .  By creat i n g  
a g i oba i  i nlrastructure i n  wh i c h  everyone can i nvo lve h i mse ll ,  every reg i on  s ho u l d  u l t i mate l y  r each  the 
esca l ator  01 h i story movi ng i n  the d i rect ion 01 prosper i ty and  conven i ent l i le by themse lves .  Even now, 
tec h n i c a l  progress cons i sts 01 the construct i on  01 a set 01 i d eo l og i ca l ly neutra l n etworks and measu res :  

l rom cab l e  networks, motorways, and ( a i r) po rts to process i n g  waste, the mob i l ity 01 work  lo rces ,  raw 
mater i a l s , goods ,  and i nlormat i on .  These t rans reg i o na l  structu res cou l d  hang  over tra d it i o n s  and  
na t i ona l i t i es  l i ke a c l o ud .  The  med ia  i dea was  t ha t  by transcend i n g  l oca l  i d en t i t i e s  t hese  wou l d  d i sap ­

pea r  by themse lves ,  or, shou l d  th i s  no t  be the case ,  wou l d  become u n i nterest i n g  l r om a g i oba i  pe r­
spect ive with i n  i nlrastructu ra l deve lopments .  The lunct ion  01 the reg i ons i n  t h i s  p l a n n i n g  setup i s  a s  

s u p p l i e rs 01 c u l tu ra l  raw mater i a l s  l o r  a va r ied  program .  I I  reg i ons  do no t  ( cannot )  pa rt i c i pate ,  t hey  a re  
e ntered on the l i st 0 1  written off a reas ,  and w i l l  rema i n  lut i l e  vo i c e s  i n  the w i l d e rness  0 1  i nlormat i o n .  

Yet ,  the med i a  have never prod uced a n  i nternat i ona l i z i n g  effect; o n  the  contrary t h ey  have 
p roven themse lves to be a means 01 conso l i da t i ng  loca l  cond i t i o ns .  With u n iversa l comm u n i ca t i ons ,  
everyone  can  rema i n  i n  h i s  or he r  own p l a ce .  N ot everyone has  succeeded  i n  gett i n g  to know h i s  own 

env i ronment  and hab its as a tou r i st .  More and more reg i o n s  ( M i d d l e  East . Soviet reg i ons ,  C h i n a )  a re 



beg i n n i n g  to i nterfere as j amm i n g  stat i o n s  i n  the project of transnat i o na l i zat i o n .  O l d  med i a  s u c h  as  

re l i g i o n s  stu bbo rn ly  reta i n  the i r  own  abso l ute va l ues and cause  a ru mpus  i n  the  Fa m i l y of Men .  They 
s imp ly do not want to comprehend  that we a re a l l  l i v i ng  i n  one  wor l d  (d id  they m i ss the broadcast  of 

the moon l a n d i ng ? ) .  They w i l l  l e a rn t h i s  l e sson  yet, when i t  becomes a pparent  that the i r  l oca l atom i c  
wa r  l eaves t h e  rest o f  t h e  wo r l d  q u i te c o l d .  The i r  catastrophes a re n o t  ou r s .  

Cybe rmed i a  represents the  e nd  stat i on  i n  the concept of g l oba l  network .  I t  se t s  c o u rse  fo r  

pe rfect i n g  the  i nf rastructure w i th  the  compe l l i n g  motto :  "A system o r  n o  system . "  I t  i s  t he i r  d ream 
to accommodate a l l  med ia  spaces  i n  the cyberspace house .  Unt i l now h u m a n k i n d  has  pottered about  

i n  sma l l  rooms bu t  now the re  i s  the  poss i b i l i ty of s u rvey i ng  i t  a l l  and esta b l i s h i n g  contacts .  I n  fu tu re  
we wi l l  be ab le  to e a s i l y  change ove r f rom a l l  rad i o  programs ,  f i lms ,  a rc h i ves ,  a nd  l i b ra r i e s  to a l l  

k i n d s  o f  p r ivate conve rsat i o n s ,  te l econferences ,  and  te l eshops ,  the wo r l d  over. 
The pe rpetua l  s i ngsong  of fo rmer rea l i t ies wh ich  have served to fru strate the project of mod­

e rn i zat ion for a centu ry i s  capped by be ing  rep laced once and for a l l  by a new p r i n c i p l e  of rea l i ty. I n  

cybermed ia  a l l  " fo rmats"  of l a nguage ,  t ime ,  terr itory, ident i t ies  such as  sex ,  race ,  o r  l i fe sty l e ,  env i ­

ronment ,  hea l t h ,  and age  a re converted i nto the un iversa l  011 code .  Swi tch  o n  means  be i ng  everyt h i n g ,  
everywhere .  The d e s i r e ,  o r i g i na t i ng  from former g rey t ime s ,  t o  l eave t h e  mo rta l b o d y  i s  c omb i n ed  wi th  
j u st as  o l d  a de s i re to have a c ommun icat ive commun ity of pu re peop l e ,  f ree f rom dom i na t i o n .  Wor ld  

peace i s  effected on  a n  a bstract l eve l  where p l ay i ng  a l i tt l e  game of  wa r can  o n l y  mean  fa l l i n g  b e h i n d .  
I n  a h i stor i ca l s e n s e ,  cyberspace i s  proba b l y  st i l l  traceab l e  from war a s  the  fathe r  of a l l  th i n g s ,  bu t  i n  

pract i ce ,  i n  t h e  genea l ogy o f  tec h no l ogy, t h e  fatefu l transfer o f  genet ic mate r i a l  h a s  a l so become fata l 
for  t h i s  father. S i m i l a r l y, S O l  had  been  p l a n ned as the c l imax of the co l d  war ;  howeve r, to the  d i smay 

of the m i l i ta ry- i n d ust r i a l  c omp l ex ,  i t  bro u ght about its abrupt end .  

The th reats s u rrou n d i n g  the  rea l m  of cybe rmed ia  freedom are l e g i o n .  O n  the one  hand  the re 

a re the u nconv i n c i b l e  d i s s i d ents who-i n g ro ups-want to im  pose th e i r  " format"  on the  data f l ows 

with i n  the wor ld  emp i re of i nfrastructu re .  They rega rd the d i sappearance  of t imelspace d i ffe rences 
as  a poss i b i l i ty to im  pose the i r  wi l l  d i rect ly on  consumers .  

O n  the other hand ,  om i n o u s  s ubjects appear  wh i ch  penetrate the i r  own l o n e l i ness  a nd  the 

j o i nt consensus  by ru n n i n g  amok i n  cyberspace .  They sta b b l i nd ly with th e i r  e l ectro n i c  dagge rs at 

chance  passersby. But  dange rs a re  a l s o  l u rk i ng  from with i n .  Corporat i o n s ,  a s  G i bson has a l ready 

po i nted out ,  c reate new bounds  for  the i r  data b u i l d i ngs and apparent ly may even be  a b l e  to p i  a ce  the 

en t i re cyberspace under  th e i r  contro l-an  exc l us iv i ty wh i ch  u nderm ines  the democ rat i c  i ntent i on  and  
wh i ch  provo kes ac t s  of oppos i t i o n  wh i c h  have wr itten the tota l  access i b i l i ty on  th e i r  f l a g .  

F u rthermore ,  the e l ectro-atmosphere  can  c ho ke  up  i n  no t ime  with the i n c rea s i n g  vo l ume  of data 

waste, d i l a p i dated env i r onments ,  n o i ses  wh i r r i ng  a round ,  v i rt ua l  b i l l boards wh i c h  a re set up a l o n g  the 
data f l ow, spontaneous  crashes by ove r l oad ,  o r  l ack  of comput i ng  capac i ty. Cyberspace a l s o  pe rm its 

repress ive and  the rapeut i c  app l i ca t i ons  which probe the be l i ef i n  va l u e -free com m u n i ca t i on .  

Peop l e  a s k  u s :  " Ooes t h i s  cybe rmed ia  have  a pers pect ive?" A rt i s t i c  a nd  popu l a rlsc i en t i f i c  

j ou rna l s  c reate smoke s i g n a l s  to make the i nt roduct ion of cybe rwa re as attract ive a s  poss i b l e .  Laymen  

who d i d  no t  prev i o u s l y  check  ou t  won ' t  get any fu rther t han  t he  ques t i o n  of tech no l ogy. The mo re 

advanced get t i ed  u p  i n  the q u est i on  of eth i c s .  They hope for a widespread soc i a l  d i sc u s s i o n  abou t  

the safety of the new med i a  and  the d i sposa l o f  the o l d  med i a .  Consc i o u s ness shou l d  not suffe r any  

permanent  damage  f rom the l atest psychede l i ca .  And NGOs  l i ke "save the TV"  demand  g u a ra ntees 

that the med ia keep i ng  the i r  d i stance mu st rema i n .  The doubters a re of the o p i n i o n  that cyberspace­
j u st l i ke Star  Wa rs-is tech n i ca l l y poss i b l e  but pract i ca l ly, i t  wi l l  rema i n  in the s i m u l a t i on  phase .  To 

be a b l e  to i ntroduce  i t  o n  a g i oba i  sca l e  l i ke the te l ephone or the TV, wou l d  ca l l  for such  a n  i nvest­

ment i n  ha rdware and softwa re that a l l  the  ent i re product i on  ca pacity wou l d  have to be w i thd rawn 
fram c iv i l c onsumpt i o n .  

r-­
N 
N 



co 
N 
N 

They expect cyberspace never to get past the  l eve l  of p r i vate consc i ousness  and  that it wi l l  

e n d  as  a hype r i n d iv i dua l  ke rm is  attract i on  compa ra b l e  t o  the Organkasten, d ream mach i n e  a nd  
megab ra i n .  The  n eomater i a l i sts d raw attent i o n  to the l i m i ts of com m u n i ca t i on .  They c l a im  t h a t  we  

have  had  noth i n g  t o  say t o  ea c h  othe r  f o r  so l o ng  a nd  t h a t  we do  not wan t  to mee t  anyone ,  n o t  even 

i n  cyberspace .  The  othe r  can be consumed eas i l y  without i nvo l v i n g  any contact .  Med ia convey some­
t h i n g  bu t  fa i l  to em i t  anyth i n g .  One  has contact with a rea l p i ece  of stee l  o r  concrete wi thout  the 

o b l i ga t i on  of i n put  or exchange  wh ich  i s  i n h e ren t  i n  cybermed i a .  The  v i s i o n i sts on l y  g ive o rde rs p roph­
esy i n g  that  the  cyber  project wi l l  become one  of the  ru ins  of the  post- i n d u st r i a l  overest imat i on  of i ts 
own capac i t i e s .  They do not mean th is i n  a negat ive sense .  They rega rd the  fa i l u re of the  megac h i p  

as  a c h a l l e n g e  f o r  the a rt ist  t o  actua l i ze t h e  r u i n -aesthet i cs  w i t h  t h e  wr itten-off e l ectro n i c s .  

To pac i fy th i s  i nterpretat i on  rage ,  the  cyber p h i l o sophe rs refer back  to an  i n te l l ectu a l  concept 
wh i ch  ha s  been  va l ued h i g h l y  for centu r i es :  the  Hege l  structure of Aufhebung. The d i ffe rence between  

t h e  v i rt ua l ,  fo rmer ly  known as  t h e  " sp i r i t "  o r  the " i ma g i n a ry, " a nd  rea l i ty p resented as  the  abso l ute 
pr i n c i p l e  i s  reconc i led i n  the s imp l e  advert i s i n g  s l o gan  " v i rtu a l  rea l i ty. " The magnet i sm of t h i s  

l ogog ra m  c o u l d  t u rn out t o  be a b i tter d i sappo i ntment .  Pa rti c u l a r l y  among  the ant i -med i a l i sts there i s  
a s i g n i f i can t  rej ect ion o f  t h e  ent i re market i n g  i d e a .  They cons i de r  cyberspace o n l y  t o  be a rea l  

i n c rease i n  the  n u mber of med i a  and reject the c r i t i c s  a s  be ing  n oth i n g  mo re than a seconda ry m u r­
m u r  wh i c h  me re l y  be longs to the i ntrod uctory phase  of a new product .  The  assu rance  that the con­
tents  of cyberspace s i mp ly  cons i sts of a l l  the  prev i o u s  med ia  m a kes them i n d iffe rent to the p rom i s e  

o f  a " n ew myth i c a l  space . "  They  cou l d  accept a c omp l ete l y  a n i mated a r sena l  o f  p i ct u res ,  a s  cameras  
cou ld  t hen  d i sa ppear  f rom the pub l i c  eye .  Bu t  cybe rmed i a  shou ld  become much  more than  a 3-D v i deo  

game  a n d  th e i r  c rav ing for p i ct u res wi l l  cont i n u e  to fo rce  them to l eave the stud i o s  a nd  to nou r i s h  

themse lves o n  extramu ra l  street p i ct u re mater i a l .  
T h e  cybermed ia  cha rm i s  the na ivete with wh i c h  i t  a pproaches t h e  wor l d .  

I t  f ee l s  that a rt i s t i c  fasc i nat ion i s  suff i c i e n t  t o  ob l i te rate rea l i ty. T h e  wo r ld  cont i n u e s  t o  with­

d raw fram i ts  own term i n a l .  Th i s  does not d i stu rb  rea l i ty in  the s l i g htest .  I t  i s  aware of the  very h uman  

need  fo r  the  i l l u s i onary and  wa its unt i l th i s  has  pa s sed  a g a i n .  H oweve r, the  q u est i on  i s ,  can  the ant i ­
med i a  movement  a l so be as  pat ient? 
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1 .  Reason and Intu iti on 

One  day, wa l k i n g  th rough  the l abo rato ry, I met a co l l eague  and asked about  the c o u rse  he  was 

teach i n g .  " I  got i nto some tro u b l e  today, " the p rofessor sa id .  "Wh at I was exp l a i n i ng seemed so obv i ­
o u s  that I c ou l dn 't see why the students c o u l d n 't unde rsta nd i t .  I 've ta u ght t h i s  s u bject so  many  t imes  
t ha t  I can 't remember wh i ch  pa rts a re ha rd . "  Wh at do peop l e  mean  when  t hey  say t ha t  c e rta i n  c on c l u ­

s i o n s  a r e  l o g i c a l  wh i l e  others a r e  i ntu i t ive? A re  these rea l ly d i fferent types o f  t hought? I t  seems  to m e  . � 

that the d i fferences l i e  l ess  i n  the sty l e s  of thought  themse lves than in the deg ree  to wh i c h  we u nde r- ..... 
co 

sta nd  how they work .  For, i n  gene ra l ,  we' re l east aware of wh at our m i nds  do best .  We can  u s ua l ly 

exp l a i n ,  i n  much  deta i l ,  how we perform a mathemat ica l ca l c u l at ion or proced u re ;  t h i s  is because  we 

a l ready know how to descr ibe i t  i n  terms of its s imp l e r  pa rts and re lat i onsh i p s .  
But  we' re speec h l ess when asked to exp l a i n  how we speak, o r  how we hea r  o r  how we see .  

C l ea r ly, t hese  accomp l i s hments of everyday l i fe i nvo lve immense ly  i ntr icate b ra i n  mach i nes-yet to u s  

t h ey  proceed with no effo rt at  a l l .  Wha t  make s  s u c h  comp lex processes s eem  so  s imp l e  to us ?  
To the compute r  programme r, one  poss i b l e  answer seems  obvi o u s :  t ha t  o u r  most pract iced a nd  

most "commonsense"  sk i l l s  mu st be j u st the o ne s  that we  have converted o r  p recomp i l ed i nto proce­

d u res  and  scr i pts that can be executed unconsc ious ly. I t  i s  on l y  when those systems fa i l  that  we sta rt 

to engage  the spec i a l  types of procedu res and  memory systems that compr i se  what we ca l l  " con ­
sc i ousness . "  Thus ,  we ' r e  more aware of processes t ha t  don 't work we i l  than of those  tha t  tend  to work 

f l aw less l y. Th i s  means that we cannot  t rust our  offhand j udgments about wh i ch  t h i n g s  we do  a re s im ­

p l e ,  and  wh i c h  e n g age  comp lex  mach i n e ry. Th i s  must a p p l y  equa l l y  t o  a rt i sts and  s c i e nt i sts .  A l l  experts 

acc umu l ate towers of sk i l l s ,  b u i l d i n g  new ones on top of o l de r  on es .  At every stag e  we become nov i ces  
aga in ,  f i nd i ng  new goa l s  ( and  hence ,  new obstac l es )  and then seek ing  ways to dea l  with t hem .  Bu t  a s  

we deve l op  each l aye r  of s k i l I ,  we  rev i se  and  ref i ne  the l ayers be l ow, to make t hem work  mo re eff i ­

c i ent ly, mo re q u i ck ly  and  a utomat ica l l y, a nd  w i th  fewer i ntrus i ons  on consc i o usness .  Thus  a s  we g row 

i n  maste ry, our h i g hest- I eve l processes g row further  and fu rther away from the ea r l i est mach i n e ry­
and  it becomes i n c reas i n g l y  d i ffi c u l t  for those h i g he r- I eve l  systems to detect, d i scover, or desc r i be  how 

the i r  l ower- I eve l  systems work .  

The more we imp rove ou r  menta l  s k i l l s ,  the l ess  we know about  how they work .  A nov i ce  m u st 

d e l i berate l y  cons i de r  every step and  consc i ous l y  keep track of what goes on ,  pe rhaps  by u s i n g  e l a bo­

rate tree-structured representat i ons .  Bu t  the process of becom ing  an expert i n c l udes  l e a r n i n g  h ow to 

rep lace  those c l u msy but thoughtfu l procedu res  with more smooth ly work i ng  scr i pt- l i ke structu res ,  a nd  

to su bst itute hab i t- l i ke ,  d i rect connect ions  for those e l abo rate representat i ons  based o n  comp l i cated 

d i recto r i es ,  po i nters , and  c ross-references .  Then the new, more stream l i ned  procedu res  re ly  less on  

thoughtfu l ( and  pa i nfu l )  ana lys i s  and  more on  automat ic processes .  Th i s  l eads to the seem ing  paradox :  

a nov ice may not perform very we i l ,  but  can  better exp l a i n  what was done ,  wh i l e  a master  seems bet­

ter  to " know what to do" but  knows less about how i t  i s  actua l l y  done .  

Then ana lys i s  seems supe rf l uous ,  and  the techn i q ue  that works seems " obv i o u s . "  I often hea r  

such  perfo rmances attr i b uted to i nt u i t i on-that i s ,  t o  aspects of m ind tha t  cannot  be exp l a i ned .  And  

i ndeed ,  no  matter t ha t  th i s  i dea  may be bas ica l l y  wrong ,  i t he l ps us to  restra i n  o u rse lves f rom try i n g  to  
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unde rsta nd ou rse lves. We usua l ly work most eff i c i ent ly  when not d i stracted by se lf-ana lys i s ,  wh i ch  

tends to d i s ru pt a l l  those craft-bea r i ng  sc r i pts .  Wh at happens when you attempt to observe you r  own 
m i nd at work? At the very l east, this must d ivert some of the prec i ous  short-term memory that other­

w i se  cou l d  be used for the task at hand .  And it s hou l d  be even worse if you succeed at s uccessfu l l y p rob­
ing i nto those towers of f i ne-tu ned processes-and tra n s i ent ly  rep l ac i ng  them by c l umsy s imu la t i ons .  

Th i s  s u re l y  shou ld  render you  awkward and  u ncomfortab l e-and make you  fea r l oss of your  mastery. 
But  I suspect that t h i n kers must s uffe r in o rder  to g row, and  those q u i c k-work i ng  scr i pts can 

restr i ct that g rowth, for they tend to become i n f l ex i b l e .  Each u nth i n k i ng  sk i  1 1 ,  event u a l l y, may c i o se  off 

poss i b i l i t i e s .  To escape that na rrowing  of ra nge ,  o ne  must l ea rn to en joy the pa i n  of retreat and  force 
onese l f  to exper i ment. Each nove l way to w i e l d  brush o r  bow must make you fee l  u n g a i n ly at f i rst­
and  force you to suffe r for hou rs and days. But eventu a l ly the new techn i q ues  w i l l  ref i n e  and  com p i l e­

unt i l once  aga i n  you can 't te l l  what is " ha rd , "  and  pe rfo rmance then becomes pa i n l ess aga i n .  

My b o o k  Mentopolis: The Society o f  Mind takes a mo re contrapunta l  v i ew of p l ea su re ,  p a i n ,  
a nd  su ffe r i n g ,  i n  which t h e  pa i n  o f  g rowth i s  s e e n  as  l a rge l y  an  i l l u s i on  because ,  at t h e  s a m e  t ime ,  

othe r  pa rts of the m ind may  s i l ent ly rej o i ce  at the expe r i ence  of l ea r n i ng  and deve l opment .  On  the other 
s i d e ,  the  sense that an  i ntense p l easu re i s  gene ra l l y  sat i sfy i ng  may be equa l ly i l l u so ry, when i t  comes 

from some sma l l e r  fragment of the mind hav ing se i zed contro l ,  depr iv ing a l l  the other  m i nd-parts of 

oppo rtu n i t i es  to ach ieve the i r  goa l s .  

2. Goa l  and  D escription 

What do  art i sts try to do? Some seek to i nf l u e nce othe r  m i nds by commun i cat i ng  v i ews or 
i deas ,  o r  i n d u c i n g  moods o r  att i tudes .  Othe r  a rt i sts a re less concerned with spec i f i c  i m pos i t i ons ,  and 

more with try i n g  to he lp others to free themse lves from old habits and  pre sumpt i ons ,  so that they can 

f ind new concepts with i n  themse lves ,  o r  n ove l ways of see i ng  th i n g s .  I n  any case, the  a rt ist  wants to 

have so  me  effect on the v i ewer's m i n d .  Now, somet i mes  the a rt i s t  knows j ust what to do, and sta rts 

with some more o r  less we l l -formed sketch .  But .  u s ua l ly, when you compose ,  your  own object ives a re 
g row i n g ,  too; pe rhaps you beg i n  with l i tt l e  more than so me c l uster of cond i t i ons  and  req u i rements .  
Then you r  s i tuat ion  m i ght be better descr ibed i n  terms of a search  than an  image ,  because you r  goa l  i s  

to f i n d  o r  construct someth i ng  that  sat isf i es  those req u i rements .  From th i s  po i n t  of v i ew, the a rt i st's 

p u rs u i t  is no d i fferent from that of other seekers :  one  m ust propose tentat ive so l u t i ons ,  exam i n e  them 
for v i rtues  and  def i c ienc i es ,  and proceed to change ,  ad j ust. and  ref i ne  them i n  accord with one 's c u r­
rent g oa l s .  

But  i s  i t  proper t o  t h i n k  o f  an  a rt ist  a s  a p r o b l em  so l ve r  w i t h  g oa l s ?  Ce rta i n ly, some a rt i sts d i s ­

l i ke to desc r i be  themse lves that way. B u t  t h i s  i s  n o t  g ood  ev idence ,  beca use  a rt i sts a re peop l e-and 
peop l e ,  i n  gene ra l ,  f i nd it ha rd to acknow ledge  ( o r  even recogn i ze l  the i r  deepest goa l s .  As Freud  

obse rved ,  o u r  mos t  bas i c  motives a re often the ones  of wh i ch  we  are l e a s t  awa re .  F u rthermore-and  
Fre ud  d i d  no t  emphas ize th i s-to express o r  desc r i be  wh at happens  i n s i d e  the m i nd i s  i t s e l f  an  
extreme l y  d i ff i c u l t  prob lem ;  i ndeed ,  g reat dep i cters of menta l act iv i ty are as  r a r e  a s  g reat composers ,  
p a i nters ,  o r  arch itects. 

No  matter what one 's pu rposes ,  perhaps the most powerf u l  methods of h uman  thought  are 

those that h e l p  us  f ind new k i nds  of representat i o n s .  Why is t h i s  so i mportant? Because  each new rep­
resentat i on  suggests a new way of unde rsta nd i n g-and i f  you unde rsta nd someth i n g  on l y  one way, 
then you sca rce ly  understa nd it at a l l .  Perhaps t h i s  is why the a rts so often precede the f l ower i ngs  of 
c u l t u re .  For what. i ndeed, i s  Art itse l f  but the Sc i ence  of d i scove r i n g  new ways to represent th i ngs?  

We can see th i s  operat i ng  i n  the d i ffe rence between prod uc i n g  a pa rt i c u l a r  work of a rt. and 
deve l o p i n g  what we ca l l  a d i st i n ct ive and  cohe rent  sty l e .  Th i s  happens when an  a rt i st i nvents, not 



mere ly a new descr ip t ion  of some pa rt i c u l a r  th i ng ,  but a new k ind of representat i on-a new type of 

v i ewpo i nt o r  way to desc r i be .  And once t h i s  happens ,  the a rt i st's exper i ence unde rgoes  change :  the 
a u d i ence may see the pe rfo rmance as  a rt ,  perhaps i ntr i cate and myste r i o u s .  But the a rt i st  soon comes 

to rega rd i t .  i n stead ,  a s  a n  obv i o u s ,  natu ra l  way to  proceed .  I t  i s  someth i n g  that he  now knows how to  

do-though  he  may be unab le  to say i t  i n  words . 
Then wh at d i st i n g u i s hes  a n  a rt ist  from any other k ind of s c i e nt i st .  c raftsman ,  o r  spec i a l i st? 

Somet imes ,  s u re l y, n oth i n g  at a l l .  And, somet imes ,  s imp ly, a l a ck of constra i nt .  (An e n g i nee r's e n g i n e  

has  to r un ,  but  n o t  an  a rt i st's dep ic t ion . )  B u t .  i n  my  v i ew, wh  a t  characte r i zes  many  a rt i sts i s  q u ite t h e  
oppos i te :  t h e y  s e em  impe l l ed t o  accomp l i s h ,  s imu ltaneous ly, i mposs i b l y  many  i ncong ruous  goa l s !  

I reca l l  a n  e n g i n e  i n  o n e  o f  D i ego R ivera 's mu ra l s  that must have been i ntended t o  affect many 
s i des  of the v i ewer's m ind :  to co nvey a conste l l at ion of statements a nd  att i tudes about  the workers 

(and about t he i r  att i t udes )  conce rn i ng the eng i ne ,  the amb i ent techno l ogy, the factory env i ronment ,  and 

the i r  re l a t i ons  with other i n h ab i tants of that i n st itut i on .  So many th i n g s  to say at once .  Thus ,  wh i l e  a 
sc i en t i st or e ng i n ee r  u s ua l ly confronts a ce rta i n  f ixed set of c l ear ly def i ned  req u i rements ,  a n  a rt i st 

enterta i n s  mo re goa l s  at once than  ever can be sat isf i ed-and therefore a l s o  m ust face yet a nothe r  
k i nd  of p ro b l em ,  too :  wh i ch  goa l s  to pu rsue o r  abandon? 

3. Sc ient if ic Understa n d i n g  of Expressive Art 

In a n c i ent t imes ,  the  v i s ua l a rts were conf i ned to rather stat i c  modes ,  such  as pa i nt i ng  and  
scu l ptu re .  Bu t  i n  the pas t  centu ry, the a rt of an i mat ion emerged and  has  stea d i l y  g rown i n  pop u l a r i ty. 

If not for its eno rmous  cost ,  i t  m i g ht have become the dom i nant form in many doma i n s  such  as enter­

ta i nment, educat i on ,  a nd  tec hn i c a l  expos i t i o n .  In recent years we have g a i ned access to powerf u l  yet 

i n expens ive g raph i c  e ng i n e s-yet a n i mat ion i s  st i l l  too expens ive for casua l  u se ,  because program­
ming i t  i s  st i l l  very ha rd .  And t h i s  has  prod uced a typ ica l ly modern pred i cament .  As soon as  they sensed 

the p rom i s e  of be i ng  re leased from the l i m i tat ions of the o l d  techno l ogy, the a rt i st i c  c ommun i ty-a nd 

part i c u l a r l y, a n i mators and  mus i c i a n s-faced bondage to a new and demand i n g  god .  They fe i t  ob l i ged  

to  make themse lves more tech n i c a l ,  i n  o rde r  to  i nvent t he  sc i ence  they  wou l d  need to foster the i r  a rt .  

I n  o l d e r  t im  es ,  a pa i nter  had on ly to cover a s i n g l e  canvas. But  to make a f ive-m i n ute f i l m ,  an 
a n i mator m ust prod uce  n i n e  thousand frames .  How to pa i nt so many scenes? The work i s  reduced  i f  
one can reuse what a l ready appea red i n  ear l i e r  frames ;  th i s  can be done  with techno l ogy that enab l e s  

the a rt i st to wo r k  i n  t e rms  of d i ffe rences-by us i ng  i nterpo lat ion ,  " i n -between i n g , "  mathemat ica l 
i nterpo l a t i on  functi ons ,  a nd  othe r  ways to gene rate scenes .  But sti l l  t he re a re many new p rob l ems  to 

so lve .  How to make a person wa l k-that i s ,  saunter or stro l l  or strut or st r ide? How to make a person 
th row-or toss or hur i  o r  heave o r  f l i n g ?  I t  seems i nc red i b l e  how we i l  so me  a rt i st-pa i nters of those 
o lder  stat i c  forms succeeded i n  express i ng  such th i ngs .  Wh at a re the t r i c ks those a rt i sts used to pro­

duce s uch  compe l l i n g  i l l u s i ons-and what new tr i cks  cou l d  an i mators use?  

I n  the past gene ra t i on ,  many workers have devoted themse lves to these matte rs-of how to  
adapt computers to  the pu rposes of a rt i s t i c  express i on .  We ought to  acknowledge the sacr i f i ce  made  
by a gene rat ion  of potent i a l  a rt i sts i n  o rde r  to accomp l i sh  th i s !  How often so many of us  comp la i ned ,  

i n  t hose  p i onee r i ng  decades ,  that " t hese  new e l ectron i c  synthes izers sound  too mechan i c a l "  o r  that 

"computer  a rt i s  e l egant  but l i fe l e s s . "  Of cou rse there wou l d  be def i c i e n c i e s  in the ear ly forms of such  

rad ica l l y  new tech no l o g i e s  and  too l s ,  and the i r  l anguages  and i d i oms.  We ought  to thank ,  not r i d i c u l e ,  

t h e  gene ros i ty with wh i ch  so many  potent i a l  maste rs-both i n  mu s i c  and  i n  a rt-unse l f i s h l y  

re nounced the j oys of a rt i s t i c  compos i t i o n  to endu re t he  pa i n s  of evo lv i ng  o u r  new i n struments and  pro­
gramm i n g  tech n i q ue s .  Of course ,  we cou l d  regard the i n struments themse lves  as  i n sta nces of new 

forms of a rt .  
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But  perhaps we a re appraach i ng  new ways to u nde rstand  a rt i tse l f l  Cons i de r  that , i n  ear l i e r  

t imes ,  the  work i n g  of t he  h uman  m i nd was  an  a l most tota l myste ry. The sc i ence  o f  psycho l ogy itse l f  i s  
o n l y  n ow  a centu ry o l d ,  and computer sc ience on l y  ha l f  of that .  S u re ly, i n  t he  next h u nd red years ,  the 

twi n  enterpr i ses of cogn i t ive psycho l ogy and a rt i f i c i a l  i nte l l i g ence  wi l l  reve a l  a g reat dea l  more about  

how minds work .  Thus ,  i n  the pas! ,  we had no  cho i ce  but mere l y  to app rec i ate and  ce l e b rate when ce r­
ta i n  i n d i v i d ua l s  mastered new secret sk i l l s  of express i on-no matte r that they cou l d  not exp l a i n  them .  

B ut ,  i t  seems to me ,  th i s  must change ,  as the wor ld  i ncreas i n g l y  accepts the p roducts of the works of  
a rt whose prod uct i o n  is part ly o r  who l ly based on  computat i o na l  p racesses .  Fo r  then the a ud i e nces wi l l  
fee l  i ncrea s i n g l y  concerned with such q uest ions a s  "What mechan i sms  o r  tech n i c a l  proced u re pro­

duced that express i on?"  and "Why d id that express i o n  have such a n  effect upon me, my m i n d ,  and  my 
emot i on? " and ,  f i n a l ly, "Wh at k i nd  of mechan i sm  or  procedu res must ex ist with i n  myse l f ,  i n  o rder  that 

effect o r  expe r i ence  cou l d  be prod uced?"  

Wh at I mean by th i s  i s  that the "mechan izat i o n "  of a rt i st i c  prad uct ion  m ust eventu a l l y  and  
re l en t l ess l y  l e ad  u s  to  become i nvolved w i th  these  new k i nds  of persona l  concerns .  On  the creat ive o r  

product ive s i d e  o u r  a rt ists , i n  o r de r  t o  pragram the i r  new mach i nes ,  wi l l  be v i rtu a l ly compe l l e d  to fo r­
m u l ate ,  in more consc ious deta i l  than ever before, what i t  is that they want to prod uce .  

And eq ua l ly, on the receptive s i de ,  the a u d i ence  wi l l  be forced to confront those  q u est i o n s  
about  what  makes  them react. Thus ,  fram both s i des ,  th i s  b r i n gs  u s  back  to the i n i t i a l  confrontat ion  o f  

t h i s  essay-name ly, that paradox i ca l  recogn i t i o n  t ha t  the t h i ngs  t ha t  seems to u s  most "obv i o u s "  a re 

often the ha rdest  ones to exp l a i n .  We have needed to have that same exper i ence ,  fram the ea r l i est 
days of research  in art if i c i a l  i n te l l i gence .  Some of the ve ry f i rst such computer  programs were a b l e  to 

so l ve prob l ems  that peop l e  cons ide red to be very ha rd-yet even today o u r  programs are u n ab l e  to 

manage  most " commonsense" human act iv i t i es .  
Why was i t  eas i e r, h i stor ica l ly, to  construct seem i n g l y  " expert" computer programs than to  

make progress i n  the doma i n  of  "common sense"?  One  reason i s  that  those tech n i c a l  doma ins  freq uent ly  
are actu a l ly s imp l e r  i n  nature .  For examp le ,  a fundamenta l doma i n  of mathemat ics  o r  log ic  may be based 
on  on l y  a ha ndfu l of assumpt ions and ru les  of i nference-whereas the a rt of c l e an i n g  a house req u i res 

many k inds of knowledge about a g reat many d i fferent k inds of objects and  s i tuat ions .  Another reason 
i s  that many "techn i ca l "  subjects have a l ready evo lved powerfu l ,  spec i a l i zed a rt i f i c i a l  l anguages  and 

notat i ons-whe reas we have few such we l l -deve loped l anguages  for act iv i t i es  that common peop le do I 
Th i s  is pe rfect l y  natura l ,  s i nce no person ever needs to prec i se l y  desc r i be the th i n g s  that everyone l ea rns 

i n  c h i l dhood .  ( Everyone knows how to wa l k, o r  to laugh ,  o r  to d i st i n gu i s h  the d i fferences between  cats 
and dogs-so no  one ever needs to be to ld how to do i t . )  

But  we cannot exp l o i t  any such common expe r i ence  when we want  o u r  mach i nes  to he l p  us  

express such  t h i n g s-for examp l e ,  when  we want  to use  a computer to  a s s i st u s  w i th  mak i ng  a n imat­
ed p i ct u res .  This i s  beca use the i n it i a l l y  empty random access memor i es  of our computers know noth­

ing about commonsense human affa i rs-about peop l e 's emot i ons ,  mot ives ,  goa l s ,  frustra t i ons ,  and 
j oys; o r  about the systems that contro l  the mot i ons  and act i ons  of the h uman  body. 

What wou l d  be the i dea l  techno l ogy for an  amb i t i o u s  a n i mator? Imag i n e  be i ng  a b l e  to present 

you r  mach i ne  with a screenp lay and a storyboa rd-and have i t  gene rate the f i l m .  To do th is ,  the  f i l m­
maker  wants to contra l not on l y  wh at the a n i mated actors do and  say, but  a l so the i ntended effect on  

the v i ewe r's m i n d-that i s ,  to  evoke a certa i n  sequence  of i deas ,  att i tudes ,  fee l i ngs ,  and  emot i ons .  

Now we ce rta i n l y  cannot expect software to he l p  w i th  t h i s ,  u n l ess  i t  has  access to know ledge  a bout  
render i ng  phys i c a l  forms, mot ions ,  and act i ons .  But  i n  o rder  to i nduce the des i red  subj ect ive react i ons ,  

o u r  mach i nes  mu st a l so be equ i pped w i th  desc r i p t i ons  and  mode l s  of human fee l i ngs ,  goa l s ,  a nd  i nten­
t ions ,  o r  those s im u lated actors w i l l  not be ab le conv i n c i n g l y  to f i l l  i n  the deta i l s .  But as unsk i l l ed  p l ay­
wr ights and actors know, even that wi l l  not suff i ce ;  to produce the des i red end-effects, the system 



m u st a l so know the e l ements of d rama ,  t im i n g ,  and rhetor i c ,  because j u st as o rchestras need  conduc ­

to rs and  theatres need d i recto rs ,  a l l  k i n ds  of good perfo rmances req u i re cohe rent l y  o rg a n i zed  sty l e s .  I n  
other words, t h e  best way t o  prod uce a utomated a n imat ion wou l d  b e  t o  progra m  o u r  m a c h i n e s  i n  acco r­
dance  with sound psycho l o g i c a l  theo r i es .  Today, few such theor ies yet ex i st ,  so it rem a i n s  for  u s  to 
i nvent them, to h e l p  the mach i ne-based a n i mators of the futu re d i rect the i r  s i m u l ated screen-actors i n  
ways that express a n d  commun icate .  

But wh at i s  commun icat ion?  Th is  needs  a theory, too-and I ma i nta i n  that in  o rde r  to commu ­
n i cate ,  one  person must k now (at  l east unconsc i ous ly )  how to bu i l d  structures a nd  a ct i vate processes 

i n s i d e  another  person 's b ra i n .  But  beca use  we cannot reach d i rectly ins ide another  pe rson 's b ra i n ,  we 
have to work thro ugh  the senses .  How can a utomat ion h e l p  us  use sensory expe r i ence  to c ommun i cate 

i deas  and goa l s ,  att i tudes and d i spos i t i ons ,  i ntent ions and emotions? To dependab l y  evoke the req u i red 
types of s ubject ive react i ons ,  the a n i mat i on  e ng i nes of the futu re must be good psyc ho l o g i sts ! 

But  I do not mean  to emphas i ze  on l y  the obscure and subt le  aspects of t h i s  p ro b l em .  For, f i rst, 

we sha l l  have to l earn how to program our computers to accomp l i sh  the s imp l est-se em i n g ,  most com­
monsense goa l s-for examp l e ,  that you m ust open the box before you  put  th i ngs  i n  i t ,  o r  that you mu st 

g rasp  and  turn a doorknob before you can  open  a doof. Present-day compute rs do not even know s im ­
p l e  th i n g s  l i ke that l T hen ,  once  we've accomp l i shed that, we  must learn h ow to c ommun icate to t h e  

a u d ience  more abou t  o u r  actors '  goa l s .  A l l  a n i mators understa nd that t h e  procedu res  for  mak i n g  actors 
wa l k  need not be based on p rec i se ly  rea l i st i c  desc r i pt i ons  of human locomot i o n  g a i ts .  More  impo rtant 

i s  knowing how to shape those enve lopes  and trajecto r ies ,  to express o r  i n d i cate the  p i ctu re-acto r's 
menta l  state-its d i spos i t i on  in rega rd to determ i nat ion ,  apprehens ion ,  expectat i o n ,  d i sa ppo i ntment, 

enthus i a sm ,  and so forth .  I t  i s  not enough  that the p i ctu re-creatu re grasp a ce rta i n  o bj ect; t he  f i l m­

make r  must be ab l e  to express whethe r  it was g rasped by acc ident or i ntent i o n ,  whethe r  it was some­
th i ng  the acto r  wants to possess  o r  mere ly  someth i n g  to be moved out  of the way wh i l e  p u rs u i ng some 

more i mportant goa l .  

How do we  commun i cate such  a n  i d ea 7  

We may  be a b l e  to encode  i t  i nto the trajectory i tse lf ,  o r  i n  t he  acto r's posture and  appa rent 
o r i e ntat i on ;  perhaps we can  do  i t  by foc u s i n g  attent ion on the fac i a l  express i on  of the  actor-or o n  the 

gestures of h is  antagon i st .  Every act ion has  pa rameters to use for desc r i b i n g  menta l states .  The mo re 

o u r  mach i nes  can know about  that ,  the  more product ive they can be .  I do not mean  to say that we need 

to a ch i eve comp l ete sc i ent i f i c  u nde rsta n d i n g  of such matte rs . The great a n i mators of the past accom­

p l i s hed  m i rac l e s  with l i tt l e  sc i ence  and  tec hno l ogy. But those ta lents were d ep l o rab l y  rare a nd  the 

costs were too l a rge for everyday use-and ,  i n stead ,  we cou ld  set as o u r  futu re goa l  the  deve l opment  

of techno l og i e s  so powerf u l  that the next gene rat ion of c h i ld ren w i l l  be ab l e  to u se  them f l uent ly. Why, 

by the way, does a n imat ion  so engage  c h i l d ren ?  I suspect th i s  is i n  part because express ive a n i mat ion  
s i m p l i f i e s  the a ud i ence 's work-perhaps paradox ica l ly, by  immers ing them i n  wor l ds  that a re so  sym­

bo l i c  and abstract that the i ntent i ons  and emot ions  of the objects be ing dep i cted a re actu a l l y  ea s i e r  to 

a pprehend and man i p u l ate than  the phys i c a l  shapes and forms themse lves ! 

We started with the common be l i ef that sc ient i sts tend to use rat i o na l  t hought ,  wh i l e  a rt i sts 

a re i ntu i t ive .  Yet when I d i scuss  these t h i n g s  with my f r iends ,  I often f ind q u i te the oppos i te .  Yes ,  sc i ­

ent i sts tend to be consc i o u s  and  d e l i be rate when they  work  on the  deta i l s  of the i r  s u bj ects ,  but  they 

on ly rare ly dwe i l  upon the q uest ion  of how they get the i r  ideas-wh i l e  our a rt i sts ( i f  they a re d i fferent 

at a l l )  are l ess  concerned with pe rfo rmances ,  but  tend to ref lect a good dea l  mo re about how to deve l ­

op  t he i r  concepts and sk i l l s .  

(This essay is adapted from a talk given at Nikograf 89, a computer graphics conference held 

in Tokyo in November 7989) 
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A r s  E l e c t r o n i c a  9 0  

V i r t u a l  R e a l i t y f o r C o l l e c t i v e  
C o g n i t i v e  P r o c e s s i n g  

J u st as  A I  sta nds un iversa l ly for a rt i f i c i a l  i nte l l i g ence ,  v i rt ua l  rea l ity i s  he nceforth suff i c i ent ly  
c u rrent as  to be des ignated as VR .  But v i rt ua l  rea l i ty cou l d  j u st as  we i l  have been c a l l ed  " a rt i f i c i a l  

i mag i nat i o n . "  I f  we  take t h e  concept t o  i t s  natu ra l ,  i f  n o t  i t s  farthest reach i n g  conc l u s i o n ,  we  sha l l  soon 

f ind that  the pu rpose of VR i s  to enab le us  to command tech no l o g i c a l  s im u la t i ons  by thought a l o n e .  The 

l i n k  between imag i nat ion and techno l ogy goes  back to a n c i e nt G reece .  

From the i nvent ion  of the a l phabet to that of the compute r, Western man  has  been g rop ing  
towa rds the deve l opment of v i rtua l  rea l i t i e s  i n  d i fferent g u i ses .  Anc i e nt G reek  d ramat i sts and  nove l ­
i sts f r om the Rena i ssance to  th i s  day  have been prod uc i n g  v i rt u a l  rea l i t i es  by transpos i ng  the work i n g s  

of th e i r  fantas i e s  on stage o r  on paper. Any nove l i s  a v i rt u a l  wo r l d ,  and i t s  p u rpose ,  bes i de s  enter­
ta i n i n g  the reader, is both to tra i n  the imag i nat ion  and  to b l uep r i n t  new l i festy l e s .  L i kewise ,  the  con­

tents of VR exper i ments a re genera l ly i n  l i n e  with those wh i c h  make u p  the content  of the sta nda rd l i t­
e rate psycho l ogy. J ust as video games do not stray very fa r from the fo l k l o re of ep i c  l i te rate trad i t i ons ,  

ac t i on -packed scenar ios ,  promot i ng  l egenda ry sk i l l s  and  u s ua l ly-but not a lways-hero i c  mot ives ,  the  

fa m i ly- room VR wi l l  undoubted ly cap i ta l i ze  on  a rchetypa l cha racters d rawn f rom nove l ,  theat re ,  f i l m ,  

and  TV, recapp i ng  the h i story o f  Du r  imag i nat i on  from t h e  G ra i l  t o  Madonna .  

H oweve r, by  i tse lf ,  i f  i t i s  me re l y  used to a n i mate pass i ve  d i g i ta l env i ronments ,  VR i s  not such  
a b i g  d ea l .  We have a l  ready deve loped comp l ex s i m u la t i ons  of 3 -D objects, re lat i o n s h i ps ,  and  move­
ments o n  sc re en .  A lbe i t  a tech n i ca l  feat, 3 -D  te l ev i s i on ,  conceptua l l y  spea k i n g ,  i s  hard ly more than 

wa l k- i n  te l ev i s i o n .  We a l ready do that i n  Dur shopp i ng  ma l l s  to more effect .  The f undamenta l d i ffer­
ence between  VR and any other media expe r i ence  i s  that i t  e nab l es the user to exte rna l i ze  h i s  o r  her 

i m a g i n a ry sk i l l s  in a dynam i c  process .  With VR ,  there i s  a n  effect ive i nteract i on  between  the d reamer  
a nd  the  d reamed :  the  d ream becomes rea l ,  a s  i f  H ege l 's most che r i shed  theor ies  of matter t u rn i ng i nto 

sp i r i t  were reve rsed .  With VR,  sp i r i t  can become matte r d i rect ly and have a concrete express i on  in the 
use r's env i r onment .  Th i s  enab les  the pr ivate expe r i ence  to become p ub l i c  and to be sha red object ive ly 
with othe r  persons .  Another c r i t i ca l  d i ffe rence i s  tou ch :  the  VR i n d u stry i s  about to recap the contents 
of f i l m s  and TV, add ing one more sensDry response to feed Dur crav i ng  for comp l ete expe r i ence .  



1 .  Touch  

I n  lact. o u r  re l a t i o n sh i p  t o  the screen i s  a bou t  t o  c hange  rad i c a l l y. VR i s  often  c ompa red  w i t h  

theatre . Bu t  theatre and  VR d i ffe r  s i g n i l i cant ly :  i n  t h e  theatre ,  we  l oo k  i nto a comprehens ive wo r l d  
I r om wh i c h  we  a r e  persona l l y  exc l u ded .  We a re outs i de  l ook i ng  i n  (wh  i c h ,  by the  way, i s  t he  sta n d a rd 
response  01 the Western man  to rea l i ty a nyway) .  But with VR ,  we sta nd  i n  the  m i d d l e  l o o k i n g  ou t .  

Homo Theoreticus 

Western  man  has  deve l oped  a predom i nant ly  "Ironta l "  att i tude to the env i ro nment .  The lact 

that ,  l a r ge l y  beca use  01 a l phabet i c  l i te racy, we have l et ou r  eyes dom i nate our  cogn i t ive psyc ho l o gy  
m a kes u s  l ess  sens i t i ve to everyth i n g  t h a t  i s  n o t  i n c l uded i n  t h e  loc used amph i theatre 01  o u r  v i s i o n ,  
exte rna l  o r  i nterna I .  Wi th i n  a nd  without ,  we project image s  01 ourse lves as  m i rrors wou l d ,  f ronta l 

b e i n g s  sta r i ng  back at o u r  Ironta l beams .  It has been that way s i nce the Rena i s sance .  I ndeed  o u r  re l a ­

t i onsh i p  to the wor l d  has  b e e n  dom i nated b y  t h e  theatr i c a l  t rad i t ion ,  a nd  mo r e  spec i l i ca l l y by t heo ry. 
The word in G reek  was theoria and i t  meant  " someth i ng  to beho l d , "  someth i n g  to l o o k  at .  Theatron 

too meant someth i n g  to watc h .  Contro l  over rea l ity was effected by the detached p o i nt 01 v i ew 
beho l d i n g  p i ctu res ,  mode l s ,  a n d  books .  The po in t  i s  t ha t  i l  you  a r e  l o o k i n g  i nto someth i n g  l r om t he  

o u t s i d e ,  t h a t  t h i n g  i s  open  to yo u r  j udgement .  You can take i t  or l e ave  i t  and  psycho l o g i ca l ly s peak­

i n g ,  you rema i n  Iree 01 leedback  contro l .  The most that can happen I rom such  a s i gh t  i s  that  you w i l l  

b e  moved o r  change  yo u r  o p i n i o n .  You m i g ht even "change your m i n d "  a bout  a g iven  i s s ue ,  but  t h e  
structure 01 yo u r  m i n d  as  a protected and  p r ivate env i ronment wi l l  not  be affected .  H owever, a s  E r i c  

G u l l i c h sen  puts i t ,  i n  cyberspace " yo u  a re a n  act ive part i c i pant i n  [ a l  wo r l d  wh i c h  s u rrou nd s  you ,  n ot 
a pass ive obse rver i n  a wor ld  wh i ch  conlronts you . " 1  I ndeed ,  not on l y  does  VR tec h n o l ogy rel l ect a n d  

e m u l ate the  new env i ronmenta l  sens i b i l ity i ntrod uced b y  t h e  i nlormat i on  a g e ,  b u t  i t  a l s o  d estroys t h e  

convent i o na l ly  Western i l l u s i o n  t h a t  s pa ce  i s  vo i d .  

A v i rt ua l  " re a l i ty "  i s  o ne  t h a t  y o u  can touch and lee l ,  as we i l  a s  see a nd  hea r  w i t h  you r  rea l 

senses ,  not on l y  your  i ntern a i ones  such  as the "m i nd 's eye" or the " m i n d 's e a r. "  By penetrat i n g  i nto 

the screen with the Data g l ove ,  the  rea l  hand tu rns i nto a techn i ca l  s u rrogate 01 a k i n d  01  " m i n d 's 

h a n d , "  mak i n g  " rea l "  what was on l y  v i s i b l e .  Belore the i nvent ion 01 VR ,  nobody eve r bothered to con ­
ce i ve  01 a " m i nd 's h a n d . "  The concept d i d  no t  present itse l f .  There s eemed  t o  be no  spec i a l  need  l o r  

" Iee l i ng "  the obj ects we ca r r i e d  i n  o u r  m i nds .  I n  gene ra l ,  t h e  tacti l e  sens i t iv i ty 01 Western c u l t u re s  i s  
abysma l .  With i n  o u r  rath e r  i n te l l ectu a l  a nd  abstract trad i t i on ,  w e  have tended to i g n o re t h e  r i c h  l e a rn ­

i n g  expe r i ence  de r ived l r om to u ch .  I n  lact we have been ter r i l ied 0 1  touch  u nt i l the  s ixt i e s  when  t e l e ­
v i s i o n  i n d uced a co l l ect ive c rav i n g  l o r  the recovery 01 o u r  bod i es  on ce  l o st t o  o u r  l i t e rate heads .  Afte r  
a rash 01 " touch - i n s "  a nd  "Ie e l - i n s "  spread i n g  l r om Ca l i lorn ia  eastwa rd ,  we began  to sett l e  down to 

a mo re comlorta b l e  re l a t i o n sh i p  to our bod i es ,  but  we never gave tou ch  its h onou red  pos i t i o n  among  

o u r  p r i n c i p a l  senso ry mode s .  The a ppearance and deve l opment 0 1  VR i s  a bout  to c hange  that .  

I n  sp i te 01 i ts acknowledged l ower reso l u t i on  and weaker sens i t i v i ty to g ra i n  and  textu re ,  the 
prec i s i o n  01 touch i n  s i m u l a t i on  i s  much g reater than that 01 v i s i on  beca u se  i t  i s  3-D .  S ha r i n g  a v i s i o n  

i s  nowhere nea r  as re l i a b l e  whe n  y o u  cannot  to uch t h e  object 0 1  that v i s i o n .  I t  i s  worth  n ot i n g  t h a t  i t  

i s  a woman ,  not a man ,  who i s  p resent l y  cons i dered the p i oneer 01 e l ectro n i c  tact i l i ty. Ma rg a ret 
M i n s ky, daughter 01 the  we l l - known MIT computer expert ,  i s  deve l o p i n g  a l e a d i ng -edge  "v i rtu a l  tex­

tu re s i m u l ator"  wh i c h ,  a l ong  with movement .  we ight. and dens i ty s imu l a t i o n ,  w i l l  eventua l l y i n c rease  

the ra nge  and  the depth 01 o u r  tact i l e  a pprec iat ion  01 objects both i n  a nd  out  01  VR . 

From Theory to Ingestion  

I n deed ,  the story 01 computer  s i m u la t i on  i s  one 01 g radua l  penetrat ion  i nto a tact i l e  env i ron -
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m e nt :  f rom 2 -D to 3 -D to the ra p i d  deve l opment of tact i l e  a nd  fo rce-feedback s en sat i o n s ,  we a re be i n g  

s u c ked  i nto a n  e l ectron i c  vortex, a r i c h l y  textu red matr ix .  The  ca l l  of tact i l e  tec h n o l ogy  rem i n d s  me  o f  
t he  myth of U lysses '  s i rens ,  w i t h  i t s  i ntense l y  erot ic  connotat i o n s .  Many  s i l l y j o kes  a re  c racked about  

t he  po rnog ra p h i c  ma rket ava i l a b l e  to VR ,  thus  ref l ect i n g  ou r  atav i s t i c  p u r i ta n i sm ,  but  i t  w i l l  soon dawn 

o n  e d ucators '  m i nd s  as i t  has  a l ready occu r red  to some a rt i sts that  touch may be  ou r  most i m po rtant 

cogn i t i ve  too l .  Bab i e s  learn by touch i n g ,  a d u l ts l e a rn by " g ra sp i n g "  a s i tuat i o n .  " Comprehend i n g , "  too ,  

i s  a tact i l e  metapho r. We deve l op  a k i nd  of g u t  re l at i o n s h i p  to the  th ings we know o r  need to know. 
What  VR b r i ngs  to th i s  tendency is a means  to project o utwa rd o u r  ne rvous system so that the e l ec­

t ro n i c  extens i o n s  of our  sensory mode, and  espec i a l l y  th is new e l ectro n i c  exte n s i o n  of touch ,  can  con­
q u e r  the  f i e l d  of i nvest igat ion by swa l l ow i ng  i t .  The  next meta pho r  of l e a rn i n g  w i l l  be  i n gest i o n .  

2. S i m u ltaneous Shared Cogn it ion 

Among the  s i gn i f i cant  d i ffe rences between  a n  i nte rn a l  fantasy d r iven by " m i nd -senses"  and 
a n  exte r na l  one  respond i n g  to our phys i o l o g i c a l  senses i s  that  the l atte r can  be  s ha red  object ive l y, i f  
we accept the not i on  that  object iv i ty i s  the cond i t i o n  of a n  exte r na l  su bsta nce  s ha red  by two o r  mo re 

peop l e  at the same  t ime .  Acco rd i n g  to Ja ron  La n i e r, " the essence  of v i rt ua l  rea l i ty i s  that  i t's s ha red . "  

H e  proposes that V R  i s  "the f i rst new leve l  o f  obj ect ive ly  s ha red  rea l i ty ava i l a b l e  t o  h uman i ty s i nce  

the  phys i c a l  wor l d . "2 On the other hand ,  cogn i t i o n ,  otherw i se  known as  u n de rsta n d i n g ,  i s  the tota l 
s i m u lta neous  s e i z u re of contextua l  cues  re l evant to a g i ven o bj ect of t hough t  a n d  the i nte rp lay 
between  a se l f  a nd  the content  of t h i s  thought  a nd  the p rojected consequences of t h i s  th i n k i n g .  
C o g n i t i o n  i s  process i ng  V i rt u a l  R ea l i t i es  with i n  the s i n g l e  m i nd ,  but  VR tec h no l ogy a l l ows many  m i nds  

to c o l l ect ive l y  p rocess cogn it ive mate r i a l  w i thout .  

"We o bta i n  raw, d i rect i nformat i o n  i n  the process of i nteract i n g  with the  s i tuat ions  we 

encounter. Ra re l y  i ntens ive ,  d i rect expe r i ence  has  the advantage of com i n g  t h ro ugh  the  tota l i ty of o u r  
i nte rn a l  p rocesses-consc i o us ,  unconsc i ous ,  v i s ce ra I ,  and  menta l-and  i s  mos t  c omp l ete ly tested 

and eva l uated by our nature .  Processed, d i gested ,  a bstracted second-hand know ledge  i s  often mo re 
g e ne ra l i zed  a nd  concentrated ,  but  usua l ly affects us on l y  i nte l l ectu a l l y-Iack i ng  the ba l ance  and  

c omp l eteness  of exper i enced s i m u l at i ons  . . .  A l t hough  we a re ex i s t i n g  mo re and  mo re i n  the rea lm s  
of a bstract .  gene ra l ized concepts and  p r i nc i p l es ,  o u r  roots a re i n  d i rect expe r i ence  o n  many  leve l s ,  as  

i s  m ost of o u r  a b i l i ty to  consc i o u s l y  and  unconsc i o u s l y  eva l uate i nformat i o n . "3 Scott F i s he r  cou ld  n ot 
have fou n d  a better way to h i g h l i gh t  how VR c o u l d  i m prove o u r  cogn i t ive a b i l i t i e s .  And i ndeed ,  h e  
goes  o n  to suggest  that g i v i n g  peop l e  i n stant access to " g reater  t h a n  one  v i ewpo i n t  of a g iven scene 

[VRl a l l ows them to synthes i ze a s t rong v i sua l  pe rcept f rom many  po i nts of v i ew; the ava i l a b i l i ty of  
m u l t i p l e  po i nts of v i ew p i  aces an  ob ject  i n  context and  the re by a n i mates i ts mea n i n g . "4 

Th i s ,  of cou rse, was the po in t  of C ub i sm ,  but  never  before have we been i n  a s i tuat ion  where 

severa l d i ffe rent po i nts of v i ew, i s s u i n g  from d i fferent peop l e ,  c an  s i m u l ta neous l y  i nteract i n  cogn i ­

t i  o n  t h ro u g h  a d i rect re la t ions h i p  t o  a common object o f  study o r  i nvest i gat i o n .  I n  t he  c a s e  w h e n  two 
peo p l e  engage  in c reat i ng  a common VR, s u ch  as  in J a ro n  La n i e r's p r im i t ive but i mpress ive RB2 ,  these 
a gents rema i n  ope rat ive, but  the effect i s  cogn i t ive ,  ref l ect i ng  the  ref l ect i o n s  of two cogn i t ive agents .  
Add to s uch  a n  a b i l i ty the poss i b i l ity of tou c h i n g  the  ob ject  of percept i on  and  mod i fy i n g  i t  i n  se l ected 

ways r u l e d  by s e l ected rout i nes ,  and  you w i l l  eventu a l ly get  the  m ost powe rf u l  th i n k i n g  mach i ne  ever 
dev ised by man :  a th i n k  ta n k  where the thought i s  the  tank .  

We can  read i l y  foresee s i tuat ions where VR w i l l  c on s i st of m u l t i p l e  s ensors b u i l t on  the 

mode l  of senso ry project i ons  such  as see i n g ,  h ea r i n g ,  and fee l i n g  and  beyond .  At th is  po i nt the VR 
env i ro nment wi l l  have to deve l op  a deg ree of retroact ive i n te l l i gence  wh ich  can  take any  number  of 
d i rec t i ons  and b r i n g  them to any deg ree  of respons iveness  and comp l ex i ty. Even though  present ly  



there i s  no way to effect othe r  than  " pa ra l l e l "  or " se r i a l  cogn i t i on "  between  use rs work i n g  o n  the  same 

process ,  w i t h  the  deve l opment of s oph i st i cated g roupware, VR seems to ho l d  i n  s to re  t he  p r om i se  o f  
"convergent  c ogn i t i o n . "  I n  La n i e r 's R B 2 ,  we can  foresee a k i n d  o f  mutua l m i nd  rea d i n g ,  t he  p rod u ct 
of wh i c h  wou l d  be a n  object ive resu l t that  c o u l d  be recorded and rep l ayed fo r  f u rt h e r  u s e .  We can  

a l ready conce i ve  of new d i rect i o n s  of i c on  and  ru l e -operated p rocess i n g  wh i c h  w i l l  i nvo l ve m o re t han  
one  pe r son  at a t ime .  T h i s  i s  what  I f o resee  as  " co l l ect ive cogn i t ive process i n g . "  Bu t ,  to g et the re ,  the  

i nterface tech no l o g i e s  mu st come ever c loser  to the body and  to the t ho ught s o u rc e  of t he  u se r s .  

The Perceptua l  Bond  

Anybody can remember  the  f i rst ee r i e  imp ress i ons  of i nt imacy c reated by headphones .  We 

have  become so  accustomed to o u r  Wa l kmen  t ha t  we may  cease  to  not i ce  t ha t  the  s o u nd  penetrates 
the whole body th ro ugh  a space  wh i c h  is fe it i nterna l l y  between  the ears .  I m a g i n e  a s i m i l a r  sensat i on  

of immed i acy com ing  from a v i s u a l  st i m u l a t i o n .  The mach i n e  that  a l l ows for  th i s  k i nd  of expe r i ence  i s  
a l ready on  t h e  ma rket :  Cyberspace Corporat ion  produces a headband -mou nted eyep i e ce  wh i c h  f l a sh ­

es  images  d i rect ly on to  the use r's ret i n a .  The image  appears to hove r i n  the a i r, f u l l -s i z ed  a n d  exc l u ­

s i ve ly  f o r  t h e  benef i t  of the u se r. New dev ices ,  from eye-track ing  a nd  image-contact  to b ra i n -wave 

i nterfaces are mov ing  in the gene ra l  d i rect ion  of immed i ate p roces s i n g  from t ho ught to mach i n e s .  

I n d eed ,  we can  pred ict  f r om  the  k i n d  of wo r k  go i n g  i nto th i s  l i ne o f  techno l ogy, a s  we i l  a s  f r om  t h e  
k i n d  o f  too l s  ava i l a b l e  to i n c rease  c ompu t i n g  capac i ty and speed ,  that we w i l l  eventu a l l y  h ave  access 

to any  mode of i nte rface  from the twi n k l i n g  of an  eye to j u st a short bout  of focu sed  attent i o n .  

T h e  Gradua l  Removal o f  I nterfaces 

G u l l i c h sen  r i g ht ly  obse rves that  VR goes a very l a rge step beyond convent i o n a l  com puters 

wh i ch  are mere ly  " i nteract ive " :  "A cyberspace system is dynam i c :  t he  v i rt u a l  wo r l d  c hanges  i n  rea l  
t ime ,  both a utonomous ly  and  f l u i d l y i n  response to the act ions of  the patro n .  Act i o n  i s  v i s ce ra l ,  and 

the re need be no  veneer  of symbo l i c  ' i n terface , '  s i nce the obj ects i n  th i s  3 -D  wor l d  can  be  d i rect ly 

man i p u l ated . " 5  I n  the  same p u b l i ca t i on ,  a l be i t  rathe r  unc r i t i ca l ly, L u i s  Ra c i o ne ro s u g gests that  the 

way of the future i s  to connect e l ectro n i c  pathways d i rect ly to our  n e u ra l  networks by some b i o n i e  

e ng i nee r i ng  a l  ready u nde r  deve l o pment . 6  
We can  env i sage the f u t u re  of p rob l em-so lv i ng  as  a VR extens i o n  of the t h i n k  ta n k  o r  the  pow­

wow. Wo rk i ng  out  a so l u t i o n  to a g iven  p rob lem w i l l  be g iven much amp l i t ude  by the poss i b i l ity of 

s i m u l a t i ng  a comp l ete env i ronment  by thought  a l one ,  but  i t  wi l l  be even mo re re l evant  to the com­
b i ned effects of severa l th i n k i n g  s u bj ects g iven a s i ng l e  object under  c on s i d e rat i o n .  Eventua l l y  we w i l l  

be  c reat i n g  n e w  objects i nsta nt ly b y  t hought a l one ,  i n  a co l l a bo rative manne r. T h e y  w i l l  be  b l u e p r i nts 

recorded for the pu rpose of s ubsequen t  ha rdwa re product i on .  The i n d u st ry i s  a l re ady expe r imen t i n g  
w i t h  "wa l k-throu g h "  mode l s  of a rc h i tectu ra l  and u rban p l ans .  A l be i t  p r im it ive beca u s e  the  tec h no l o­

gy does not yet a l l ow for  i n stant i nteract ive responses to sensory proj ect i o ns ,  t he  k i n d  of work done  

at Autodesk  i s  the  f i rst base of s u ch  deve l opments .  

Shared VR Models to Overcome Language and Cu lture B iases 

H oward Rhe i n go l d  reports that Cec i l  Patte rson ,  the i nformat i on system s  d i recto r for the Port 

Author i ty of Seatt l e  i s  th i n k i n g  of exp l o i t i n g  VR to i mp rove comm u n i ca t i ons  " between  e n g i nee rs ,  

fac i l i t i e s  p l a nne rs ,  a nd  poten t i a l  c l i ents ,  when i t  comes to d i scuss i n g  the actua l  p hys i c a l  conf i g u ra­

t i  on  of futu re port fac i l i t i e s . " 7  Accord i n g  to Patte rson ,  most of the peop l e  i nvo lved in the p l a n n i n g  
stages of "mu l t i - h und red - m i l l i o n -d o l l a r  p l a n s "  a r e  Japanese ,  Ch i nese ,  a nd  othe r  who d o  n o t  a lways 

f u l l y  apprec i ate the nuances  of the E n g l i sh l a nguage .  VR "wa l k-thro ugh s "  c o u l d  h e l p  to reso lve a n um ­
be r  o f  amb i g u i t i e s .  I t  s e ems  as  i f  t he  A l m i g hty m i g ht have h ad  t o  f i n d  a n ew t a c k  to stave off the con -
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st ruct i o n  of Babe l  if it had been p l a nned on a VR processor  . 

Shared VR Models  to Overcome Complexity 

Many  students of VR ta l k  about its me r i ts i n  a l l ow i ng  " a rc h itectu ra l  wa l k-th roughs , " a n  obv i ­

ous i n d u str i a l  a p p l i cati on ,  but  Rhe i ngo l d  a l so s uggests that  3 -D  v i s u a l i za t i on  may be the on ly  way to 

overc ome  the comp l ex ity of certa i n  sc i ent i f i c/tech no l o g i c a l  f i e l d s  such as  mo l e c u l a r  i n novat i on  o r, on 

the mac ro sca l e ,  the te l ecommun icat i ons  web that has g rown a round  the p l a net i nto what Xerox PARC  
resea rc h e r  Be r na rdo H uberman ca l l s  "a  computat i o n a l  memb ra n e . " 8  

3. I m p l i cati ons 0 1  V R  lor Art 

VR 's pote nt ia l  for i n c reased creat iv i ty ca l l s  for an i nteg rated v i s i o n  even at the l owest l eve l  
of s i m u l at i o n .  "The job  o f  the space  des i g n e r  i s  to make  [ the ]  expe r i ence  [of cyberspace] seem rea l .  

T h u s ,  t h e  j o b  i s  a s  art ist ic  a s  i t  i s  tech n i ca l ,  for  expe r i ence  i s  someth i n g  manufactured sponta neous ­

I y  i n  the  m ind  a nd  senses ,  not someth i n g  that can  be b u i l t .  packaged ,  a n d  so l d  l i ke a ca r  o r  a refr i g ­

e rator. " 9  Severa l aspects of VR conce rn  the a rts .  O n e  i s  that  VR i s  def i ned  by  its senso ry va l u es  mo re 

t han  by any  othe r. VR b r i ngs  to the fore the f u ndamenta l natu re of a rt wh i ch  is g rounded  i n  aesthet­
i c s ,  that is, the exp l orat i on  and man i p u l at i o n  of the senses .  L u i s  Rac i o ne ro pred i cts that " New a rts 
a n d  n ew senses  a re needed-or what i s  the same th i n g-a d i fferent prog ram in the b ra i n  a l l ow i n g  a 

g reate r  broa de n i n g  of the senses .  The f i rst of these w i l l  c ome  with new techno l ogy :  the re wi l l  be new 
a rts ,  a s  was c i nema i n  t h i s  century, based o n  genet ic  e ng i n ee r i n g ,  h o l og rams ,  l a se r, space trave l ,  

n u c l e a r  t ra n sm utat ion . " 1 0  From such cons i de ra t i ons  a l o n e ,  o n e  m i ght  t h i n k  that V R  i s  f i rst a nd  fore­
most the a rt i st's spec i a l  preserve ,  were i t  not  for  ear ly b u s i n ess and enterta i nment  a p p l i ca t i ons  

a l ready s o ught by amusement parks and ad  men .  Wh i l e  b u s i ness  sta nds  as  the watchdog ,  not the 

mothe r  of i nven t i on ,  vett i ng  and su pport i n g  on ly  that  wh ich  i t  fee l s  ma rketa b l e ,  i t  may be to a rt and  

to a rt i sts that  we owe the mos t  s i g n i f i cant  deve l o pments of VR .  H owa rd Rhe i n go l d  ca l l s  the  effect o f  

VR  a n  " i nt u i t i o n  amp l i f i e r. "  Even as sobe r  a commentato r a s  the Wall Street Journal has  been  l ed  t o  
acknow ledge  the  spec i a l  a b i l i ty o f  the art i s t i c  menta l ity : " Severa l VPL  emp l oyees a re enterpr i s i n g  

a rt i sts w i t h  a k n a c k  for e l ectron i cs . " l l  T h e  WSJ names  Ann  Lasko ,  Young  H a rv i l ,  and  J a ron  La n i e r  a s  

p r ime  exa m p l es ,  but  it cou l d  j u st as we i l  h ave  i n c l uded  Scott F i s he r, E r i c  G u l l i c h sen ,  My ron  K ruege r, 
G ra h am  S m ith ,  W i l l i am G i bson ,  and even Tom Z imme rman ,  who i nvented the Data g l ove i n  h i s  spa re 

t ime  o n l y  to s i m u l ate a v i rt ua l  hand p l ay i ng  a v i rtua l  g u i ta r. 
These  a rt i sts e i the r  comb ine  an a rt educat i on  with " I ea rn-as-yo u -go"  e ng i n ee r i n g  a nd  com­

put ing s k i l l s ,  o r  team up with profess i o na l  computer  e n g i n eers to t u rn the i r  i n st i tut i ons  i nto rea l i t i e s .  

A good  examp l e  of t he  l atter i s  V i n cen t  John  V incent .  V i ncent was o r i g i n a l ly a dancer  who ,  fee l i n g  t he  
u rg e  to u se  a computer as  h i s  partner, a s ked  F ra n k  MacDouga l 1  to wr i t e  the program for  t h i s  p u rpose .  

The  res u l t  was the  Manda l a ,  one of the most e l egant l y  s i m p l e  and  eft i c i ent  f ive i nteract ive i n sta l l a ­
t i ons  ever  dev i sed  i n  Canada .  A l though the Manda l a  i s  n ot tec h n i ca l l y a " v i rt ua l  rea l ity mach i n e "  
b e ca u se  i t  does  not  a l l ow t h e  u s e r  t o  penetrate the sc reen ,  i t  d oe s  the next best th i n g ,  wh i c h  i s  to 
a l l ow o ne  to send  one 's image  i nto the screen  to pe rform i nc reas i n g l y  comp l ex i nteract i o n s  w i th  sound  

a n d  des i gn  modu l es  accord i n g  to protoco l s  i n s p i red  by hypermed i a  resea rc h .  
Anothe r  i mporta nt Canad i an  a rt i st-eng i n e e r, G ra ham  Sm i th ,  i s  work i n g  with J a r o n  La n i e r  a n d  

the  V P L  e n g i n eers  t o  add tota l su rround  rea l v i d e o  feed to t h e  computer i zed a rt i c u l at i o n  o f  VR .  Sm ith 
began  as  a photog rapher but soon added robot ics to h is st i l l  c ame ras  to make tota l s u rrou n d  pho­

tog raph s .  H e  moved on to v ideo when he rea l i zed  that he  cou l d  adapt h is i ntu i t ive ro bot i cs  i m a g i na­
t ion to the  fu l l  mot ion and i n stant rep lay capa b i l i t i e s  of the v ideo camera .  A l be i t  at the  prototyp i ca l  
stage ,  h i s  " ho r i zonscan" can a l ready ofte r a fu l l  360 -deg ree  v i deo  rend i t i on  of h i s  env i ronment ,  pro-
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v i ded  one  dons  the v i deogog g l es wh i c h  open  the dOOf  to VR .  
One  01 the aspects 01 VR wh ich  i s  immed iate ly  apparent to  a rt i sts ,  but  not  necessa r i l y  to the 

p u b l i c  i s  that ,  as  Kev i n Ke l ly puts i t .  " i t  has  deep roots wh i ch  penetrate ou r  m i n d 's v i ew 01 the 

wor l d . " 1 2 We can  beg i n  to expect  leedback effects 01 VR i nto consc i o u s ness i t se l l .  S i nc e  the  t i m e  

M a rsha l l  McLuhan  s uggested that " the m e d i u m  i s  t h e  message , "  we have begu n  to become awa re 0 1  

t he  lact that n e w  m e d i a  affect o u r  cogn i t ive processes i n  t h e  l o n g  run b y  lavo r i n g  ce rta i n  rout i nes  over  
others .  Consequent ly, the  need  to ed ucate the  pub l i c  to such  new poss i b i l i t i e s  i s  u rgent .  H e re a g a i n ,  
because  0 1  the i r  const i tut ive m i ss i o na ry zea l ,  a rt i sts tend t o  take the l e ad .  

P i e ro G i l a rd i  i s  o ne  01 t h i s  gene ra t i on 's representat ives 0 1  a typ i c a l l y  I ta l i a n  p henomenon ,  a n  

u n b roken  c h a i n  0 1  a rt i sts w h o  go  back  m a n y  centu r i es .  T h e  success ion 0 1  G i l a rd i s  s i nce  t h e  1 7th  c e n ­

t u ry has  produced a rch itects ,  pa i nters ,  a nd  scu l ptors .  And ,  s i nce t h e  t ime  01 And rea G i l a rd i ,  who  
i nvented and  produced the l i rst back l i t  g l ass  pa i n t i n g  i n  the ea r l y  pa rt 01 the 1 8th  centu ry, many  

among  t h em  have  been  i n s p i red to use  the techno l ogy 01 the i r  t ime  i n  o r i g i n a l  a n d  t ru l y  i nvent ive  

ways P i e ro G i l a rd i 's concept i s  a str i k i n g ,  a l t hough  an  expens ive  one .  Rea l i z i n g  so  me  01 the  i m p l i c a ­

t i o n s  01 the ro l e  01 tec h no l ogy i n  c hang i n g  o u r  wo r l d  v i ew, he has proposed to e rect i n  Tu r i n  a h u g e  
baby do l l ,  I x i ana  2000 ,  a s  a n  i t i n e rant  exh i b i t  0 1  t h e  wor l d 's most perlected mecha n i c a l  a n d  e l ect ron­

i c  tec h no l o g i e s ,  perce ived a nd  shown as  d i rect extens i ons  and mod i l i e rs 01 o u r  body a nd  m i n d .  The 
baby d o l l  i s  a g i r l a nd  he r  head/m i n d  w i l l  be a theatre lor v i rt ua l  rea l i t i e s .  I t  i s  by th i s  k i nd  01  sett i n g  

that t h e  gene ra l  p u b l i c  m a y  q u i c k l y  g raduate t o  t h e  unde rstand i ng  0 1  t h e  i m pact 01  med i a  on  c o g n i ­

t i o n  and  sensat i o n .  

Art versus Techno logy 
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David Rokeby's array trans/ates movement into music 

However, so much  01 VR tech n o l ogy  is ra p i d l y  

becom i ng  ma rketab l e  that the re i s  a l ready a g row i n g  

d i st i nct ion  between art i sts-e n g i neers  who  l e a n  mo r e  t o  

t h e  a rt t h a n  t o  t h e  techn i c a l  component  01 t h e  assoc i a ­
t i o n .  The deepe r  a rt i st ic i m p l i ca t i ons  a re the most i nt e r­

est i n g .  Years belore VR became the ta l k  01 the  m e d i a ,  

To ronto composer  David R okeby had  perce ived t h a t  t h e  

sensory essence 0 1  e l ectro n i c  and  compute r  tech n o l ogy  
was touch .  H i s  pr i ze-wi n n i n g  i nvent i o n  "Ve ry N e rvous  

System"  sta nds among  the l i rst and  the mos t  sat i sly i n g  

v i rt ua l  rea l i ty mach i nes ever. L i ke J a ron  La n i e r, R o ke by 
began as a mus i c i a n  frustrated by the  l i m i ta t i ons  01 tra­

d i t i o na l  i n st ruments .  To expand the  poss i b i l i t i e s  01  

mus i c a l  c reat ion and make i t  i n sta nt ly  ava i l a b l e  to 

u ntra i ned pract i t i one rs, he  assemb l e d  "v ideo cameras ,  

image  processors ,  computers ,  synthes i ze rs ,  a nd  a sound system to create a space i n  wh i c h  the  move­

ments 01 one 's body c reate sound and/or mu s i c  " 1 3  ( see i l l u strat i on  01  VNS) .  U n l i m i ted v i rt u a l  m u s i c a l  

pathways c a n  t h u s  be exp l o red and  reprod uced b y  t h e  movements 0 1  a dance r. A l t hough  th i s  k i n d  0 1  

i n sta l l a t i o n  has  b e e n  t r i e d  by many  other  a rt i sts ac ross t h e  wor l d ,  n o n e  has  succeeded to the  extent  
that Rokeby's has  i n  a l l ow i ng  the use r  to obta i n  prec i se  and contro l led effects wi thout  hamper i ng  t he  

necessa ry i n g red i ent 01 ra ndomness to the expe r i ence .  I n  sp i te 0 1  t he  lact t ha t  noth i n g  i s  to u ched  
except the  amb i ent a i r, Rokeby perc i eves h i s  i nvent ion as an  extens ion  01 t o u ch  w i t h  the mus i c a l  a n d  

tona l leedback  as  an  i n stant env i ro nment 01  textu re .  Says Rokeby:  "With i n  t h e  i n s ta l l a t i o n ,  s ound  ha s  

a scu l pt u ra l  p resence ,  bo t h  a s  a n  exte n s i o n  01 t he  body, and as  a phys i c a l  rea l ity wh i ch  one  encoun ­

ters w i th  the body. " H e  a l so desc r i b e s  the  react i ons  01 peop l e  wh i l e  t hey  a re u s i n g  the system :  
m 
M 
N 



" Peop l e  seem to endow a sound  that has a l ot of texture w i th  a n  exte rna l mate r i a l  rea l i ty, [theyJ f i n d  

themse lves i m a g i n i ng  the f ee l  of i t  aga i nst t he i r  body, imag i n i n g  the s pace  f i l l e d  w i t h  sound  pa rt i c l e s .  
R o u nde r, d eepe r  sounds s eem  t o  man i fest themse lves mo re as  a presence with i n  o r  a n  extens i o n  o f  

the  body, someth i n g  o f  the stomach orga ns  and  musc l e s  rathe r  than  the sk i n . " 1 4  
Back i n  t h e  late s i xt i e s ,  with h i s  "Co rt i z o u k , "  French  mu s i c i a n  P i e rre H e n ry h a d  a l  ready con­

n ected a synthes i zer  to e l ectrodes tapp i ng  h i s  b ra i n  wave for  d i rect i nput  i n  mu s i c a l  fo rms .  The same 

k i nd  of i dea  was proposed for bra i n  wave contro l by Dav id  Rosenba u m .  The re a re u n l i m ited poss i b i l ­
i t i e s  fo r  t r u l y  a rt i st i c  i n novat i ons .  J a ron La n i e r  i s  f o n d  o f  the  i d e a  o f  a v i rt u a l  m i rror  i n  w h i c h  t h e  u s e r  

cou l d  s e e  metamorphoses o f  features and  form .  Another  fasc i na t i ng  use  f o r  a rt wou l d  be a n  i nterac­

t ive pa i n t i n g ,  not mere ly such  as  Jeffrey S haw's wa l k- i n  p i eces ,  but  a rt that wou l d  react ref l ex ive ly  to 
the va r i o u s  ways by wh ich  the v i ewer wou l d  a pproach i t-a k i n d  of e l ectro n i c  i m p ress i o n i sm .  

To t a k e  advantage  o f  t h e  c o l l ect ive p roces s i n g  poss i b i l i t i e s  of VR ,  we  can  imag i n e ,  f o r  exam­

p i e ,  t he  creat i o n  o f  an env i ronment wh ich  wou l d  ref lect immed i ate ly  o u r  t he rma l  a nd  postu ra l  d i spo­

s i t ion and  feed i nto the s im u l at i on  effects that wou l d  comb i ne  i n puts and  outputs to gene rate cyber­
net ic l oops .  The  therapeut i c  va l u e  of a we l l -t uned  cybernet i c  env i ronment  c o u l d  be  cons i de ra b l e .  
La n i e r, who  i s  awa re o f  s u c h  poss i b i l i t i e s ,  c l a i m s  that he  i s  somet imes  concerned a b o u t  t h e  p rox i m i ­

t y  of the "V i rt ua l  Rea l i ty" t o  m i nd-expand i n g  d r ugs  and  worr i e s  a bo u t  compa r i sons  made  b y  peop l e  
who ,  l i ke Ti mothy Lea ry, have u s e d  psyche d e l i c  d r u g s .  W i t h  VR ,  what we w i l l  s ho rt l y  be  l ed  to expect 

is t ru l y  psychede l i c  i n  the sense that the structure of our m i n d  can be  changed .  Depend i n g  upon the 
dosage  of senso ry refe rences ,  for i n stance ,  we can have a n  acoust i ca l l y  o r  a tact i l e- dom i nant exper i ­

ence  of the same th i n g .  Th i s  can a l ter  c omp l ete ly  o u r  process i n g  ro u t i nes  and  a c h i eve tota l l y  u n ex­

pected resu l ts .  Report i n g  on h i s  f i rst expe r i ence  of VR at Autodesk ,  John  Per ry Ba r l ow, a one-t i me  I y r i ­

c i st fo r  the G ratefu l  Dead ,  reg i sters the m i l d  confu s i o n  i t  c reated i n  h i s  sense  of i d ent i ty :  " H ow can  

you get  where  you want to be when you ' re c om i ng  f rom nowhere  at a l l ?  And I don ' t  seem to have  a 
l ocat i o n  exact ly. I n  th i s  p u l sat i ng  new l andscape ,  I 've been  red uced  to a po i n t  of v i ew. The who l e  sub ­
j ect of 'me '  yawns i nto a chasm of i nterest i n g  q u est ions . " 1 5  

Pascal 's Two I nfin ites 

Such  q uest i ons  were once ra i sed  by F rench ph i l osophe r  B l a i s e  Pasca l when ,  ref l ec t i ng  upon  

the powers of imag i na t i on ,  recent ly gene ra l i zed by a ra p i d  g rowth of l i te racy, h e  proposed tha t  man  
cou l d  e ng u l f  the  un iverse by though t  a l o n e .  Pasca l 's sens i b i l ity was  su rp r i s i n g l y  c l ose to o u r  t ime  i n  
t ha t  h e  was a poe t  o f  sca l e ,  d rawi ng h i s  most str i k i n g  meta pho rs bo th  f r om the i n f i n i te ly  sma l l  rea l m  

o f  mo l e c u l a r  structures a n d  the i n f i n i te ly  l a rge  doma i n  o f  astrophys i c s .  T h e  most poet ica l l y  m i nded of 

the cyberspace exp lorers ,  J a ron Lan i e r, rem i nds  me of Pasca l when he  s uggests that " the u n i ve rse  is 
you r  body and phys ics i s  your  l a nguage . "  

A few months ago ,  I was  asked to cont r i bute a pape r  to a j o u r na l  a s k i n g  whethe r  v i rt u a l  tech­

no l ogy  wou l d  h e ra l d  "a  new Rena i ssance . "  My answer was no .  Why wou l d  we sta rt a l l  over a ga i n  the 
same o ld story when we had such i nterest i n g  new on  es  to te l l ?  C o l l ect ive cogn i t ive process i ng  i s  

bound  to change  t he  bas i s  of Rena i s sance  psycho l ogy. What  we need i s  a sense  of a n  expand i n g ,  f l ex­
i b l e  se lf ,  i n c l u s ive rather  than exc l u s ive ,  env i ro nmenta l  rathe r  than  fronta l ,  c o l l a borat ive rath e r  than  
confrontat i ona l ,  consc i o u s  of i t s  b ion i c  exten s i o n s  rathe r  than  reso l ute l y  i g no r i n g  any  suggest i on  that  

we a re not made  of  f l esh  a lone .  St i l l ,  a s  I was research i n g  the l i terat u re to wr i te t h i s  paper, I came 
ac ross  a bette r  answer i n  one  among J a ron  La n i e r's many  fanc i fu l p rojects :  " a  g i a nt b i rth cana l  
t h ro u gh  wh i ch  you  trave l and  a re bo r n ,  o n l y  to f i n d  t ha t  you a re the v i rtua l  woman g iv i n g  b i rth to you r­

s e l f  and  a re reborn aga i n  and  aga i n . " 1 6  
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A r s  E l e ct r o n i c a  9 0  

R i d i n g  t h e  G i a n t W o r m  t o  S a t u r n : 
P o s t - S y m b o l i c  C o m m u n i c a t i o n  
i n  V i r t u a l  R e a l i t y  

From my po i nt of v i ew, the most impo rtant th i n g  about  v i rt ua l  rea l i ty i s  " post-symbo l i c  com­

m u n i cat i o n . "  I have not  been j o i ned  by throngs  of others who be l i eve t h i s  at t h i s  po i nt, but  I expect  to  
be  any  m i n ute now . 

c Th i s  far  i n  our adventure here on the p l a net ,  we have been  i nteract i n g  ma i n l y  with i n  a p l a n e  
c 
ca that  we know of as the phys i ca l  war l d .  The phys i c a l  wor ld  has  some i nterest i n g  cha racte r i s t i c s ,  the  E 
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most i m portant of wh ich  is that it i s  shared .  Each  of us has  h i s  own u n i q u e  pe rspect ive and  yet it i s  a 

pe rspect ive on a p l ace that we can re l i a b l y  u se  a s  a c hanne l  among  o u rse lves .  The fact that we can  
c ommun i cate at a l l  i n  the phys i ca l  wor l d  i s  someth i n g  utte r l y  myste r i o u s .  But ,  neverth e l ess ,  we do  i t .  
The  phys i c a l  wor l d  a l so  has th i s  ve ry d i st u rb i n g  prope rty, f rom a p h i l o sophe r's p o i nt of v i ew, of be i n g  

ve ry stubborn l y  " there "  a l l  t h e  t ime .  Th i s  i s  s imp l y  i nexp l i c a b l e ,  but  seems re l i a b l e .  
T h e  phys i ca l  wor ld  unfortu nate ly has  anothe r  property wh i ch  i s ,  that i t  i s  ha rd t o  do t h i n g s  i n  

i t .  Th i s  i s  someth i ng  we  f i rst l earn i n  very e a r l y  c h i l d hood .  We  d i scover, much  t o  o u r  i ntense h u m i l i a­
t i o n ,  that not o n l y  a re we forced to l i ve i n s i d e  the phys i c a l  wor l d ,  we a re made of i t  and we a re a l m ost 
powe r l ess  in it. We are not born as Supe rman ,  a b l e  to fly a round  and  p i c k  up a b u i l d i n g  and  tu rn i t  
u ps i de -down,  a s  much as l i tt l e  c h i l d ren  may try to act l i ke tha t .  We a re actu a l l y  extreme ly  l i m i ted .  We 

can 't get  to o u r  pa rents eas i ly, we can 't get to o u r  food  eas i l y, we need he l p .  The ear l i e r  back i nto my 

c h i l d hood I remember, the mare I remember  an  i nte rna l  fee l i n g  of a n  i n f i n i te poss i b i l ity for sensat ion  
and  percept i on  and  form and the frustrat ion of reconc i l i n g  t h i s  with the phys i ca l  wor l d  outs i d e  wh i ch  

was very very f ixed ,  very d u l l ,  and very frustrat i ng-rea l ly someth i n g  l i ke a p r i son .  As we g row u p ,  we 

so rt of overcome the fru strat i on  of the phys i c a l  wor ld  and  ca l l  o u rse lves adu l ts .  We d i scover i n  ea r l y  
c h i l d hood wh at programmers i n  the Un ited States wou l d  ca l l  a " hack "  that we use  to co pe with the  d i f­

f i c u lty of d o i n g  th i ngs in the phys i ca l  wor l d .  That hack  is ca l l ed  "symbo l s . "  A symbo l  is bas ica l l y  a way 
of u s i n g  the pa rts of one 's body that one can move as  fast a s  one t h i n ks and fee l s  to refer to the rest 
of the u n iverse that one can only change more s l ow ly, i f  at a l l .  These a re one 's hands and mouth  and  

tong u e  and  to a l esser extent, the rest of one 's body. By the way, my def i n i t i on  of "the body "  i s :  i t  i s  the 
pa rt of the wor ld  that you can use as  a too l  of commun i cat i o n ,  i t  i s  the part that you can change .  I t 's 
poss i b l e  to i nterpret one 's act iv i t ies ,  one 's q u i c k  act iv i t i es  as refe rences to a l l  the othe r  th i ngs  that one  
can 't do  q u i c k ly. So ,  fo r  i nsta nce,  I move my mouth and  say the sentence ,  " I  am go i n g  to r i de  a g i ant  
worm to the r i n gs  of  Satu rn , "  and you can unde rsta nd  what I mean .  But  i n  order  for me to actu a l ly 

genet i ca l ly e n g i neer  a g i ant warm that cou l d  s u rv ive i n  a vacu u m ,  get it out to the r i ngs  of Satu rn ,  and  



have it not fa l l  t hough  them ,  and  so forth, wou l d  ca l l  for cons i derab le effort. It m i gh t  take a cen tu ry o r  
more .  So ,  the  use of symbo l s  i s  essent i a l l y an  effi c i ency t r i c k  t ha t  a l lows us  to sha re t h i n g s  that  wou l d  
otherwise be i naccess i b l e  beca use  o f  o u r  power lessness i n  the phys ica l  wo r l d .  

N ow, I want  to stress t ha t  t h i s  s i t uat i on  i s n 't comp l ete ly negat ive .  By us i ng  symbo l s  we have  
deve l oped  a ma rve l o u s  fac u l ty. And the sym bo l s  themse lves have  taken on  a l i fe of the i r  own ,  a n d  a re 

very beaut i fu l .  They a re f i l l e d  with poetry and  puns  that wou l d  not have ex i sted had  we s i m p l y  been  
very powerf u l ,  had  we been  a b l e  to make  these g i a nt worms i n  t he  fi rst p l a ce .  But ,  neverth e l e s s ,  i t  i s  

i nterest i n g  that v i rt u a l  rea l i ty now prov i des  us  with an  a l ternat ive t o  go back  and  exp l o re what m i g ht 
have been ,  had  we had that power i n  the u n iverse and  had deve loped t h i s  a l ternate stream of com­

m u n i ca t i on  I ca l l  post-sym bo l i c  c ommun i ca t i on .  I t 's no t  i n  any way opposed to sym bo l s  That wou l d  be 
ab s u rd .  We have evo lved to the po i nt that our  bra i n s  have g rown s imp ly in  o rde r  to cope w i th  sym­

bo ls  in  the form of l a n g uage .  

The f i rst p re req u i s i te f o r  post-sym bo l i c  commun i cat ion  i s  shared v i rt ua l  r ea l i ty. The second  i s  
a n  a b i l ity t o  c reate a wor ld  q u i c k l y  and  e a s i l y  wh i l e  o n e  i s  i n  v i rtua l  rea l i ty. T h i s  a b i l i ty doesn 't ex i st 
yet, but  I be l i eve it wi l l .  Th i s  i nvo lves hav i ng  some method that a l l ows a person to p rog ramme  a v i r­
t u a l  wor ld  i n  a l l  a spects of form and  behav io r  as q u i c k l y  as ta l k i n g  about i t .  Th i s  wou l d  y i e l d  a s i t ua ­

t i o n  that m i ght  be  desc r i bed  as  a s ha red ,  i ntent i o na l  wa k i ng  d ream i n  wh i ch  everyth i n g  i s  poss i b l e  
and  eve ryth i n g  i s  re l a t i ve ly  easy and  eve ryth i n g  i s  shared .  Th i s  s ituat i on  h a s  s i m p l y  never  ex i sted 
befo re .  We have never  had  th is i nterest i n g  i ntersect i on  of rea l i t i e s .  Th i s  i s  a comb i na t i o n  of the ob jec­

t i v i ty of the phys i c a l  wor ld  with the u n l i m i tedness and the uncensored content  n o rma l ly a s soc i ated 
with d reams o r  ima g i nat i on  with the sponta neous  com posa b i l ity of l a nguage .  

One  comment abou t  the object iv ity and sharedness o f  v i rtua l  rea l i ty. Vi rt ua l  rea l i ty f i t s  i nto 

exact ly the same n i che  between  peop l e  that i s  no rma l ly taken up  by the phys i ca l  wor l d .  No more ,  n o  l e ss .  
So ,  the types of i nteract ions  tha t  peop l e  have  i n  t he  phys i ca l  wor ld are acceptab l e  i n  v i rtua l rea l i ty. 

What we have in v i rt u a l  rea l i ty is the a b i l i ty to d i rect ly make up sha red rea l ity i n stead of  ta l k­

i n g  abou t  i t .  I n stead of s imp l y  desc r i b i n g  t h i n g s  you make them .  You make the b i g  worm and  take i t  
to Satu rn . Th i s  i s  actua l l y  a very s i m p l e  i dea  and  most of the pract ica l ,  commerc i a l  a p p l i ca t i ons  of v i r­

t u a l  rea l ity actu a l l y  re l y  on exact l y  th i s  i d ea .  For i nstance ,  when an arch i tect uses  a v i rt ua l  rea l i ty to 
show a c l i en t  b u i l d i ngs ,  the c l i ent says: "We i l ,  l et's move t h i s  w indow ove r, "  and s i mp l y  moves it . That 

i s  post-symbo l i c  c ommun i ca t i on .  They a re actua l l y  i n  the b u i l d i n g ,  and no  longer  re ly ing on  mode l s  or  
a n i mat i ons  o r  spec i f i cat ions o r  b lue p r i nts . They a re dea l i n g  with a d i rect expe r i ence  not a represen­
tat i o n  of an  expe r i ence .  Th i s  way of c ommun icat i ng  without representa t i on ,  with actua l  expe r i e n ce  

i tse l f ,  i s  f o r  me  the reason  why  v i rtu a l  rea l i ty i s  impo rtant .  
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A r s  E l e c t r o n i c a  9 2  

E n d o p h y s i c s - P h y s i c s 
t r o m W i t h i n  

A new sc ience ,  endophys i cs ,  i s  i nt roduced .  O n l y  i f  o ne  i s  outs i d e  of a nont r i v i a l  u n iverse i s  a 

comp l ete desc r i pt ion of the l atte r poss i b l e-as when you have it i n  you r  compute r, for  examp l e .  The 

laws that app ly when you a re an  ins ide pa rt a re ,  i n  gene ra l ,  d i ffe rent ( endophys i cs  i s  d i fferent f rom 
exophys i cs ) .  G öde l 's proof i s  the f i rst examp l e ,  i n  mathemat i c s .  I n  phys i c s ,  i t  i s  de s i r ab l e  to have 

exp l i c i t  observers i n c l uded in the model  wor l d .  B ra i n  mode l s  a re a case in po int .  Mac roscop i c  b ra i n  

m o d e l s ,  however, are non-exp l i c i t  i n  gene ra l .  The refore ,  a n  exp l i c i t  m i c roscop i c  u n iverse i s  i ntroduced 

i n  te rms of a forma l l y  one-d i mens i ona l  H am i l ton i a n ,  i n  wh i c h  "forma l  b ra i n s "  can a r i se  a s  exp l i c i t  d i s ­
s i pat ive structures i n  the sense of Pr igog i n e .  The pe rt i nent  endophys i c s  i s  st i l l  l a rge ly  u n known .  As a 

f i rst step ,  the  imp l i cat i ons  of hav i ng  the obse rver  conta i n  i n d i st i n g u i s h ab l e  pa rt i c l e s  ( G i bbs  symme­

try )  a re  cons i de red .  Campbe l l 's postu l ate-a m i c rova c i l l a t i o n  of t ime 's ax i s-is a n  i m p l i ca t i on ,  with 

N e l so n 's post u l ate and hence the Sch röd i n g e r  equat i on  fo l l ow i n g  as  co ro l l a r i e s .  Thus a " n o n l oca l "  
i n terna I i n terface i s  imp l i ed  by a l oca l  theory. M i c roscop i c  obse rver  propert ies  c a n  "pe r co l ate u p "  to 
affect the mac roscop i c  spat i o-tempora l  a ppearance of the mode l  wor l d .  Phys i cs  becomes dependent  

o n  b ra i n  theory. 

, 

\ 
.-

Oj o 
Endophys i cs  has  so fa r been l a rg e l y  conf i ned  to 

s c i e nce  f i ct i o n .  The best examp l e  to date i s  probab l y  
S i m u lac ron  Three by G a l ouye , 1  wh i c h  for  s ame  reason 

was not i n c l uded  in H ofstadter and  Oe n nett's antho l ogy 

on  computer-cog n i t i o n  re l evant f i ct i o n . 2 G a l o uye l ets a 
who l e  wor ld  be s i m u l ated i n  a compute r. The ope rator i s  

a b l e  t o  l o o k  a t  t h i s  wor ld  th rough  t h e  eyes o f  t h e  " 1 0  
u n i ts "-the  paa r  i n h ab itants o f  the wor l d .  O n e  i n hab i ­

tant ,  code n umbe red  ZNO  ( Zeno ) ,  un fo rtu nate ly  has  to be 
u nprogrammed  because h e  g ets s u s p i c i o u s  a nd  i s  about 
to i nfect the rest of the c ommun i ty. O n l y  l ate r  does the 

ev idence  accumu late ,  to h i s  creator, that h e  too-but 
perhaps  you w i sh  to  read the story for yourse l f .  ( Event ua l l y, the  two l overs ,  f rom d i fferent l eve l s ,  come 
to l i ve happ i l y  eve r  afte r, s i nce ,  afte r a l l ,  t he re i s  no  bas i c  d i fference between two s ub rou t i nes  that 
forma l ly be l a ng  to two d i fferent leve l s  of nes t i ng ) 



Sho rt l y  afte r Göde i 3  had  g iven h i s  famous praof about the i ncomp l eteness  ( f rom the i n s i d e )  of 
a r i t hmet i c ,  h is c l ose fr i e nd  von N eumann4  began to ponder  the q uesti o n  of whethe r  o r  not quan t um 

mecha n i cs m i g ht represent a n  a n a l og a u s  l i m i tat ion-with i n  a phys i ca l  rathe r  t han  mathemat i ca l con ­

text. Fortunate l y, von Neumann  was ab l e  to p rave that  i f  q uantum mechan i c s  i s  a c cepted as  the most  
bas i c  phys i c a l  t heo ry, wh i c h  conta i n s  a l l  poss i b l e  others as  spec i a l  cases ,  then  the re  i s  no  need  to  

worry. The structure of q u a nt um mechan i c s  happens to be such that  "the state of i nformat ion of the  
observer  rega rd i n g  h i s  own state"  cance l s  out  f ram the forma l i sm . 5  That  s u c h  a type  of res u l t  i s  pa r­

t i cu l a r l y  l i ke l y  to k i n d i e  s u s p i c i o n  i n  c e rta i n  vu l ne rab l e  i n d i v i d ua l s  d i d  n ot oce u r  to von Neumann ,  

s i nce  h e  cou l d  n o t  poss i b l y  h ave  r e ad  G a l ouye .  
About ha l f  a centu ry before ,  a s i m i l a r  phys i ca l  n i g htmare had a l ready h a u nted Maxwe l l  ( and  

a pparent ly  Loschm i dt befo re  h im ,  acco rd i n g  to Bo ltzmann ) .6 Maxwe l l  eon jectu red that  there m i g ht i n  

gene ra l  ex ist  two types  of phys i c a l  l aw. An examp l e  of the f i rst k ind wou l d  be N ewton 's l aw when  

app l i ed to c e l est i a l  bod i es-it wou l d  make no  d i fference whethe r  or not you sat o n  one  of the bod ­

i e s .  An examp l e  of the second k i n d  wou l d  be Newton 's ( a r  Ham i l ton 's )  l aw aga i n ,  bu t  app l i ed  to the 
many m i c rascop i c  bod i es  wh ase  mecha n i c a l  i nteract ions  supposed ly unde r l i e  the rmodynam i c s .  B e i n g  

conf i ned  to t h e  s ame  wo r l d  h e re cou l d  make a s i g n i f i cant d i fference .  U n expeete d l y, t h i s  p o i n t  o f  
Maxwe l l 's ,  wh i ch  was  made  i m p l i c i t l y, wen t  u n not iced .  T he  two famous  p raofs7 , 8 t h a t  t h e  d emon  

cannot wo r k  ( o pe n i n g  and  s h utt i n g  a l i tt l e  t r a p  d oo r  o f  near-zera mass at the  r i g h t  moments )  both da  

no  mo re than  s how t ha t  the demon ,  i f  i t  i s  a su bsystem ,  cannot da  its j o b  w i t h  a net  g a i n ,  i n  e a se  i t  

has  to go  a bout  h u nt i ng  for  i nformat i o n .  The fact tha t  a mueh s imp le r  mechan i s m  su f f i ces  ( an  asym­

metr i e  tra pdoor  of nea r-zero mass needs on ly to be eoo led reg u l a r ly-i . e . ,  a n  i n f i n i tes ima l  amount of 

k i ne t i c  ene rgy m ust be removed-to gene rate the same effect a utomat i c a l ly )9 was ove r l ooked .  Th i s  
overs i g ht i s  neverth e l e s s  m i no r  s i nce  ope ra t i ng  a near  perfect coo l i ng maeh i n e ,  fo r  a s i n g l e  part i c l e ,  

pres umab l y  req u i res  t h e  same i nvestment of free ene rgy once more,  f ram a s u bsystem .  But  what i s  

t h e  s i t ua t i on  f o r  a non-su bsystem?  I ndeed ,  whe n  s i t t ing a t  t h e  keyboard of a h i g h e r- I eve l  computer  i n  
wh i ch  a H a m i l ton i a n  u n iverse i s  b e i n g  s i m u l ated ,  do i ng  e i the r  mag i c  t r i ck  (ad j u st i n g  t h e  tenth d i g i t of 

a part i c u l a r  pa rt i c l e 's pos i t i on  at  strate g i c  po i nts in t ime ,  o r  keep ing a pa rt i c u l a r  pa rt i c l e  cool a uto­
mat ica l ly )  wi l l  p rove e q u a l l y  feas i b l e .  

y 

Thus ,  the second law i s  endophys i ca l  i n  

nature .  Maxwe l l  was r i gh t  with h i s  s usp i c i o n .  S o  

was Smo l uehowsk i 1 0 s a m e  t i m e  l a te r  with h i s  

debugged vers i on  o f  t h e  demon .  H e  praposed that 

you try be ing a demon yourse l f :  j u st buy  one  of those 

modern i nfra red-sens i t ive n i g ht g l asses .  I n  add i t i on  

you need a bowl  o f  wate r, a da rk  room,  an  o rd i n a ry 
spoon ,  and two thermos bott l e s ,  o ne  red and one  

�- b l u 8 .  Then j u st wait and  s amp i e ,  with the spoon .  

S i nce you r  eventua l  success wi l l  be  the f i rst anyhow, 
you need not worry about  the  magn i tude of the 

The Rössler attractar effect. Any cons i stent effect that you a re ab l e  to pra-

duce without a fancy lab ( 1 0-1 0 deg rees )  wi l l  be 

f i n e .  Smo l u chowsk i  rea l i zed that i f  you a re s u re that th i s  tamed (macrascop i c )  vers i o n  of the demon wi l l  
b e  censored tao ,  you a s  a co ro l l a ry have t o  b e l i eve i n  the ex istence of ( f ram the mac rascop ic  po i nt of 

v i ew) cou nter intu i t ive non l oca l  macroscop ic  corre l at ions .  As he d ied the same year  he  made h i s  pro­

posa l ,  he  was not ab l e  to te l l  wh i c h  outcome he wou l d  abhor  more. Th i s  story (even i f  s l i ght ly  drama­

t i zed )  i s  exceed i n g l y  ha rd to te l l  s i nce  everyone tends to get the punch l i ne wra n g .  Aga i n ,  you need 

G a l ouye to po i n t  out  c l ea r l y  where you th i n k  the answer l i es .  
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N ext comes Ehrenfest's demon-E i nste i n .  I n  a l ette r, l l  Eh renfest compa red  E i n ste i n-in  h i s  

i n d efat i g a b l e  attempts t o  f i n d  a l oopho l e  i n  t h e  con s i stency o f  q uantum mechan i c s  ( i n  h i s  exchanges  

wi th  Boh r  i n  the Ehrenfests' home )-to a l i tt l e  jack - i n -the-box who wants to p l ay Maxwe l l 's demon  

a ga i n st the q u a ntum l aw. I ndeed ,  i n  mo re  recent t imes  the  q u a ntum non l o ca l ity1 2 has  t a ken  on a s im ­

i l a r  status to Smo l u chowsk i 's ear l i e r  proposa l .  
Two f u rther impo rtant names i n  t h e  h i story o f  e ndophys i cs  a re Popper  a n d  F i n ke l ste i n .  Poppe r  

ta l ke d  E i nste i n  i nto accept i ng  h i s  proof that com p l ete se l f-obse rvat i on  i s  i mposs i b l e  i n  ( cont i n u o u s )  

phys i c s ,  a nd  i nto be l i ev i ng  with h i m  that one  s ho u l d  try to f i n d  a Göde l -type formu l a t i on  of q u a nt um  

mechan i c s . 1 3  F i nke l ste i n  s e t  up  a program for  a " h o l i st i c  phys i c s "  i n  the  sp i r i t  o f  the  l ate Boh r, bu t  d i s ­
c rete . 1 4  H e  hypothet i ca l l y att r i buted both the q u a nt um l i m i t  and  the re la t iv i s t i c  l i m i t  to the  fact that  
the  who l e  i s  not ava i l a b l e  to us o  Later, he  gave an  exp l i c i t  examp l e  of a f i n i te-state mach i n e  (com­

puter )  whose i nterna l ly eva l uated state i s  d i fferent f rom that ex i s t i ng  object ive l y 1 5  St i l l  l a ter  he 

e ndo rsed the two not ions " phys i cs  from without"  a nd  " phys i c s  trom with i n " 1 6  by c o i n i n g  the tec h n i ­

c a l  te rms 1 7  used  i n  t h i s  chapter. T h e  name "endophys i c s "  i s  h i s  c reat i o n .  

I n  the  same  year, Fred k i n 1 8 desc r i bed the f i rst exp l i c i t .  com puter  ca l c u l a b l e  mode l  u n iverse a 
reve rs i b l e-type ce l l u l a r  a utomat i o n .  ( Ea r l i e r  c e l l u l a r-automata "wor l ds "  l i ke Conway's game  l i fe 1 9  had  
a l l  been  i r revers i b l e . )  Th i s  u n iverse cons i sts so l e l y  of i nformat i o n .  Once  you assume  i t  ex i sts ,  i m p l e ­

mented i n  whatever k i nd  o f  ha rdwa re you may th i n k  o f ,  i t s  p ropert i e s  a re f i x ed .  I t  sta rts prod u c i n g  

" mater i a l "  p ropert i es  o f  i t s  own i n s i de-l i ke assem b l i e s  of b l a c k  p i xe l s  that mutu a l ly attract each  
othe r  with a def i n it ive force law l i ke Cou l omb's .  The ho  pe  i s  that .  eventua l ly, a l i l aws of natu re  a s  we 

know them m i ght  come out as an  imp l i cat i o n .  You on ly  have to h i t-by happensta nce-u pon the r i gh t  

revers i b l e  I D ea l  r u l e .  The number  of such l aws to be checked emp i r i ca l l y i s  u n known .  Poss i b l e  cou nter­
a rg u ments i nvok ing the ex istence of non l o ca l  phenomena  i n  q uantum mecha n i c s  a re an swered with 

the a rg u ment  that non i Dea l  co rre la t ions  over l a rge  d i stances have been  ab undant l y  observed i n  rea l ­
t ime  c ompu t e r  r u n s .  T he  d i chotomy between exophys i c s  and  endophys ics  i s  he reby i nvoked .  The o n l y  

ma jo r  p ro b l em  with th i s  exp l i c i t  mode l  wo r l d  i s  that ,  so  far, n o  d i s s i pat ive mac roscop i c  processes can  
be  s i m u l ated s i nce even  a s i ng l e  " e l ementary pa rt i c l e "  uses  u p  h u n d reds  of var i a b l e s .  I r revers i b l e  
" obse rvers"  can not yet b e  i n c l uded .  

Th i s  compute r  wor l d  therefore st i l l  be longs  to the f i rst o r  " gene ra l "  phase of endophys i c s .  

H e re ,  gene ra l l i m i tat i ons  that i nva r i ab ly  s how u p  f r om  the i n s i d e  a r e  s o ugh t .  Göde l  prov ided  the pa r­

a d i g m  and  Maxwe l l  the f i rst potent i a l  phys i c a l  exa m p l e .  I n  cont rast , the second or " spec i a l "  phase  of 
endophys i c s  w i l l  be bra i n  theoret i ca l .  Ass umpt i ons  that are not c omp l ete ly  gene ra l  and that enter i nto 

the p ropert ies  of exp l i c i t  observers ( '' b ra i n s '' )  a r i s i n g  in the exp l i c i t  mode l  wor ld  wi l l  be adm itted i nto 
con s i d e rat i o n .  This makes the connect i on  to G a l ouye 's ( a nd  Lem 's )  s c i e nce f i c t i on  2 even c l ose r. 
I n terest i ng l y, the f i rst potent i a l l y  consc i o u s  compute r  program was deve l o ped by Koss lyn and  
Schwartz . 20 L i ke i t s  foreru nne rs-of f i ct i o n  status pres umab l y-it i s  non - revers i b l e .  A l l  s uch  mode l s  

h ave  ye t  to be embedded i nto a more m i n i ma l  ( revers i b l e )  u n iverse .  O n  the othe r  hand ,  a conc rete 
exa m p l e  of a m i croscop i ca l ly spec i f ied world that " goes  a l l  the way up" to i n c l ude  mac roscop i ca l l y 
s u bsystems  such  as observers has so far been  l a c k i n g .  A spec i f i c  wor ld  of t h i s  type i s  cons i de red i n  
t h e  fo l l ow i n g .  

D iscuss ion 

Endophys ics i s  st i l l  i n  i t s  i nfancy. A s i n g l e  exp l i c i t  mode l  u n i verse that reaches  th ro ugh  a l i l ev­

e l s  from the m i c roscop i c  to the macroscop i c  is ava i l a b l e  so fa r. A gene ra l  endophys i c a l  ques t i on  worth 
con s i d e r i n g  i n  deta i l  i s  the second law with a l l  i ts ram if i cat i o n s .  Other  q uest ions  of the same sta nd­

ing have yet to be ident i f ied .  I n  the rea l m  of spec i a l  e ndophys i cs  ( i nc l u d i n g  b ra i ns l .  most q uest i ons  



have a l so yet to be form u l ated .  The re may be othe r  "gene ra l "  spec i a l  ax i oms  to c on s i d e r  be s i d e s  that 
of obse rver- i n te rn a l  pa rt i c l e  i n d i st i n g u i s h a b i l i ty. 

Even though  i n d i st i ng u i shab i l i ty may tu rn out  to be but a m i n o r  determ i nan t  of an obse rver­
centered future endophys i cs ,  foc u s i n g  o n  it at the beg i n n i n g  may turn out  to have been  a l uc ky acc i ­

dent .  I t  h el ped show tha t  s imp l y  putt i n g  a reve rs i b l e  u n i ve rse i nto a compute r  a n d  r u n n i n g  i t  exo­

phys i c a l ly i s  not suff i c i ent  to u ncover i ts endophys i c s .  I n  add i t i on ,  h i nts at  the poss i b l e  ex i s tence  of 

endophys i c a l  p ropert ies  even where the re a re no  exophys i ca l  corre lates ,  a re needed .  The G i bbs sym­
metry s i m p l y  does not exist exophys i c a l ly .  In a s i m i l a r  ve i n ,  both quas i - pe r i od i za t i on  and m i c rova c i l ­

l a t i on  c o u l d  e a s i l y  have b e e n  ove r l ooked were i t  n o t  f o r  certa i n  counte r i n tu i t ive theoret i c a l  p roposa l s  

a l ready present i n  t h e  l i te rature .  

Part i c l e  i n d i st i n g u i s h a b i l i ty has  the fu rther  asset that it i s  a "max i m a l l y  s i m p l e "  p rope rty. 
Symmetr i es  and  reduced representat i o n s  a re stap l e s  of any phys ica l  t heo ry. Traj ecto r i a l  m u l t i u n i q u e ­

n e s s ,  neverth e l ess ,  i s  fa i r l y  nontr iv i a l  conceptua l ly . To t h e  present autho r, f o r  exa m p l e ,  i t  i s  st i l l  n o t  
c l e a r  to wha t  extent one  may trust a symmetry a rg u ment .  T he  h i story o f  t h i s  p ro b l em  goes  back  to 

Le i b n i z .  A mo re gene ra l  endophys i c a l  p ro b l em  worth d i scuss i ng  i s  the cons i stency q u est i o n .  C an  any  

endophys i c s  be cons i stent? To wh at extent i s  " i nterna l  cons i stency" a s su red  for  i ts  i n h a b i tants? 
Spec i f i c a l l y, can  i nte rna l  i nterfaces  be cons i stent? How far can the i r  c ons i stency go ,  max i m a l l y? Are 

on ly s i n g l e  measu rements covered ( d i rect cons i stencyl .  o r  are der ived gene ra l  l aws i n c l u ded  ( i n d i rect 
cons i stency)? What about "meta-con s i stency" : a meta-cons i stent wo r l d  wou l d  be one in wh i c h  i t  is 

i m poss i b l e  even to emba rk on  a endophys i c a l  prog ram .  

These q u est i o n s  may a l l  be stu d i e d  exp l i c i t l y  us i ng  the present  mode l  u n iverse (w i th  the  r.t 

p l a ne  form i n g  the m a i n  too l ) .  I t  is a l so pos s i b l e  to study the quest ion of " cons i stent  i nteract i o n "  
between  two observe rs-with a s i n g l e  obse rver  who  re l i es on  h i s  own ea r l i e r  notes form i n g  the  s i m ­

p l est c a s e .  T h e  nontr iv i a l  nature o f  t h e  l atte r  p rob l em  was f i rst seen ,  i n  rea l phys i c s ,  b y  Be l l .  The  cen ­
tra l endophys i c a l  i dea  of meta - unmaska b i l i ty goes back to Descartes .  He  i nt roduced the  fa i rness  

q u est i o n  ( i n  Frenchl  Can  a mauvaise plaisanterie (a bad joke )  be exc l uded ,  f rom the i n s i de ?  Both  

E i nste i n  and  Boh r  concu rred with h im that a phys i cs  whose cons i stency was not g reat e n o u g h  to pe r­

m i t  at l east a g l i mpse at the reasons for  o u r  own l i m itat ions  wou ld be a "bad  d ream . "  

I n  t h e  present context. Ca rte s i a n  fa i rness assumes a d i ffe rent r i n g .  S i m u l at i n g  a H a m i l t o n i a n  
wo r l d  i n  a com puter hav i ng  f i n i te prec i s i o n  i s  bound  t o  destroy many  " s ub t l e "  conse rvat i o n  l aws .  

S u bt l e  conse rvat i on  l aws wou l d  be those that preserve the cons i stency of i ntern a l  i nterfaces .  The  sec­

ond  l aw, for  examp l e ,  i s  subt le s i nce  i t  can  be  v i o l ated by " I ate d i g i ts" (cf .  ref .  9 ) .  Even m o re s u bt l e  
wou l d  be a mac roscop i ca l l y  cons i stent wo r l d  that neverthe l ess i s  non loca l m i c roscop i c a l l y. Two mu t u ­
a l l y i nc ompat i b l e  mac roscop i c  wo r l d s  c o u l d  then  coex i st, i n  ha rmony, i n  the same  m i c roscop i c  wor ld  

(exophys i c s l  On ly  i f  s uch  a l eve l  of a ccu racy i s  g ua ranteed can the  i n h ab i tants e m bark  o n  a n  endo ­

phys i c a l  path .  
The refore, a revers i b l e  i nteg rat i o n  rout i ne  wi l l  be req u i red i n  the l o ng  ru n .  I ts u se  w i l l  a m o u nt 

to putt i n g  a d i s c rete " I owest- I eve l u n iverse"  unde rneath the present one .  L i ke F re d k i n 's u n ive rse ,  the  

l atte r ough t  to be "em beddab l e "  aga in  i nto a cont i n uous  Ham i l ton i an .  To conc l u de ,  endophys i c s  i s  the  
study of demons .  Maxwe l l 's demons  do not work-they are each b locked by a censo r. F u rt he r  d emons  

and  th e i r  cor respond i n g  censo rs wi l l  h ave  to be uncovered . Understand i n g  i n c omp l eteness  i s  worth 

mo re than  comp l eteness-a l most .  
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A r s  E l e c t r o n i c a  9 3  

T h e  T h r e e  F a c e s  o f  L i f e  

Abstract 

Contra ry to the che r i s hed  b e l i efs of many phys i c i sts and other u n reconst ructed mater ia l i sts ,  
there 's a lot mo re to l i fe than mere  matter. What d i st i ng u i shes l i fe f rom non - l i fe i s  how the matte r  is  

orga n i zed .  Th is  paper  a rg u e s  that by retreat i ng  from a reso l ute ly  Newton i a n  v i ew of l i fe and  retu rn ­

i n g  to the Ar i stote l i a n  not i o n  of c au sa l  catego r i es ,  we open up  new avenues  of app roach  to u n de r­

sta nd i n g  the i nterconnec t i ons  among  ea r l y  l i fe forms, a rt i f i c i a l  l i fe in mach i n es ,  a n d  poss i b l e  types  of 

extrate rrest r i a l  l i fe .  

1 .  The Why of  Life 

Accord i n g  to Caesa r, a l l  G a u l  was d iv ided i nto three parts .  And so i t  i s  too when i t  comes  to 

the study of l i fe ,  where we f ind that  the deepest q uest ions seem to be  pa rce l e d  out  among  three 
seem i n g l y  d i st i n ct catego r i e s .  The f i rst, of cou rse ,  i s  j u st the wet ,  squ i s hy, ca rbon-based type of l i fe 

we ' re fa m i l i a r  with he re o n  Ea rth . I nto th is Category I fa l l  a l l  the usua l  o r i g i n-of- l i fe ( O R I )  q u est i o n s  

i n v o l v i n g  t h e  way  l i fe g o t  i t s  sta rt o n  t h i s  p l a n et .  Category I I  i s  o f  mu c h  mo re recent v i ntage ,  cente r­

i n g  l e ss  upon  how l i fe got  i ts sta rt a nd  mo re upon  the even deeper  quest i on  made  famous  by the t i t l e  
of E rw i n  Sch röd i n g e r's book ,  What  is Life? I n  t h i s  catego ry we  f i nd  t he  c u rrent work o n  a rt i f i c i a l  l i fe 

(AL) ,  wh i ch  seeks to a n swer Sch röd i n g e r  by construct i ng  l i fe based on patte rns of i nformat i o n  in s i l i ­

c o n  a n d  e l ectr ic ity i n stead o f  i n  ca rbon a n d  water, o r  poss i b l y  on new comb i na t i ons  o f  t h e  sta nda rd 
c hem i c a l s  const i tu t i n g  l i fe h e re on Ea rth . F i n a l ly, we come to c l ose encou nters with l i fe of the t h i rd 

k i n d :  extrate rrest r i a l  l i fe fo rms ( ET ) .  H e re i n  Category 1 1 1  res i de  a l l  the puzz l es  i nvo l v i n g  the poss i b l e  

nature o f  l i fe forms evo l v i n g  u n d e r  env i ro nmenta l cond i t i ons  rad i ca l ly d i ffe rent ( o r, pe rhaps ,  i n d i s t i n ­
g u i s h a b l e )  f r om those fo u n d  he re o n  Ea rth . S u pe rf i c i a l l y, t hese  catego r i e s  appea r  to be p retty much  

d i sconnected .  O r  at  l east that 's the i mpress i on  one ge ts  f rom a read i n g  of the s c i e nt i f i c  research l i t­
e ratu re .  In the sp i r i t  of the Ars E l ectron i ca  Sympos i u m  on Art i f i c i a l  L i fe ,  1'11 a rg u e  in t h i s  pape r  that 

not on ly are these catego r i e s  i next r i cab l y  i ntertwi ned ,  but that the adopt ion of a mo re funct i ona l ly o r i ­
e n ted  v i ew of l i fe opens  u p  the poss i b i l ity for a prod uct ive i nterchange  of i d eas  among  research 

groups p u rs u i n g  work in  the  d i fferent catego r i es .  
J ust about  the f i rst t h i n g  every j o u rna l i st l ea rns i s  t ha t  a good  story a n swers the fo l l ow i n g  

q u est i o n s :  Wh07  What7 When7  Where7 Why7 How7 App l y i ng  th i s  t r ied and  t r u e  p r i n c i p l e  to the story 

of l i fe ,  i t 's not too ha rd to see  that these i nterrogat ives can be apport i oned  out  among  o u r  Catego r i e s  

1-111 as fo l I ows:  
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• O r i g i n  of L i fe .  How7 Stud i e s  of the o r i g i n  of l i fe on Ea rth tend to focu s  a l most exc l u s ive l y  on q ues ­

t i o n s  beg i n n i n g  with " How. " Occas i ona l l y, a s  with va r i o u s  extrate rrestr i a l  t heo r i es  of the o r i g i n  of l i fe ,  
"Where"  ente rs the p i cture tao .  But ,  by and  l a rge ,  OR I  stud i e s  center  on  the construct i on  of va r i o u s  

scena r i o s  f o r  h ow l i fe g o t  go i ng  on Earth fou r  b i l l i o n  years o r  so a ga .  Th i s  i s s ue  i s ,  o f  c o u rse ,  i nt i ­
mate l y  bound  up  with t he  so-ca l l ed " o r i g i n s  p ro b l em " ;  we ask  wha t  features o f  mode rn l i fe fo rms 

wou l d  be p reserved were we ab le  to " rewi nd the tape"  a nd  sta rt the process a l l  over a g a i n .  We' l I  
retu rn t o  t h i s  q u esti on later. 
• Art i f i c i a l  L i fe :  What? The key i s sue  a round  wh i ch  most AL stu d i e s  revo lve i s  Sch röd i n ge r 's fa mou s  

q u es t i o n :  Wh at i s  l i fe? P u t  more spec i f i ca l ly, we  ask  i f  a s u i ta b l y  o rgan i zed  pattern of i nformat i o n  i n  
a ma c h i n e  can  ever const i tute a genu i n e  l iv i n g  o rg a n i sm?  S o  the ope rat ive ward he re i s  "What . "  
• Extrate rrest r i a l  L i fe :  Wh07 Where? When 7  "Where a re they7 " Th i s  was  E n r i c o  Ferm i 's famous  reto rt 
to the  c l a i m  that the u n iverse must be f i l l ed with ET's . Stu d i es over the i nterve n i n g  ha l f  centu ry or so  

have cente red  most ly on  where  to l ook ,  wh at to l ook  for, a n d  when w i l l  we f i n d  sameth i n g  ( someone? ) .  

The  most str i k i ng  aspect of th i s  l i st of j o u rna l i s t i c  i nter rogat ives i s  the s i n g u l a r  a bsence of 
"Why. " So  i f  Sch röd i nge r 's quest ion gove rned stu d i e s  of l i fe i n  the  20th centu ry, I 'd l i ke to pred i ct that  

2 1 st-cen tu ry stu d i es of l i fe wi l l  be dr iven by the q uest i o n ,  "Why i s  l i fe? "  Let me  take a page o r  two 
to exp l a i n .  

2 .  Frorn N ewton to Aristotle 

The bas i c  goa l of mode l i ng ,  mathemat i c a l  o r  othe rw i se ,  i s  to a n swer the q u est ion  "Why? " 

Accord i n g  to N ewton (a phys i c i st ) .  the cor respond i n g  " Because "  i s  g i ven i n  te rms of l o ca l  i nteract i o n s  

i nvo l v i n g  mater i a l  pa rt i c l e s  and unexp l a i n a b l e  forces .  A r i stot l e  ( a  b i o l og i st )  had a q u i te d i fferent way 
of say i n g  " Because . "  

I n  Ar i stot le 's v i ew, the "Why" of t h i n g s  can  be  desc r i bed  i n  terms of three bas i c  ent i t i e s :  ( i )  

the mate r i a l  s ubstance compr i s i n g  phys i c a l  obj ects, ( i i )  t h e  abstract o r  geomet r i c  forms that objects 
can  a s s ume ,  and ( i i i )  the processes of change  by which e i t he r  the su bsta nce o r  the form may be tra ns­

formed .  Thus ,  Ar i stot l e 's " Beca use"  resu l ts i n  fo u r  d i sj o i nt and  i n e q u i va l ent causa l  catego r i es  wh i c h ,  
t a k en  tagethe r, prov ide a comp l ete answe r t o  "Why" the  wo r l d  i s  as  i t  i s o  T he se  causa l  catego r i es  a r e :  

• M ater i a l  cause-th i ngs  a re as they a r e  beca use  of the matte r  o f  wh i ch  t h ey  a re composed ;  
• Effi c i ent cause-th i ngs  a re as  they are beca use  of the e ne rgy that went i nto mak i n g  them as they 

a re ;  
• Fo rma l  cause-th ings  are as  they a re beca use  of the p lan  acco rd i ng to wh i ch  they were b u i l t ;  
• F i n a l  c au se-th ings  are as  they a re beca use  of the  d e s i re o r  wi l l  of someone  to have t h i ngs  take 

t he i r  c u rrent state . 

N ote that in the above scheme of t h i n g s ,  mate r i a l  c a u se  cor responds to s ubstance ,  with eff i ­
c i e n t  cau se  re l a t i ng  to  processes fo r  c hang i n g  the s u bstance .  S i m i l a r l y, form a l  cause  exp l a i n s  the 

a bstract o r  geometr ic form of an  ent i ty, with f i na l  cause desc r i b i n g  how one  changes the fo rm .  Th i s  

scheme exp l a i n s  why there are four  bas i c  causes  i n  the Ar i stote l i a n  v i ew of the wor l d ,  a nd  not th ree 
o r  f ive o r  3 ,469 .  

I n  the  ep i stemo l ogy of Ar i stot l e ,  a l l  th ings can  be  exp l a i ned by i nvo k i n g  the fo u r  bas i c  caus­

es ,  each  cause i l l um i nat i ng  a d i fferent f undamenta l  a spect of the system at hand .  We can  a l so i n te r­
pret these i n e q u iva lent  causa I categor i es  by t h i n k i n g  of each  category as be i n g  concerned with the 
m a n i p u l at i o n  of " someth i n g "  as  i n d icated i n  Tab l e  1 .  



Table 1. Aristotelian Causal Categories and Manipulations 

Cause 

Mater ia l  

Effi c ient 

Forma l  

F i na l  

Property Man ipu lated 

Phys ica l  Matter 

Energy 

I nformation 

Des i re; Wi l l  

I nterest i ng l y  e nough ,  both t h e  N ewton i a n  a n d  Ar i stote l i an exp l a natory s c hemes  ta l k  about  
the same  th i ng :  a mate r i a l  s ubstance and  the  process by  wh ich  th i s  s u bstance  can  c h a n ge .  H owever, 

i n  the  Ar i stote l i a n  p i c tu re  su bsta nce  i s  not  enough ;  one a l so needs the i dea  of form a n d  some  k i nd  of 
dyna m i c  by wh ich one form can be t ransformed i nto another. This latte r idea i s  tota l ly absent  from the  

Newton i a n  p i ctu re .  I n  pa rt i a l  campensat i on ,  the  Newton i an  setup  offers a mathemat i c a l  a ppa ratus by  

wh i ch  we can encompass both  the  pa rt i c l e s  (mate r i a l  cause )  and the fo rces  (e ff i c i e n t  cause )  that  con ­
s t i t u te  the  hea rt of the  Newto n i a n  mode l i n g  parad i gm .  The Ar i stote l i a n  p i ctu re  p rov i de s  n o  mathe­

mat i c a l  mach i n e ry, o n l y  a verba l desc r i pt i o n  of the causes .  l1 's i n struct ive to exa m i n e  th i s  d i c hotomy 

i n  a b i t  mo re deta i l  i n  o rder  to get  a fee l for  what must be done to extend the  N ewto n i a n  forma l i sm  

t o  accommodate t h e  add i t i o n a l  Ar i stote l i a n  causes .  
N ewton 's Second Law i s  u s ua l ly wr i tten as  the d i fferent i a l  equat i on  x ( t )  = F ( t ! ,  x( O ) = xO where 

x(t) i s  the  state of the system of pa rt i c l e s  at t ime  t, the quant i ty F represents t he  u n exp l a i n ed  exter­

nal forces, and xO i s  the i n i t i a l  state of the  system .  For our pu rposes, i 1 's mo re conve n i e nt to write t h i s  

re la t i o n s h i p  i n  i nteg rated f o rm  as  x(t ) =xO+fto<1>(s )ds where <1> ( s )  =fsoF ( r )d r. 

N ow we can ask  the  q uest i o n :  Why i s  the system i n  the state x(t) at t ime  t? N ewton can  g ive 

on l y  two answers :  

1 )  The system i s  i n  the  state x(t ) at  t ime t because i t  was i n  the state xO at t ime to ( mate r i a l  cause ) ;  
2 )  The  system i s  i n  the state x ( t )  at t ime  t because the operator fAo transfo rmed the  i n i t i a l  state to  

the  state at t ime  t (eff i c i e nt cause ) .  

Thus ,  the Newton i a n  f ramework has  ne i ther  the need no r  the  room to accommodate t he  add i ­

t i o na l  Ar i stote l i a n  catego r i es  of fo rm a l  and  f i na l  causat i o n .  Same wou l d  a rgue ,  myse l f  i n c l u ded ,  t hat  

t h i s  fac t  mo re than any other  accou nts for  the  ba n i s hment o f  formal and  espec i a l ly f i na l  c a u se  from 

po l i te sc i en t i f i c  conversat i o n  for  the  bette r pa rt of three centu r ies .  There i s  j u st n o  room to f i t  t hem 
i nto the  c l ass i ca l Newton i a n  f ramework .  

I n  actu a l i ty, even the  most d i e - ha rd Newton i an  u l t imate ly came to recog n i z e ,  a l be i t  i m p l i c it­

I y, that the  m i s s i n g  causa l  catego r i e s  wou l d  somehow have to be g rafted on  to the c l a s s i c a l  setup. In 

pa rt i c l e  systems ,  the ro l e  of fo rma l  cause  i s  u s u a l l y  ass igned to va r ious  paramete rs spec i fy i n g  i m por­

tant constants in the s i tuat i o n .  So  t h i n g s  l i ke as part i c l e  masses,  g rav i tat i o n a l  constants ,  e l ectr i c 

c ha rges ,  a nd  so on serve to c ha racter i ze  the  " p l a n "  of the system.  l1 's th ro u g h  t he  spec i f i ca t i on  of s uch  
parameters ,  a nd  the i r  i ncorpora t i on  i nto the  mathemat i ca l  framework, t ha t  form a l  c a u se  ente rs by t he  

backdoo r  i nto the Newton i a n  s cheme of t h i ngs .  But wh at abou t  f i na l  cause?  How does  N ewton dea l  
w i th  the i d ea  of des i re o r  w i l l ?  The  s imp l e  a n swer i s  t ha t  he doesn 't .  

When read i n g  Ar i stot l e 's account of the causa l  categor ies , ane i s  struc k  by t he  g reat  s i g n i f i ­

cance  he  attaches  to the  nat i on  of f i na l  c ause .  I n  fact. for Ar i stot l e  it seems that f i na l  cause  was j u st 

a l i tt l e  more  equa l  than any  of the  othe r  catego r i es ,  and he reserved h i s  g reatest respect a n d  k i ndest  

words for wh at wou l d  today be termed ( by N ewton i ans )  "te l e o l ogy. "  For the  k inds of p ro b l ems  that 

conce rned N ewton ,  i t  appea rs reasona b l e  to om it f ina l  causat ion from cons i d e rat i on  s i n ce  i 1 's d i ffer­
ent to imag i n e  non - l i v i n g ,  mate r i a l  pa rt i c l e s  hav i ng  any part i c u l a r  kind of wi l l ,  v o l i t i o n ,  o r  consc i ous -
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ness .  Thus ,  N ewton and h i s  successors had no need  to i nvoke any  of the i deas  assoc i ated with f i n a l  

c a u se ,  not i ons  l i ke goa l s ,  p l a n s ,  wi l l ,  o r  even se lf-refe rence ,  i n  the i r  ana lyses o f  phys i ca l p rocesses .  
F rom th i s  po int of v i ew, i t 's rathe r  easy to u n de rsta nd why the mathemat i c a l  mach i ne ry they 

e m p l oyed seemed perfectly adequate to the task at hand ,  even though  i t  conta i n e d  no  natu ra l way to 
accoun t  for  f i n a l  cause and dea l t  with even form a l  cause  in a rathe r  ad hoc manne r. Unfort u nate l y  for 

the b i o l o g i st, econom ist , and psycho l og i st, N ewton 's p resc r i pt i o n s  were too successfu l in answe r i n g  

q uest i ons  i n  phys i cs ,  chem i stry, and e n g i n e e r i n g ,  l e a d i n g  to a g rad u a l  emergence  of t h e  v i ew t h a t  i t 's 
a b reach of s c i e nt i f i c  et i q uette , if not down r i gh t  u n s c i e nt i f i c ,  to a l l ow anyth i n g  even smack i ng  fa i nt­

I y  of f i n a l  causat i on  to enter i nto po l ite sc i en t i f i c  d i sc o u rse .  In other words,  i f  you can 't use the meth­
ods  that  work i n  phys ics ,  then you ' re not do ing  sc ience .  And us ing  the methods of phys i c s  means  

work i n g  wi th i n  the Newton i an  parad i gm .  

N ewton 's wor ld  natura l ly s ee s  o rg a n i sms  as  b e i n g  j u st spec i a l  k i n ds  of mate r i a l  objects ;  i n  
s h o rt, b i o l ogy i s  a subset o f  phys i c s .  Ar i stot l e 's Weltanschauung, on t h e  other  h a n d ,  a r gues  f o r  j u st 

the oppos ite v i ew, imp ly i ng  that the phys i cs  of pa rt i c l e s  and forces i s  j u st a spec i a l  k i n d  of b i o l ogy. I n  
othe r  words ,  t h e  Ar i stote l i a n  wor l d  i s  o n e  i n  wh i c h  t h e  N ewton i a n  framework i s  j u st a spec i a l  case  of 
a b roader-based parad i gm  su i ta b l e  for c ha racte r i z i n g  l i fe .  Ar i stot l e 's p rob l em  was that h e  had no 

mathemat i ca l forma l i sm at his d i sposa l with wh i ch  to desc r i be  his causa l  theo ry. But mathemat i c a l  
mode l i ng has  deve l oped cons iderab ly  i n  the two t hou sand  years s i nce  Ar i stot l e .  And one  of i t s  f ru i ts  

h a s  been  the deve l opment of a forma l framework that h e l ps i n  putt i n g  severa l q u est ions  from O R I ,  AL ,  

a n d  ET onto a common foot i n g .  Th i s  framework i s  c a l l e d  a metabo l i sm-repa i r  system ( M , R )-system ,  
whose deta i l s  a re out l i ned i n  the papers 1 -6 .  S i nce these resu lts a re a b i t  tOD i nvo lved to go  i nto he re ,  

l e t  i t  su f f i ce  to say that  the (M , R )-systems rep resent  a n  a bstract vers i o n  of a l iv i n g  Ge l l .  N ow l et me  
i n d i cate how the  comb inat ion  of Ar i stote l i a n  causat i on  and  the ( M , R )-setu p he l p  i l l u m i nate some of 
the  key i s s ues  a r i s i ng i n  O R I ,  AL, and ET. 

3, The He"  or the Egg? 

A lmost a l l  compet i ng  theor ies of the  o r i g i n  of l i fe i nvo lve a scenar i o  in which e i t he r  the f i rst 

l i v i n g  t h i n g  was a metabo l i zer  that l ater acq u i red  the a b i l ity to rep l i cate ,  or is a rep l i cato r that then  

assumed metabo l i c  funct ions .  Thus the quest i o n :  Wh i c h  came f i rst, the hen  o r  the egg?  Wh i l e  the c u r­
rent  f l avor  of the month i n  the OR I  bus i ness  seems to be a rep l i cator-f i rst theo ry i nvo l v i ng  a n  evo l u ­

t i o n  of l i fe from se lf-cata lyt ic RNA, the ( M , R )-fra mework strong l y  suggests otherw i se .  On pu re l y  l og ­
i c a l  g rounds ,  q u ite i ndependent of phys i ca l s u bstrates l i ke n u c l eot ide bases ,  am i no  a c i d  cha i n s ,  a nd  
a l l  t he  othe r  pa rapherna l i a  o f  ea rth ly  l i fe ,  i t 's very d i ff i c u l t  t o  see how t o  sta rt w i t h  an  abstract re p l i ­
cator  l i ke RNA  a n d  make metabo l i c  act iv i ty eme rge  from rep l i cat i o n .  There d o e s  n o t  appea r  t o  be a n y  
stra i g htfo rwa rd way t o  beg i n  with t h e  process o f  rep l i ca t i on  and  u s e  "na tu ra l "  mathemat i ca l  opera­

t ions o n  sets and  maps to create a meta b o l i ze r. Pa rt of the d i ffi c u l ty comes  from the fact that the 
repa i r  c omponent of  the ce l l  acts as  an  i n te rmed i a ry between  re p l i cat ion  a nd  metabo l i sm ,  a nd  i t 's j u st 
far s imp l e r  to see how to make t h i s  ope rat i o n  come about  from someth i n g  rathe r  than hav i ng  to 
e merge from noth i ng .  And s i nce  rep l i cat i o n  i nvo lves n o  actu a l  p roduct ion of someth i n g  n ew, but o n l y  

the  copy i n g  o f  someth i ng  o l d ,  the re's j u st n o t  e nough  r aw mate r i a l  t o  work w i t h  to get the j o b  done .  

S o  i f  you be l i eve i n  t he  (M , R )-fra mework, t hen  you ' l I  a l so  b e l i eve t ha t  the t ime  i s  r i pe  for  metabo l i sm­
f i rst theo r i es  of OR I  t o  beg i n  mak i ng  a comeback .  Tu rn i n g  now to Ar i stot l e  and  h i s  causes ,  the  very 
na tu re of the O R I  prob lem seems to ca l l  for  a n  exp l a nat i on  of l i fe on Earth by mate r i a l  causat i o n .  And ,  

i n  fac t ,  the  d i st i n gu i s h i n g  characte r ist ic  se  pa rat i n g  the compet i ng  theor i es-se l f- rep R NA, hype rcy­
c l es ,  c l ay, i ron-is the k i nd  of mate r i a l  s u bsta nce they postu late that the f i rst o rgan i sm  was made  of. 

But the ( M , R )-framework i s  one g rounded in fo rma l  and f i n a l  cause ,  not mate r i a l  and eff i c i en t .  In pa r-



t i c u l a r, by th i n k i n g  i n  these  a l te rnat ive causa l  categor i es  we a re ab l e  to p i n  down the e l u s ive na t i on  
of f i n a l  c au se :  i t  i s  s imp l y  the c e l l 's p u rpose o r, i n  b i o l og i ca l  terms, i t s  d e s i g n  metabo l i s m .  Let 's b r i e f l y  
cons i de r  how these nat i o n s  enter  i nto the o r i g i n s  prob l em  d i scussed e a r l i e r. 

4. life by Des ign  

One  of the cornerstones  of the sc i ent i f ic  method i s  t he  nat i on  of a repeatab l e  expe r iment :  

resu lts obta i ned  by one  researche r  at one l a b  shou l d  be rep l i cab le  by other researchers work i n g  under  

s i m i l a r  c i rc umstances .  Th i s  i dea  of repeata b i l i ty enters as a centra l i n g red i ent i n  the p rocess  of va l i dat­
i n g  sc i ent i f i c  c l a i ms and  esta b l i s h i ng today's convent iona l  wisdoms on wh at natu re is and i s n 't do i n g .  

C l ea r ly, the rep l i c ab i l ity req u i rement  poses severe d i ff i cu l t i es  f o r  resea rchers i n  a reas l i ke the o ri g i n  o f  
l i fe , cosmo l ogy, evo l ut i on ,  and ,  i n  gene ra l ,  every a rea i n  wh i c h  there i s  a s i n g l e  s e t  o f  observat i ons  ava i l ­

a b l e  a n d  i n  wh i c h  t h e  system cannot b e  reset t o  the beg i nn i n g  a n d  a l l owed t o  start ove r a g a  i n .  Th i s  i s  

t h e  so-ca l i ed " o r i g i n s  p ro b l em . "  T h e  q uest i on ,  o f  cou rse ,  i s  wh  a t  c a n  be d o n e  t o  s u rmount  it? 
One l i n e  of attac k  on  the q uest ion  in o r i g i n-of- l i fe stud i e s  i s  to ask: S uppose we cou l d  rew i nd  

the t ape  a nd  l e t  the system sta rt ove r  aga i n .  A r e  there any propert i es  of ex i st i n g  l i fe fo rms t ha t  we 
wou l d  expect to see reappea r  i n  the new wor ld  of "Ea rth 1 1 " 7 I n  othe r  words ,  a re there ce rta i n  fea­

tu res of o rg a n i sms  that a re " gene r i c , "  and  that can be expected whe rever l i fe ex i sts? O r  i s  our  form 
of l i fe spec i a l  i n  every poss i b l e  way7 Recent ly, Wa lter  Fonta na and Leo Buss have exa m i ned  t h i s  i s s ue  

u s i n g  too l s  f r om  mathemat i ca l  l o g i c  and  evo l u t ionary theory) . l l They conc l u d e  t ha t  the re a re  i n deed 

s uch  gener i c  p ropert i e s ,  th i ngs  such  as  se lf-ma i nta i n i ng  organ izat i ons  ( se l f - repa i r l ,  ent i t i es  that  cat­
a l yze the i r  own re p l i cat i o n ,  and h i e ra rc h i c a l  o rgan i zat ion  of l i v i ng  ent i t i e s .  I n  a ce rta i n  def i n i te sense ,  

these res u l ts re l ate to what we m igh t  ca l l  the l o g i c  of l i fe .  So i n  the Ar i stote l i a n  scheme of t h i n g s ,  

t h ey  have  to da  w i t h  form a l  cause .  But  wha t  abou t  a rt i f i c i a l l i fe forms b u i l t  f r om  the u s u a l  mate r i a l s­
carbon ,  hyd rogen ,  oxygen ,  and  a l l  the  rest-of eve ryday l i fe? 

I t 's d i ff i c u l t  to read a newspa per  sc i ence page nowadays without  encounte r i ng  s ame  story 
about  how the wizards of mo l e c u l a r  b i o l ogy a re concoct i ng  new genet i c  patterns to c u re d i seases ,  

i n c rease c rop h a rvests ,  o r  e l i m i nate pests .  What's happen i n g  he re ,  o f  cou rse ,  i s  that the genet i c  e n g i ­

nee rs a re const ruct i n g  stra nds  of R NA/D N A  o f  a type never before seen  i n  any  natu ra l l y occu r r i ng  
o rg a n i sm .  Le t  m e  cons i de r  j u st one  examp l e .  

I n  1 992 ,  Ge ra l d  J oyce and  Ambe r  Beaud ry, researchers a t  t h e  Sc r i pps  I n st i tute i n  C a l i forn i a ,  

succeeded i n  coax i ng  a b i o l og i c a l  mo l ecu l e  to evo lve a rt i f i c i a l l y, d o i n g  i n  a few weeks wha t  natu re 

m i ght  take m i l l e n n i a  to pe rform 1 2 Sta rt i n g  with a popu l at i on  cons i st i ng  of t r i l l i a n s  of mo l e c u l a r  va r i ­

a nts of a stra nd  of R NA, J oyce and  Beaud ry evo lved an RNA enzyme tha t  wou l d  s n i p  stra nds  of DNA 

1 00 t imes  mo re effi c i en t l y  than  the sta rt i n g  mo l ecu l e .  I n  sho rt, these researche rs a ch i eved wh at m igh t  

be ca l l ed evo l ut i on  by " u n natu ra l  s e l ect i o n . "  Ear l i e r  work  had shown how to m i m i c  two of the t h ree  

i n g red i ents needed for  Da rwi n i a n  evo l ut i o n :  se l ect ion and  amp l i f icat i o n .  But  the c ru c i a l  i n g re d i ent  
added i n  the Sc r i pps exper i ment  was that i t  a l l owed mo l e cu l es to  a l so m utate ra ndom ly. S o  i n  o u r  

Ar i stote l i a n  categor i zat i o n ,  w e  can  exp l a i n  t h e  work o f  Joyce a n d  Bea u d ry b y  a p p e a l  t o  mate r i a l  cau ­

sat ion-but of a type never  before seen i n  a ny natura l o rgan i sm .  
Before c l o s i n g  the  a l l -tao-b r i ef d i scuss i on  o f  l i fe by  de s i g n ,  l e t  me  men t i o n  i n  pas s i n g  t he  

extens ive amou nt o f  wo r k  b e i n g  done  u nde r  the gene ra l  r u b r i c  " roboti c s . "  As anyone  who  saw the  f i l m  

" Sta r Wa rs"  i s  we i l  awa re ,  robots a re another  way t o  study l i fe by des i g n i n g  objects that captu re  the 

behav io ra l  a n d  cogn i t ive features of natu ra l orga n i sms-i nc l ud i n g  h uman  be i ngs l Now l e t  m e  sh i ft 

the ven ue  from rea l  l i fe to rea l a rt i f i c i a l l i f e .  
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5. life in silico 

I n  s umme r  1 99 1  Tom Ray, a p l an t  b i o l o g ist  i n  D e l aware ,  created a computer  program that 

reprod uces -unde rgoes spontaneous  genet ic changes ,  passes them on  to i ts  offsp r i n g ,  and evo lves 
new spec i es  whose i nteract i ons  m im i c  those of rea l b i o l o g i c a l  evo l ut i o n  and eco l ogy-a l l  without 

h uman  g u i dance  o r  i ntervent i on . 9  The s i g n i f i cance  of Ray 's p rogram was that i t  was the  f i rst l o g i c a l  

demonstrat i on  of t he  va l i d ity o f  t he  Da rwi n i a n  theory of evo l ut i o n .  Th i s  i s  exact ly  the goa l o f  the a rt i ­
f i c i a l l i fe rs :  to show that  the l og i c a l  structu re of l i fe i s  c omp l ete l y  i ndependent  of mate r i a l  cause .  True 

o r  not ,  j u st as  with work  on OR I ,  i n  AL tOD the re i s  someth i n g  to be ga ined by t h i n k i n g  i n  terms of other  
causa l  catego r i e s .  

For i n stance ,  Darwi n i a n  theory i m p l i e s  t ha t  the env i r onment  i n  wh i c h  a n  o rg a n i sm  deve lops  

wi l l  strong l y  i n f l u ence the phys i ca l  fo rm and  funct i on  of the orga n i s m .  T h i s  i s  a mate r i a l  cause  exp la ­

nat ion  for  why the vast major i ty of l i v i ng  th i ngs  on  Ea rth a re shaped  l i ke cy l i n d e rs with a ppendages .  

But  su ppose we have someth i n g  l i ke Ray's e l ectro n i c  o rg a n i sms  that evo lve with i n  the cozy  conf i nes  

of a computer's memory banks .  Th i nk i ng  i n  terms of mate r i a l  c ause ,  we can  ask :  wh at i s  the  shape of  

such  a n  e l ectro n i c  "bug"?  And what  wou l d  s u ch  a n  orga n i sm  see  when i t  l ooks  at its " e nv i ronment " ?  

And i n  what  way does  the bug  have  to adapt to such  a n  env i r onment? And so on  and  so fort h .  The 

po int  i s  that we a re led to ask a q u ite d i ffe rent set of q uest i ons  than  those that  natu ra l ly come to m i nd 

i n  the o r i g i n a l  sett i ng  of forma l  cause .  

I n  anothe r  d i rect i on ,  we can po int  to the work  i n i t i ated by D utch b i o l o g i s t  Ar i s t i d  L i n denmayer 

on  a rt i f i c i a l  p l ants .  Us ing a sma l l  number of s i m p l e  r u l e s  i n vo l v i n g  b ra n c h i n g  d i rect i ons ,  l eaf types ,  
and  the l i ke ,  L i n denmayer and h is  c o l l eagues  have c reated a stu n n i ng a rray of p l a nt- l i ke obj ects that 
bear  a str i k i n g  s i m i l a r ity to the k i nds  of f l owers and  trees fo u n d  natu ra l ly h e re on  Ea rth . 1 0 But  of  
cou rse ,  these " e l ectron i c  p l ants" have never graced a nyone 's backyard garden o r  appea red on  the 

menu in  any ha ute c u i s i n e  resta u rant .  They a re the ep i tome of wh at we can  ca l l  a rt i f i c i a l  p l a nts .  
Before leav ing the matte r of l i fe in silico, l et me  add that by ta k i n g  a co l l ec t i on  of abstract c e l l s  of the 
type i n  the ( M , R )-framework and  connect i n g  t hem i nto a netwo rk ,  i t 's poss i b l e  to construct a n  e l ec­

t ro n i c  eco l ogy s i m i l a r  to that produced i n  Ray 's computer. Some sugges t i ons  about h ow th is m i ght  be 
done a re g iven in the papers 1 -6 .  One  res u l t  that comes out  of s u c h  a n  exerc i s e  i s  the pu re l y  l o g i c a l  

fact t ha t  immo rta l i ty i s  f l a t l y  imposs i b l e .  I n  oth e r  words ,  not a l l  g ene t i c  l i n es  can pe rpetuate them­
se l ves  i ndef i n i te l y. Th is  i s  exp l a nat ion  by form a l  cause .  I t 's rea sonab l e  to s u ppose that add i t i o na l  l i g ht 

wi l l  be shed on th i s  phenomenon by l ook i ng  at it f rom the vantage  po i nt of mater i a l  cau sat i o n .  Bu t  
t h i s  i s  a matter for  future resea rch .  For much  f u rthe r  d i s c u ss i on  of th i s  po i nt ,  the  reader  shou l d  con­
su l t  the " b i b l e "  of art i f i c i a l l i fe B 

6. Who Goes There? 

From a phys ica l l i fe po i nt of v i ew, certa i n ly the most centra l quest ion  s u rround i n g  the ex i stence 

of ET i s :  What do  "they" l ook  l i ke? I n  othe r  words,  wh at k ind of phys ico-c hem i ca l  st ructure i s  an  ET l i ke­
Iy  to have? Th i s ,  of cou rse, i s  bas ica l ly a prob l em  of mate r i a l  a nd  eff i c i en t  cause .  And for the spectrum 
of poss i b l e  answers, it 's ha rd to do better than to cons u l t  the " ha rd "  sc ience f ict ion l i teratu re .  

The creature dep i cted i n  F i g u re 1 b e l ow shows a n  a rt i st 's dep i ct i o n  of a Cygnan ,  a race of  
a l i e n  be i ngs  that threatens the Earth i n  Dona ld  Moff itt 's c l ass i c  s c i e nce-f i c t ion  nove l The Jupiter 

Theft. The Cygnan  is from a race of creatu res the evo lved on the  sate l l i te of a gas  g i a nt p l a n et o rb i t­

i n g  a b i n a ry star system .  He (she? it? ) is abou t  1 1 /2 meters ta l l ,  with s i x  l i mbs that can be used as  
e i t he r  a rms o r  l egs ,  and a l ong ,  three-peta l ed  ta i l  that fo l d s  to concea l t he  sexua l orga n s .  The s l e n ­

de r, tu b u l a r  b ody  i s  bu i l t  on a ca rt i l a g i nous  s ke l eton ,  w i t h  the  b ra i n  l ocated between  the uppe r  pa i r  o f  



l i mbs  at the top of the s p i n a l  co rd .  The  th ree  eyes a re p l aced on sta l ks 
i n  a n  e q u i l atera l tr i a n g l e  a ro u nd  a b road ,  f l ex i b l e  mouth .  The Cygnan  
has  a ha rsh ,  ra s p i n g  p l ate i n  the  mouth ,  a n d  a sp i ked ,  tubu l a r  tongue .  I t  

has  a we l l - i nteg rated n e rvous  system ,  w i th  much  faster synapt i c  ref lex­
es  than those of a h uman  b e i n g .  Cyg nan  speech i s  mus i c a l ,  cons i st ing of 
cho rds  produced by m u l t i p l e  l a rynxes ,  and depends on abso l ute pitch .  
The l a nguage  i s  i n c red i b l y  r i c h  and  va r i ed ;  i t  has mo re  t han  a m i l l i o n  

phonemes ,  and  each word  i s  made  u p  of severa l phonemes .  

So here we have  a we i l  worked-out  examp l e  of an  ET  that  d i ffe rs 

rad i ca l ly from earth ly  o rg a n i sms  in a l m ost every way that cou nts ( unfor­
tunate ly  for the h umans  in Moff itt 's story) . But i f  we cons ide r  forma l  

cause ,  the sc i ence-f i ct i o n  l i terature offers u p  even  stra nger  poss i b i l i t i es .  

F i g u re 2 shows the C ryer, a 

c r ea tu re f rom Joseph  G re e n 's book 

Conscience Interplanetary. The Cryer i s  a n  i n dependent l y  f unct i o n i n g  
u n i t  of a p l a n et-wide s i l i con-based p l a n t  i nte l l i g e nce  i n ha b i t i n g  t h e  

p l a n et C rysta l ,  wh i c h  h a s  an atmosphe re of 1 8  p e rcent  oxygen ,  t h e  

rest b e i n g  n i t rogen and  hydrogen .  L ife on  C rysta l i s  b a s ed  o n  s i l i c on ,  

with a h i g h  pe rcentage o f  meta l l i c e l ements .  The  C ryer  resemb l e s  a 
two-meter- h i g h  bush with a crysta l -and -meta l t ru n k  a n d  b ranches ,  

with sma l l ,  s ha rp g l ass l eaves .  The  tru n k  conta i ns s i l i c o n  memory 

u n i ts ,  powered by a l ow-vo ltage so la r  sto rag e  battery a nd  connected 
by f ine s i l ve r  w i res .  About s i x  feet up the C ryer 's t ru n k  i s  a n  orga n i c  

a i r-v i b rat i on  membrane  that enab l es t h e  C ryer  t o  s p e a k  wi th  h uman  

be i n g s .  I t  i s  a broad ,  saucer-shaped l e a f  h e l d  i n  p l a c e  by stretched  
w i re s  to prov i d e  a v i brat i ng  d i aph ragm.  A magnet i c  f i e l d  g e ne rated i n  

s i l ve r  w i re co i l s  hang i ng  on  e i t he r  s i d e  of the speake r  causes  i t  to  v ibrate a nd  p ro d u ce  so und .  

The p l a net-w ide  i n te l l i g ence  con s i sts of thousands o f  sma l l er u n its l i ke t he  C rye r, con nected 
by a n  unde rg round ne rvous  system of f ine s i l ve r  wire .  Each un it  has a spec i a l i zed  f unc t i o n ,  some stor­

ing e l ect r i c i ty gene rated by s u n l i g ht ,  some extract i ng  s i lver for construct i n g  the n e rvous  system ,  so me 

prov i d i n g  memory storage ,  and some a ct i n g  a s  sensor  un its .  The overa l l  i n te l l i g e n ce  i s  a b l e  to pe r­
ce ive tempe rature ,  mot i o n ,  pos i t i on ,  e l ectr i c a l  potent ia l ,  and vi brat ions th rough  i ts  membe r  u n i ts .  

Cygnans  and  C rye rs a re ,  of c o u rse ,  j u st thought  exper iments. Many more a re reported i n  the 

imag i nat ive vo l ume 7 By cons i de r i n g  the a l m ost i n f i n i te range of poss i b l e  l i fe fo rms ,  a n d  by exam i n ­
i n g  the ET  p rob l em from a l l  fou r  of the Ar i stote l i a n  causa l perspect ives, we  can  ho  pe  to g e t  so me  fee l  

for  wh at may tu rn u p  on  o u r  rad i o  te l escopes o r  i n  ou r  back  ya rds  one of these days .  And ,  i n  fact, a s  

the pape r  1 po i nts ou t ,  the  metabo l i sm-repa i r  systems form what i n  mathemat i cs  i s  t e rmed  a " cate­

go ry" of obj ects. The refore ,  each and every member  of th is category corresponds  to a d i ffe rent b i o l o ­

gy, open i n g  u p  t h e  poss i b i l ity of study i ng  exob i o l og i e s  by  exam i n i ng t h e  mathemat i c a l  st ructures a nd  

constra i nts imposed by  t h e se  d i ffe rent  objects i n  t h e  category. 
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7. That's Life ! 

Th i s  paper  has argued that to u nde rsta nd  the d i fference between  the l iv i n g  and  the  dead ,  i t 's 

not  s u ff i c i ent to concentrate j u st on the mater i a l  a spects of l i v i n g  t h i n g s .  By adopt i n g  a l e s s  

N ewton i a n  and  a more Ar i stote l i an  v i ew of the prob l em ,  one  i s  l e d  to g ive equa l  t ime  to exp l ana t i ons  
of l i fe i n  te rms o f  othe r  causa l  catego r i es  bes i des  the mater i a l .  I n  pa rt i c u l a r, we have  shown that  

the re  i s  much to be ga i ned (and noth i n g  to be l ost but  prej u d i ces )  by cons i de r i n g  the oth e r  forms of 
l i fe beyond those common ly  encou ntered h e re o n  P l a net Three .  The overa l l  con c l u s i o n  that emerges  

i s  that  the re a re s i gn i f i cant synerg i es  poss i b l e  between  Ea rth l i fe ,  a rt i f i c i a l  l i fe i n  mach i nes ,  and  
extrate rrestr i a l  l i fe "out  there , "  and that  researche rs i n  each a rea can benef i t  f rom pay i n g  ca refu l 
atten t i o n  to work by those i n  the other  catego r i e s .  To pa ra p h rase  a fa mous  remark  about  war  and  gen ­

e ra l s , l i fe i s  j u st too i mportant t o  be l eft to the b i o l o g i sts .  
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A r s  E l e c t r o n i c a  9 3  

T r a c e  A p p a r a t u s  
Remarks on  an  Art at the Apparatus Stage,  or, 

trom Semantic Correspondence to Structural Conti ngency 

If we draw the cool conclusion that man is a machine and that in the entire universe there is 

only one substance which, of course, is modified differently. 

J .  o .  La M ettr i e ,  1 747 

Start i n g  with Ar i stot l e  and exte n d i n g  to the c u rrent trends of a utopo i e s i s ,  the contrast 

between  l iv i n g  systems  wh i c h  pe rm i t  the recogn i t i on  of autonomy and  a l l  oth e r  na tu ra l t h i n g s  and  
a rt i f i c i a l  a rt i facts , has  a lways been  fasc i nat i n g .  A l t hough  i n  the case  of Ar i stot l e ,  the  a rt i f i c i a l  p i ct u re 

(eikon technete) and  the natu ra l p i c t u re (eikon physike) a re structura l l y  t he  same ,  na tu ra l t h i n g s-that 

is ,  " c reatures and  the i r  pa rts ,  p l a nts and  the s imp l e  bod ies ,  ea rth and f i re and a i r  and water" ( Phys .  

1 92b )-are d i st i n g u i shed by the  fact that they have the "o r i g i n  for peace and  movement"  w i th i n  them­
se lves ( i b i d .l Techno l ogy as  we i l  a s  g ra p h i c  a rt i s ,  i n  t h i s  respect .  bou nd to the c l a s s i c a l  p rog ramme  

of imitatio and  perfectio of ce rta i n  consequences ,  b u t  cannot bear t h e  l a st effect ive cause  with i n  

themse lves .  With t h e  dawn o f  modern  t imes ,  t h e  perspect iv izat ion o f  " a rt i f i c i a l  p i ctu res "  o nto "nat­

u ra l  pre-p i ct u res "  beg i n s  to reve rse .  C omp l ex ent i ret ies  a re be i ng  i ncrea s i n g ly projected on a mach i n e  

p i cture f o r  t h e  pu rposes o f  s c i e nt i f i c  object iv i sm .  I n  accordance with t h i s ,  e v e n  l o n g  before the 

I n d u str i a l  Revo l ut i o n ,  the mach i n e  fou n d  the symbo l i c  ant ic i pat ion of i ts l ate r  rea l  d om i nance ,  wh i ch  
a s  we know, can be c l ea r l y  d i sce rned from the d i scou rses o f  the 1 6th ,  1 7th ,  o r  1 8th cen tu r i e s .  Fo r  

examp l e ,  Vasar i  used the mach i n e  l i ke a m etaphor to desc r i be  Brune l l esch i 's domed  st ructure of t he  

F l o rence Cathedra l  by  p ra i s i n g  t h i s  a s  b e i n g  an  "aston i s h i n g  mach i ne . "  

F r om Descartes to L e i b n i z ,  La M ettr i e ,  o r  even ,  w i t h  reservat i ons ,  Kan t ,  a h i sto r i ca l  c i rc l e  f o r  

the i n sta l l at i on  of a mach i n e  p i ctu re  for l i v i n g  be i ngs  can be retraced, whereby a rat i o na l i st i c  mechan ­

i c a l  t e rm  became  the onto l o g i c a l  g u a ra ntor  for the recogn i zab i l i ty o f  the wo r l d .  Desca rtes '  controver­

s i a l  d e c l a rat ion  that orga n i sms  funct i on  l i ke automatons o r  mach i nes ,  meant  a na tu ra l i za t i on  of 

mechan i c s  and a mechan i zat i o n  of natu re .  "Autonomous systems are mecha n i st i c  (dyna m i c )  systems  

wh i ch  a re spec i f i e d  by t he i r  orga n i zat i o n , "  says Franc i sco Va re la  ( 1 987,  p .  1 2 1 ) , whereby the h i stor i ­
c a l  c i rc l e  t raced for a n  i n s ta l l at i o n  of a mach ine p i cture for l i v i ng be ings i n  the  mod i f i e d  form of  

a utopo ie t i c  mach i n e  mode ls  c o u l d  be formed .  
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Every work, both of nature as weil as art, is a system. 

B i s h op  J oseph But l e r, 1 729 

D e n i s  D i derot's freq uent ly  quoted exa m p l e  of a f i c t i t i ous  mach i n e  that produces p i c t u res  l i ke 

R a p hae l 's expresses an o l d  paradox that rests on the  i n compat i b i l i ty of c l ea r ly  determ i ned  fab r i ca t i on  

r u l es  with  the  te rms "gen i u s "  and "o r i g i n a l i ty"  when  prod u c i n g  works  of a rt .  N e i the r  the mach i n e  no r  

the  works  wh i c h  it prod uced ,  i n  l i ne  w i t h  the necessa ry l aws ,  cou l d  have  been te rmed  " beaut i fu l "  
acco rd i n g  t o  D i d e rot. Beauty on l y  a r i ses i n  a rt with a sha rp  d i ffe rent i a t i on  t o  nature ,  wh i ch  i s  n oth i n g  

mo re t h a n  a heap  o f  i n f i n i te ly  d i fferent ly o rdered mo l e c u l es :  " M u l t i p l y  these i m itat i on  mac h i nes  [= 

R a p h ae l  ma c h i nes ]  anywhere and eve rywhere .  Let p i ctu res eme rg e  in nature l i ke p l a nts . . .  ; a nd  te l l  
m e  w h  a t  has  become of your adm i rat ion"  ( q u oted i n  L i n k -Hee r, 1 986 ,  p .  1 06 ) .  And a t  a p l a ce  s ho rt l y  
befo re ,  D i d e rot, who i s  wa l k i n g  i n  the cou ntrys i d e  i n  d i a l og u e  
w i t h  a n  a b b e ,  wr i tes: " I f I h a d  a box o f  d i c e  he re ,  and  i f  I were t o  :::::�E5i;:2= 

ove rt u r n  th i s  box,  and i f  they wou l d  a l l  t u rn  a ro u nd  at the same '" 

po i nt ,  wou l d  t h i s  phenomenon be aston i s h i n g ?  Very. And if a l l  the  

d i ce  had  been  p repa red,  wou l d  th i s  phenomenon st i l l  astound  

you?  No "  ( i b i d . ) .  Th i s  passage becomes mo re top i c a l  when i t  i s  
t ra n spo rted i nto t h e  context o f  t h e  ca l cu l at i n g  mach i n e .  " Data i s  

a l so c a l l e d  d i c e "  writes F r iedr i ch  K i tt l e r, " a nd  j u st a s  the former  

aesthet i c  o r  o rdered cosmos of the ph i l o sophe rs has  become a 

g reat  d i c e  g ame  under techn i ca l  cond i t i ons ,  data process i n g  can  

st i l l  mess  u p  i ts samp l i ng va l ues accord i n g  to a l l  the  game 's r u l e s  
fo r  mathemat i ca l  operat ions ,  un t i l  rea l i ty i s  actu a l l y  n o  l o nge r  rl!lltEr.:.r,;,�KI 
necessa ry" ( K itt i e r, 1 989, p. 69 ) .  Consequent ly, it i s  no l o n ge r  o n l y  io-_________ � __ 

everyth i n g  that  i s  necessary, but a l so everyt h i n g  that i s  poss i b l e ,  that i s  the case .  The d i ch otomy 

between  the  " c reat io ex n i h i l o "  and Vasa r i 's fabr i cat i o n ,  between  the art i st i c  i ntent ion  and  the  ro l e  of 

con t i n gency in a rt ist ic product i on ,  as in d i e  ca se  of D i d e rot, o r  between  Make rs of the work and  
Mak i ng  of the stuff, as  w i t h  He i degger, d i s i n tegrates .  The work  i s  n o  l o nge r  the dead m i r ror wh i ch  

d i rects na tu re ,  pos i ng  as  rea l i sm or  natura l i sm  i n  a t ime l ess immob i l i ty, a nd  represents appa rent  rea l -

ity. I t  fo rms its own autonomous rea l ity with i ts own spec i f i c  cont i ng ency. Pe rhaps  compa ra b l e  w i th  
E r i c  D rex l e r's " e ng i nes of creat i ons , "  wh i c h  imp ly  mo l e c u l a r  computers set u p  f rom comp l ex structures 

wh i c h  can assemb l e  themse lves and wh i c h  can  repraduce ,  a rt i s  brea k i n g  away from the t ra d i t i o na l  
wo r k  of a rt a nd  i t s  semant ic correspondence a nd  i s  deve l o p i n g  i n d ependent  structu ra l  cont i n genc i e s .  

W i t h  the  exchange o f  exte rna l  refe rence for  s e l f- reference ,  f r am  a h i stor ica l po i n t  of v i ew, 

representat i o n  and im itat i on assumpt ions  in the p i ct u re were d i scarded . Bes i des  the e l i m i nat i on  of 
the present  wor l d ,  for the pu rpose of i n dependent  process i n g ,  i t  ca l l ed for p i ctu re- i m manent e l e­

m ents ,  pa rt i c u l a r ly of a decompos i t ion or d i v i s i o n  of the p i cture i nto its i n d i v i d u a l  mod u l e s .  Th i s  d i v i ­
s i o n  a n d  condensat ion a l l owed the p i cture to be  condensed  i nto i t s  e l ements ( c o l o u r, l i g ht .  mater i a l ,  
etc . ) .  Before t h e  p ictu re cou l d  expe r ience a restructu r i n g ,  i t  req u i red a tho ro ugh  red uct i on  o f  forma l 

a n d  content  a spects . On l y  the reduct ion to a few, but  then  mo re prec i s e l y  dete rm i ned  e l e ments ,  made  
poss i b l e  the  construct i on  o f  new a rt i s t i c  st ructures ,  f u rt he r  res u l t i n g  i n  g reater comp l ex i t i e s .  S i nce  i t  

was no  l o nge r  s uff i c ient  to transform objects i nto i m itat i ons ,  accord i n g  to the scheme of imitatio and  
perfectio, the  deve lopment o f  system- i nterna I c r i te r i a  had  to be i n tens i f i ed .  The p i ct u re had  to p rove 

i t se l f  as a u n i t cons i s t i ng of i nd i v i d ua l  p i ctu re  e l e ments in o rde r  to be newly dev i sed by the p ro­
g rammes  c reated by a rt i sts .  I f  we descr i be the  condensat i on  of the p i ctu re commenc i n g  in the  1 9th 
cen tu ry as  refe r r i ng ,  on  the one hand ,  to photography-eve ry object i s  a l l ocated a ce rta i n  n u m be r  of 

g ra i n s  with a ce rta i n  g rey va l u e-and on  the other hand  to Cezanne-the p i ctu re is composed of 



c l ea r l y  def i ned  e l ements as a c l a s s i c a l  phys i c a l  one-then with the change of the  a gg regate state of 

the p i c t u re ,  for  the f i rst t ime ,  the i ntrod uct i on  of a c l ea r ly  ou t l i ned comb inat i on  g ame  with d i st i nct  e l e­
ments becomes effect ive i n  p i ct u re prod uct i o n .  If photography, Cessna 's pa i n t i n g ,  or d i v i s i o n i sm  can  
be sa i d  to be respons i b l e  for  the phys i ca l condensat ion of t h e  p i cture, then  the f i lm ,  t he  co l l a ge ,  t he  
accum u l at i on ,  e t c .  cou l d  be  unde rstood as  be i n g  a chem i ca l  condensat ion and  the  d i g i ta l  code  as  

be i n g  e l ectro n i c  condensat i o n .  What  a l l  condensat ion  processes have  i n  common  i s  t ha t  t hey  

dyna m i z e  and  tempora l i ze  the p i ctu re .  A cons i de rab l y  stronge r  process, as  opposed  to the  trad i t i o n a l  

wood pane l  p a i n t i n g ,  decomposes t h e  p i ctu re i nto happen i n g  states i n  wh i ch  the  e l ements a re c o n ­
t i n u o u s l y  rea l l ocated a nd  reass i g ned  t o  e a c h  other. A stat ic  pers i stence i n  one  state wou l d  o n l y  be  a 

d i st u r b i n g  i n h i b i t i on  of the  p rocess and  i s  j u st as fore i g n  to the p i ctures ,  after  cha n g i n g  the a gg regate 
state, a s  a l i n ea r-ca usa l  p i cture transformat i o n .  Art  i s-to take up  the sa i d  examp l e  aga  i n-in  a com­

para b l e  state with nano-te chno l ogy. After  condens ing  the obj ects i nto the i r  e l ements ,  i t  i s  necessa ry 

i n  tec h n o l ogy, as i n  a rt ,  to have " e ng i n e s  of c reat i on "  to structure e l ements i nto new Comp l ex i t i e s .  

Perhaps i t  would even have been sufficient to simply say that God was able to  create imma­

terial automatons just as weil as he was able to create physical ones, the former represent­

ing the la tter. 

G ottf r i ed  W i l h e l m  Le i b n i z ,  1 7 1 0  

The p i ctu re created its own separate wor ld  i n  order to condense i tse l f  i nto a reserve of p i c ­

t u res esta b l i shed i n  a poss i b i l i ty structu re .  I t  c hanged  i t s  agg regate state by ass u m i ng the actu a l  s i g ­

n i f i cance of agg regate i n  the s e n se  o f  accum u l at i on ,  mak i n g  i tse l f  i ndependent to f o rm  a reserve o f  

imag i nat i on ,  a cont i ngent  i d ea .  The natura l appearance o f  t h i n g s  i n  t h e  wor l d  i s ,  i n  d o i n g  so ,  exchanged  

i n  the a rt i f i c i a l  p i cture wor l d s  of agg regates for the idea of cont i ngent worl d s .  P i ctu res '  wor l d s ,  struc­
t u ra l ly estab l i s hed  i n  appa ratus and  prog rammes ,  do not consume the i r  med i um ;  they produce a nd  

reprod uce i t  w i t h  every p i ct u re of t h e  n ew one .  T he  "a rt i st i c  apparatus"  i s  the refore a n  u n l i m i ted 

reserve of p i ctures ,  the pe rfect copy (Lat i n  copia = reserve ) .  The apparatus, as  def i n ed  by Vi l em  F l u sse r  
a s  a t oy  s i m u la t i ng  t h i n k i n g ,  offers a hos t  of poss i b i l i t i es .  I t  i s  no t  mere l y  the i n -te rm for the pe rfect 
copy but  a l s o  the i n - p i cture of v i rtua l i ty. As there i s  no gett i ng  at the art i s t i c  appa ratus ,  onto log i ca l ly 

or with catego r i es  of c l a s s i ca l  aesthet ics ,  a d i v i s i o n  of techn i ca l  and art i s t i c  a rt i facts becomes s u pe r­

f l u o u s .  The po l a r  d i v i s i o n  between a rt and  techno l ogy, between  the symbo l i c  and  the rea l ,  changes  i nto 
a n  antagon i s t i c  re l a t i onsh i p :  the work, t h i n g ,  o r  stuff of c l ass i ca l  aesthet i c s  t ra n sforms to become 

appa ratus wh i c h  makes the rea l  appear  to be f i c t i t i ous ,  and the symbo l i c  appear  rea l .  

T h e  bas i c  i ntent i o n  w h  i c h  l e d  t o  t h e  construct i on  o f  the "Trace Apparat u s "  was t o  de s i g n  a s  

s i m p l e  a p i c tu re  as  poss i b l e ,  o r  a k i n d  o f  a l l e go ry o f  n umerous p i ctu res i n  one  p i ctu re ;  t h a t  i s ,  a s  s i m­

p l e  a n  appa ratus  as poss i b l e  and  as extens ive a copy as poss i b l e .  The re la t i o n sh i p  of the "Trace  

Apparatus"  to the "cata l og u e "  i l l u strates the re l a t i on  o f  structu ra l  cont i n gency t o  cata l o g u e  con t i n ­

gency. Fo l l ow i ng  Cha r l e s  Babbage 's i dea  of a "mach i ne  tha t  b i t es  i t s  own ta i l "  ( q u oted i n  Hyman ,  

1 987 ,  p .  2 50 ) .  t h a t  i s ,  capa b l e  of the passage th rough  t h e  never-end i ng ,  b y  d i smant l i n g  the wo r l d  i nto 

pa rt p rob l ems ,  and  th is f u rt he r  i nto a sequence  of i n d i v i d ua l  ste ps, we chose a s  the bas ic form a math­
emat i ca l  > ( g reater  than/ less than  symbo l ) .  The construct ion i s  composed of s i m p l e  e l ements and  con ­

nec t i ons ,  a s  a re common f r om the everyday rout i n e  o f  i n ch  sca l e s .  The d i ffe rence f r om a sta nda rd i n ch  

sca l e  o n l y  cons i sts of the reg u l a r l y  va ry i n g  l ength of the e l ements ,  wh i ch  d i ffer  by one  q u ot i ent  ( 5  cm )  

i n  o rder  to ach i eve the symbo l i c  i n i t i a l  f o rm of > .  The  mathemat i ca l  > sta nds  for a sect i on  of rea l i ty 

wh i ch  i s  present from i n d i v i d u a l  e l ements cut  u p  i nto l i nes ,  on wh ich  aga i n  t he re i s  a success i o n  of 
b l a c k-white s i n g l e  steps .  The res u l t  i s  a wave pattern composed of curves wh i c h ,  depend i n g  on  the 

setup of the const ruct ion i n  the space and  the conste l l at i on  of the i nd iv id u a l  e l ements to each othe r, 
01 
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i s  s u bj ect to changes .  The appa ratus i n dependent l y  p roduces d i fferent freq uenc i e s  on account  of the 

spat i a l  refe rences wh i ch  are changed by the i n s ta l l a t i o ns .  I n  d o i n g  so ,  wor ld  i s  not  s i m u l ated by an  

exte r na l  refere nt ia l i ty, but  i s  new ly  created by waves .  Pe r haps  s i m i l a r  to the way Ada  Love lace ,  who  

tra n s l ated Manebrea's a rt i c l e  abou t  the d i ffe rence mach i n e  f r om I ta l i a n ,  tho u g ht of u s i n g  Babbage 's 
mach i n e  for  manufactu r i ng  mus i c  p i eces of every l ength and  comp l ex ity, the  Tra ce  Apparatus wi l l  pro­

duce u npred i cted comb i nat ions  which want to be  read as  wave s .  The appa ratus  i s  not a memory l i ke 

the fo rmer  wood pane l  pa i n t i ng ,  and  not a thesau rus  l i ke the s um  of a l l  wood pa n e l  pa i n t i n g s  i n  a cat­
a l o g u e ,  a g a l l e ry, or a museum .  The appa ratus  is a data process i n g  orga n i sm  l i ke i ts rec i p i ent ,  a data 

proces s i n g  mach i ne .  The brea k i ng  away of p i ct u re prod uct i o n  from the a uthor  and the p i ct u re mak i ng  
i tse l f  i ndependent. creates a sepa rate wor ld  wh i ch  obeys i ts own l aws, o r  rathe r  the l aws of the pro­

g ramme .  In a l ectu re, He i n z  von Foerster gave the s i m p l e  and poss i b l y  t he refore the most i l l u strat ive 

exa m p l e :  "Whether I s hou l d  'store '  i nformat i o n  from a 1 0 1 0  x 1 0 1 0  m u l t i p l i cat i o n  tab l e  in the form of 
a 21 x 27 cm book with a th i c kness of app rox imate ly  1 0  b i l l i o n  km, o r  in the  form of a sma l l  hand-oper­

ated desk  computer, i s ,  I t h i n k , q u ite c l e a r" ( Foe rster 1 985 ,  p. 1 34 ) .  The i nformat i on  i n  the  desk  com­

puter  o r  i n  a n  a rt ist ic  apparatus i s  stored i n  a struct u ra l  way as  opposed to a ta b l e  o r  a convent i o na l  
p i ct u re .  

Could man himself not  become a kind of parasite on the machines? An affectionate, machine­

tickling plant louse 7 
Samue l  But l e r, 1 872 

Wh at i s  i nterest i ng  i s  that the demand to make the system a rt i nto a p rogramme  does not 
appea r, but  rather the i n d i v i d ua l  work of a rt .  I t  i s  not a matter of a n  a rt i s t i c  appa ratus  mak ing a pro­

g r amme of what the system a rt i s  o r  was i n  i ts system .  The programme  o r  the a pparatus wou l d  then ,  

a s  N i k l a s  Luhmann  desc r i bes  for rart po ur  rart, mi s s  the e l e mentary state of affa i rs ,  " t ha t  autonomy 
does  not stop the re la t ionsh i p  to the env i r onment, but  rathe r  c a l l s  for and  reg u l ates i ts"  ( L u hmann ,  

1 986 ,  p .  626 ) .  The  a rt i s t i c  apparatus i s  not a s o l i ps i st i c  operat ions  mechan i sm ,  wh i c h  uncoup l e s  t he  
system a rt f r om t he  wor l d ,  s im i l a r  to rart pour rart. I t  mu st be  conce ived more  as  a n  effort of a d i f­

ferent i a t i on  process prog ress i n g  fu rther  with i n  the system " a rt . "  A d i ffe rent i a t i on  process wh i c h  is i n  
a n  a ntagon i st i c  a n d  comp l ementa ry re l a t i o ns h i p  t o  i ntervent i ons  and  a pp rop r i a t i on  strateg i e s  o f  a rt 
o utwits its own system .  Apparatus ,  prog ramme ,  or struct u ra l  cont i nge ncy desc r i bes  processes and  

cons i de rat i ons  t o  d i fferent iate and  make p roducts of the system a rt wh i ch  have  u nt i l now a lways been  
de s i g nated as  works, more comp lex .  The work of a rt shou l d  the refore change  bas i ca l ly f rom the 

work-from the fu l ly f i n i shed  work-to a " sma l l  i tem of work , "  an  i dea  i n  f l ux .  
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A r s  E l e c t r o n i c a  9 3  

A r t i f i c i a l  L i f e  

The following are excerpts from the full text published in Ars Electronica 93: Genetic Art­

Artificial L ife, pp. 25-78. The breaks are indicated by • • • . 

"Art"  + " L i fe"  = Artificial Life- l i fe made by man rathe r  than by natu re . G u r  tech no l o g i ca l 
capab i l i t i e s  have b raught  us to the  po i n t  where we are on the verge of c reat i n g  " I i v i n g "  a rt i facts .  The 

f ie ld  of a rt i f i c i a l  l i fe i s  devoted to study i n g  the sc ient i f i c ,  techno l og iea l ,  a rt i s t i c ,  p h i l osoph i ea l ,  and  

soc i a l  i m p l i ca t i ons  of s u ch  a n  accomp l i s hment .  

1 The B i o l ogy 01 Poss i b l e  Lile 

B i o logy is the s c i e nt i f i c  study of l i fe-in  p r i n c i p l e ,  a nyway. I n  pract i ce ,  b i o l ogy  is the sc i en ­

t i f i c  s t udy  of l i fe o n  Ea rth based o n  carbon-cha i n  chem i stry. There i s  noth i n g  i n  i ts c ha rter that 

restr i ets b i o l ogy to carbon-based l i fe ;  i t  i s  s imp l y  that th is i s  the on ly  k ind of l i fe that  has  been ava i l ­
a b l e  t o  study. Thus ,  theoret i c a l  b i o l ogy h a s  l a n g  faced t h e  fundamenta l obsta c l e  t h a t  i t  i s  i mposs i b l e  

t o  de r ive gene ra l  p r i n c i p l es fram s i n g l e  examp l es .  
Without  o the r  examp l es ,  i t  i s  d i ff i c u l t  to d i st i n gu i s h  essent i a l  p rope rt i e s  of l i fe-propert i e s  

t ha t  wou l d  be sha red by any  l iv i n g  system-from prapert i es  t ha t  may  be i n c i den ta l  to l i fe i n  p r i n c i ­

p i e ,  but  wh i ch  happen  to be u n ive rsa l to l i fe on  Earth due  so l e l y  to a comb i na t i on  of l o ca l  h i stor i c a l  
a c c i den t  and  common genet i c  descent .  I n  o r de r  to de r ive genera l  theo r i e s  abou t  l i fe ,  we need a n  
ensemb l e  of i n stances to gene ra l i ze  over. S i n ce i t  i s  q u ite u n l i ke l y  that a l i e n  l i fe-forms w i l l  present 

themse lves to us  for study i n  the near future ,  our on ly opt ion i s  to try to c reate a l te rnat i ve l i fe-fo rms 

ou rse l ves-a rt i f i c i a l  l i fe ,  l i te ra l l y " I i fe made by man rathe r  than by natu re . "  

Art i f i c i a l  l i fe ( "AL" o r  "A- l i f e " ) i s  t h e  name g iven t o  a new d i sc i p l i n e  that  stud i e s  " natu ra l "  

l i fe b y  attempt i ng  t o  rec reate b i o l o g i c a l  phenomena  fram scratch with i n  com puters  a n d  other  " a rt i f i ­
c i a l "  med i a .  A- l i fe c omp l ements the ana lyt i c  a pproach of trad i t ion a l  b i o l ogy  wi th  a synthet ic  
approach :  rathe r  than  study i n g  b i o l og i c a l  phenomena by ta k i ng  l i v i ng  org a n i sms  apa rt to see  how they 

work, we attempt to put tagethe r  systems that behave l i ke l i v i ng  o rgan i sms .  

The process o f  synthes i s  has  been  a n  extreme ly  important too l i n  many  d i s c i p l i ne s .  Synthet ic  

chem i stry-the a b i l ity to put  tagethe r  new chem i ca l  compounds not fou n d  in  natu re-has  not on l y  
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cont r i buted eno rmous ly  to o u r  theoret i c a l  u n de rsta n d i n g  of c hem i ca l  phenomena ,  but has  a l s o  

a l l owed u s  to fabr icate new mater i a l s  and  c h em i c a l s  t h a t  a re of g reat  pract i c a l  u se  for  i n d u stry and  

tec h n o l ogy. Art i f i c i a l  l i fe amounts to the p rac t i ce  of " synthet i c  b i o l ogy, "  a n d ,  by  a n a l ogy with syn­

thet i c  c h em i st ry, the attempt to recreate b i o l o g i c a l  p henomena  in a l te rnat ive med i a  w i l l  res u l t  in not 
o n l y  b ette r t heo ret ica l unde rstand i n g  of the phenomena  u nde r  study, but  a l so i n  pract i ca l  app l i ca t i ons  

of b i o l og i c a l  p r i n c i p l es i n  i ndustry and tec hno l ogy. By exte n d i n g  the ho r i zons  of emp i r i ca l  resea rch  i n  
b i o l ogy  beyond  the  terr i to ry cu rrent ly c i rc umsc r i bed  by l i fe-as-we-know- it ,  t he  s tudy  of a rt i f i c i a l  l i fe 

g ives  u s  access  to the doma i n  of l i fe-as- i t-c o u l d -be ,  and i t  is w i th i n  t h i s  vast l y  l a rge r  doma i n  that we 

m ust g r ound  g e nera l theor ies  of b i o l ogy and wi l l  d i scover nove l  and pract i c a l  a p p l i ca t i ons  of b i o l ogy 

in  our  e n g i nee r i n g  endeavors .  

1 . 1 A I  and the Behavior Generation Prob lem 

Art if i c i a l  l i fe i s  concerned w i t h  gene ra t i ng  l i fe l i ke behav io r. Thus ,  i t  f ocuses  on  the p ro b l em  
of c reat i ng  behav ior  gene rators . A good  p l a ce  t o  sta rt i s  to i d ent i fy the mechan i sms  by  wh i ch  behav­

i o r  is g ene rated and contro l l ed  in natura l  systems ,  a nd  to recreate these mechan i sms  in a rt i f i c i a l  sys­
t ems .  Th i s  is the course we wi l l  take later  in t h i s  pape r. 

The  r e l ated f i e l d  of a rt i f i c i a l  i n te l l i g e n ce  i s  conce rned  with gene rat i n g  i nte l l i g ent behav i o r. 

I t ,  t oo ,  focu se s  on the prob l em  of c reat i n g  behav i o r  g e ne rators .  However, a l t hough  it i n i t i a l l y l ooked 

to na t u ra l  i n te l l i gence to i dent i fy its u nde r l y i n g  mechan i sms ,  these mecha n i s m s  were not known,  nor  

a re they today. The refo re, fo l l ow ing  an  i n i t i a l  f l i rt w i th  n e u ra l  nets ,  A I  becam e  wedded to the on ly  

o the r  known veh i c l e  for the gene rat ion of c omp l ex behav io r :  the  techno logy  of se  r i a l  compute r  p ro­
g ra m m i n g .  As a consequence ,  from the ve ry beg i n n i n g  a rt i f i c i a l  i nte l l i g e nce  e mbraced an  u nde r l y i n g  
methodo l ogy  fo r  t he  gene rat ion  of i nte l l i g e n t  behav i o r  t ha t  bo re no  demonstra b l e  re l a t i o n s h i p  to the  

method  by wh i c h  i n te l l i gence  i s  gene rated i n  na tu ra l systems .  I n  fac t ,  A I  has  focused  p r ima r i l y  on  

t he  p roduc t i on  01 i n te l l i g ent s o l ut i ons  rathe r  t han  o n  the  p roduct i on  of i nte l l i g en t  behav i o r. The re  i s  
a wo r l d  of d i fference between these two poss i b l e  foc i .  

B y  contrast, a rt i f i c i a l  l i fe has the g reat good fortu ne  that many  o f  the mechan i sms  b y  wh i ch  
behav i o r  a r i s e s  i n  natura l l i v i ng  systems are known . There  a re st i l l  many h o l e s  i n  o u r  know ledge ,  but  

the  g e ne ra l  p i cture i s  i n  p l ace .  Therefo re ,  a rt i f i c i a l  l i fe can  sta rt by recaptu r i n g  natu ra l l i fe ,  a n d  has  

n o  need  to resort to  the sort 01 i n i t i a l  i n f i d e l i ty that i s  now com ing  back to h a u nt A I .  F u rthe rmore ,  a rt i ­

l i c i a l l i fe i s  not p r imar i l y  concerned w i t h  b u i l d i n g  systems tha t  r each  some so rt of s o l ut i o n .  For  AL sys­
tems ,  the  ongo i n g  dynam ics  i s  the behav i o r  01 i nterest ,  not necessa r i l y  the  state u l t i mate ly  reached 
by that  dyn a m ics .  

The key  i ns i ght i nto the  natura l method  of behav io r  gene rat ion i s  ga i ned  by  noti ng that  nature 
i s  fundamenta l ly para l l e l .  Th i s  i s  ref l ected i n  the " a rch itecture" 01 natura l l iv i n g  organ i sms ,  which con­

s i st of many m i l l ions 01 parts, each of wh i ch  has  its own behav iora l  reperto i re .  L i v i ng  systems are h i g h­
Iy d i st r ibuted and  qu ite mass ive ly para l l e l .  If o u r  mode l s  are to be true to l i fe , they must a l s o  be h i g h ly 
d i st r i b uted and  qu ite mass ive ly para l l e l .  I ndeed ,  it i s  u n l i ke l y  that any other app roach wi l l  p rove v i ab l e  . 

• • •  

2.3 Abstraction  of the Log ica l  "Form" of Mach ines 

Du r i n g  the ear ly  part of the 20th centu ry, t he  lorma l  app l i ca t i on  01 l o g i c  to the mecha n i c a l  
p rocess of a r i t hmet ic l e a d  t o  t h e  abstract form u l a t i o n  01  a " p rocedu re . "  The work of C h u rc h ,  K l e e n e ,  

G öd e l ,  Tu r i n g ,  and Post lorma l i zed t h e  not ion  of a l o g i c a l  s equence o f  steps ,  l e a d i n g  t o  t h e  rea l i za t i on  



that the essen  ce of a mechan i c a l  process-the "th i n g "  respons ib l e  for  its dynam i c  behav i o r-is  not  
a t h i n g  at a l l ,  but  an  abstract contro l st ructure ,  o r  "p rogram "-a sequence  of s i m p l e  act i o n s  s e l e cted 

from a f i n i te  reperto i re .  Furthermore ,  i t  was recogn i zed that the essent i a l  features of t h i s  contro l  
structu re c o u l d  be captu red with i n  a n  a bstract set of r u l es-a forma l  spec i f i cat i o n-withou t  rega rd 

to the mate r i a l  out  of wh i ch  the mach i n e  was constructed .  

The " I og i c a l  form " of a mach i n e  was separated fram i t s  mate r i a l  bas i s  of construct i o n ,  a nd  i t  
was found  that "mach i neness"  was a praperty of the former, not of the l atte r. Today, the fo rm a l  e q u iv­

a l ent of a "mach i n e "  i s  an  a l gor i thm :  the l o g i c  under ly i ng  the dynamics of an  a utomaton ,  reg a rd l ess of 

the deta i l s  of its mate r i a l  construct i o n .  We now have many forma l methods for the spec i f i ca t i on  a nd  
ope rat i on  of a bstract mach i n e s :  such  as  programm ing  l a nguages ,  forma l  l a nguage  theory, a utomata 

theory, recurs ive funct ion theory, and etc . A l l  of these have been shown to be l o g i ca l l y  e q u iva l e nt .  
Once  we have l ea rned to th i n k  of mach ines  i n  te rms of the i r  a bstract, fo rm a l  spec i f i c a t i ons ,  

we can  tu rn  a round and  v i ew abstract, fo rma l  spec i f i cat ions as potent i a l  mach i nes .  I n  mapp i ng  the  

mach i nes  of o u r  common expe r i ence  to forma l  spec i f i cat ions ,  we have  by no  means  exhausted the  

space of poss i b l e  spec i f i cat i o ns .  I ndeed ,  most of ou r  i nd i v i d ua l  mach i n e s  map  to  a very s m a l l  s u bset 

of the space of spec i f i ca t i ons-a su bset l a rge l y  cha racter ized by method i ca l ,  bo r i n g ,  u n i nterest i n g  

dynam i c s .  When  p l a c e d  tagethe r  i n  a gg regates ,  howeve r, even t h e  s imp l est mach i n e s  c a n  pa rt i c i pate 

in extreme l y  comp l i cated dynam i c s .  

• • •  

2.6 John von Neumann :  From Mechan ics to Log ic 

With the deve lopment  of the gene ra l -pu rpose computer, va r i o u s  resea rche rs tu rned t h e i r  
attent i on  f r om  the mechan i c s  of l i fe to the l o g i c  o f  l i fe .  

The f i rst computat i o na l  a pproach to the gene rat ion of l i fe l i ke behav ior  was due to the  b r i l ­

l i a n t  H u nga r i a n  mathemat ic i a n  J o h n  v o n  Neumann .  I n  t h e  words o f  h i s  c o l l e a g ue  Art h u r  W .  B u rks ,  von 

Neumann  was i nterested i n  the genera l  q u est i on :  

What kind of logical organization is  sufficient for an automaton to reproduce itself? This 

question is not precise and admits to trivial versions as weil as interesting ones. Von Neumann had 

the familiar natural phenomenon of self-reproduction in mind when he posed it, but he was not try­

ing to simulate the self-reproduction of a natural system at the level of genetics and biochemistry He 

wished to abstract from the natural self-reproduction problem its logical form. 

Th i s  app roach i s  the f i rst to captu re the essence of the a rt if i c i a l  l i fe app roach .  Ta u n d e rsta nd  

the f i e l d  of a rt i f i c i a l  l i fe ,  one  need  o n l y  rep l ace  refe rences to "se lf-re prod uct i o n "  i n  the a bove w i t h  

refe rences to any  othe r  b i o l o g i c a l  p henomenon .  
I n  von Neumann 's i n it i a l  t hought  exper iment ( h i s  " k i nemat ic mode l") ,  a mach i n e  f l o ats a round  

o n  the s u rface of a pond ,  togethe r  with l ots of mach i n e  parts .  The  mach i n e  i s  a u n iversa l constructor :  

g iven the desc r i pt i on  of any  mach i n e ,  i t  wi l l  l ocate the proper parts and  co nstruct that ma c h i n e .  I f  

g iven a desc r i pt ion of i tse l f ,  i t  wi l l  construct itse l f .  Th i s  i s  not qu i te se lf-re p rod uct i o n ,  h owever, 

because  the offs p r i ng  mach i n e  wi l l  not have a descr ipt ion of itse l f  and hence  c o u l d  not go on to con ­
struct anothe r  copy. So ,  von Neumann 's mach ine  a l so conta i n s  a descr i pt ion cop i e r : once  the  offsp r i n g  
mach i n e  has  been constructed ,  the "pa rent" mach i n e  constructs a copy of the  desc r i p t i on  that  i t  

worked f rom and  attaches  i t  to the offsp r i n g  mach i n e .  Th i s  const i tutes g e n u i n e  se l f- reprod uct i o n .  

Von N e u m a n n  dec i ded  that t h i s  m o d e l  d i d  n o t  proper ly d i st i n g u i s h  the  l o g i c a l  f o r m  o f  the 
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process from the mate r i a l  of the process ,  and  l ooked about  for a c omp l ete l y  form a l  syst em with i n  

w h i c h  to m o d e l  se lf-reproduct i o n .  Sta n U l a m-one  o f  v o n  Neumann 's c o l l eagues  at Los A l amos­

suggested an app ropr iate forma l i sm ,  wh i c h  has  come to be known as a c e l l u l a r  a utomaton ( CA) .  

I n  b r i ef ,  a CA cons i sts of a reg u l a r  latt i ce of f i n i te a utomata ,  wh ich a re the s imp l est  forma l  

mode l s  of mach i nes .  A f i n ite a utomaton can be  i n  o n l y  o ne  of a f i n ite n u m be r  of states at a n y  g iven 

t ime ,  and i ts t ra n s i t ions between states f rom one  t ime step to the next a re gove rned by a state-tra n ­

s i t i o n  ta b l e :  g iven a ce rta i n  i n put and a ce rta i n  i ntern a l  s tate ,  the state t ra n s i t i o n  ta b l e  spec i f i e s  the 
state to be adopted by the f i n i te a utomaton at the next t ime step .  I n  a CA, the necessary i n put i s  

d e r ived f r om  the states of t h e  a utomata at n e i g h bo r i n g  l a tt i ce  po i nts .  Thus ,  the state of a n  a utoma­
ton at t ime t + 1 i s  a funct i on  of the states of the  a utomaton i tse l f  and  its i mmed i ate n e i g h bors  at  t ime  

t .  A l l  of the a utomata i n  the latt ice obey  the same  trans i t i o n  ta b l e  and  every a utomaton changes  state 

at the same i n sta nt, t ime  step after t ime  step .  CA's a re good examp l e s  of the k i nd  of computat i o na l  
pa ra d i gm  sought  afte r by  a rt i f i c i a l  l i fe :  bottom-up ,  pa ra l l e l ,  l oca l -determ i nat ion  of behav io r. 

Von N eu mann was ab l e  to embed the e q u i va l ent of h i s  k i n emat i c  mode l  as a n  i n i t i a l  patte rn 
of state a s s i g nments with i n  a l a rge  CA- I att i ce  u s i n g  29 states per  Ge l l .  A l though  von Ne uman n 's work 

on  s e l f- reprod uc i ng  automata was l eft i n c omp l ete at the t ime of h is death, Arth u r  Bu rks o rgan i zed 

wh at had  been  done ,  f i l l ed i n  the rema i n i n g  deta i l s ,  a nd  p ub l i s hed  it ,  together  with a transc r i pt i on  of  
von N e u mann 's 1 949 l ectures at the U n ivers i ty of I l l i n o i s  ent i t l ed  "Theory and  Organ i za t i on  of  

C omp l i cated Automata , "  i n  wh i c h  he g ives h i s  v i ews on  va r i o us  p rob l ems  re l ated to the  study of com­

p l ex systems  i n  genera l .  

Von N e umann 's C A  mode l  was a const ruct ive proof that a n  essent i a l  c ha racter i s t i c  behav i o r  
of l i v i n g  t h i n g s-self-reproduct ion-was a c h i evab l e  by mach i n e s .  F u rthermore ,  he  determ i n ed  that 

any  such method must make use of the i nfo rmat ion  conta i ned i n  the  desc r i p t i on  of the mach i n e  i n  two 

f undamenta l l y d i fferent ways : 

-Interpreted, as i n struct i ons  to be executed i n  the construct i on  of the offsp r i n g .  
-Uni nte rpreted, as passive data t o  be dup l i cated t o  form t h e  descr ipt ion g iven t o  t h e  offspr ing .  

Of cou rse ,  when Watson and C r i ck  unve i l ed the st ructure of D NA, they d i scovered that the 
i nfo rmat ion  conta i ned there i n  was used i n  prec i s e l y  these two ways i n  the  processes of t ransc r i p ­
t i on/tra ns l a t i on  and rep l i cat i on .  

I n  desc r i b i ng  h i s  mode l ,  von  Neumann  po i nted out  that 

By axiomatizing automata in this mann er, one has thrown half of the problem out the window, 

and it may be the more important half. One has resigned oneself not to explain how these parts are 

made up of real things, speeifieally, how these parts are made up of aetual elementary partieles, or 

even of higher ehemieal moleeules. 

Whether  or not the more i mportant h a l f  of the q uest ion  has  been d i sposed of depends  on the 
q u est i ons  we a re ask i n g .  I f  we a re concerned with exp l a i n i n g  how the l i fe that we know eme rges  from 

the known l aws of phys ics  and  orga n i c  c hem i stry, then  i ndeed the i nterest i n g  pa rt has  been  tossed 
out .  H owever, i f  we a re concerned with the mo re gene ra l  p rob l em  of exp l a i n i n g  how l i fe l i ke behav io rs 
eme rg e  out  of l ow- Ieve l i nteract ions  with i n  a popu l a t i on  of l o g i c a l  p r im i t ives ,  we have reta i ned the 

mo re i nterest i n g  port i on  of the q uest i o n .  

2 .7  Lessons trom H istory 

As stated at the beg i n n i n g  of t h i s  sect i on ,  t h ro ughout h i sto ry, we have repeated l y  t r i ed  to 

map  o u r  contempora ry techno l ogy onto natu re i n  an attempt to u nde rsta nd  natu ra l p henomena .  



Somet imes  t h i s  has  been  successfu l ,  but  i n  the case of both l i fe and i n te l l i gence ,  s u c h  mapp i n g s  have 
not prov ided  sat i sfactory exp l a nat i ons .  There i s  a lesson here :  a l though  a rt i f i c i a l  l i fe uses  compute rs 

as i ts  p r ima ry too l  fo r the synthe s i s  of b i o l og i c a l  phenomena ,  we sho u l d  not m i stake the too l  fo r  the  
ob jec t  unde r  s tudy  and  attem pt to cha racter i ze l i fe as a "computat ion . "  I f  we a re ab l e  to b r i n g  l i fe to 

computers ,  th is w i l l  not be  because  l i fe " i s "  a computat i on ,  at l east a s  we now u nde rsta nd the term 
" computat i o n . "  Rather, i t  w i l l  be because  compute rs have some fundamenta l  p ropert ies  that  w i l l  

a l l ow them t o  b e  o rgan i zed  i n  such  a way that they c a n  become a l i ve .  I t  i s  q u ite l i ke l y  that we w i l l  

l ea rn  mo re about  computat i o n  b y  study i n g  l i fe than w e  wi l i l ea rn  about l i fe b y  study i ng  computat i o n .  
Th i s  w i l l  be taken u p  i n  mo re deta i l  i n  the  fo l l owing sect i on .  

I t  i s  a l s o  i mpo rtant to n ote that i n  the contro l programs o f  ea r l y  a utomata we see the roots 
of what M itche l l  Re sn i c k  has  ca l i ed the  "centra l i zed m i ndset" :  the att r i b u t i on  to natu ra l  p henomena  

of a cen t r a l  contro l l e r  t ha t  i s  u l t i mate l y  respon s i b l e  f o r  t he i r  behavi o r. I t  i s  a m i ndset t ha t  has  d om i ­
nated most o f  o u r  s c i e nt i f i c ,  p h i l osoph i ca l ,  and  even re l i g i ous thought f o r  t h e  l a st severa l centu r i e s .  

I n  contrast .  Resn i c k  refers to the k i n d  of app roach advocated by  a rt if i c i a l l i fe a s  t he  " d i st r i buted m i nd ­

set . "  The d i fference i s  c ruc i a l ,  s i nce  most of na tu re  chugs  a l o ng  i n  the absence  of any  centra l con ­

tro l l e r s .  I n  o rde r  to u nde rsta nd  most of na tu re ,  the refo re, we  must abandon  the  cent ra l i zed m i ndset  
and  come to an  unde rsta n d i n g  of the dynam i cs of d i str i buted systems q u a  d i st r i b uted systems .  

3 The Ro le  o f  Computers i n  Studying  life and Other Complex Systems 

Art i f i c i a l  i n te l l i g e nce and  a rt i f i c i a l  l i fe a re each concerned with the a pp l i ca t i on  of compute rs 

to the  study of c omp l ex ,  natu ra l p henomena .  Both a re concerned with gene ra t i n g  comp l ex behav i o r. 
However, the manne r  i n  wh i c h  each f i e l d  emp l oys the techno l ogy of computat i o n  i n  the pu r su i t  of i ts 

respect ive goa l s  i s  str i k i n g l y  d i fferent .  

A I  has  based its u nde r l y i n g  methodo l ogy for gene rat i ng  i nte l l i gen t  behav i o r  o n  the computa­

t iona l  pa rad i gm .  That i s ,  A I  has  adopted the centra l i zed contro l a rch i tecture of se r i a l ,  "von Ne uman n "  

sty l e  computat i on  as  a mode l  of i nte l l i g ence A L ,  on t h e  othe r  hand ,  i s  attempt i n g  to deve l o p  a n ew  
computat i o na l  parad i g m  based o n  the d i st r i buted processes that support l i v i n g  o rgan i sms .  That i s ,  AL  

u s e s  i n s i g hts f r om  b i o l ogy to exp l o re the dynam i cs o f  i nteract i ng  i nformat i on  struct u res .  AL has  not 

adopted the computat i o na l  pa rad i g m  as  i ts u nder l y i ng  methodo l ogy of behav i o r  g ene rat i on ,  no r  does  

i t  attempt to "exp l a i n "  l i fe as  a " computat i o n . "  
One  way t o  pu r sue  the  study o f  a rt i f i c i a l  l i fe wou l d  be t o  attempt t o  create l i fe i n -v i t ro ,  u s i n g  

t h e  s a m e  k i n d s  of organ i c  c h e m i c a l s  o u t  o f  wh ich  w e  a re const ituted .  I ndeed ,  the re a re n ume ro u s  

exc i t i n g  effo rts i n  th i s  d i rect i o n .  Th i s  wou l d  ce rta i n l y  teach us a l o t  a b o u t  t h e  poss i b i l i t i e s  f o r  a l te r­

nat ive l i fe-fo rms with i n  the carbon-c h a i n  c hem i stry doma i n  that cou l d  have ( bu t  d i d n 't )  evo lve he re .  

H owever, b i omo l e c u l e s  a re extreme l y  sma l l  and d i ff i c u l t  to  work  w i th ,  req u i r i n g  rooms fu l l  of 

spec i a l  e q u i pment .  rep l ete with  dozens of post-docs and graduate students wi l l i ng to devote the l a rg ­

e r  pa rt of t he i r  p rofes s i o na l  ca reers to the perfect i on  of e l ectrophoret i c  ge l  tech n i q u es .  Bes i des ,  

a l t hough  the c r ea t i o n  of l i fe i n -v itro wou l d  ce rta i n l y  be a sc ient i f i c  feat worthy of note-and proba­
b l y  even a Nobe l  p r i ze-it wou l d  not, i n  the l o ng  run ,  te l l  us  much more about  the  space of poss i b l e  

l i fe than  w e  a l ready know. 

Computers prov i de  an a l ternat ive med i u m  with i n  wh ich  to attem pt to synthes i ze  l i fe .  Mode rn 

computer  techno l ogy has  resu l ted i n  mach i n e ry with tremendous potent i a l  for  t he  c reat ion of l i fe i n ­

s i l i c o .  
Computers shou l d  be  thought  of a s  a n  important l abo ratory too l  for  the s t udy  of l i fe ,  s ubst i ­

tu t i ng  for the a rray of i n c u bators ,  c u l t u re d i shes ,  m i c roscopes ,  e l ectrophoret i c  ge l s ,  p i pettes ,  cen­

t r i fuges ,  and  other  assorted wet- I a b  pa raphe rn a l i a ,  one s imp l e-to-master p i ece of expe r imenta l eq u i p-
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ment  devoted exc l u s ive ly  to the i n cubat ion  of i nformat i o n  structu res .  

The advantage of work ing  wi th  i nformat i o n  st ructu res  i s  that i nformat ion h a s  no i n t r i ns i c  s i ze .  

The com puter  i s  the too l for the man i pu l a t i on  of i nformat i o n ,  whether  that man i p u l a t i on  i s  a conse ­

q uence  of o u r  act i ons  o r  a consequence of the act i o n s  of the i nformat ion  structures themse lves .  

Com pute rs themse lves wi l l  not be a l ive ,  rathe r  they wi l l  s u ppo rt i nformat i o na l  u n i ve rses wi th i n  wh i ch  
dyn am i c  popu l at i ons  of  i nformat i ona l  "mo l e c u l e s "  engage  i n  i nformat i o na l  " b i o c hem i stry. " Th i s  v i ew 

of com puters a s  workstat i ons  for perform i n g  sc i en t i f i c  expe r iments with i n  a rt i f i c i a l  u n iverses i s  fa i r­

Iy n ew, but  it i s  ra p i d l y  becom i ng  accepted as a l e g i t i mate ,  even necessary way of p u rs u i n g  sc i ence .  

I n  t he  days befo re computers ,  sc i ent i sts worked p r ima r i l y  w i th  systems whose  def i n i ng equat i ons  
cou l d  be  so lved ana lyt i ca l ly, and i gno red those whose def i n i n g  equa t i ons  cou l d  not  be  so so lved .  Th i s  

was  l a r ge l y  the ca se  beca use ,  i n  t he  absence  of ana l yt i c  so l u t i ons ,  the  equa t i o n s  wou l d  have  to be 

i n teg rated ove r and  ove r aga i n-essent i a l l y s i m u l a t i n g  the t i me-behav io r  of the  system .  Without  
compute rs to hand le  the mundane  deta i l s  of these c a l c u l at i o n s ,  s uch  a n  unde rta k i n g  was un th i n ka b l e  

exce pt i n  t h e  s imp l est cases .  
However, with the advent of computers ,  the  necessa ry m u ndane  ca l c u l at i o n s  can  be re l egat­

ed to these i d i ot-savants, and the rea l m  of n umer i ca l s i m u l a t i on  is opened up for exp l o rat i o n .  

" Exp l o ra t i on "  i s  a n  appropr iate term f o r  the process ,  b e cau se  the  n u me r i c a l  s i m u l a t i on  of systems  
a l l ows one  to "exp l ore" t h e  system's behav io r  u nde r  a w ide  r a nge  of parameter  sett i ngs  and  i n i t i a l  

c o n d i t i o n s .  The  heu r i st i c  va l u e  o f  th i s  k i nd  o f  expe r imentat i o n  c a n no t  be overest i mated .  One  often 
g a i n s  t remendous  i n s i ght for the essent i a l  dynam i c s  of a system by obse rv i ng  i ts behav i o r  under  a 

w ide  range  of i n i t i a l  cond i t i ons .  

Most i m porta nt ly, however, computers a re beg i n n i ng to prov i de  sc i ent i sts with a new para ­
d i gm for  mod e l i n g  the  wor l d .  When dea l i ng with essent i a l l y u n so l va b l e  govern i n g  equat i ons ,  the p r i ­

ma ry reason for produc i ng  a forma l  mathemat i ca l mode l-the hope of rea ch i n g  a n  ana l yt i c  s o l ut i o n  
by  sym b o l i c  m a n i pu lat ion-is l ost . Systems  of o rd i n a ry and  pa rt i a l  d i fferent i a l  e qua t i o n s  a re no t  very 

we i l  s u i ted fo r i mp lementat i on  as computer  a l g or i thms .  One  m i ght  expect that other  mode l i ng tech­

n o l o g i e s  wou l d  be more appropr i ate when the goa l i s  the  synthes i s ,  rather than  the ana lys i s ,  of 
behav i o r. 

Th i s  expectat i on  is eas i l y  borne out .  With the p re c i p i tous  d rop i n  the cost of raw comput i n g  

power, computers a re now ava i l a b l e  that a re capa b l e  of s i m u l a t i n g  phys i c a l  systems from f i rst p r i n c i ­
p i e s .  T h i s  means  that i t  has become poss i b l e ,  f o r  examp l e ,  to mode l  t u r b u l ent  f l ow i n  a f l u i d  b y  s im ­
u l a t i n g  the mo t i o n s  o f  i t s  const i tuent part i c l es-not j u st app rox imat i n g  c hange s  i n  concentrat i ons  o f  

pa rt i c l e s  with i n  reg ions o f  t h e  f l u i d ,  b u t  actua l l y  c ompu t i n g  t h e i r  mo t i o n s  exact ly .  
There is an  extreme ly  impo rtant po i nt here, one that i nvo lves the u l t i mate goa l s  of the s c i e n ­

t i f i c  en te rp r i s e  a s  we i l  as the i s sue  of "cent ra l i z ed"  vs .  " d i st r i buted"  m i ndsets .  The po i n t  i s  the fo l ­
l ow i n g .  The re  i s  a fundamenta l  d i ffe rence between  be i n g  ab l e  to desc r i be  o r  p red i ct phenomena  on  

the o n e  hand  and  "exp l a i n i n g "  them on  the other  h a nd .  O n e  can  use  Nav i e r-Stokes equat i ons  to 
descr i b e  o r  pred i ct f l u i d  f l ows i n  many ca ses ,  but  f l u i d s  a re not  ca l c u l at i n g  Nav i e r-Stokes equat i o n s ! 
The desc r i pt ive and pred i ct ive power of the Nav i e r-Stokes approach i s  usefu l ,  but  the phenomena  of 

f l u i d  f l ow a re actua l l y  gene rated by q u ite d i fferent mechan i sms .  Phys i c s  has l a r ge l y  been cons i dered 
successfu l  when  i t  has been ab le to prod uce a pred i ct ive ,  abstract desc r i pt i o n  of a phys i c a l  phenom­

enon ,  o n e  that  genera l ly i g no res the l ow- I eve l  mechan i sms by wh i ch  the phenomenon  i s  actu a l l y gen ­
e rate d .  Th i s  i s  a benef it of adopt i ng  the centra l i zed  m i ndset, a nd  i t  i s  very usefu l to be ab l e  to do  th i s  
whenever  poss i b l e .  

H oweve r, for most natura l phenomena ,  there i s  p robab ly  no  s imp l e r  desc r i p t i on  t h a n  t h e  g e n ­
e rat ive mechan i sms themse lves .  I n  these c i rc umstances  adopt i n g  the d i st r i buted m i ndset i s  neces­

sa ry. N ote that j u st because  we cannot prov i de  a n  a bstract , h i g h - l eve l pred i ct ive desc r i pt i on  of a phe-



nomenon  does not mean  that we have fa i l ed to prov ide  a sc i ent i f i c  desc r i pt i o n ;  a l ow- I eve l  desc r i p­

t i o n  may  be "as  sc i en t i f i c "  as we can  get  conce rn i n g  the phenomenon .  Even when  a s i m p l e r, h i g h  l eve l  
desc r i p t i on  i s  poss i b l e ,  i t  i s  impo rtant to keep i n  m i nd  t he  d i fference between t he  desc r i pt i o n  of a 
process and a n  u nde rsta n d i n g  of the mechan i sms  by wh i ch  it is gene rated .  

Wha t  doe s  a l l  o f  t h i s  h ave  to d o  w i t h  t h e  study o f  l i fe? The  mos t  su rp r i s i n g  l e sson  we have 
learned from s i m u l at i n g  c omp l ex phys i c a l  systems on compute rs i s  that  comp l ex  behav i o r  need  not  

have comp l ex roots . I ndeed ,  t remendous l y  i nterest i ng  and beg u i l i n g l y  c omp l ex behav io r  can  e me rg e  
from c o l l ect ions o f  re l a t i ve ly  s i m p l e  components .  T h i s  l eads d i rect l y  to the exc i t i n g  poss i b i l i ty that  

much  of the comp lex  behav io r  exh i b i ted by natu re-espec i a l ly the c omp l ex behav io r  that  we c a l l  

l i fe-a l so  h a s  s i m p l e  gene rators . 

• • •  

7 Evo l ut ion 

Modem organ i sms  owe the i r  structure to the comp l ex process  of b i o l o g i c a l  evo l u t i o n ,  and i t  

i s  ve ry d i ff i c u l t  to d i sc e rn wh i ch  of the i r  propert ies a re due  to chance ,  a nd  wh i ch  to necess i ty. I f  b i o l ­
og i sts c o u l d  " rewi nd the  tape"  o f  evo l u t i o n  and  start i t  over, aga i n  a nd  aga  i n ,  f r o m  d i fferent i n i t i a l  

cond i t i o ns ,  o r  u n d e r  d i ffe rent reg imes  of exte rna l  pertu rbat i ons  a l o n g  the  way, t h e y  wou l d  h a v e  a fu l l  
e nsemb l e  of evo l ut i o na ry pathways t o  gene ra l i ze  ove r. Such  a n  ensemb l e  wou l d  a l l ow them t o  d i s ­

t i n g u i s h  u n iversa l ,  necessary p ropert i e s  ( those wh i c h  were observed i n  a l l  the  pathways i n  the ensem­
b l e )  f r om acc identa l ,  chance  p ropert i e s  ( t hose  wh i ch  were u n i q ue  to i n d i v i d ua l  pathways) .  H owever, 
b i o l o g i sts cannot rewi nd the tape of evo l ut i on ,  and a re stuck with a s i n g l e ,  a ctua l  evo l ut i o na ry t race 

out  of a vast ,  i ntu i ted e n semb l e  of poss i b l e  traces .  

A l though  study i n g  compute r  mode ls  of evo l ut i on  i s  not the same as  study i n g  t h e  " re a l  th i n g , "  

t h e  a b i l i ty t o  f ree ly man i p u l ate computer  expe r iments-to " rewind the  ta pe , "  pe rt u rb the  i n it i a l  con ­
d i t i o n s ,  and  so forth-can mo re than  make u p  for t he i r  " l ack" o f  rea l i ty. 

It has  been known for some t ime  that one can evo lve computer  prog rams by the  process of 

natura l s e l ect ion  among  a popu l a t i o n  of var iant  programs .  Each i nd i v i d u a l  p rogram i n  a popu l at i o n  of 
progra ms is eva l uated for its pe rfo rmance  on some task .  The programs  that  pe rform best  a re a l l owed 

to "breed" with one  anothe r  v i a  G enet i c  A i g o r i thms .  
The offsp r i ng  of these bette r-pe rfo rm i n g  parent p rograms re p l a ce  the  wo rst p e rfo rm i n g  pro­

grams in  the popu l a t i on ,  a nd  the cyc l e  i s  i te rated .  Such  evo l ut ionary app roach  es  to program i m prove­

ment  have been app l i e d  p r ima r i l y  to the tasks of funct ion opt im izat i on  and mach i n e  l e a r n i n g .  
H oweve r, s uch  evo l ut i o na ry mode l s  have on l y  recent ly been a p p l i ed to the  study of evo l ut i o n  

i tse l f  (Wi l son  1 989 ) .  Resea rche rs we r e  p r ima r i l y  concerned with the resu l ts ,  rath e r  t han  w i t h  the  

p rocess ,  of evo l ut i o n .  I n  wh at fo l I ows, we wi l l  rev iew seve ra l mode l s  that have been  used  to s tudy  

the evo l u t i ona ry p rocess  i tse l f .  

• • •  

7.7 From Artifi c ia l  Se lect ion to Natural  Selection 

I n  The Origin of Species, Da rw i n  used a very c l ever dev ice to argue for  the  a g ency of natu ra l 
s e l ect i o n .  I n  the f i rst c hapter of Origin, Da rw i n  l ays the groundwork of the case fo r  na tu ra l  s e l ec t i on  

by ca refu l l y document i n g  the p rocess  of a rt i f i c i a l  s e l ect ion .  Most  peop l e  of h i s  t ime were fam i l i a r  

with t h e  manne r  i n  wh i c h  b reeders o f  domest ic  a n ima l s  a n d  p l ants cou l d  enhance  tra i ts a rb i t rar i  I y  by 
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s e l ect ive b reed i n g  of the i r  stock . Da rw i n  ca refu l ly made  the  ca se that the w ide  var i ety of domest i c  

a n i m a l s  a nd  p l a nts extant at h i s  t ime  were  descended  from a much sma l l e r  var i ety of w i l d  s tock ,  due  
to t h e  se l ect ive breed ing imposed by fa rmers a nd  h e rde rs th ro ughout h i sto ry. 

N ow, Da rw i n  cont i n ues ,  s imp l y  note that  env i ro nmenta l  cond i t i ons  can f i l l  the  ro l e  p l ayed by 

the h u m a n  b reeder  in art if i c i a l  s e l ect i on ,  a nd ,  voita ! One  has natu ra l  s e l ect i o n .  The rest of the book  
c o n s i sts of a very ca refu l documentat i o n  of the  manner  i n  wh i c h  d i fferent env i r onmenta l cond i t i ons  

wou l d  fa vor  a n i m a l s  bea r i ng  d i ffe rent tra i ts ,  mak i ng  i t  mo re l i ke l y  t ha t  i n d i v i d ua l s  bea r i ng  t hose  tra i ts 
wou l d  s u rv ive to mate with each other and  prod uce  offsp r i n g ,  l e a d i n g  to the g rad u a l  enha ncement  of 

t hose  t ra i ts  th ro ugh  t ime .  A beaut i fu l l y s imp l e  yet e l egant  mecha n i sm  to exp l a i n  the o r i g i n  and m a i n­

t enance  of the  d ivers ity of spec ies  on Ea rth-too s i m p l e  for  many  of h i s  t ime ,  pa rt i c u l a r l y  those of 
stro n g  re l i g i o u s  pe rsuas i o n .  

The a bstract ion o f  th i s  s imp l e  e l egant  mecha n i sm  for  the product ion  a nd  f i l t rat i o n  of d ive rs i ­
ty i n  the  form of the Genet ic  A igo r i thm i s  stra i g htfo rwa rd a nd  obv i o u s .  Howeve r, a s  i t  i s  u s ua l ly i m p l e­
m e nted ,  it i s  a rt i f i c i a l ,  rathe r  than natu ra l s e l ect i o n ,  that i s  the  agency determ i n i ng the d i rect i o n  of 
c ompute r  evo l ut i o n .  E ither we ou rse lves ,  o r  o u r  a l go r i th m i c  agents in the form of exp l i c i t  f i tness func ­

t i ons ,  typ i c a l l y  sta nd i n  the ro l e  of the breede r  i n  computer  i mp l ementat i ons  of evo l ut i o n .  Yet  i t  i s  

p l a i n  that  the ro l e  of "breeder" can as eas i l y  be  f i l l e d  by "natu re "  i n  the wo r l d  i n s i d e  the computer  a s  
i t  i s  i n  the  wor ld  o uts ide the computer-it i s  j u st a d i ffe rent " natu re . "  I f  we a re to s t udy  evo l ut i o n  by  

" n a t u ra l "  se l e c t i o n ,  we  mus t  create a " natu re"  w i th i n  the  a rt i f i c i a l  wo r l d  of a com puter  . 

• • •  

9 Conc lus ion  

I n  the sect ion on evo l ut i on ,  the po i n t  was made  t ha t  i t  i s  often the case that  the mos t  i mpor­
tant  a s pects of " N ature" i n  the process of evo l ut i o n  a re the other  o rga n i sms  in  the  env i ronment  a nd  
the i r  effects o n  the phys i ca l  wor l d .  

I n  t he  c a s e  o f  h uman  be i ngs ,  o u r  " Natu re"  i s  l a rg e l y  d om i nated b y  the p roducts of o u r  own 
a rt i f i c e ,  not o n l y  phys ica l structures such as  b u i l d i n g s  and h i g hways, but a l so such soc i o - cu l t u ra l  con ­

s t r uc ts  a s  gove rnments, c hu rches ,  corporat i ons ,  a nd  so forth . That i s ,  o u r  own a rt i facts a re the dom i ­
nat i n g  a spects of t h e  "Nature" t h a t  i s  t h e  a gency of "na tu ra l "  s e l ect i on  f o r  the h uman  spec i e s .  8 y  
a d apt i n g  to a n  a rt i factua l  " Nature" we  a re becom i n g  mo re and  more " a rt i factua l "  o u rse lves .  As we  

a re i n c rea s i n g ly respons i b l e  f o r  construct i n g  " Natu re , "  so we a re i n c rea s i n g l y  respo n s i b l e  f o r  c o n ­
st ruct i ng  o u rse l ves .  I n  a very rea l s e n s e ,  h umans  themse lves a re becom i n g  a f o rm  of a rt i f i c i a l  l i fe­

prod u cts of o u r  own art i f i ce .  Now that we a re on the verge of synthes i z i n g  l i fe a rt i f i c i a l l y-now that 
our  a rt i facts a re becom i ng  more and  more l i ke u s  and now that we a re beco m i ng more and  mo re l i ke 

o u r  a rt i facts-where wi l l  l i fe go from he re? 

I t  i s  i m po rtant to bear  i n  m i nd that whethe r  we produce l i v i n g  a rt i facts with i n  the n ext ten  
yea rs  o r  on ly  with i n  the next thousand ,  on the sca l e  of g eo l o g i c a l  t ime  we a re l i te ra l ly at the beg i n ­

n i n g  of a new e poch o f  l i fe on Earth ,  a n  epoch t h a t  w i l l  be  d om i nated b y  l i fe-fo rms that we  w i l l  have 
had a s i g n i f i can t  ro l e  i n  shap i n g .  Wi l l  they s u sta i n  and  n u rt u re u s ,  a nd  we them7 O r  wi l l  they destroy 
and rep l ace  us, o r  we them? 

We m u st do eve ryth i n g  in our power, sta rt i n g  n ow, to a s su re that the consequences  of o u r  
i m m i nent  mastery o f  the techno l ogy o f  l i fe a re benef i c i a l  f o r  a l l  l i fe ,  whatever i t  i s  m a d e  of .  

The full text is available in C .  Langton, Artificial L ife ICambridge, MIT Press, 7997) 
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P r a i s e  t o  t h e  P a r a s i t e s  

The parasite is a pathogen. It causes a system s equilibrium or distribution of energy to fluc­

tuate. It dopes it. It irritates it. It inflames it. Very often this difference has no consequences. 

It can bring about consequences-and by means of interlinking or reproduction they may 

even be immense. 

M iche l  Se rres 

Obv i ous l y  natu ra l  l i fe resu l ts once a certa i n  comp l ex ity has been a c h i eved ,  mak i n g  i t  poss i ­

b l e  to store l e a r n i n g  processes as  a text i n  a memory, wh i ch  can fu rt he rmore copy t h i s  a nd  conve rt i t  

i nto i n st ruct i o n s  to b u i l d  a mach i n e .  O ne  of the essent i a l  featu res of l i fe  i s ,  of cou rse ,  not  o n l y  to s u r­

v ive as a n  orga n i sm  and ,  to same extent ,  to mend onese l f  over a certa i n  pe r i od  of t ime  u nde r  s u i ta b l e  

pe r i phe ra l  cond i t i ons ,  b u t  a l s o  t o  be  a b l e  t o  reproduce se lf-rep rod uct ive l y. 80th i m p l y  a memo ry that  
not on l y  s to res  d i g i ta l  a nd  two-d imen s i o na l  i nformat ion  but wh ich  a l so conta i n s  the  i n struct i o n s  to 

form its own sepa rate three-d imen s i o na l  o rgan i sm as  we i l  as new orga n i sms .  Due to copy i n g  e rrors 
and  exte r na l  i n f l u e nces o r, i n  ca se  of sexu a l  reprod uct ion ,  by j o i n i n g  tagether two memo ry texts the re  

i s  the poss i b i l i ty that wh at i s  stored can  change ,  whereby the su rv iva l chances  of text  va r i a nts by  

means  of " adaptat i o n , "  i . e .  t h ro u gh  i nterna I reorgan izat i on ,  can i nc rease .  
Whether  t h i s  i m p l i e s  a n  opt i m i za t i on  i n  what  i s  st i l l  the te l e o l o g i c a l l y  cha racte r i zed  l a n g u a ge  

of evo l ut i o n  theo ry may  be do ubted ,  as  the re i s  no way whatsoever of tack l i n g  t h e  c r i te r i a  of a dapta­

t i o n  beyond the bana l  statement  that same o rgan i sms  su rv ive-that i s ,  that they " funct i o n , "  come to 

terms with c hang i n g  rea l i ty and produce offspr i n g .  The ta l k  of adapta t i on  thro ugh  the cyc l e  of m uta­

t ion and  s e l ect ion  i m p l i e s  an  assumed rea l i ty and  consequent ly  a k ind of the c l a s s i c a l  truth re l a t i o n  
of the conform i ty o f  cogn i t i o n  and  the s ubject o f  cogn i t i o n ,  wh i ch  can h a rd l y  be s uppo rted any  l a n g e r. 

After  a l l ,  l i fe i t se l f  c hanges  i ts pe r i phe ra l  cond i t i ons ,  for i n stance ,  when it f i rst b u i l t  u p  the  oxyge no u s  
atmosphe re i n  t h e  Precamb r i a n  th ro ugh  photosynthes i s ,  wh i c h  forms the b a s i s  o f  today 's e u ka ryote 

l i fe .  Even the cha racte r i za t i on  of o rgan i sms  as  prob l em so lve rs i s  a metapho r, wh i ch  n everthe l ess  ha s  

a mea n i n g  i n  the gene rat i on  of g enet i c  a l g or i thms ,  as  i n  t h i s  c a se  the p rob l em i s  s pec i f i e d  he re ,  a n d  

w i t h  t h a t  a sta b l e  a rt i f i c i a l  e nv i ro nment .  Embedded i n  t h e  p r i n c i p l e s  of evo l u t i on  i s ,  i n  many  cases ,  
a l s o  the i dea  of progress ,  that i s  the grad u a l  imp rovement of popu l a t i ons  th ro ugh  i n crea s i n g  com­

p l ex i ty, a l t hough  ove r  90% of ex i stent l i v i n g  be i ngs  ex i st i n  t he  form of m i c roorgan i sms .  M ost of t hem 
a re ha rm l ess  t o  h i g h e r  l i v i n g  be i n g s  o r  even  cooperate w i t h  t hem i n  a symb i o s i s ,  ye t  i n  the case  o f  
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pathogen i c  v i r u ses  they are known to mutate at a n  eno rmous  speed i n  o rde r  to dece ive the i m m u no­

l o g i c a l  system that  can gene ra l ly produce mutat i ons  for  res i sta nce  even faster. The immense var i ety 
of an t i bod i es-we assume that there a re 1 08 d i fferent k i nds-is ev idence  of the w ide  var i ety of 

m i c roorgan i sms  wh i ch  they have to prov i de  p rotect i o n  a ga i n st .  Ant i bod i e s  a re produced from the 
m utat i on  of a few basic structu res and mu l t i p l y  l i ke an  ava l a n che  in one va r i an t  once one an t i gen  is 
ent rapped by the recepto rs .  In the human  i m m u n o l og i c a l  system and proba b l y  a l so i n  our n e u rona l  

n etwork, the evo l ut i on  mechan i sm  i s  c op i e d ,  strengthened ,  and  acce l e rated ,  i n  a ce rta i n  sense .  The  
h i g he r  o rgan i sms  a re therefore on l y  t h e  t i p  of a n  i ceberg ,  popu l ated by  a m u l t i t ude  o f  m i c roorgan i sms  
a n d  paras i tes wh i c h ,  i n  t h e  evo l ut i o na ry a rmament  race ,  st i l l  h a ve  the c h a n ce  to destroy t h e  mo re 

c omp l ex l i v i n g  be i n g s  through  a l et ha l  comm un i ca t i on ,  refu nct i o n i n g  the programme  of t he i r  c e l l s .  

Beyond the  appra i s a l  b y  mea n s  o f  adaptat i o n ,  b i o l o g i c a l  i nformat i o n  vouches f o r  a p rocess 

wh i c h-with i n  a n  unstab l e  comp l ex system that i nteracts with the orga n i sm  ca rry i n g  the i nforma­
t i o n-can  constant ly  have someth i n g  new deve l o p  and  l e t  rea l i zed texts d i e ,  prov ided  the env i ron ­
ment  i s  not sta b l e .  What  i s  of cou rse  uncerta i n ,  i s  whether  the  " a utomat i c "  m utat i o n  of the genome 

i n  connect ion  with se lect i on  i s  rea l ly of such  i m porta nce for evo l ut i o n  a s  the  c l as s i c a l  theory b e l i eves 
i t  to be .  For  examp l e ,  mo lecu l e s  which a re on ly s u bj ected to m i n ute funct i ona l demands  change  much  

faster than  t hose  s ubjected to h i g h e r  demands .  I t  cannot  be  exp l a i ned  e i t he r  a s  to why  phenotyp i ca l  
c hange  takes  p l a ce  faster with some l i nes than  with o the r s .  And most m u l t i p l e  a l l e l omorphs wh i ch  

a r i s e  as  a res u l t  of mutat i on  get lost aga i n  by chance ,  whereby many m utat i o n s  do l ead  to the for­

mat i on  of non i d ent i ca l  prote i n s  wh i ch  a re present i n  a l a rg e  var i ety i n  orga n i sms ,  and  howeve r, d i f­
fe rences very often revea l  no phenotyp i ca l consequences .  As a ru l e ,  m utat i o n s  with i n  the genet i c  d r i ft 

e i t he r  appear  to be l etha i or neutra l ,  wh ich  wou l d  mean  that i n f l u e nces from the  env i ronment  or se lf­
o rgan i zat i on  processes with i n  the orga n i sm  c o u l d  be more effect ive than many may have assumed 

u nt i l now. Gene ra l l y, trans i t i o na l  fo rms  a re m i s s i ng ;  for examp l e ,  b reaks  and  b i f u rcat i ons  seem to hap­
pen  very sudden l y. Due  to the fact that organ i sms  themse lves  a re very h i g h l y  comp l ex systems wh i ch  

i nteg rate d i ffe rent l eve l s  of se lf -organ i z i n g  systems ,  we c o u l d  a s sume  tha t  trans i t i o ns  do  not take 

p l a ce  cont i n u o u s l y, but rathe r  e r ra t i ca l ly. The one-way street in the deve l opment from genome  to 
o rg a n i sm  a l s o  a ppears to be doubtfu l  because ,  occa s i o na l l y, a s  in the ca se of sea u rch i n s  o r  tree 

f rogs ,  the  sexua l l y mature a n ima l s  look a lmost the same and a l so h ave the same behav i o u r, yet t he i r  

g rowth can be very d i fferent .  I n  t h i s  s en se ,  the  l a rvae of very c l o se l y  re l ated sea u rc h i n s  a re com­
p l ete ly  d i fferent .  Some can swim  free l y  and eat p l a n kton and  others l e t  themse lves d r i ft and  can  on ly  

nou r i s h  themse lves  on the ground .  One  cou l d  d raw the conc l u s i o n  from t h i s  that the press u re from the 
outs ide wor ld  i s  g reater than the morphogenet ic  deve l o pments des i g ned  i n  genes .  The fact that there 
i s  the  comp l ete set of i n struct i ons  to form a th ree-d imen s i o n a l  o rg a n i sm  in  the genome appea rs ,  wh at 

is more, to be o n l y  undercutt i n g  the evo l u t i ona ry a pproach adhe r i n g  to the trad i t i o na l  l i n ea r  comput­
e r  a rch itectu re .  As a resu l t  of proba b i l i ty theory cons i de ra t i ons ,  the i nformat i o n  stored in the genome 

cannot st i p u l ate the i n struct i ons  for every c e l l ,  j u st a s  i t  c annot st i p u l ate the  t h ree-d imen s i o na l  form 
of a p rote i n  in a one-to-one equ iva l e nt .  Perhaps the genome  i s  to be unde rstood mo re as  a cata lyst 
and morpho- re g u l ator to form three-d imens i o na l  patte rns and i nteract ive c hem i c a l  p rocesses ,  where­

as  the l oca l i z i n g  of a ce l l  and  its act iv i ty i s  determ i ned from the  l ocat ion  and  act iv ity of loca l  ce l l  co l ­
l e ct ives ,  i . e .  o n  a ccount of a s u rface commun i cat i on  between  n e i g hbo r i n g  mo l e c u l e s  a nd  c e l l s .  The 

g enet i c  code wou l d  then on ly g ive d i rect i on  and  l i m its for  a d eve l opment wh ich i tse l f  wou l d  prod uce 
m u l t i p l i c ity and  var iab i l ity with i n  the orga n i sm  by means  of the  evo l ut i o na ry mechan i sm  and  wou l d  

e n a b l e  a ba l a n c i n g  o f  t h e  d i fferent c e l l  types evo l v i n g  i n dependent  o f  e a c h  other. I f  one  accepts such  
a concept .  then  the mecha n i st i c  i ntent ion of be i n g  a b l e  to d e r ive the morphogenet i c  d eve l opment  o f  
the  phenotype f rom the  comp l ete mapp i ng  of the genome and  i ts p rote i n ,  con t ro l  a nd  struct u ra l  code ,  
a nd  then even  to i nf l uence i t  i n  a spec i f i ca l ly d i fferent iated way wou l d  be a phantasm .  Even  with non -



l i n ea r  a l g o r i thms the futu re behav i o u r  of a computer  i n  wh ich  hardware a nd  software a re sepa rate ,  
u n l i ke i n  b i o l o g i c a l  systems ,  cannot be foreseen from the programme .  When the re l a t i ons  between  

geno- and  phenotype a re not  l i nea r  and  a re strong ly  based on the i nteract i on  between  pa rts wh i c h  a r e  

not contro l l ed  by a cen t r a l  c ompu t i n g  a nd  o rgan i zat ion u n it ,  t hen  ne i t he r  the th ree-d imen s i o n a l  o rgan­
i sm  no r  i ts behav i o u r  can  be foreseen  f rom the genet ic  prog ramme .  

The def i n i t i o n  of l i fe-a b i l i ty of open  metabo l i c  systems to se lf- rep roduce ,  to m u l t i p l y, va ry, 
and  i n h e r i t-is known,  as is the  fact that  the trans i t i on  i nto the i nan i mate is not  sha rp l y  ma rked but 
i s  smooth .  C rysta l s  can  a l so be se l f - reprod uct ive and mutat i n g .  On th i s  a b i l i ty, the  c hem i st G raham 
Ca i rns -Sm i th  b u i l t  u p  h i s  we l l -known and  fasc inat i ng  hypothes i s  on the o r i g i n  of l i fe t h r o ugh  takeover. 
As DNA o r  RNA mo l e c u l e s  a re very com p l i cated, he proceeds on the a s s umpt i o n  that another  re p l i ­

cator wa s  h e r e  i n  t h e  f i rst i n sta nce ,  t h a t  i s ,  s imp l e  i no rgan i c  c rysta l s  wh i c h  se lf- red u p l i cate ,  s u c h  a s  

a re fo und  i n  c l ay. As s o o n  as  t h e  c o r e  o f  a c rysta l h a s  formed spontaneous l y  o r  a cor respond i n g  " seed"  

has  fa l l e n  i nto a n  oversaturated s o l ut i o n ,  i t  can  g row and become a s o l i d ,  o rde red shape .  N ow and  

a g a i n  i t  fa l l s  apa rt and  these pa rts a l so  con t i n ue  to g row. As  chem i c a l  o r  mechan i c a l  i mperfect ions  

can  occ u r  du r i ng  the g rowth of the ve ry reg u l a r  c rysta l structu res ,  wh i c h  rep l i cate with f u rther  g rowth ,  

i t  a l so possesses  a m utat i o n  mechan i s m  whereby, for examp l e ,  the  g rowth var i a nts can  be tra n sm it­

ted to the " ch i l d re n "  by brea k i n g  apa rt .  S ame  crysta l s  can g row faster  and sp read out, so what we 

f i n d  he re is a l ready a pre-form of evo l ut i o n  in wh ich  i nformat ion  i s  p roduced a n d  passed onto new 
gene rat i ons .  At same t ime  or othe r  the g rowing ,  mu l t i p l y i ng  crysta l s  began  to p roduce organ i c  com­
pounds  wh i ch  h e l ped them to s u rv ive .  C a i rns-Sm ith be l i eves that  these orga n i c  fo rms ,  wh i c h  p rev i ­
ous ly  had been mo re of a too l ,  cou ld  have sudden ly  mu l t i p l i e d  faster than  the c rysta l s  fo l l ow i n g  the 

a ppearance of a f i rst s e l f- red u p l i cat i n g ,  s i m p l e  RNA, and so moved s l ow ly  from the paras i te status ,  
wh i c h  depends o n  a hast c e l l ,  to become a utonomaus be i ngs  that had g rad u a l l y  pu t  the c rysta l l i n e  l i fe 

out of the ru n n i n g .  Therefore ,  takeover means  that a part of a se lf-org a n i z i n g  structure makes  i t se l f  
i n d ependent  and  th rusts as ide its pre-fo rm .  I f  t h i s  hypothes i s  i s  correct then  new l i fe cou ld  cont i n ue  
to deve l op  f r om  the c rysta l format i o n ,  a fact t ha t  we  perhaps have mere l y  not ye t  obse rved .  O r  per­

haps the pe r i phe ra l  cond i t i o n s  have been d i s a rranged through  the emergence  of l i fe based on  DNA 

and  RNA .  What a l so make s  t h i s  hypothes i s  of takeover p i q u a n t  i s  t h e  fact t h a t  a repeated takeover 

is ,  in its turn ,  poss i b l y  ta k i n g  p lace wi th  the  computers based on s i l i con ,  so  that b i o l o g i c a l  l i fe wou l d  
o n l y  be a n  ep i sode  i n  t h e  l i fe be i n g  based o n  s i l i c on .  After a l l ,  a t  the moment ,  so -ca l i ed a rt i f i c i a l  l i fe 

is a l ready beg i n n i n g  to g row in the form of c e l l u l a r  a utomatans o r  computer  v i r u ses .  

Even  the mo l e c u l a r- Da rwi n i st a pproach deve l oped by  Manfred E i g e n  p roceeds  on  the bas i s  o f  
the thes i s  t ha t  se l ect ion  mechan i sms  a re a l ready act ive i n  the i n an imate a rea of mate r i a l ,  so that l i fe 
emerges from the se lf-orga n i za t i on  of mac ro-mo l ecu l e s  wh ich  a re generated by ente r i n g  i nto hyper­
cyc l e s .  That i s  beyond every sc i en t i f i c  exp l anat i on  of how l i fe ca me to be ,  and  it i s  exc i t i n g  because 

h e re i t  becomes c lea r  that se l f -org a n i za t i o n  w i l l  emerge when va r ious p rocesses  mutua l ly b u i l d  them­

se lves u p  unde r  c e rta i n  cond i t i o n s  a nd  "use"  each other  mutua l ly, i n  a c e rta i n  sense ,  whereby some­
th i ng  new can  eme rge with i n  the l i m i ts of the i nteract i ng  forces .  The new, i n  t u r n ,  prov ided  i t  pos­

sesses the a n i mated a b i l i ty of storage  and i n struct i on ,  uses o r  "ens laves"  the a gents and  i nteg rates 

them ,  for examp l e ,  a s  a c e l l  does the m itochond r i a ,  a virus does the ce l l ,  a m u l t i - ce l l  o rga n i sm  the d i f­

ferent c e l l  types ,  o r  an o rgan  the paras i tes ,  wh i ch  a lways means that, u n de r  c e rta i n  c i rc umsta nces ,  

the adopted agents ,  fore i g n  orga n i sms ,  o r  the very forces f rom the env i ro nment  can  t u rn a round  the 

rat i o .  The watc hmake r  wou l d  be b l i nd e r  than  the genet ic  evo l ut iona ry theo ry s uggests to u s o  And the 

creat ive co i n c i dence  with i n  evo l ut i o n  wou l d  not be apart from changes i n  the env i ro nment re lat ive to 
the orga n i sm-essent i a l ly determ i n ed  by chance  gene mutat ion-but wou l d  res u l t from the i nterac­

t ions not foreseea b l e  in deta i l  betwee n  popu la t i ons  (mo l ecu l es ,  c e l l s, v i r u ses ,  bacte r i a ,  etc . l  amongst 

one  another and  with each other. 
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A prereq u i s ite to evo l ut i on  is a st i p u l ated va r i ety of d i fferent ,  at any  rate , n o n i d ent i c a l  se lf­

reprod u c i n g  c omp l ex systems ,  because o n l y  then can s e l ec t i on  appea r  a s  a creat ive mechan i sm .  
Contra ry to t h e  u s ua l  p i ct u res o f  t h e  evo l u t i o na ry tree w i t h  a t ru n k  ram ify i n g  to show d ive rs i ty o n l y  i n  

its c rown , th i s  wou ld  speak for t h e  fact that there  a re a l ot o f  b ranches  even a t  t h e  very o r i g i n ,  that 

one -ce l l and then even mu l t i -ce i l l i v i ng  be i n g s  often eme rged  i n d ependent  of each othe r. Bes i des  the 
two l i n e s  of orga n i sms-the an ima l s  and the p l a nts-we have found yet a nother :  the  a rchaebacte­

r i a .  And so one i s  forced to appo i nt the ancestor of l i fe as  b e i n g  even l ower than with the prokary­

ote s .  The va r i ety of bacte r ia  is, however, e no rmous l y  l a rg e  and no  one has ever succeeded in con­
struct i n g  a ped i g ree f rom the va r i ous  forms,  meta bo l i sm  types ,  and  env i ronmenta l adaptat i o n s .  They 

a re not d i ffe rent i ated enough for th i s  and  proba b l y  they very often eme rged i n  para l l e l  o r  o ne  afte r 
the othe r. Ev i d ent ly, d i fferent bacte r ia can  a l so c ommun icate with each  othe r, by exchan g i n g  gene  

stra nds  i n  a f i rst step towa rds genet i c  crossover, wh i ch  sta b i l i z es  a type w i th  sexu a l  mat i n g ,  thus  

recomb i n i n g  the i r  DNA p l a n s  at ra ndom .  Bacte r i a  cou l d  the refore have  a gene ra l  c ommun icat i o n s  sys­
tem whereby they cou l d  even exchange DNA p i eces  with p l a nts and a n i m a l s .  I t  is assumed ,  for  exam­

p ie ,  that the e u ka ryote c e l l s  wh ich  conta i n  a co re with DNA and sma l l e r  membrane- l i m ited s u b u n i ts 

o r i g i nated from a symb ios i s  with prokaryotes with o n l y  o ne  s i n g l e  DNA  r i n g .  And even the e u ka ryote 

c e l l  ca re a ppea rs to conta i n  at l east three types of genes ,  so  that i t  c o u l d  be a c h ime ra of D N A  texts . 

I n  add i t i o n  to t h i s ,  there a re sti l l  the v i r uses  wh i c h  no rma l l y  do not count  as l i v i n g  orga n i sms  but  

wh i ch  a l ready have stra nds of DNA or RNA and  wh ich  a re s u rrounded by a p rote i n  coat .  U n l i ke the 

orga n e l l es wh i ch  s im i l a r l y  have the i r  own genet i c  code ,  they have not  i ntegrated themse lves  i n  the 
host c e l l ,  wh ich can be unde rstood as be ing a c e l l  of c e l l s ,  but  keep the i r  i nformat i on  by i nfect i n g  c e l l s  
and  b y  refu nct i o n i n g  them f o r  t h e i r  m u l t i p l i ca t i on  Unt i l t h e y  t a p  a co rrespond i ng  c e l l  a n d  i t s  g e ne  text 

and have i t  work for them,  e . g .  by add i ng  the i r  gene t i c  code  to that of the host c e l l ,  they are in an i d l e  
pos i t i on  and  a re " I i fe l e s s . "  The refo re, v i r uses  can  e i t h e r  enve l o p  t h e  programme o f  the c e l l s  o r  d i rect­

Iy  c hange  i t  in the sense of a genet ic  takeover. From these many  i nteract i ons  of acq u i s i t i o n  and par­
as i t i sm  one  c o u l d  assume that paras ites at l east acce l e rated evo l ut i o n  and  that the batt l e  between  
paras i tes ,  wh i c h  deve l oped para l l e l  to the f i rst l i v i n g  s i n g l e -ce l l  o rga n i sms ,  and  hos t  ce l l s  sta rted u p  

a s i g n i f i c ant ,  c reat ive, but ,  o f  cou rse ,  a l s o  death l y  mecha n i s m .  Without  bacte r i a  any  h i g h e r  l i fe c o u l d  
n o t  ex i s t .  Even v i ruses be long  t o  t h e  env i ronment  of l i v i n g  orga n i sms ,  and  evo l ut i o n  d o e s  n o t  a ppear  

to reward s i n g l e  i nd iv i d u a l s  o r  s i ng le  gene  p i eces ,  but  rath e r  popu l a t i ons  wh i c h  a re i n  coope rat ive 
i nteract i o n  with each othe r, i n c l u d i n g  even re l a t i o n sh i p s  between  paras ite and  host o rga n i sm  o r  a n i ­

ma l s  of prey a nd  hunters .  I f  t h e  n i c h e  i s  t o o  s i m p l e  and  the orga n i sms  a re n o t  threatened ,  t h e n  very 
often no f u rt he r  deve l opment takes p l ace .  I n stead the re i s  a red uct i on  i n  the prog ramme .  

Wha t  i s  i nterest i ng  i n  th i s  respect i s  t h a t  a rt i f i c i a l l i fe c e l e b rated i t s  f i rst, e ven  i n  many  cases 

unwe l come ,  s u ccesses with the so-ca l i ed computer  v i ruses .  They have a programme j u st l i ke b i o l og ­
i c a l  v i r u ses ,  i . e .  a memory sto r i ng  i nformat i on  wh ich ,  hav i ng  been i nfected, uses the computer as  a 

host o rga n i sm  to copy i tse l f  i nto another computer  a nd  to be a b l e  to m u l t i p l y. I n  the  compute r  eco lo ­
gy v i r u ses  act a utonomous ly  and they commun icate with i ts p rogrammes ,  wh i ch  does  not necessa r i l y  
mean  t h a t  t h ey  damage the i r  host orga n i sm  and  the  n i c h e  of i nter l i n ked compute rs w i t h  the i r  ever 
i nc reas i n g  data c lea rances .  For examp l e ,  Ha r a l d  Th imb l eby programmed se lf- reprodu c i n g  v i r uses  

wh i ch  h e  ca l i ed " I ifewa re" i n  such a way that they compa re data  banks .  I f  these data  banks do not 
cor respond  with each othe r, the m i s s i n g  data i s  a utomat i ca l ly cop ied i nto the oth e r  data bank .  Fred 
Cohen even b e l i eves that symb i ot i c  computer  v i r u ses  c o u l d ,  in futu re ,  take care of the  ma i n  work for  

subo rd i nate tasks i n  i nformat ion systems .  N obody rea l ly knows-as with genet i ca l l y changed  

m i c roa rg a n i sms-if they  wi l l  cont i n ue  to be "k i nd  h e l pe rs , "  once  they  enter  i nto a n  evo l ut i o na ry d r i ft .  
However, a s  yet ,  most  v i ruses have not been  p rog rammed  by system use rs a nyway. The computers a re 

i nfected exte r na l ly with more or less damag i n g  v i r uses .  The conseq uence  resemb l e s  a k i n d  of arma-



m e nt race :  computer  systems a re bette r  safegua rded and v i ruses accord i ng l y  become more  i n te l l i gen t .  

I t  i s  a ssumed  that  sexua l  mat i ng  has  managed to succeed  i n  b i o l og i c a l  evo l u t i o n ,  amongst  othe r  
t h i n g s ,  because the i nterfe rence f r om  bacte r ia  cou l d  be fended off better. Of c o u rse ,  t he re a re  st i l l  
me re l y  r ud imentary forms o f  m utat i o n  by means  of wh ich  compute r v i r uses  can  adapt to new s u r­

ro u n d i ngs .  The i r  evo l ut i on  i s  advanced by h uman  prog ramme rs ,  but it wi l l  p robab l y  soon be poss i b l e  
t o  deve l o p  a n d  re l ease  computer  v i r uses  wh i c h  c a n  change i n  order t o  escape t h e  sea rch  p rog ramme  

a n d  to adapt mo re f l ex i b l y  to n ew  s u rro u nd i n g s .  
I n  the  c a se  of genet i c  a l go r i t hms wh i ch  use  t h e  evo l ut i on  mechan i sms  of s e l ec t i on ,  m utat i o n ,  

a nd  g enet i c  c rossover by  mat i n g  i n  o r d e r  to opt im i ze programmes f o r  s o l v i n g  tasks ,  the  structure o f  
wh i c h  n eed  not be recogn i z ab l e  i n  deta i l ,  popu l at i ons  o f  non i dent ica l  p rog rammes  o r  c h a i n s  composed  

at ra ndom of ze ros  and  on  es wi l l  be exposed  to a so l ut i on  space  and  then assessed  i n  acco rda nce  wi th  

the i r  q u a l i ty. Prog rammes  a re a b i t  code composed of ru l es to recogn i ze  featu res  a nd  to t r i gger  off 
act i o n s .  As genet i c  a l g o r i t hms a re orga n i zed  non l i near ly  so as  not to reduce t hem to a dom i nant  ru l e  

a n d  t hus  make them u n s u i ta b l e  for c omp l ex s i tuat ions ,  the r u l e s  a l so compete wi th  each  other  a n d  a l l  

the  r u l e s  wh i c h  were i nvo lved i n  a " successfu l "  act ion a re rewa rded, i . e .  amp l i f i e d .  S u c h  p rog ra m m es 

wh i c h  g rad u a l l y  o rgan i ze  themse lves  heterarch i ca l ly and h i e rarch ica l ly can be ve ry f l ex i b l e ,  bu t  of 
cou rse  they a re exposed to a r i g i d  env i ro nment and a re assessed from the outs i d e .  In add i t i o n  to t h i s ,  

the i r  popu l a t i ons  a re gene ra l l y st i l l  ve ry sma l l  as  compared t o  b i o l o g i c a l  ones .  The i r  advantage  i s  that  
they can  pass th ro ugh  the gene rat ion  sequence at h igh speed and evo l ut i o n  can  be  obse rved ,  whe re ­

by  a l l  d eve l opment  stages  and  i m passes a re stored ,  a feature wh i ch  i s  d i fferent i n  the  b i o l o g i c a l  one .  

The i n crea s i n g  capac i ty of pa ra l l e l  compute rs-the " Connect ion Mach i n e "  by H i l l i s was ,  i n c i d enta l l y, 
deve l oped with i n  the context of research i n g  a rt i f i c i a l  l i fe-means that programme  popu l a t i o ns  w i l l  

b e  a b l e  to b e  bred that wi l l  s uffi c i ent ly  come c l oser  to the i n d iv i dua l  n u mber  o f  na tu ra l  popu l a t i o n s .  
A l t hough ,  w i t h  gene t i c  a l go r i t hms wh i ch  can  aga i n  be compared t o  v i ruses ,  rea l l y new const ruct i o n  
p l a n s  o r  behav i o u ra l  modes  can  eme r ge ,  pa rt i cu l a r l y  as a res u l t  o f  crossover, J o h n  H .  H o l l a nd  po i nts 
out  that  even he re phenomena  such a symb i o s i s ,  paras i t i sm ,  m im i cry, predator- p rey coevo l ut i o n ,  n i c h e  

fo rmat i on ,  a nd  the f i ss i o n i n g  of one  k i n d  i nto n ew  stem l i nes can b e  observed .  I n c i d enta l l y, i n  t he  ca se  
of g e n et i c  a l g o r i thms i t  has  been  shown t ha t  the mutat ion  rate as  opposed to crossover was  a n  a l most 

neg l i g i b l e  va l u e  for  evo l ut i o n .  Genet i c  a l go r i t hms and ce l l u l a r  a utomatons  a re restr icted i n  the i r  s e l f ­

o rg a n i zat i o n ,  part i c u l a r l y  by the fact that they do not ex ist i n  a comp lex env i ro nment ,  even i f  they a re 

i n  a pos i t i on  v i a  back-fed processes with no supe rord i nated r u l es ,  to p roduce re l a t i ve ly  c omp l ex c o l ­

l ect ive behav i o u ra l  mode s  from the react i on  of i n d i v i d ua l  "o rga n i sms" i n  l oca l l y  restr icted s i tuat i o n s .  

The fact t h a t  the ex istence of paras i tes ,  and  the refore t h e  genet i c  takeove r, c o u l d  h ave  been  

an  impo rtant cata lyst for the var i ety a nd  comp l ex i ty of l i fe (and perhaps  st i l l  i s ) was i l l u strated by 
Danny H i l l i s i n  a computer  s i m u l a t i on  on  one  of h is Connecti on Mach i nes  with 64 ,000 processors 

ope rat i n g  i n  para l l e l .  H e  sent " o rgan i sms , "  i . e .  b i n a ry number  cha i ns  represent i ng  genes  wh i ch  were 

to so l ve  comput i ng  tasks on  the bas is  of ge net i c  a l gor i thms ,  i nto an evo l u t i ona ry a rmament  race with 

paras i tes ,  wh i ch  were s i m i l a r l y  rewa rded i f  s uccessfu l .  These types co-evo lved by react i ng  even mo re 
sk i l l f u l l y to the attac k  or defence strate g i e s .  A lways when the orga n i sms  had  sta b i l i zed and  had  

i m m u n i zed themse lves and  i t  seemed as  though  the paras i tes had l ost the r a ce ,  a wave of attacke rs 

s udden l y  eme rged a ga i n  wh i ch  managed  to brea kdown the i r  safety systems .  H i l l i s  d i scovered that  

d u r i n g  the phases of sta ndst i l l  i n  the ca se of the phenotype ,  def ined he re by its comput i ng  a b i l i t i e s ,  

c hanges  were  a l ready ta k i n g  p l a ce  i n  the d i g i ta l  he red i tary mate r i a l  wh i ch  s udden l y  caused  a n  even  

g reater change ,  a s  f r om a c r i t i ca l  po i n t .  Evo l ut i ona ry b i o l o g i sts have a lways obse rved t h i s  c hange  

between pe r i o d s  of sta ndst i l l  a nd  ra p i d  i n n ovat i on  at t he  l eve l o f  t he  phenotype ,  but t hey  cannot 

exp l a i n  how th i s  s udden  change  wh i ch  i s  i n  oppos i t i on  to the dog ma of change  by means  of the accu ­

mu l a t i on  of sma l l  steps ,  takes  p l a ce .  Wh at was not iceab l e  was  that  the organ i sms  needed  a l ot more  



gene ra t i ons  i n  o rder  to opt im ize when there were no paras i tes i n  the computer  top .  Consequent l y, 

t h e i r  p resence acce l erates the evo l ut i on  process a nd  the va r i ety by keep i ng  it at t he  b r i n k  of chaos ,  
that i s ,  p rov i d i n g  fo r  i m ba l ance .  Even  the e rrat i c  i n novat i o n  with pa ras i tes  and  o rga n i sms  can be 

thought of as  a ta keover. F i rst of a l l ,  a l l e l e s  a re produced wh ich a re e i ther  n e utra l o r  wh ich cou l d  be 

used  fo r  othe r  funct ions ;  as  i n  nature ,  i t  i s  n ot the pr i n c i p l e  of i d e nt i ty but mo re t he  f l ex i b l e  one  of 
s i m i l a r i ty wh i ch  dom inates .  I f  there a re a n umbe r  of a l te rnat ive genes  ava i l a b l e  wh i c h ,  t h ro u gh  feed­

back ,  cause another behav i o u r  that has " advantages , "  a new featu re res u l t i n g  f rom mat ing cou l d  

sp read out  e rrat i c a l ly. 

With "Ti e rra , "  the b i o l o g i st Thomas Ray t r i ed  to de s i g n  an evo l v i ng  system where d i g i t a l  l i v­
i n g  b e i n g s  wh i ch  had been changed by d i ffe rent  m utat i o n s  of the i r  he red ita ry mate r i a l  were compet­
ing for  processor  t ime and sto rage space .  The env i ronment  a l s o  changed  th ro ugh  a k i n d  of computer  

no ise and the o rgan i sms of 80 gene-commands  on ly had  a l i m i ted l i fet i me ,  i . e .  even the we i l  "adapt­
ed" had to make the i r  exit at some po i n t .  After  the system had been ru n n i n g  for some t ime  and  

m utants eme rged  wh ich worked even  more effect ive l y, orga n i sms  w i t h  on l y  45 g e ne-commands sud ­
den l y  a p peared that  were u nab l e  to reproduce .  For  t h i s  reason ,  the  pa ras i tes  had to l ook  for  a hos t  i n  
o rde r  to use  i t s  rep l i cat ion code .  As they  were s imp l e r, they were  ab l e  to sp read ou t  faster than  the 

mo re c omp l i cated l i v ing be ings .  But i f  they had a l i enated and  k i l l e d  too many  hosts ,  the i r  n umbers 
a l so went down . With paras ites there eme rges  new pe r i phe ra l  cond i t i ons  between l iv i n g  be i n g s  

deve l o p i n g  a n  evo lv ing system ,  t o  a ce rta i n  exte nt . l i ke a cata lyst and  out  o f  wh i c h  even  m utants 
wh i c h  c o u l d  not su rvive i n  a stab l e  env i ronment  with a constant so l u t i on  space get  a chance to s u r­

v ive by a mutua l  a rmament race .  

Paras i tes appea r, therefore, to eme rge  w i t h  a ce rta i n  comp l ex i ty i n  the c o u rse of the evo l u ­
t i o n  o f  l i fe and  fu rther advance t h i s ,  i r respect ive o f  i f  t h i s  takes p l a c e  i n  t h e  s e n s e  o f  a n  a rmament  

race  o r  a s  a symb ios i s .  There i s  a huge  va r i ety of pa ras i tes  of b i o l o g i c a l  l i fe ,  t he i r  types p robab l y  
exceed i n g  by far those of a l l  o the r  an ima l  spec i e s .  La rge r  pa ras i t es  d i sp l ay a w i l d  m u l t i tude of meta­
morphoses  and  exp lo i t  an  i n c red i b l e  ser ies of i ntermed i ate hosts .  Paras ites a re p redators and g ue sts 

wh i c h  knock a comp lex system off ba l ance  and cause  change :  they a re agents of m etamorphos i s ,  open  
u p  evo l ut i o n  to u nforeseeab l e  deve l opments wh i ch  othe rw i se  o n l y  occ u r  as  a res u l t  of catastrophes  

i n  the  phys i c a l  and  chem ica l  env i r onment .  They very poss i b l y  not o n l y  i nterfere from outs i d e ,  da  mag­
i n g  o r  i mprov i ng  an  orga n i sm ,  nest i ng  i nto i t  o r  prov i d i n g  for  no i se ,  but  a l s o  i ntrod uce  d i rect m utat i o n s  
of the hosts t h r ough  the i r  i nformat i on  wo rk .  The i r  behav i ou ra l  features a re not restr i cted to the para­
s i tes  wh i c h  penetrate a host , l i v i ng  i n  i t  a nd  p l ay i ng  with its memory, a s  every form of takeover and 

creat i o n  i s  paras i t i ca l ,  whereby even the hosts can  be termed as  be ing paras i tes  in  an  i nt r i cate net­

work .  After a l l ,  l i fe i s  a paras i te of the Ea rth ,  wh ich has  been  i nvaded and  changed  by i t .  And every 
host  that  i s  occup ied by paras i tes ,  i s ,  i n  i t se l f ,  a paras ite of another  l i v i n g  be i n g  i na smuch  as it l i ves 
off othe r  orga n i sms .  

I f  the RNA or DNA were perhaps paras i tes of a l i fe based  o n  s i l i c one ,  t hen  t hey  themse lves 
have s ubsequent ly become paras ites of the host  c e l l they use  as  the i r  s u rv iva l mach i n e  and  i n  wh i ch  

the n e u rona l  system has poss i b l y  deve loped  as  a f u rthe r  pa ras i t e ,  a g a i n  becom i n g  a hos t  of a new l i fe 
form yet wh ich i s  a l  ready the car r i e r  of that form of l i fe termed cu l tu re .  But  even the evo l ut i o n  of a 
new behav i o u r  based on the sequence of many  moto r i c  and  senso r i c  actors a nd  m i l l i o ns  of n e u rons  
compet i ng  and  cooperat i ng  w i t h  each  othe r, c an  be  unde rstood as  be i n g  a takeover and  conseq ue nt­

I y a pa ras i t i ca l  use of prev ious  s imp l e r  behav i o u r  sequences  of the n e u rona l  ma c h i ne ry that ,  as yet. 

had  been set in a comp l ete ly d i fferent s o l ut i o n  space .  In th is way, as  the  n e u rob i o l o g i st Wi l l i a m  Ca l v i n  
a s sumes ,  the  senso-moto r i c  behav i ou ra l  sequence  of prec i s e l y  hamme r i n g  open  n uts with stones  
c o u l d  have  been used  to make  poss i b l e  the th row i ng  of s tones  at mov i ng  targets .  Th i s  a b i l ity to orga­

n i ze d i fferent back-fed sensor i c ,  project ive ,  a nd  moto r i c  behav i o u r a l  sequences in  a n  i ntersect i n g  



"me l ody, " by the  s e l ect i on  of many  va r i a nts p l ayed through  and  assessed i n  m i l l i s econds ,  c o u l d  have 
opened u p  the  poss i b i l i ty of b u i l d i n g  u p  a d i fferent i ated l anguage  from com p l i cated i nter l i n kages ,  

w i th  the same  sequence  mecha n i sm  pe rm i tt i ng  the p lay i ng  and wri t i n g  of mus i c .  I f  the  pa ras i t i c  
takeover succeeds ,  new n i ches  eme rg e  wh i c h  cont i n ue  to deve l op  i n  pa ra l l e l  beco m i n g  more comp l ex 
with the emergence  of new paras i tes  that cha l l enge  ro u t i ne  behav iou r  gene ra l l y th rough  choc-type 
comp l ex i ty red uc t i on .  

I f  t he re i s  a n  e n c l osed env i ronment  and  a r i g i d  so l ut ion space as  i n  the v i rt u a l  wor ld  of com­
puters ,  t hen  pa ras i tes can  o bv i o u s l y  be  used to opt i m ize a l gor i thms .  They c o u l d  t hen  be of i mporta nce 
for the cont i n u ed  deve l o pment  of a rt i f i c i a l  i nte l l i gence on the bas i s  of  genet i c  a l g o r i thms o n  para l l e l  

com puters a nd  t h e  bottom-up  method determ i ned b y  chance .  However, the re  i s  a l ways t h e  l i m i tat i on  
that  they a l so  cause  systems to c rash  and  can  i ntrod uce an  uncontro l l a b l e  deve l opment .  We m ust 

get used to the fact that ba l a n ce  i s  not  a n  o r i e ntat i on  by wh i ch  b i o l og i ca l ,  psyc h i c a l ,  and soc i a l  sys­

tems keep t hemse lves a l i ve ,  that i t  is mo re the i ntrod uct i on  of nasty, destruct ive v i r uses  and pa ra ­

s i tes that  prod u ce  new forms of l i fe ,  t h i n k i n g ,  a nd  a rt .  We shou l d  not  accept the bad mere ly  a s  a d r ive; 
we poss i b l y  have to prod uce  i t  o u rse lves i n  order  to su rv ive, mean ing  that to change  the a n i mate and 

i n an i mate env i ronment in wh i ch ,  and from wh ich, we l ive as paras ites .  I r respect ive of whethe r  we b i o ­

l og i ca l l y  s u persede ou r se l ves  i n  the l o n g  te rm ,  o r  i n  the sho rt te rm by  gene  tec h no l ogy, o r  whethe r  we 

re lease a post- b i o l o g i c a l  l i fe that w i l l  l e ave us  beh i nd  i n  the a rmament race but  whe re we, perhaps ,  

cou ld  cont i n u e  to l i ve sym b i ot i ca l l y  o r  by the fact  that  we i nvent new know ledge  a nd  tech no l ogy m uta­
t i ons ,  we wi l l  b l eak l y  be  forced to recogn i ze that we a re not the stab l e  f i n a l  product of evo l ut i o n  that 

we can stee r  and co ntro l f rom the ou ts i d e .  And even i f  we cou l d  succeed in th rott l i n g  ce rta i n  deve l ­

opments ,  pe rhaps  with regard t o  A I ,  A L ,  o r  g e n e  techno l ogy, w e  wou l d  end  u p  i n  a n other  evo l ut i o na ry 
d r ift wh i ch  is j u st as unforeseeab l e  a nd  wh i ch  i s  immune  to sudden muta t i ons  a l l ow ing  new paras i tes 

and  v i ruses to emerge .  
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A r s  E l e c t r o n i c a  9 4  

T h e  O v e r e x p o s e d  C i t y 

o At the beg i n n i n g  of the 1 960s ,  with the b l a c k  g hetto revo l ts i n  fu l l  swi ng ,  the  mayor  of 

"- Ph i l a d e l p h i a  dec l a red :  " F rom now on ,  state l i n es  c ross i n s i d e  the c i ty. " W h i l e  t h i s  sentence  expressed 

:> a po l i t i c a l  rea l i ty fo r the v i ct ims  of Amer i can  d i sc r i m i na t i on ,  it mo re impo rtant ly  opened onto a much  

:::J 
wide r  d i mens i o n  because the Ber l i n  Wa l l  had j u st been  e rected ,  on Aug ust 1 3 , 1 96 1 , i n  the  Re i c h 's 

co 
a.. anc i e nt cap i ta l .  S i nce then ,  the mayor's assert ion  has  cont i n ued  to prove t rue .  O n l y  a few years aga  

i n  Be lfast and  Londonde rry, ce rta i n  streets were  ma rked with a ye l l ow band ,  d i v i d i ng  Protesta nts and  
Catho l i c s ,  before both moved fu rther  apa rt ,  l eav i ng  beh i nd  a fenced- i n  no -man 's - I and  that  made  for  a n  

even stronge r  separat i on  between th e i r  n e i g h bo rhoods .  Be i rut came next ,  w i t h  i t s  east and  west q u a r­

ters ,  its domest i c  front iers ,  its t unne l s ,  i ts m i ned bou l evard s .  I n  fact, th i s  de c l a ra t i on ,  made  by the 
leader  of a l a rg e  Amer ican metropo l i s ,  u nde rscored a genera l  phenomenon  affect i n g  cap i ta l s  a s  we i l  

a s  prov i n c i a l  c i t i e s .  The phenomenon o f  o b l i g atory i ntrovers i o n ,  i n  wh i c h  c i t i e s ,  j u st l i ke i n d ust r i a l  
compan i e s ,  su ffered t h e  f i rst effects o f  a m u l t i nat i o n a l  economy, l e d  t o  a s i g n i f i cant  u rban redep l oy­

ment .  On the one hand ,  i t  contr ibuted to the d i s r u pt i on  of ce rta i n  work i ng -c l ass  c i t i e s  s u ch  as 
L ive rpoo l  o r  S heffi e l d  in Eng l and ,  Oetro i t  o r  St. Lou i s  in the U n i ted States ,  and Do rtmund  in G e rmany. 

On  the othe r  hand ,  new u rban centers deve l oped  a round  g i gant i c  i nternat i o na l  a i rpo rts-the 
Metrop l ex-metropo l i tan comp lexes such  as  D a l l a s-Fort Worth .  

With the beg i n n i n g  of t he  wor l dw ide  eco nom i c  c r i s i s  i n  the 1 970s ,  these a i rports were  con ­

structed i n  o rder  to  conform to defense i m perat ives a ga i nst h i j ack i n g .  B u i l d i n g s  were  no  l onger  b u i l t  
accord i n g  t o  t rad i t i ona l  techn i ca l  constra i nts ,  b u t  were d e s i g n e d  to m i n i m i ze t h e  r i s k  o f  "ter ror i st  con­
tam i n at i on . "  S i tes were p l anned  to d i sc r i m i nate between  a ste r i l e  zone ( depa rt u res )  and  a nonste r i l e  

z o n e  ( a r r iva l s ) .  A l l  c i rcu its a n d  c i rc u i t  breaks ( i . e . ,  passenge rs ,  baggage ,  and  f re i g ht l ,  a s  we i l  a s  the 
gene ra l  f l ow of traff i c ,  were subm i tted to a d i sc r i m i natory ( i n te r i o r/exte r i o r )  tra n s i t  system .  

Consequent l y, the  b u i l d i ng 's a rch i tectu ra l  f o rm  becam e  l e s s  the  res u l t  of a n  i n d i v i d ua l  a r ch i tect 's per­

sona l i ty than  of the necessary preca u t i ons  taken fo r  p u b l i c  safety. As the state's l a st gateway, the 
a i rport became ,  l i ke the fort ,  the harbor, o r  the  tra i n  stat i o n  of the past ,  the  p l a ce  of the necessa ry 

reg u l at i o n  of exchange and  commun i cat i o n .  For  t h i s  ve ry reason ,  it a l so became the pe rfect f i e l d  for 

i ntense contro l and h i g h  su rve i l l ance  expe r imentat i o n .  An " a i r  and borde r  patro l "  was deve l oped ,  and  
t he i r  a nt i ter ror i st  exp l o its made head l i nes ,  as ,  for exa m p l e ,  i n  the  case of the GS .G9  Ge rman  g u a rds '  
i ntervent ion  i n  the Mogad i s hu  h i j ack i ng  severa l t housand  k i l ometers f rom th e i r  j u r i sd i c t i o n .  

From that moment on ,  i t was no  l o n g e r  s imp l y  a matter of i so l a t i ng  the contag i ous  o r  s u spect­
ed pe rson by conf inement as  in the past, but rather  of i ntercept i ng  h i m  in the cou rse of h i s  j o u rney, i n  
o rde r  t o  exa m i n e  h i s  baggage a n d  c l ot h i n g  e l ectro n i c a l l y. T h u s  t h e  sudden  p ro l i fe rat i o n  o f  came ras ,  

rada r, and  detectors at mandatory passageways. Fre nch  p r i sons  with h i g h-sec u r ity q u a rters were a l so 
e q u i p ped with these same magnet ic  doors wh i ch  had  been  i n sta l l ed i n  a i rports severa l years e a r l i e r. 

Paradox i ca l l y, the very equ i pment des i gned  for  the utmost f reedom i n  trave l se rved as a mode l  for 

pen i tent i a ry i n ca rcerat i on .  Prev ious l y, i n  severa l Amer i can  res i dent i a l  a reas ,  secu r i ty was ca r r i ed  out 
on ly by c l osed-c i rc u i t  te l ev i s i ons  hooked u p  to p o l i c e  headqua rters .  In banks and  superma rkets ,  a s  
we i l  a s  o n  h i ghways, where to l l booths s i m u late the o l d  c i ty ga tes ,  the r i t e s  of passage  a re no  l ange r  

i nterm ittent-they have  become immanent .  
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G iven such  a perspect ive wi thout  ho r i zons ,  the way one ga i ns  access to the c i ty i s  no l a n ge r  
th rough  a gate ,  a n  a rch  of t r i umph ,  but  rath e r  th rough an  e l ectron i c  a ud i e n c i n g  system whose  u sers 
a re not so  much i n hab ita nts o r  p r iv i l eged  res i dents as they a re i nte r locutors in  pe rmanent  t ra n s it .  

F rom t h i s  moment  on ,  breaks i n  cont i n u i ty occu r  l ess  with i n  the boundary of a phys i c a l  u rban  space  o r  

i ts cadastra l reg i s ter  than  with i n  a span  of t ime ,  a span t ha t  advanced tec h no l ogy  a nd  i n d u st r i a l  rede­
p l oyment have i ncessant ly  restructured th ro u g h  a ser ies  of i nterrupt ions ( c l o s i n g  of c ompan i e s ,  u nem ­
p l oyment .  va r i a b l e  wo r k  sched u l e s ,  etc . )  a n d  th rough  s uccess ive o r  s im u l ta n ea u s  t ransfo rmat i ons  

wh i ch  have managed  to orga n i ze and  reorg a n i ze the urban m i l i eu  to  the po i nt of b r i n g i n g  a bou t  a 

d e c l i n e ,  a n  i r reve rs i b l e  d ete r i o ra t i on  of u rban  s i tes ,  as i n ,  for examp l e ,  the  l a r ge  townhouses  nea r  
Lyons  whe re  the occupan t  tu rnover rate became so h i g h  ( no  one stayed mo re t han  a yea r )  that  i t  
caused  the  ru i n  of a res i den t i a l  c omp l ex othe rwise cons i de red sat i sfacto ry. 

In fact . s i n ce  men  f i rst began  u s i n g  e n c l osu res ,  the nat ion of what a bounda ry is h a s  u n de r­
gone  tra n sformat i ons  wh i ch  cance rn both the facade and what it faces, i ts v i s -a -v i s .  F rom the  fence 

to the sc reen ,  by way of the ra m pa rt's stone wa l l s ,  the boundary-su rface has  been  cont i n u a l ly tra ns­

fo rmed ,  percept i b l y  o r  impe rcept i b l y. I ts  most  recent  transformat ion i s  perhaps that  of the  i nte rface .  

The  q u est i on  of access to the c ity, t hen ,  s h o u l d  be asked i n  a new way: Does  a g reate r  metropo l i s  st i l l  

have a facade? At what moment  c a n  the c i ty be  sa i d  t o  face us? The popu l a r  expres s i o n  "ta go  i nto 
the c i ty, " wh i ch  has rep laced l a st centu ry 's "ta go  to the c i ty, " embod ies a n  unce rta i nty rega rd i n g  re l a ­
t i o n s  of oppos i tes ( t he  v i s-a-v i s  and  the  face-a-face l .  as t hough  we  were no  l a n ge r  ever  i n  f r on t  of the 

c i ty but  a lways i ns ide  i t .  I f  the  metropo l i s  st i l l  occup i e s  a p i ece of g round ,  a geog ra p h i c a l  pos i t i o n ,  i t  

n o  l a nge r  cor responds to the  o ld  d i v i s i o n  between c i ty and cou ntry, nor to the oppos i t i o n  between cen­

te r  and  pe r i phe ry. The l o ca l i za t i on  and  the ax i a l ity of the urban l ayout faded lang aga .  S u b u rb i a  was 
not  s i n g l e- handed l y  respon s i b l e  for  th is d i s s o l u t i on .  The very oppos it i on  " i nt ra m u ra l "!"extra m u ra l "  
was i tse l f  weakened b y  t h e  revo l ut i o n  i n  transpo rtat i on  a n d  the deve lopment  o f  c ommun i ca t i ons  and  

te l ecommun icat i ons ,  wh i ch  resu l ted i n  the n ebu l o u s  conu rbat ion o f  an u rban f r i n g e .  I n  effect .  we a re 

witness i n g  a paradox i ca l  phenomenon  i n  wh i c h  the opac i ty of construct i on  mater i a l s  i s  v i rtu a l l y b e i n g  

e l i m i nated .  W i t h  the eme rgence  o f  po rtat ive structures ,  c u rta i n  wa l l s  made  of l i g h t  and  t ra n spa rent  
mater i a l s  ( g l ass ,  p l ast i cs )  a re  re p l a c i n g  the  stone facade at the same t ime  that  the  t ra c i n g  pape r, 

acetate, a nd  P l ex i g l a s  used i n  project stu d i e s  a re rep l a c i ng  the opac ity of pape r. 

O n  the other  hand ,  with the sc reen i nterface (computers , te levi s i o n ,  te l econfe re n c i n g )  t he  s u r­

face of i n s c r i pt i o n-unt i l now devo i d  of depth-comes i nto ex istence as " d i sta n ce , "  as a d epth of 

f i e l d  of a new rep resentat i o n ,  a v i s i b i l i ty w i thout  d i rect confrontat ion ,  without a face-a-face ,  in wh i ch  
the  o l d  v i s -a-v is  of streets and  avenue s  i s  effaced and d i sappears .  Th us ,  d i ffe rences  between  pos i ­

t i o n s  b l u r, resu l t i ng  i n  unavo i d ab l e  f u s i o n  a nd  confus i on .  Depr ived o f  object ive l i m i ts ,  the  a rch itec­

to n i c  e l ement beg i n s  to d r i ft .  to f loat i n  a n  e l ectron i c  ethe r  devo id  of spat i a l  d i men s i o n s  yet i n sc r i bed  
i n  the s i n g l e  tempora l i ty of a n  i n stantaneous  d i ffu s i o n .  F rom th i s  moment  on ,  n o  o n e  can  be  cons i d ­

e red  as  sepa rated by phys i c a l  obstac l e s  o r  by s i g n i f i cant " t ime d i stance s . "  With  the  i nterfacade  o f  

mon itors and  cont ro l  screens ,  " e l sewhere"  beg i n s  he re and v i ce  versa . Th i s  s udden  revers i o n  of l i m­

its and  oppos i t i ons  i ntroduces  i nto the space of common exper ience what had prev i o u s l y  be l o nged  
o n l y  to the rea l m  of m i c roscopy. So l i d  s u bsta nce no l ange r  exi sts; i nstead ,  a l i m i t l e s s  expanse  i s  

revea l ed  i n  the fa l se  pe rspect ive of the  appa ratuses '  l u m i nous  em iss i o n .  Constructed space  now 

occu rs with i n  an  e l ectro n i c  topa l ogy, where the fram i n g  of the po i n t  of v i ew a n d  the sca n l i n es  o f  

n u m er i ca l  i mages  g ive new fo rm to the pract ice of u rban mapp i ng .  Rep l a c i n g  the  o l d  d i st i nc t i ons  
between  p u b l i c  and  pr ivate and  " h ab i tat i o n "  and  " c i rc u l at i on "  i s  an  ove rexpos u re i n  wh i ch  the  gap  

between  " n ea r" a nd  " f a r "  ceases  to ex i st, i n  the  same way t ha t  the gap between  " m i c ro" and  "mac ro"  

d i sappears  th ro ugh  e l ectro n i c  m i c roscope sca n n i n g .  
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The representat i on  of the contempo ra ry c i ty i s  thus  no l onge r  dete rm ined  by a ce remon i a l  

o pen i n g  of gates,  b y  a r i tu a l  o f  process i o n s  and  parades ,  no r  b y  a success ion  o f  streets and  avenues .  

F r om n ow on ,  u rban arch i tecture must dea l  with the advent of a "tech no l og i ca l  space-t i m e . "  The access 

protoco l  of te l emat ics rep laces that of the doo rway. The revo l v i ng  door  i s  succeeded by "data banks , "  
by new r i tes  of passage of a techn i ca l  c u l t u re masked by the i m mate r i a l ity of i t s  components :  i ts net­

works, h i g hway systems,  and d i verse ret i c u l a t i ons  whose threads are no l onge r  woven i nto the space 

of a constructed fabr ic ,  but i nto the sequences of a n  i m pe rcept i b l e  p l a n n i n g  of t ime i n  wh ich the i nter­
face man/mach i ne  rep laces the facades of b u i l d i n g s  and the s u rfaces of g round  on  wh i ch  they sta nd .  

O n l y  a short t ime ago ,  the ope n i n g  of the c i ty's ga tes  was  dete rm i n ed by the a l ternat i n g  o f  
day a nd  n i g ht .  Today, however, s i nce we not  on l y  open  the sh utters but  a l s o  the te l e v i s i o n ,  day l i g h t  

i tse l f  has  been changed .  A fa l se  e l ectro n i c  day, whose  on l y  ca l enda r  i s  based  on " c ommutat i o n s "  o f  

i nformat i o n  bea r i ng  no re lat i o n sh i p  whatsoever to rea l  t ime ,  i s  now added to the so l a r  day of astron­
omy, e l ectr ic  l i g ht, and the dub i ous  "day l i g ht" of c and l e s .  C h rono l o g i c a l  a nd  h i sto r i c a l  t ime ,  wh ich 

passes ,  i s  thus  succeeded by a t ime  that i n stantaneous l y  exposes i tse l f .  O n  the term i n a l 's screen ,  a 
span  of t ime  becomes both the s u rface a nd  the s u pport of i n sc r i pt i o n ;  t ime  l i tera l ly o r, rathe r, c i ne­

mat i c a l l y  s u rfaces .  Oue  to the cathode-ray t ube 's i m percept i b l e  su bsta nce ,  the d imen s i ons  of space 

becom e  i n separab le  f rom th e i r  speed of t ra n sm i s s i o n .  U n i ty of p i  ace without  u n ity of t ime makes  the 
c i ty d i sappea r  i nto the heterogene i ty of advanced techno l ogy 's tempora l  reg ime .  U rban  form i s  no  

l onge r  des i g nated by  a l i ne of demarcat i o n  between  he re and  there ,  but  has  become synonymous  with 

the p rog ra m m i ng of a "t ime sched u l e . "  I t s  gateway i s  less a door  which m ust be opened than  an 
a u d i o-v i s u a l  protoco l-a protoco l  wh i c h  reorgan i zes  the modes of p u b l i c  percept i o n .  

I n  t h i s  rea l m  o f  decept ive appearances ,  where t h e  popu l at i n g  o f  t ranspo rtat i o n  a nd  t ra n sm is ­
s ion  t ime supp l ants the popu l at i ng  of space and  hab i tat i o n ,  i n e rt i a  rev ives  a n  o l d  sedenta r i n e s s  ( the  

pers i s tence of u rban s i tes ) .  With the advent of i n stantaneous  comm u n i cat i ons  ( sate l l i te ,  TV, f i be r  

opt i cs ,  t e l emat ics )  ar r iva l s upp l ants depa rtu re :  everyth i n g  a rr ives wi thout  necessa r i l y  hav i ng  to  
depa rt .  O n l y  yesterday, metropo l i tan a reas  m a i nta i n ed  a n  oppos i t i on  between  an  " i nt ra m u ra l "  popu ­

l a t i on  and  a popu lat ion  outs i de  the c i ty wa l l s ;  today, the  d i st i n ct ive oppos i t i ons  between the  c i ty's 
res i d e nts occu r  on ly  in t ime :  f i rst, l o ng  h i sto r i ca l  t ime  spans  wh i ch  are i d ent i f i ed  l e ss  w i th  the not ion  
of a " downtown " as a who l e  than with a few spec i f i c  monuments; and  second ,  tech no l o g i c a l  t ime 

spans  wh i c h  have no re la t ion  to a ca lendar  of act iv i t i es ,  no r  to a co l l ect ive memory, except to that of  
the computer. Contr i bu t i ng  to the creat i o n  of a pe rmanent  present whose i ntense pace knows no 
tomor row, the l atte r type of t ime  span i s  d estroy i ng  the rhythms  of a soc i ety wh ich ha s  become more 
and  more  debased .  And the "monument , "  no  longer  the e l abo rate l y  constructed port i co ,  t he  monu ­

men ta l  passageway pu nctuated by  sumptuous  ed i f i c es ,  but  i d l eness ,  the  monumenta l wa i t  for  se rv i ce  

i n  f ront  of mach i nery: eve ryone bust l i n g  abou t  wh i l e  wa i t i n g  fo r comm u n i cat i on  o r  t e l e commun i cat ion  
mach i nes ,  the l i nes at h i g hway to l l booths ,  the  p i l ot 's check l i st , n i g ht ta b l e s  as  com puter  conso l e s .  

U l t i mate ly, t h e  doo r  i s  wh  at mon itors veh i c l e s  and  va r i o u s  vectors whose  breaks of cont i n u i ty c om ­
po se  l ess a space t h an  a k i nd  o f  cou ntdown i n  wh i ch  the u rgency o f  work t ime  p l ays the  pa rt of a t ime  
cente r, wh i l e  unemp loyment and  vacat i o n  t ime  p l ay the pa rt of t he  pe r i p he ry-the  s u b u rb of t ime :  a 
c l e a r i n g  away of act iv i t ies whereby everyone  i s  ex i l e d  to a l i fe of both p r ivacy and  dep r ivat i o n .  

I f ,  i n  sp ite o f  t h e  wishes o f  postmode rn a r ch i tects ,  the  c i ty f r om  now on  i s  to be dep r ived o f  

doo r s ,  i t  i s  d u e  t o  the fact that t h e  u rban wa l l  has  g iven way  to an  i nf i n ity of ope n i n g s  and  r uptu red 
e n c l o s u re s .  Wh i l e  they a re l ess apparent than those of an t i q u i ty, they a re j u st as  rea l ,  constra i n i n g  
and  seg regat i n g .  T h e  i l l u s i ons  su r round i n g  the  i n d u str i a l  revo l ut i o n  of t ranspo rtat i on  have d e l uded u s  

abou t  the u n l i m i ted nature o f  progress .  The  i n d u st r i a l  struct u r i n g  o f  t ime  has  i m percept i b l y  compen­
sated for  the d i srupt ion of ru ra l  terr i tory. I f  i n  the  n i n eteenth centu ry the l u re of the c i ty empt i ed  ag ra r­

i a n  space  of its su bsta nce ( cu l tu ra l ,  soc i a l l , at the end  of the twent ieth centu ry it i s  u rban  space wh i c h  



l o ses  i n  its t u rn its geog raph i c a l  rea l i ty. Th i s  rea l ity is lost to the so le  benef i t  of i n sta ntaneous  depo r­
tat i o n  systems whose tec h no l o g i c a l  i ntens ity cont i n uous l y  upsets soc i a l  structu res :  the  deportat i o n  of 
peop l e  th ro ugh  the redep l oyment  of p roduct ion  modes; the e l i m i nati o n  of atten t i on ,  of h uman  con ­
fronta t i on ,  of the d i rect face-a-face ,  of the u rban v i s-a-v i s ,  wh ich  a l l  takes p l a ce  at the l eve l  of the  
manjmach i n e  i nterface .  I n  fac t ,  a l l  of t h i s  i s  part of anothe r  type o f  concentrat i o n ,  a nascent  transna ­

t i o na l  a nd  postu rban concentrat i o n  wh i ch  has  been  revea l ed  by many r e cen t  events .  

I n  sp i te  of cont i n u a l  r i ses i n  the cost of ene rgy, m i dd l e-c lass Amer i cans  a re evacuat i ng  ea st­
ern m etropo l ita n a reas .  After  the decay of i n n e r  c i t i es ,  wh ich  su bsequent l y  became g hettoes ,  comes  

the c u rrent dete r i o rat i o n  of the  c i t i e s  themse lves as reg i o na l  ce nters . 
From Wash i ngton to C h i cago ,  from Boston to Sa i nt Lou i s ,  the g reat u rban  centers a re depop­

u l a t i n g .  N ew York has  l ost, over the cou rse of the last  decade ,  10  percent of i ts  popu l a t i o n .  As for  

Detro i t ,  i t  saw more than  20 percent  of i ts i n h ab itants d i sappear; C l eve l a nd ,  23 pe rcent; S a i nt L ou i s ,  
27 percent .  Ce rta i n  n e i g h borhoods  i n  t he se  c i t i e s  a l ready resemb le  the g host towns immo rta l i zed by  

Ame r i c an  c i n ema .  

These  are p remon i tory s i g n s  of a n  imm i nent post i nd ustr i a l  d e u rban i za t i on ,  a nd  t h i s  exodu s  

wi l l  m ost l i ke l y  affect a l l  d eve l oped  coun t r i e s .  Foreseeab l e  f o r  a bout 40 yea rs n ow, t h i s  de reg u l a t i on  
of u rban  p l ann i ng  o r i g i nates f rom a n  econom i c  and po l i t i ca l  i l l u s i on  abou t  the pe rmanence of s i tes  

constructed i n  the era of t ime management  (a utomob i l e )  and i n  the e ra of a u d i o-v i s u a l  deve l opment  

of ret i n a l  pe rs i stence-the afte r image .  
" Every s u rface i s  a n  i nte rface between  two m i l i e u s  i n  wh i c h  a constant act iv i ty preva i l s ,  tak­

ing the  form of an  exchange  between  two s ubsta nces p l aced i n  contact with one  another. "  Th is new 
sc ient i f i c  def i n i t i o n  i l l u strates how conta m i nat ion  i s  at work  i n  the concept of s u rface :  the  s u rface­

bounda ry becomes an  osmot ic  mem brane ,  a b l otter. Even i f  th is  l a st etymo l ogy i s  mo re r i go rous  than 

prece d i n g  on  es ,  i t  noneth e l ess po i nts to a change affect i n g  the not ion of l i m i tat i o n .  The l i m itat i o n  of 

space becomes comm utat i o n ,  a rad i c a l  sepa rat ion ,  mandatory passageways, a t rans i t  of constant  
act iv i ty, nonstop exchanges ,  a t ransference between two m i l i e us ,  two s u bstances .  Wh at used to be  a 

su bsta nce 's bounda ry l i ne ,  i ts " term i n a l , "  now becomes an access route concea l ed  i n  the most impe r­
cept i b l e  ent i ty. F rom t h i s  moment on ,  the  appea rance of s u rfaces h i des a sec ret tra nsparency, a t h i ck­

ness without t h i ckness ,  a vo l u m e  without vo l ume ,  an  impercept i b l e  quant i ty. 
If t h i s  s i t uat i on  cor responds to the o utward appearance of the i nf i n i te l y  sma l I ,  it a l s o  reach­

es that of the i nf i n ite l y  l a rg e :  i f  what was v i s i b l y  noth i n g  becomes "someth i n g , "  then  i t  fo l l ows that  

the l o n g est d i stance no  longer  cuts off  percept ion ;  that i s ,  even the most vast  geophys i c a l  expanse  
contracts and  becomes concentrated .  I n  the interface of t he  screen ,  everyth i ng  i s  a l ready there to be 

seen i n  the immed i acy of i nsta ntaneous  transm i ss i on .  When Ted Tu rner dec i ded ,  fo r  examp l e ,  to l a u n c h  
Cab l e  N ews Netwo rk i n  At l a nta i n  1 980 ,  a c h a n ne l  prov i d i n g  l i ve news a r o u nd  the c l ock ,  he  meta­

morphosed h is  s u bscr i bers '  a pa rtments i nto a type of stat ion  of wor ld events .  

Because of sate l l i tes ,  t he  cathode- ray wi ndow i s  capab l e  of present ing a nt i podes a l o n g  with 

the l i g ht of a d i fferent day to each  one  of its v i ewers .  I f  space i s  that  wh ich prevents eve ryth i n g  from 

be ing i n  the same p i  ace ,  th is  a b rupt conf i n ement br ings eve ryth i n g-abso l ute l y  eve ryth i ng-back  to 

that p l ace  wh i c h  has  n o  p l a ce .  The exhau st i on  of natura l re l i ef and of tempora l  d i stances c reates a 

te l e s cop i ng  of any  l o ca l i zat i o n ,  of any  pos i t i on .  As i n  the case of events te l ev i sed  l ive ,  p l aces  a l so 

become i nterc hangeab l e  at w i l l .  

The i nsta ntaneousness  o f  u b i q u ity resu l ts i n  the atop ia  of a s i n g l e  i nterface .  Speed ,  wh i ch  

rep l aces  the d i stances of space  and  t ime ,  a bo l i shes t he  no t i on  of phys i ca l  d imens i on .  Sudden ly, speed 

returns to a p r ima ry sca l e  wh ich res i sts any k i nd  of measurement, whethe r  i t  be tempora l  o r  spat i a l .  
T h i s  phenomenon  i s  equ iva l ent t o  a n  i n stant o f  i n e rt ia  o f  the env i ronment .  With t h e  i ntense acce l e ra ­

t i  on of te l ecommun i cat i ons ,  the  o l d  c i ty d i s a ppears ,  on l y  to g ive b i rth to a new fo rm of concentrat i o n :  
c:n 
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the concentrat i o n  01 res ident i a l i zat ion without  res i dence ,  i n  wh i c h  property l i nes ,  e n c l os u res ,  and  pa r­
t i t i ons  a re no l anger  the resu l t  01 permanent  phys i c a l  o bsta c l e s  bu t  01 i nte r rupt i o n s  01 a n  em i ss i o n  o r  

01 a n  e l ectro n i c  shadow zone  wh i ch  m i m i cs  s unsh i ne  a nd  the  shadows 01 b u i l d i ng s .  A strange  topo l ­
o gy  i s  concea l e d  with i n  the consp i c uousness 01 te l ev i sed  images .  The  sequences  01 a n  i nv i s i b l e  

montage  re p l a ce  t h e  a rch i tect 's b l u ep r i nts .  I t  u s e d  t o  be geog raph i c a l  space w h i c h  w a s  structu red 

accord i n g  to a geometr i ca l  sett i ng  01 bounda r i e s  ( u rban o r  r u ra l ) .  Today i t  i s  t ime wh i ch  i s  structu red 

accord i ng to a n  impercept i b l e  Iragmentat i o n  01 a techno l og i c a l  t ime  span in wh i c h  cutt ing-a momen­
tary i nter rupt i on-rep l aces l ast i ng d i sappearances ,  and  i n  wh i ch  the " p rogram g r i d "  rep l aces  the g r i d  

01 wi re lences ,  j ust as i n  the past t he  ra i lway r ep l a ced  the ephemer i s .  

"The  camera has become ou r  bes t  i n spector, "  J o h n  F .  Kennedy dec l a red a sho rt wh i l e  belore 
he  was k i l l e d  o n  a street i n  Da l l a s .  Actua l l y, the  came ra a l l ows u s  to pa rt i c i pate-l ive o r  on  tape­

in ce rta i n  po l i t i c a l  events and ce rta i n  opt i c a l  p henomena ,  s u c h  as  phenomena  01 b reak i ng  i nto eftrac­
t i o n ,  in which the c i ty l ets i tse l l  be seen th ro ugh  and t h ro u g h ,  and phenomena  01 break i n g  apa rt d i l­

fract i o n ,  in wh i ch  its i mage  i s  rel l ected beyond the a tmosphe re to the ends  of space .  And meanwh i l e ,  
t h e  endoscope a n d  the scanne r  a r e  perm i tt i n g  us  t o  s e e  l i le i n  i t s  most remote a spects .  T h i s  overex­
posure attracts our attent ion i nasmuch  as  i t  portrays the image  01 a wor ld w i thout  a nt ipodes ,  w i thout  

h idden s i  des ,  a wor ld i n  wh ich  opac ity i s  no  longer  a nyth i n g  bu t  a momentary " i nte r l u d e . "  I t  mu st be 
noted ,  however, that the i l l u s i o n  01 prox im ity does  not l a st very l a n g .  Where the  p o l i s  once i n a u g u ­

rated a po l i t i c a l  theater, with t h e  agora and  the forum ,  today t h e r e  rema i n s  noth i n g  b u t  a cathode- ray 

sc re en ,  with its shadows and specters 01 a c ommun ity i n  the  process of d i s appea r i n g .  Th is " c i n ema ­
t i sm"  conveys the last a ppearance of urba n i sm ,  the l a st image  of a n  u rban i sm  w i t hou t  u rban i ty, where 

tact a nd  contact y i e l d  to te l evi s ua l  impact :  not o n l y  "te l econlere n c i n g "  wh i ch  a l l ows for conferr i n g  at 
g reat d i sta nces  without havi ng  to move, but  a l so " te l e negot ia t i n g "  wh i ch ,  to the  contrary, l ets o ne  
m a i nta i n  a d i stance du r i n g  d i scuss ion ,  even  when one 's pa rtne rs are with i n  a e l o s e  phys i c a l  ra nge ,  a 

l i tt l e  l i ke those te lephone man iacs  lor whom the rece ive r  fac i l i tates b e l l i g e rency-the anonym i ty 01 
remote-contro l agg ress iv i ty. 

Where does the c i ty without gates beg i n ?  Probab l y  i n s i d e  the m i nds  of ret u r n i n g  vacat i o ne rs ,  

ta k i n g  the fo rm of that f l eet ing anx i ety wh i ch  g rabs  them when  they th i nk  about  a l l  the  u nwanted m a i l  
a n d  t h e  poss i b i l ity that the i r  home h a s  been  broken i nto ,  the i r  p roperty sto l e n ;  a n d  perhaps ,  a l so ,  i n  
t h e  de s i re t o  f l ee ,  t o  escape tempora r i l y, f rom a n  o ppress ive techno l o g i c a l  env i ronment  i n  o rde r  to 

f i n d  onese l f  a ga i n ,  to p u l i onese l f  togethe r. Then a g a i n ,  wh i l e  spat i a l  escape i s  st i l l  poss i b l e ,  tempo­
ra l  escape i s  not .  Un l ess one cons i ders the p ract i ce  of l ay i ng -oft as an  "ex i t  doo r, "  the u l t i mate fo rm 
of pa i d  vacat i o n ,  ru nn i n g  away i n  t ime  i s  dependent  upon  a post i n d u str i a l  i l l u s i o n ,  t he  eftects of wh ich  

a re beg i n n i n g  to make themse lves  le l t .  The theory of " s ha red jobs , "  a l ready i ntroduced  i nto a segment 
of the c ommun i ty, ofte rs each member  a n  a l te rnat ive p l a n  i n  wh i c h  sha red t imetab l e s  cou l d  open onto 
a who l e  new shar ing of space :  the re i g n  of a n  e nd l ess pe r i p he ry where the home l a nd  and  the co l ony  

wou l d  rep lace  the i nd ustr i a l  c i ty and i ts s u b u rbs .  (Conce rn i n g  t h i s  s u bj ect, see  the Comm u n i ty 
Deve l o pment  Proj ect, a project wh i ch  promotes l o ca l  deve l o pment u s i n g  the lorces 01 the comm u n i ty 

i ts e l f  and  a i m s  at ass i m i l a t i ng  Eng l i s h  i n n e r  c i t i e s . )  
Where does t he  edge  0 1  t he  outer c i ty beg  i n ?  Whe re  i s  the door  without a c ity l ocated? Most 

l i ke l y  with i n  the new Amer ican techno logy used for the i nstantaneous  destruct i on (by expl os i on )  of l a rge  

b u i l d i ngs ,  and  a l so with i n  t he  po l i cy 0 1  systemat ic  demo l i t i on  of soc i a l  hous i ng  j udged  " u nl it f o r  the new 
French  way 01 l i fe ," as has been  seen  i n  Ven i s s i e ux, La Cou rneuve,  and Gagny. A recent econom ic  study, 

conducted by the Assoc iat ion lor Commun icat ions Deve l opment, a rr ived at the fo l l owing conc l u s i ons :  
"The  destruct i on  o f  300,000 lodg i ngs ove r a per iod of f i ve  years wou l d  cos t  1 0  b i l l i o n  francs per  year, 

but wou l d  prov ide  1 00,000 jobs .  Bette r yet, at the end  of the ope rat ion demo l i t i on- reconstruct i on ,  the 
f i sca l  rece i pts wou ld  be s ix  to ten b i l l i on  fra ncs more than the sum wh ich  the p u b l i c  or ig i na l ly i nvested . "  



One  l a st q uest ion  must  now be asked :  d u r i n g  a c r i s i s  per iod ,  w i l l  t he  d emo l i t i o n  of c i t i e s  

re p l a ce  the ma jo r  p u b l i c  works of t ra d i t i o na l  po l i t i cs? I f  so ,  i t  wou l d  no  l o nge r  be  poss i b l e  to d i st i n ­
g u i s h  between  the na t u r e  of recess i o n s  ( e conom i c ,  i n dustr i a l )  and t he  nature of war. 

Arch itectu re or posta rch i tecture7 I n  the end ,  the debate surround i ng  the not ion  of mode rn ity 
seems to be l ong  to a phenomenon  of " de rea l i zat i on "  wh ich  at once affects means  of expres s i o n ,  modes  
of representat i on ,  and  i nformat i o n .  The d i s p ute cu rrent ly tak i ng  p l ace  i n  the med i a  with respect  to ce r­
ta i n  po l i t i ca l acts and  the i r  soc i a l  c ommun icat ion  i s  a l so be i ng  extended to arch itect u ra l express i o n ,  

wh i ch  can never be sa i d  to be proper ly cut  off f r om commun i cat ion systems i n a smuch  as  i t  cont i n u a l l y  

exper iences t h e  d i rect o r  i n d i rect s i de  effects o f  d i ffe rent "means o f  commun icat i o n "  ( au tomob i l e ,  

a u d i o-v isua l ,  etc . ) .  A l o n g  with t h e  tech n i q u e  of construct i on ,  there i s ,  one  mu st n o t  forget ,  the  con ­

struct i on  of tec h n i q ue ,  the ensemb le  of spat i a l  and  tempora l  mutat ions wh i ch  cont i n ua l ly reorgan i ze  on  
an  everyday bas i s  the aesthet ic  representat ions  o f  contempora ry terr itory. Constructed space i s  t h u s  not  

s imp ly  the res u l t  of the concrete and  mate r i a l  effect of i t s  structures, i t s  permanence ,  and  i ts a rc h itec­

ton i c  o r  urban i st i c  refe rences ,  but  a l s o  the resu l t  of a sudden pro l iferat i on ,  a n  i ncessant m u l t i p l y i n g  of 
spec i a l  effects, wh i ch ,  with consc i ousness  of t ime  and d i stance,  affects percept i on  of the env i ronment .  

Th i s  techno l og i c a l  de reg u l a t i on  of d i fferent a reas i s  a l so  "topo l o g i ca l "  i nasmuch  a s  i t  n o  

l o nge r  constructs a percept i b l e  and  v i s i b l e  c h ao s ,  as was  t h e  case with ce rta i n  processes of d e g rada­
t i on  and  destruct ion ( acc i dent . ag i ng ,  war ) ;  to the contrary and paradox i ca l ly, i t  constructs a n  i mper­

cept i b l e  order  that .  even though  i nv i s i b l e ,  i s  j u st as pract i ca l  as masonry or road a nd  h i g hway systems .  

Today, i t  i s  mo re t h a n  l i ke l y  that t h e  b a s i s  of so-ca l i ed u rban i sm i s  composed/decomposed by these 
very systems of transfer, t rans it ,  and  tra n sm i ss i on ,  the transportation and  tra n sm i g ra t i on  networks 

whose immate r i a l  conf i g u rat ions  renew u rban  o rgan i zat ion and the bu i l d i n g  of mon uments .  I f  " m onu ­
ments"  i n  fact ex ist today, t hey  are no  l o nge r  v i s i b l e ,  i n  sp ite o f  t he  revo l ut i ons  and  convo l ut i o n s  o f  

a reh itectu ra l g rand i oseness .  Th i s  " d i s proport i o n "  i s  no l o nge r  i n scr ibed i n  the o r de r  of pe rcept i b l e  

appea rances ,  i n  t h e  aesthet ic  o f  vo l umes  assemb led  u n d e r  t h e  s u n ,  but i n  t h e  term i n a l 's obscu re  l u m i ­

nos i ty-the home computer  and  other e l ectro n i c  " n i g ht ta b l e s . "  It is tao eas i l y  forgotten that mo re than  

be i n g  a n  ensemb l e  of tec h n i q ues  des igned to she lter us f rom i n c l emency, arch itecture i s  a n  i n strument  

of measu re ,  a s um  of  know ledge  capa b l e  of o rgan i z i ng soc i ety's space and  t ime  by p i tt i n g  u s  a ga i nst 

the natu ra l  env i ronment .  Th is  "geodes i c "  capac i ty of def i n i n g  a un ity of t ime and  p lace for  act iv i t i es  

now ente rs i nto open conf l i ct with the structu ra l  capac i t i es  of mass  commun icat i o n .  

Two procedu res  confront each  other he r e :  one i s  mater ia l ,  made up  o f  phys i ca l  e l ements ,  pre­
c i se l y  s ituated wa l l s ,  thresho l ds ,  and leve l s ;  the other i s  immater i a l ,  its representat ions ,  images ,  and 

messages possess i ng  ne i ther  l oca l e  no r  stab i l i ty, s i nce they exist on ly as vectors of a momenta ry and 

i n stantaneous  express i o n ,  with a l l  the m i s i nterpretat ions and man ipu lat ion of mean i ngs  that th is i m p l i e s  
The f i rst procedu re ,  wh i ch  i s  a r ch i tecton i c  and  u rban i st ic ,  orga n i zes a nd  const ructs geo ­

g ra p h i e  and  po l i t i c a l  space i n  a d u ra b l e  fa s h i o n .  The second  procedure heed l ess l y  structu res  a nd  

destructures spaee-t ime ,  the  cont i n u u m  of soc i ety. Obv ious ly, i t i s  n o t  a q u est i on  he re  of a 

Man i c haean  d u a l i sm  oppos i ng  phys i e s  to metaphys ics but rathe r  of try ing  to d i sce rn  the status  of con ­

tempora ry a rch i tecture ,  i n  pa rt i c u l a r  t he  statu s  of u rban a rch i tecture, p l aced with i n  the d i sconce rt i n g  
conce rt o f  adva nced tec h no l ogy. Arc h i tecton i cs ,  wh i c h  deve l oped a l ong w i t h  the  c i ty and  the  d i seov­

e ry and c o l o n i a l i zat ion of new l a nds ,  is n ow, s i nce th i s  q uest has been acco m p l i s hed ,  cont i n u a l ly 

regres s i n g ,  accompan i ed  by the dec l i n e  of l a rg e  u rban a reas .  Wh i l e  cont i n u a l l y  i nvest i n g  i n  i nte rn a l  

tech n i c a l  e q u i pment .  a r ch i tecture has  b e come  prog ress ive ly  i ntrove rted, t u rn i n g  i nto a so rt of ma c h i n e  

g a l l e ry, a n  exh i b i t i on  h a l l  of s c i e n c e  a n d  tec h no l ogy, techno l ogy born o f  i n d u st r i a l  "mach i n i s m , "  o f  
revo l ut i ons  i n  tra nsportat i o n ,  a nd  f i n a l l y of the a l l -too-fa mous  "conquest of space . "  However, i t  i s  

sym ptomat i c  t h a t  when  s p a c e  tec h no l ogy i s  d i scussed ,  i t  i s  not i n  terms of a rch itectu re bu t  i n  te rms 
of e n g i nee r i n g ,  a n  eng i nee r i n g  wh i ch  p rope l s  u s  beyond the atmosphere .  
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And a l l  of th i s  ex i sts as though  a rch i tecton i c s  we re mere l y  a s u b s i d i a ry tec h no l ogy  s u rpassed 

by othe r  tec hno l og ies  wh ich  perm i t  s ide rea l  p roj ect i ons  a nd  acc e l e rated d i s p l acement .  Thus ,  q u es­
t i o n s  a re ra ised concern i n g  the nature of a r ch i tectu ra l pe rfo rmance ,  the  te l l u r i c  f unc t i on  of construct­

ed  dwe l l i ng s ,  and the re lat i o n sh i p  between  a pa rt i c u l a r  concept ion  of tec hno l ogy and the ea rth .  The  
way i n  wh i c h  the c i ty has deve l oped as  a conse rvator for  a n c i e nt techno l o g i e s  has a l ready cont r i buted 

to the  i nc rease i n  arch i tectu re by project i n g  i t  i nto a l l  d i fferent d i rect i o n s .  With its demog raph i c  con ­

centrat i o n  and  extreme vert i ca l  dens i f i cat i o n ,  t he  u rban center  i s  structu red i n  a way that i s  prec i s e ­
I y  the oppos i te of agra r i an  orga n i zat i o n .  Advanced techn o l ogy cont i n u e s  to f u rthe r  t h i s  t re nd  w i t h  the  

d ramat i c  expans ion  of a rch i tecton i cs  and  i n  pa rt i c u l a r  with the deve l opment of means  of t ranspo rta­

t i o n .  At the moment. state-of-the-art tec h no l o g i e s ,  der ived from the m i l i ta ry conquest of space ,  a re 
p rojec t i ng  dwe l l i ngs-and perhaps someday w i l l  project even c i t i es-i nto o rb i t .  With  i n h ab i ted 

sate l l i tes ,  space shutt l es  and orb i ta l stat i ons ,  h i g h  tech no l o g i c a l  research ,  and  ae ronau t i ca l  i n d u s ­
t r i e s ,  a rc h itectu re i s  " f ly i ng  h i g h , "  but n o t  w i t ho u t  reperc u s s i o n s  f o r  the f a  te of post i n d u str i a l  soc i ety, 

whose c u l t u ra l  po i nts of refe rence are d i sappea r i n g  one  after the other, b r i n g i n g  abou t  a dec l i n e  of 
the a rts and  a s l ow regress i on  of bas i c  tec h no l ogy. Is u rban a rch itectu re in the process of becom i n g  
a tec h no l ogy j u st a s  outdated as  extens ive farm i n g ?  Wi l l  a rc h itecton i c s  become noth i n g  mo re t h a n  a 

decadent  form of dom inat i ng  the ea rth ,  with consequences  a n a l ogous  to the u nb r i d l e d  exp l o itat i o n  of 

raw mate r i a l s ?  Hasn 't the dec l i n e  i n  the n umbe r  of c i t i e s  a l so become the symbo l  of i n d u st r i a l  dec l i n e  

a nd  forced unemp loyment, t h e  symbo l  o f  s c i e nt i f i c  mater i a l i sm 's fa i l u re7 T h e  recou rse t o  h i sto ry, pro­

posed by experts of postmodern i ty i s  mere ly a s u bterfug e  to avo i d  the q uest ion  of t ime ,  t he  reg i m e  of 

"tra n s h i sto r i c "  tempora l i ty gene rated by tec h no l o g i c a l  ecosystems .  I f  a c r i s i s  ex i sts today, i t  i s  f i rst 

a nd  foremost a c r i s i s  of refe rences (e th i ca l ,  aesthet i c l .  an i ncapac i ty to take stock of events in a n  
env i r onment  where appearances a r e  a ga i n st u s o  The mou n t i n g  d i s eq u i l i b r i um  between i n d i rect a nd  
d i rect i nformat ion ,  res u l t i ng  from t he  deve l opment  of va r i o u s  means  of commun icat i o n ,  t e nd s  to heed­

l e s s l y  p r i v i l e ge  i nfo rmat ion  med iated i n  such  a way as  to j eopa rd i ze mea n i n g :  the  effect of rea l i ty 
seems  to s upp l a nt immed i ate rea l i ty. The c r i s i s  of modern i ty's g rand  na rrat ives ,  about  wh i c h  Lyotard 

speaks ,  betrays the presence of new tec h no l ogy, with the emphas i s  b e i n g  p l a ced ,  f rom now on ,  on  the 
"means "  and not on the "ends . "  

The g rand na rrat ives of theoret i c a l  c a u sa l i ty were  re p l aced by the l i tt l e  na rrat ives of pract i ­

c a l  o pportun i ty and f i na l l y by  the m i c ro-na rrat ives of a utonomy. The i s s ue  the refore i s  n o  l o nge r  the 
"c r i s i s  of modern ity. " the progress ive deg radat i on  of common  idea l s ,  t he  p roto-fo unda t i on  of H i sto ry's 

mea n i ng benef i t i ng na rrat ives wh ich  are more  or l e ss  l i nked to the au tonomous  deve l o pment  of a n  
i n d i v i d u a l ,  but  rather  a c r i s i s  o f  na rrat ive i t se l f .  T h a t  i s ,  the  c r i s i s  o f  a n  offi c i a l  d i s cou rse  o r  mode  o f  
r ep resentat i o n  bound un t i l n ow to t he  u n ive rsa l l y recog n i zed capac i ty-i n h e r i t ed  f r om  t h e  

R e n a i ssa nce-to assert .  descr ibe ,  and  i n scr i be  rea l i ty. Thus  the c r i s i s  of " n a rrat ive" appea rs a s  the 
f l i p  s ide of the c r i s i s  of " d i mens i on , "  u nde rstood as  a geomet r i ca l  na rrat ive ,  a d i scou rse-access i b l e  

t o  a l l-of t h e  measu r i ng  o f  a v i s i b l e  rea l i ty. 

The c r i s i s  of the grand na rrat ive and  the r i se  of m i c ro-na rrat ives a re u l t i mate l y  the c r i s i s  of 
the " g r and "  as  we i l  as the " I i tt l e , "  the advent of d i s i nformat i o n  in wh i c h  d i sp roport i o n  and i n com­

men s u ra b i l i ty are to  postmodern i ty what  the  p h i l o soph i c  reso l ut i o n  of p rob l ems  a nd  the  reso l ut i o n  o f  
the image  ( p i ctor i a l ,  a rch i tectura l )  were  to the  b i rth of the E n l i g htenment .  

The c r i s i s  of  d i mens ion  thus appears a s  the c r i s i s  of the who l e  o r, i n  other words ,  as  the c r i s i s  

of a s u bsta nt i a l ,  homogeneous space ,  i n her i ted from a rcha i c  G reek  geometry, to the benef i t  of a n  acc i ­
denta l ,  heterogeneous space  where  pa rts and  fract i ons  become essent i a l  once aga i n .  U rban topo l ogy 
has, h owever, pa id the pr ice for th i s  atom i zat ion  and  d i s i ntegrat ion of f i g u res ,  of v i s i b l e  po i nts of ref­
e rence wh i c h  promote transm ig rat ions and tra n sf i g u rat ions ,  much  in the same way as  l a nd scapes suf­

fered in the face of ag r i cu l t u ra l  mechan i zat i o n .  The sudden brea k i ng  u p  of who l e  forms and the destruc-



t i on  of the ent i ty caused by i n d u str i a l i zat ion  i s ,  however, l ess  percept i b l e  with i n  the  space of the c i ty­
desp i te the destructu r i n g  of s u b u rb i a-than it is in t ime ,  in the sequent i a l  percept i on  of u rban appear­

ances .  I n  fact , for a long t ime now transpa rency has rep laced appearances .  S i nce  the beg i n n i ng of the 
twent i eth centu ry, the depth of f i e l d  of c lass i ca l  perspect ive has been renewed by the depth of t ime  of 
advanced techno l ogy. The deve l opment of c i n ematography and aerona ut i c s  fo l l owed on  the hee ls of 
the ope n i n g  of the " g rand  bou l evard s " :  the Haussmann bou l eva rd process i o n  was fo l l owed by the 
L um iere b rothers '  i nvent ion  of acce l e rated mot ion ;  the esp lanade of the I nva l i des  was fo l l owed by the 

i nva l i da t i on  of urban p l a n n i ng ;  the  screen ab rupt ly became p l ace-the c ross roads  of mass med i a .  
F r om  t h e  aesthet ics of the  a ppearance o f  stab l e  images ,  present  prec i s e l y  because o f  the i r  

stat i c  natu re ,  t o  the aesthet i cs  o f  t h e  d i sa ppearance o f  u nstab l e  images ,  present because o f  the i r  
mot ion  ( c i nemat i c ,  c i n emag raph i c L  a t ransmutat ion  o f  representat ions h a s  taken p l a ce .  T h e  emergence  

of fo rm and  vo l ume  i ntended to ex i st a s  l o ng  as  the i r  phys i ca l  mater ia l  wou l d  a l l ow has  been rep l aced  
by images  whose on l y  d u rat i on  i s  o ne  of ret i n a l  pers i stence .  U l t imate l y, i t  seems that H o l l ywood,  much  

more than Ventu r i 's Las Vegas ,  me r i ts a s tudy  of  urban i sm ,  s i nce ,  after  the theaters of an t i qu ity and  

the I ta l i a n  Rena i ssance ,  i t  was the f i rst C i nec i tta : t he  c i ty o f  l i v ing c i nema where sets and  rea l i ty, 
cadastra l u rban p l a n n i n g  and  c i nemat i c  footage p l a nn i n g ,  the l iv i ng and  the l i v i n g  dead merg e  to the 

po i n t  of d e l i r i u m .  He re ,  mo re than  a nywhere ,  advanced techno l og i es have converged to c reate a syn­
thet ic  space-t ime .  The Baby i o n  of f i l m  "de rea l i za t i on , "  the i n d ustr i a l  zone  of prete nse ,  H o l l ywood b u i l t  
i t se l f  u p  n e i g hborhood b y  n e i g h borhood ,  avenue  b y  avenue ,  u p o n  the twi l i g h t  of appea rances ,  t h e  suc­
cess of i l l u s i o ns  and the r i se  of specta c u l a r  product ions ( such as  those of D .  W. G r i ff i t h )  wh i l e  wa i t i n g  

for the mega l oman i a ca l  u rban i za t i on  of D i sney land ,  D i s neywor ld ,  and  Epco t  Center. 
When  F ra n c i s  Ford Coppo l a  d i rected "One  from the Hea rt" by i n l ay i n g  h i s  actors ,  by an e l ec­

tro n i c  process ,  i n  the f i l m i c  f ramework of a l i fe-s i zed Las Vegas reconstructed in  Zoetrope Company 

Stud i o s  s imp l y  beca use  he  d i d  not want h i s  shoot ing to adapt i t se l f  to the  c i ty, bu t  fo r the c i ty to adapt 

i tse l f  to h i s  shoot i n g ,  h e  s u rpassed Ventu r i  by far, not so much  by demonstrat i n g  contempo ra ry a rch i ­

tectu ra l  amb i g u ity but  by show ing  the " spectra l "  cha racter of t he  c i ty a nd  i t s  i n ha b i tants .  

Ray  Ha rryhau sen 's and Do u g l a s  Tu rnbu l l 's v ideo-e l ectron i c  spec i a l  effects were added to the 

utop i a n  " a rch itecture on  pape r" of the 1 960s at the same t ime that  computer  sc reens  were mak i n g  
the i r  way  i nto a rch i tectu ra l f i rms .  "V i d eo  does  no t  mean  I s ee ,  b u t  I f l y , "  exp l a i ned  Nam  J u n e  Pa i k .  I n  
effect, g iven th i s  tec h no l ogy, "over-v iew" i s  no l onge r  a q uest ion of theoret i c a l  a l t i t ude ,  of sca l e  

des i gns ,  b u t  h a s  become a n  opto -e l ectro n i c  i nterface operat i ng  i n  rea l t i m e ,  w i th  a l l  that t h i s  i m p l i e s  
a bou t  the redef i n i t i on  of image .  I f  av i a t i on ,  wh i c h  b egan  t h e  s ame  year  as  c i n ematography, i n st i gat­

ed a revi s i o n  of po i n t  of v i ew, a rad i c a l  c hange  in the percept ion  of the wor l d ,  i nfogra p h i c  tech n i q u e s  

wi l l  i n st i g ate ,  i n  the i r  t u r n ,  a rev i s i o n  of rea l ity and i t s  presentati ons .  T h i s  process can  a l so be s e e n  

i n  the "Tact i ca l Mapp i n g  Syste m , "  a v i deod i sc created b y  t h e  Un i ted States Defense Agency f o r  

Adva nced Resea rch  Projects .  T h i s  system prov ides a v iewing o f  Aspen i n  cont i n u ity by acce l e ra t i ng  o r  

s l ow i ng  down the process i o n  p a c e  of 54,000 images ,  chang i n g  d i rect i o n  o r  season  as  one  changes  

te l ev i s i o n  channe l s ,  t ransform i n g  the  l i tt l e  c i ty i nto a sort o f  ba l l i s t i c  t u n ne l  i n  wh i c h  the funct ion  o f  

eye s i g ht a nd  the funct i on  of wea pons  merge .  
I n  fact ,  i f  a rc h itecton i c s  used  to measu re itse l f  aga i nst the  sca l e  of g eo l ogy, a g a i nst the tec ­

to n i c s  of natu ra l  re l i efs with pyram i d s ,  towe rs, and othe r  neogoth i c  structures ,  today i t  no  l onger  mea ­

s u re s  i ts e l f  a ga i n st a nyth i n g  except state-of-a rt techno l og i e s ,  whose d i zzy i ng  p rowess ex i l e s  a l l  of u s  

from the te rrestr i a l  ho r i zo n .  
A neo-geo l ogy, t he  " M o n u ment  Va l l ey" from a pseudo l ith i c  e ra ,  t h e  metropo l i s  i s  no  l o nge r  

anyt h i n g  but  a g hos t l y  l a n d scape ,  t he  foss i l  o f  past soc iet ies  f o r  wh i ch  tec h no l ogy was  st i l l  c l ose l y  

assoc iated w i t h  the v i s i b l e  transfo rmat ions  of su bsta nce ,  a v i s i b i l ity f r om wh i c h  sc i ence  has g rad u a l ­
Iy  tu rned u s  away. 
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T h e  M e d i a l i z a t i o n  o f  t h e  C i t i e s 

I n  t ruth ,  we are eonv ineed that the e i t i es  i n  wh i e h  we l i ve possess reg i o na l  eha raeters that a re 
a uthent i e ,  o r i g i n a l ,  and i n d iv idua l .  The fact that these l o ea l  u rban struetures have l ong  been pe rvaded 

by su pra reg i o na l  enterpr ises such as i nternat i o na l  eha ins  of stores ,  serv i ce  i n d ust r ies ,  and resta u rants 

i s  often perce ived with d i sa pprova l .  However, in the  eve n i n g  at the l atest. every c i ty rad i ates the same 
i nternat i o na l  neon  sty l e .  

As the facade  was once separated f rom the  ma in  body of the b u i l d i n g ,  the reby becom i n g  a n  

i ndependent  means  o f  express i on ,  " i nfota i nment" has  at present  b e e n  spread over a l l  u r b a n  struc­
tu res as  a n  add i t i o na l  layer. Percept i b l e  d u r i n g  the day at most as  a monstro u s  s upe rstructure wh i c h  
d i s regards the r eg i o na l  b u i l d i n g  structu res i n  i ts 
i nternat i o na l  sta ndard -g i v i ng  funct ion ,  th is " i nfo­

ta i nment"  u n i f i e s  a l l  c i ty centers at n i g ht .  In add i ­
t i o n ,  i n  o r de r  to i d e nt ify t hese  g l oba l  wo r l ds  of l i g ht .  

b u i l d i n g s  wh i c h  a re espec i a l ly cha racte r i s t i c  for  a 
ce rta i n  l ocat ion  a re i l l um i nated . A l though  these 

st ructu res  are ofte n themse lves part of a wor ld  of 
i l l u s i o n  a s  a res u l t  of renovat ion ,  reconstruct i o n ,  or 
i m itat i o n ,  they a re i nteg rated i nto these mu l t imed i a  

prod uct i ons  as  objects wh i c h  prov ide  i dent i ty. 

As pa rt of the creat ion of th i s  " m u l t imed i a  
c i ty, " new b u i l d i ng s  a r e  now be i ng  de s i g ned  wh i ch  

Citysnap Z· The digital model o f  Berlin 

a re i ntended not  on ly  to be "data storage  med i a "  as desc r i bed  a bove, bu t  wa l k- i n  mon i to rs a l s o .  
D e pe nd i n g  on  t he  softwa re, these mu l t imed i a  struct u ra l  c h ame l eons  can  switch from one status  t o  
the next .  Struct u ra l  she l l s  conce ived i n  t h i s  way possess a eonstant ly  a l t e r i n g  a rch itectu ra l appea r­
ance ,  o ne  wh i ch  d i sp l ays advert i s i n g  or wh i ch  i s  even mob i l e .  En t i re streets cou l d  be C h i nese ,  
Ba roq ue ,  o r  a s  g reen  as a j ung l e  depend i n g  on  the  season :  L i n z  cou l d  f i na l l y  l o ok  l i ke Vi e nna ,  and  at 
the touch of a bu tto n !  

I n  fact , s u c h  scena r ios a re o n l y  poss i b l e  after  t h e  respect ive p roperty owners g ive the i r  

app rova l .  After  a l l ,  b u i l d i n g  facades no rma l l y  sta nd  on  p ropert i e s  owned b y  p r i vate pa rt ies  w h o  do  not 
neeessa r i l y  pursue the p ub l i c  i nterest .  Rather, p r i vate i nte rests w i l l  i nerea s i n g l y  d om i nate the p u b l i c  



space with the s ubj ect matte r wh i c h  i s  a l ready suff i c i ent ly  fam i l i a r  from p r i vate t e l e v i s i o n .  Th i s  

process w i l l  beg i n  i n  t hose  p i  aces  wa l l s  w i l l  be f i rst u sed  where, for  exa m p l e ,  d epa rtment  stores 

a l ready have cont i n u o u s  outer wa l l s  wh i c h  can  be u t i l i zed as mu l t imed i a  sc reens .  

The  conseq uences  of s u ch  p r i vate econom i c  i nte rests c an  be  seen  i n  the exa m p l e  of a n  

a l ready ob so l ete wa l l  i n  Be r l i n  wh i c h  funct i ons  as a project ion screen .  A t  the " Ku ' d amm-Eck "  (a  co r­
ne r  of the K u rfü rste ndamm ,  a maj o r  street i n  Ber l i n l .  after a t r i a l  phase of refre s h i n g  reports ,  a var i ­
e ty  of advert i s ements a nd  sna ppy s l ogans ,  on ly  Coke commerc i a l s  and  a few off i c i a l  a n n o u ncements ,  
broken u p  by t ime checks and portra i ts of the chance l l o r, a re to be seen .  

The  fact t ha t  h umans  work  o r  even  l ive beh i nd  t hese  wa l l s  does  not h i nde r  the  o pe rators and  

a rch i tects i n  the l east  f rom des i g n i n g  mo re and  more such wa l k- i n  "sc reen  b u n ke rs . "  I t  i s  fortu nate 
that the u se rs of m u l t imed i a  tec h no l o g i es s h u n  the l i ght  of day cons i de r i n g  the ref l ect i o n s  o n  the mon ­

i to r s .  Howeve r, d raw i n g  the con c l u s i o n  that we shou l d  on l y  work  i n  s un -p rotected h i g h - r i s e  b u n ke rs 

from that fact wou l d  contravene  the demand  made on i ndustry to deve l o p  dev i ces  wh i c h  c a n  be used 

i n  every na tu ra l  env i ro nment .  F u rt he rmo re ,  construct i ng ent i re a rch itectu ra l  concepts o n  t he  bas i s  of  

t h i s  tech n i c a l  i n adequacy wou l d  exte nd  the  a rch i tect's respons i b i l ity to b u i l d  b u i l d i n g s  wh ich  a re f i t  

for  h umans  ad absu rd u m .  

The D i g ita l  Urban Mode l  

Wa l k - i n  " s c reen  b u n kers"  a re m e re l y  the hera i d s  o f  a 

med i a l i zat i on  of the c i t i e s .  The pe rmeat ion  of a l l  a reas of l i fe 

with i nformat i o n ,  contro l ,  a nd  mon i to r i n g  techno l og i e s  is tak­

i n g  p l a ce  in a way s i m i l a r  to the i n c rea s i n g  acce l e rat ion of 
computer 's process i ng  speeds .  The netwo rk i ng  of these data 

co l l ec t i on  and eva l ua t i on  tech no l o g i e s  has c reated a mode l  of 
u rban change  wh i ch  is constant ly  c omp l ement i ng  itse l f .  Th i s  

dynam i c  mode l  i s  rep l a c i n g  the f i x a t i o n  of status by  means  of 

d rawi ngs  and  se rves as the d i g i ta l ba s i s  for the p l a n n i n g  and 

a d m i n i strat i o n  process .  
Maschine IIb: The multimedial city stage 

At p resent .  ART + COM i s  esta b l i s h i n g  a s im i l a r  d i g ita l u rban mode l  for  ce ntra l Be r l i n  w i th  the 

c l a i m  of be ing the most rea l i s t i c  representat i o n  poss i b l e .  Exact to the cen t imeter, i n c l u d i n g  a l l  deta i l s ,  
a nd  t r u e  t o  the senses ,  i t  i s  i ntended to represent t h e  u rban space u n de r  the s u rface ,  of va r i o u s  sce­

na r i o s  of b u i l d i n gs ,  movements ,  a nd  sounds ,  wh i ch  can then be ut i l i zed i n  a var i ety of prod uc t i ons .  A 

med i a  store wi l l  be l o cated u nde r  t h i s  i s l a nd ,  the act iv i t i es  of wh ich can be seen  d i rect ly  i n  the  pro­
ject i ons  on the p l atfo rm .  H owever, t h i s  stag e  i s  des i gned  on ly for spec i a l  events ,  conce rts ,  and spa­

t i a l  i l l u s i o n s  wh i ch  a re to cont r i bute to the creat ion of a commun i cat ive p u b l i c  space as  a centra l 

foc us .  
W i t h  t h i s  project .  ART + C O M  w i shes  to i ntroduce i nto t he  a r ea  of u rban  p l a nn i n g  a n  exam­

p i e  of a mu l t imed i a  space wh i c h  i s  not at  the  me rcy of the econom ic  l aws l a i d  down by p r i vate p rop­

e rty owners ,  but  wh i c h  can  a l l ow the rea l i za t i on  of med ia events devoted to the  p u b l i c  i nte rest .  The 

med ia i s l a n d  ma rks th is  l ocat ion  as  the gateway to the non-mate r i a l  wor l d s  and  opens the  w i ndow to 

g l oba l  c ommun i ca t i on .  In t h i s  way, the  v i rtu a l  u rban mode l  mater i a l i zes at a spec i f i c  p l a ce  and def i nes  
the swi n g i ng door  between  rea l i ty a nd  v i rt u a l  rea l i ty. The med i a l i za t i on  of the c i t i e s  t he refore 

becomes the object of p u b l i c  i n te rest rathe r  than go i ng  to waste as the Gesamtkunstwerk of i n d iv i d ­

ua l  f i nanc i a l  potentates .  

Ln 
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W i n d s  o f  t h e  M e d i a  f r o m A s i a :  
H u m a n  B e i n g s  a n d  A r t i n  
t h e  B - I S D N  E r a 

The Idea  of a Co-Creating Era 

Today, o u r  soc i a l  system and l i fe-sty l e  have been revo l ut i o n i zed in accordance with the  
remarka b l e  d eve l o pment o f  e l ectron i c  med ia ,  a nd  h i sto r i ca l ly have reached a ma jo r  t u rn i n g  po i nt a s  
h uman k i nd g ropes  fo r  a new soc i a l  structu re .  For  exa m p l e  i t  i s  n o  exagge rat i on  to say  t ha t  the  e l ec­

t ro n i c  wave of the Western Eu ropean count r i es  led to the d emo l i t i on  of soc i a l i s m  i n  the  Eastern 
E u ropean  count r i es .  After the demo l i t i on ,  th e i r  po l i t i c s ,  economy, i n d u stry, l i v i n g ,  c u l t u re ,  a nd  so on 
a re b e i n g  s uppo rted by the i nformat ion of th is e l ectro n i c  med i a  and  a re sea rc h i n g  for a new way of 

p rosperous  coex i stence .  
Advanced med i  a re be ing stud i ed ,  such as  the e l ectro n i c  med i a  s h i ft i n g  from a na l o g  to d i g i ­

ta l ,  f u s i n g  broadcast ing a n d  commun icat ion  a nd  mak i n g  i ntens ive  term i n a l  appa ratus .  Fo r  examp l e ,  by 
connec t i ng  the two COMs of commun i cat i on  and computer, the  a n a l og i nformat ion and c ommun i ca ­
t i o n  i nfrastructure i s  now sh i ft i n g  to  a d i g i t a l  c ommun i ca t i on  n etwork, a n  I S D N  ( i nte g rated se rv i ces  

d i g i ta l  n etwork ) .  Th is transm i ss i on  method ,  wh i c h  was a o ne-way c ommun i ca t i on  t i l l  recent ly, has  

deve l oped i nto " a  two-way transm i s s i on:' " fu s i n g  va r i o u s  med i a :' and  made  " i nteract ive u se "  poss i ­
b l e .  

F u rt he r, j ust as  t h e  transportat ion  system c h a n g e d  from ra i l road i n  t h e  1 9th centu ry t o  a uto­

mob i l e ,  a n  i n d iv i dua l  means of t ransporta t i on ,  in the  20th centu ry, the m u l t imed i a  com m u n i ca t i on  net­
work w i l l  take on  a persona l  use ,  and at the same t ime  " offi c i a l  med i a "  and  " persona l med i a "  wi l l  be 
sepa rated .  Commun icat ion wi l l  " zeron i z e "  t ime and  space ,  wh ich wi l l  c onnect the who l e  wor ld  i nto 
someth i n g  l i ke one l i v i ng  th i n g  and "a  Ba rth i a n  Vi l l a ge  Era" w i l l  a rr ive ;  but what we must keep in m i n d  
a b o u t  t h i s  deve l o pment i s  that there wi l l  st i l l  be  " the West" and  "the East:' j u st a s  a h u m a n  b ra i n  w i l l  

have "a  r i gh t  b ra i n "  a n d  "a  l eft b ra i n "  a n d  a hea rt a l s o  w i l l  have "a  r i gh t  atr i u m "  a n d  " a  l eft atr i u m . "  
J ust a s  w e  can not l ive with o n l y  t h e  r i gh t  b ra i n  o r  t h e  l eft b ra i n ,  t h e  Ba rth i a n  Vi l l age  Era w i l l  become 
a who l e  on ly  when they a re both  i n  pos i t i o n .  

H i sto r i ca l ly, t i l l  t h e  i ndustr i a l i zed soc i ety, c u l tu re had a one-way stream f r om count r ies  of h i g h  
c u l t u ra l l eve l  t o  those o f  l ow cu l tu ra l l eve l .  Metaphor i ca l ly spea k i n g ,  the i ndustr i a l i zed soc i e t i e s  f l owed 

in one d i rect ion fram the West to the East ca r r i ed  by Western l i es .  I b e l i eve that in a h i g h-standa rd 



i nformat i on  soc i ety, the West and  the East wi l l  commun i cate and comp lement  each othe r's thoughts 
and c u l tu res and by do i n g  so  wi l l  f i n a l ly make good use of each of their own organ i c  funct i ons .  

S o  I ' d  l i ke to t i t l e  my report "Winds  of the Med i a  t rom As i a , "  t rom the a rt i st 's ang le  th ro ugh  

my stu d i e s  of mak i ng  network a rt .  

Art by Communication 

I have been study i ng  " the re l a t i on  between transm i ss i on  and  art" s i n ce the beg i n n i n g  of 1 970  
and  h ave  cont i n ued  prod u c i n g  i n te ra ct ive med i a  i l nsta l l at i ons  wh i c h  were done  i n  t e rms  of the pa r­
t i c i pa t i on  of gene ra l  v i ewers .  For  examp l e ,  the v i deo  performance " M I M I C , "  wh i ch  I d i d  i n  1 973 ,  con ­

nects each sepa rate room A, B C ,  0 ,  E, F a s  i n  f i g u re 1 .  F i rst of a l l ,  t he  
p i ctu re  p repa red  by  the a rt i st wi l l  be sent  to A of Room A .  A wi l l  co r ­
respond to t h i s  p i ctu re .  The p i cture i n  Room A w i l l  s i m u l taneous l y  be  

t ra n sm i tted to Room B .  Us i n g  th i s  method i t  wi l l  be  t ra n sm i tted f rom 

Room A to B to C to 0 to E to F .  Fu rthe r, by repeate d l y  t ransm itt i n g  

f r om  A to B ,  C ,  0 ,  E ,  F the p i cture wi l l  sta rt mak i n g  c hange s .  

7 .  Une o f  "MIMIC, " 7973 

As i n  f i g u re 1 ,  by l ook i ng  at the  mon i tors gathe red in o n e  
p l a ce  t ransm itted trom room t o  room, v i ewers can  e a s i l y  u nde rsta nd  
" the  scene  of each room"  and " t he  transfo rm i n g  r e l a t i o n  of t ra n sm i s ­

s i o n "  i n  rea l  t ime .  He re you  a re no t  a b l e  to actu a l l y  l ook  i nto each  
room o r  compare one  room w i th  the othe r. H owever, by t ransm i tt i n g  

at  ze ro seconds  yo u  a re ab l e  t o  " read the menta l act iv i t i e s , "  t rom 

"the t ime lag" and  "the space lag" between rooms ,  a nd  a lso " i nter­
va l s "  between  perce iv i ng  and putt i ng  i t  i nto act i o n .  

L o o k  i nto the re l a t i on  between " t o  s e e "  and "to b e  

seen "  th rough  the network v i d e o  game " G omokunarabe"  

( 1 974-75 ) .  Th i s  i s  a work to c ommun icate with remote p l aces 

by u s i n g  sate l l i te ,  which d ea l s  with the commun i cat ion and 

a rt re l a t i o n  i n  a mo re game - l i k e  way, and  was p roduced to see 

the re l a t i on  of "to see" and  "to be  seen" by tak ing scenes of 

pa rt i c i pa t i ng  v i ewers with a v ideo came ra p l aced at an  upper  

d i a gona l  pos i t i on  a s  when  fac i n g  a person ( see  f i g u re 2 ) .  
2. Video game "Gomokunarabe, " 7975 

I n  1 98 1 , I went fu rther  with t h i s  work a nd  made " Between Sound  & 

Sound  N o .  2 . "  Th i s  work was the exact same system a s  the v i deo  game  
" G omok u na ra be , "  bu t  wh i l e  " G omokuna rabe"  deve l o ps o n  a go  boa rd ,  

" B etween  Sound  & Sound  No .  2 "  deve lops  w i th  the who l e  body o n  a d rum .  I n  
othe r  words ,  " a  human  body  tu rned  i nto drumst i c ks . "  

I n  " B etween  Sounds  & Sounds  No .  2 , "  u s i n g  a sate l l i te ( s e e  f i g u res  2 
a nd  3 )  the  v i deo  came ras  p l aced above each of the two mon itors i n  two sepa­

ra te  p l aces ,  A and  B ,  capture "a  wooden d rum" i n sta l l e d  d i a gona l l y  b e l ow i n  
f ront .  The v i ewers w i l l  perform on these d rums .  The v i deo  camera a bove the 

uppe r  mon i tor  of po i n t  A transm its the p i cture a nd  sound  of the v i ewer's feet  
3. "Between Sound & Sound pe rform i n g  on the d r um to the upper  mon itor of p o i nt B. The pe rfo rmer  of po i n t  No. 2, " "a corner" 

B beats the d r um with h i s  feet by watch i n g  the p i ct u re on the uppe r  mon i to r. 

When  d o i n g  so he/she  cor responds to " the express i on  and vo l ume of sound  of the movement  of 

h i s/he r  feet . "  By c omb i n i n g  the p i cture and sound  tra nsm itted trom the two po i nts A and B ,  the  sys-
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tem i s  made  to transm i t  it to the l ower mon i tor  of both 

p o i nt A and B .  

Though  the act ion between the two , A and B ,  may 

l o o k  s i m p l e  ( the re la t ion  between the p i cture t ra n sm i tted 

f rom Po int A and the movement of the pe rforme r's feet of 

Po int B ) .  they are i n  a "to see and to be seen re l a t i o n ­

s h i p . "  I n  othe r  words ,  the two perfo rmers therefore m u st 
keep  i n  m i n d  that they a re i n  a "to see and  to be seen  

r e l a t i onsh i p "  when  beat i ng the i r  d rums w i t h  the i r  feet .  
4 .  "Between Sound & Sound No. 2, 7987-89" 

If I may exp l a i n  the re lat ion  between  "to see "  a nd  "to be seen "  i n  a l i tt l e  mo re deta i l ,  when 

fac i n g  a m i rra r, i f you ra i se  your  l eft hand i t  wi l l  be  ref l e cted o n  the l eft s i de  of the m i rror, a n d  i f  yo u r  
r i g ht h a n d  i t  w i l l  b e  ref l ected on  t h e  r i gh t  s i d e  o f  t h e  m i rro r. I n  sho rt ,  t h e  re l a t i on  when fac i n g  a m i r-

ra r  is a p l a n e  symmetry. 

The re l at ion between "to see"  and  "to be seen "  when  fac i n g  a v i deo  came ra wi l l  be ,  if you 
ra i s e  you r  l eft hand i t  wi l l  be shown on  the r i gh t  s i d e  a nd  i f  you r  r i gh t  hand  i s  ra i sed  i t  wi l l  be  shown 

on  the  l eft s i d e .  A lso ,  objects i n  a c lose ra nge  v i ew w i l l  be seen on  the upper pa rt of the mon i tor  

because a c l o se ra nge v iew i s  fu rther fram the camera .  O bjects i n  a d i stant v iew on  the contra ry w i l l  
b e  seen  o n  the l ower part of the mon i to r. S o  therefore ,  a v i deo  camera ref l ects objects i n  a d i fferent 

than  does  a m i rror. So ,  the re la t ion  i s  " a  po i n t  symmetry" and  must be u nde rstood by rota t i n g  1 80 

deg rees  on the po int  p l aced i n  the center. U p  t i l l  today we be l i eved that the re l a t i on  between  "to see "  

a nd  "to be seen "  a re  t ha t  o f  a m i rror but the re l a t i on  a v i deo  came ra c reates i s  much  more h umane .  
" T he  recogn i t i on  l a g "  made  by  the re l a t i on  " t o  see "  a nd  " t o  be seen , "  and  " t h e  t ime  l a g "  a nd  

" the  s pa ce  l a g "  between perce iv i ng  an  a c t  and  putt i n g  i t  i nto a c t i o n ,  a re s hown as  the d i fference o f  
p i t c h  a nd  vo l u m e  o f  t h e  s o u nd  o f  a d rum ,  and  wi l l  appea r  a s  the  d i ffe rence between  the act i on  on  the  

mon i tor  tra n sm i tted f rom Po in t  A and the act ion  cor respond i n g  to th i s .  Th i s  d i fference can be appre­
hended  at each  " i nte rva l "  o r  as  "an  i ntern a l  breath . "  

For t h i s  exp l anat ion  you m i g ht assume  that o n e  m i gh t  m i m i c ,  b u t  I want t h e  pe rformers t o  cor­
res pond  very f ree ly to the mon i tor  transm i tted from Po i n t  A and ask  that the two make the effo rt to 

become one exp ress i o n .  Also, in order to make the work successfu l the two in both Po i n t  A and B mu st 
react by each read ing the other 's b reath i n g .  

Footwork s im i l a r  t o  t h e  express i o n s  o f  a face a l so revea l s  t h e  expres s i o n  o f  a body. Because  

feet  s u pport the who l e  body  f rom feet  to head ,  t he i r  express i o n s  a re c l ose l y  r e l ated to the rhythm of 
movements of wa ist and a rms .  There are a l so many d i fferent ways for  a foot to touch the g round ,  a nd  

i t s  c ha racte r i s t i cs  a r e  s een  i n  t h e  perfo rm i n g  a rts s u ch  as  Span i s h  f l amenco ,  i n  wh i c h  the foot stamps  

the g round ,  J a panese Noh  dance ,  i n  wh i c h  the fee t  s l i d e ,  a nd  E u ropean  ba l l et ,  i n  wh i ch  the foot 
sta nds  on  i ts toes .  

When co rrespond i ng  at Po int  B by pe rce i v i n g  the footwo rk t ra n sm i tted from Po in t  A, i n  t he  

m i n ute t ime  a nd  space before putt i ng  i t  i nto act ion  afte r go i ng  th ro ugh  n u meraus  funct ions  such  as  

the opt i c  ne rve ,  " i nterva l "  o r  " b reath i n g "  w i l l  be c reated .  H oweve r, t hese  " i nterva l s "  and  "b reath i n g s "  
a re extreme l y  d i ff i c u l t  t o  captu re with t h e  na ked eye .  The refore my i n tent i on  i s  to t a k e  " t h e  footwo rk 
tra n sm i tted from Po int A" and "the footwork of a pe rfo rmer" co rrespond i n g  to t h i s  with a v ideo cam­
era wh i c h  i s  tra nsm i tted at ze ro  seconds  and  then  compose i t  so I can  show them s im u l taneous l y  

u s i n g  two mon i to rs , and by  do i ng  so I wi l l  make  the re l a t i on  between them c l e a re r. I n  sho rt ,  by u s i n g  

the zero-second transm i ss i on  of an  i nformat i on  network, th i n g s  i n v i s i b l e  w i l l  become v i s i b l e .  
I f  I may exp l a i n  t h i n gs  not v i s i b l e  i n  mo re deta i l ,  I be l i eve t ha t  between  " the  footwork tra ns ­

m i tted f rom Po i n t  A" and  " t he  performe r's footwo rk co rrespo nd i n g  at Po i n t  B , "  t he re i s  a n  "a i r  c u r­
rent" ( p hys i c a l  e ne rgy) l i ke an e l ectr ic  f i e l d  b e i n g  em i tted .  I n  o the r  words ,  i n  a p l a c e  between two 



frames  of mon i tors where noth i n g  actu a l l y  ex ists ,  there ex i sts someth i n g  i n te rna  I ,  a n d  t h i s  i s  seen  
more  c l ea r l y  w i t h  a body than  wi th  o ne 's eyes  and  more .  I th i n k  it i s  seen  w i th  a 'l i "  ( p hys i c a l  o r  

menta l e n e rgy ) .  I n  s ho rt ,  I b e l i eve t h a t  " i n  the s i l ent  t ime  and  space wh i l e  t ra n sm i tt i n g "  i t  i m pa rts 

mea n i ngfu l words .  
I n  o rder  to u nde rsta nd  the re l a t i on  of th i s  s i l e nt t ime and  space mo re c l ea r l y, I u sed  a ha l f  

m i r ror  i n  " B etween Sound  & Sound  No .  3 "  ( 1 993) so t ha t  the re lat ion between  the  two pe rfo rmers A 
and  B can be l ooked a1 .  

Shar ing  Space with Remote PI  aces 

5 .  "Image Crossing No. 2" Telephone 

6. "Telephone tram Ghosts" 

In March 1 988, between  Japan  a nd  Ame r i c a  in F u k u i  

a nd  i n  New York, I performed sate l l i te a rt ,  a n d  i n  Ap r i l 1 988 for  
the open ing ceremony of Nagoya C i ty M u s e u m  I p e rformed 

"Art C ross i n g "  us ing FPU (M i cro l i n e )  I n  J u l y 1 989  I p e rformed 
network a rt by us ing a n imated comm u n i ca t i on  a t  the  Modern  

Ar t  M useum ,  Toyama ,  t i t l ed  " I mage  Cross i n g  No .  2 , "  be i ng  

consc i ous  of the B - I SDN  e ra .  Th i s  p i ctu re  i s  a s cene  from 
"Te l e phone from Ghosts . "  On ly  "W" a l o n e  i s  at  the sett i n g  but 
o n  the wide screen "M" a l so comes i nto the  scen e .  As they 

ta l k  to each other, va r i ous  items such a s  beer and a kn ife pop 

onto the screen .  

Fema l e  "X" sudden ly appea rs i nto th i s  conversat i o n .  

After  a wh i l e  t he  phone  r i n g s  and  "X"  a n swers t he  p hone .  S he  

t r i  es  to h a nd  t h e  rece iver t o  "W"  and  "M"  bu t  c a n 't hand  i t  to 

t hem .  That means th i s  dea l s  with "a conversat i o n  system of 

v i rtua l images and rea l i mages by s ha r i n g  the s ame  space . "  
Sate l l i te and B- I SDN  s h o u l d  b e  used  fo r  t h e  works I 

have i ntroduced to you here ,  but  because  the l i n e  c h a rges  a re 
extreme l y  h i g h  and  a l i cense  i s  necessa ry, I c o u l d  not actua l l y  perform t hem .  Howeve r, because  the 

I S D N  l i n e  has  opened recent ly  I have dec ided to g rope through  actua l  p ract i ce a i m i n g  fo r  the  a rt of  

the B- I S D N  era .  

Art That Has  More Than One Pole 

When three a rt i sts A, B ,  C ,  c o l l a bo rate by us ing st i l l  p i cture tra n sm i s s i o n s ,  rega rd l e s s  of 

whethe r  they a re u s i n g  the exact same med i um ,  the work wi l l  turn out  to be c omp l et e l y  d i fferent 

depend i n g  o n  whethe r  i t  wi l l  be  tra n sm i tted to Art ist B from Artist A o r  to Art ist C f rom Art i st A 

beforehand .  
Anothe r  i nterest i ng  aspect o f  th i s  method i s  that when you  l ook  at the t h r ee  p i eces  of work 

togethe r, each produced at commun i cat ion stat i on  A, B ,  and C, you are ab l e  to exper i ence  the fun of 

" read i n g  the process of prod uc i ng  and i nterva l s  between produc ing . "  Th i s  has a comp l ete ly  d i fferent 

i nterest from the convent i ona l  p i ctures and the comb inat ion photographs you often see. In sho rt, rathe r  
than the f i na l  p i ece as a comp l eted work, i t  i s  "an  a rt o f  process" made by  a numbe r  of p i eces  and a l so 

i s  an a rt that reads the " i nterva l "  between  A and B .  I n  Japan du r i ng the M u romach i  e ra ( 1 338-1 573) .  

" Renga" ( I i n ked poem) "a  poem read i n  a game- l i ke way by co l l aborat ing" was the t rend ,  where A rec ites 
the f i rst ha lf  of a poem and  B must rec i te the other ha l f  by l i nk ing to the f i rst ha lf of it , and th is cou ld be 

said to have g u ided network a rt because i t  i s  a l so an  a rt to read the " i nte rva l "  between  A and B. 
m 
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So ,  it i s  a form of a rt that l ets you expe r i ence  the  process of " comb i nat i o n , "  " m ixtu re , "  " con ­

ve rs i o n , "  a nd  " fus i on"  by  meet i ng  each a rt i st a s  a po l e .  I n  oth e r  words ,  i t 's mo re l i ke an  i nternat i o n ­
a l  ma r r i a ge ,  a " co l laborat i on "  that c anno t  be foreseen ,  c reated by  meet i n g  peop l e  on  e q u a l  te rms 

rega rd l ess  of race ,  nati ona l i ty, p h i l osophy, l a n g uage ,  cha racte r, persona l i ty, a nd  sense  of va l u e ,  rathe r  

t han  expre s s i n g  a pa inte r's i n d i v i d ua l  i n n e r  fee l i ng w h e n  pa i n t i n g  i n  a c l osed  u p  stu d i o .  Th i s  so rt of 

mee t i n g  obv i o u s l y  wi l l  have a recogn i t i on  l a g ,  even when one apprehends  the t heme  of a work .  

Th is  " l a g "  br ings out new ene rgy a nd  br ings forth  a n  u npred i cta b l e  effect o r  work ,  a nd  as  a 

res u l t  c reates a g reat p i ece of work. 
T h i s  n etwork a rt wi l l  ho ld " a  n umbe r  of po l e s "  o n  e q ua l  terms, and by p l u ra l i st i c  meet i ng  they 

w i l l  a l l  sta rt c op i n g  unconsc i o us l y  with the i r  fee l i ng s ,  and as  a rt i s  fused by the unconsc i o u s  effect, I 
b e l i eve that i nterest ing works beyond my i ma g i nat i on  can  be c reated . The refore ,  it i s  a l so " a rt that 

crosses the  bo rde r" by mak ing an e l ectro n i c  c ommun i ty with a new type of a rt i sts that g o  beyond the 
bo rd e r  a nd  even to the peop le  l i v i ng  on the oppos ite s ide  of the g l obe who can  c o l l a borate by sha r i n g  

t he  p i ctu res rea l t ime i n  "cyberspace and t ime . "  

Towards t h e  B - I S D N  Era: Sound Image Cross ing  

I n  t he  B - I SDN e ra ,  i n  o r de r  to wo rk  by cooperat i n g  w i t h  peop l e  i n  remote p l aces  i n  a v i rt u a l  

e nv i r o nment ,  t he  progress o f  " remote contro l , "  " a utomat i o n , "  " r ea l  t ime , "  " two-way, " and  so forth a re 

essent i a l .  When mak ing  stud i es of these c ha racte r i s t i c s ,  as l o ng  as B- I S D N  can 't be used as a p u b l i c  
l i ne the  o n l y  c ho ice is t o  study t h e  I S D N-84 .  

When do i ng so ,  mus ic i s  eas ier  to connect to computers .  For i n sta nce ,  the  reason peop l e  of 
the Pythago rean  e ra be fore Ch r ist were so l v i n g  the re l a t i on  of f requency and sca l e ,  and e l ectro n i c  a rt 
at the  ea r l y  stage  of a rt c reated a synthes i ze r, is beca use  mus i c  has p l ayed the l e ad i n g  ro l e .  F u rthe r, 

M I D I  made  it poss ib l e  for mus i ca l  i n stru ments i n  other  comm u n i cat ion  stat i o n s  to be remote con ­
t ro l l e d ,  so  sound  transm i ss i on  i s  eas i e r  to study than  p i ct u re tra n sm i s s i o n .  For these reasons ,  I dec id ­
e d  to make  " Sound  Image Cross i n g . "  

The bas i c  types o f  " So u nd  Image  Cross i n g "  se r i e s  I h a ve  done  a re a s  be l ow. 
Th ro u g h  a M I D I  i nterface ,  I connected sound  sou rces such  as  a synthes i z e r  with a c omputer 

so  that  I can  remotely contro l  the M I D I  i n struments of the  other  stat i o n s  and  compose a n  i n strument  
so  that  v i ewers can part i c i pate .  

A l so ,  I made a system to commun i cate a na l o g  sounds  as  we i l  with a m i c ropho ne  by u s i n g  
Aud i o  Cordex above 7 kH z .  Fu rther, i t  wi l l  d e p e nd  on  the d i stance between  e a c h  com m u n i ca t i on  sta­
t i o n  but mak i n g  i t  so i t  wi l l  repeat and go  in a l o op .  "To wr ite sca l e s  by co l l a bo rat i n g "  with peop l e  i n  

o the r  comm u n i cat ion stati ons u s i ng  remote cont ro l .  ( Ma ke mus i c  u s i n g  remote contro l  b y  t ra n sm itt i n g  
m u s i c  to each  commun i cat ion stat ion and  d i sc u s s i n g  i t  t h ro ugh  p hone . )  

For  t h o se  who can 't make mus i c  w i t h  s ca l e s ,  have them wr ite the i r  names  on  app l i ca t i on  " M , "  

w h i c h  i s  a sound  that c a n  b e  im prov ised and  u s e d  as  mu s i c .  
I n  o r d e r  t o  create t h e  fee l i ng o f  b e i n g  at a l ive pe rfo rmance ,  a tota l of mo re t h a n  e i g ht speak­

e rs on both s i des is necessary. Because hea r i n g  compa red to see i ng  has  a cha ra cter that's non -d i rec­
t i o na l ,  to c reate the fee l i n g  of be ing at a l ive pe rfo rmance made  i n  a th ree-d imen s i o n a l  sound and 

space env i r onment, i t  i s  necessary to produce  hea r i n g  i nformat i o n  from a l l  d i rect i ons .  To do  th is ,  at 
l e a st e i g ht speakers a re necessa ry. I m i g ht add that an ana l og  te l ephone  can be attached  to PLA N ET 
I S D N .  



Performance by Sound  Image Cross ing "MA":  The Mean ing of S i lent Time and  Space 

Each pa rt i c i pant  w i l l  u se  one  monotone to do a perfo rmance .  Rece i v i ng  the monotone t ra n s ­
m i tted f r am o t he r  stat i ons ,  h e  o r  she  wi l l  cor respond on l y  by  the l e ngth and  strength of a monoto n e .  
Because  i t 's so s i m p l e ,  anybody can  pa rt i c i pate i n  t h i s  perfo rmance ma k i n g  use  o f  " MA" ( i nte rva l l .  
A l s o ,  t h e  i nstrument  does n o t  have t o  be a synthes i ze r; i t  cou l d  b e  anyth i n g  that w i l l  m a k e  a so u nd ,  
s u ch  as  wood,  b amboo ,  a nd  i ra n .  

J ust a s  t h e r e  i s  a master  o f  ce remon i e s  i n  a sympos i um ,  "a  program d i rector" u s i n g  a m o u s e  

contra I i s  necessary t o  c h a n g e  t h e  tempo f ree l y  and  t o  turn t h e  pages .  Th i s  program d i rector w i l l  c on ­
d u ct to h e i g hten " s i l e nt words "  l i ke " i nterva l ,  " breath i n g , "  and  " k i "  (menta l  a nd  phys i c a l  e n e rgy ) .  

wh ich a re i nv i s i b l e ,  i nto a n  express i o n .  By u s i n g  t h i s  method of sound i mage  crass i n g  "MA , "  I w i l l  
concentrate o n  " i n te rva l "  wh i c h  i s  a s i l ent  word ,  a n d  wi l l  make m y  work b y  " p rad u c i n g  j o i nt m u s i c "  + 

" pe rformed by pa rt i c i pat i n g  v i ewers" + " a utomat ic  performance"  + " M I D I  remote contra I . "  

When ta l k i ng abou t  a theme ,  a conversat i on  goes on  b y  " I ook i ng  i nto t h e  menta l c o nd i t i o n "  
of the  person you ta l k  to .  For  examp l e ,  when  react i ng  t o  wh at t he  o t he r  pe r son  sa i d ,  when  you  

"abso l ute ly  a g ree "  you w i l l  i n stant ly  nod  bu t  when you have  any doubts about  wh at h e  o r  s he  s a i d  
you w i l l  p rabab ly  s h a k e  you r  h e a d  afte r a s l i g h t  i nterva l .  

W e  keep a conversat i on  g o i n g  b y  read i n g  t h i s  s l i ght  t ime  lag ,  i n  othe r  words s i l ent  " i nter­
va l s . "  These i nv i s i b l e  " i nterva l s "  are "words "  and  a lso "a  fee l e r  of the m i n d . "  D i ffe rent trom the  m eet­

i n g s  between  obj e cts ,  meet i ngs  between  peop l e  a re an  i n n e r  "meet ing of m i n d "  a s  we i l ,  so  the re  

cou ld  never be  the same s i t ua t i on  o r  meet i n g .  I n  othe r  words ,  every meet i n g  i s  " a  dec i s ive meet i n g "  

and  "a  once - i n -a - l i fet i me  c h a n c e "  of Zen .  Sound  image  crass i n g  "MA"  i s  the  exact same so rt o f  

" meet i ng  the i nte rva l s . "  

I nterva l Between I nformation 

7. Breath No. 4, 1980 

For i n sta nce ,  " B reath N o .  4" ( f i g u re 7 )  is a work 
express i ng  a phys i ca l  ene rgy. Th is  work i s  composed by two 

out l i n e s ,  the s i tuat ion  now ( I nformat i on  A)  and the s i t ua t i on  
0 . 3  seconds  aga  ( I nformat ion B )  of a person .  H i s  o r  h e r  a rm 

ha rd l y  moves, so I nformat ion A and  I nformat i o n  B ove r l a p .  O n  

t h e  other  hand ,  t h e  hand moves l a rge l y, b u t  t h i s  movement  i s  

b e i n g  supported b y  I nformat ion B of 0 . 3  seconds  a ga  rea d i n g  

t h e  i nformat i on  o f  A 0 . 3  seconds later. Because  o f  t h i s  " i nte r­

va i "  between  I nformat ion  A and I nformat i on  B that has  m ove-

ment ,  i t  c an  convey not on ly "the expres s i o n  of a rm"  but a lso "the emot i o n  of that pe rson . "  

T h i s  i ndeed i s  t h e  " b l a n k "  o f  t h e  Eastern drawing d o n e  i n  I n d i a n  i n k .  A conte n t  wi l l  o n l y  have 

a deep mean i n g  when  t he re a re "spaces that a re not d rawn . "  These b l a n ks a re wh at takes you out 
i nto the space ,  Peop le who express by so me  means put more ene rgy i nto " i nterva l "  o r  " b l a n k . "  They 

concentrate o n  putt i n g  i n  a l l  the i r  e ne rgy, but  st i l l  i t  adds u p  to "zera . "  Bu t  wi thout  t h i s  " ze ro , "  words 

do  not ex ist .  

I nformat i on  network was made  fram the " pos i t ive th i n k i ng "  of econom i c  effect, bu t  t h i s  

" ze ra"  i s  j u st a s  impo rtant .  
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K e e p  H i rn  o n  t h e  P h o n e  
The Human Body i n  the Realm of Technology 
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" Keep  H i m  on the Phone"  i s  a mu s i c  n umbe r. * It i s  a l so a demonstrat i on  of two d i st i nct forms 

of the contemporary use  of commun icat i o n  tec hno l ogy :  i ntens i fy i n g  the expe r i ence  o n  one  s i d e ,  pre­

vent i n g  i t  on  the othe r. That 's the topic of th i s  text. D id the contempo ra ry tech n o l ogy tru ly make the 
h uman  body redundant ,  s upe rf l u o u s  even ,  e n a b l i n g  u s  to w i l l f u l l y  c hange  the bod i e s  and i dent i t i e s :  o r, 

on the contra ry, is it so that the human  body i s  the o n l y  s i te ,  t he  on l y  p l a ce  where th i s  sh i ft i n g  of i den ­

t i t i es  can  take  p i  ace? 

Safe Sex 

Wh at do  we hear when l i sten i ng  to " Keep  H i m  on  the Phone" ?  

F i rst, Techno .  As a matte r of fact, t h i s  n umbe r  i s  mo re House  than  Techno ,  but  st i l l ,  i t  i s  typ­

i c a l  e nough  of the kind of e l ectron i c ,  computer-gene rated mu s i c :  of sounds  and rhythms that are 
d i rect ly tuned  with the human body. Of mu s i c  that has  to be  l i stened to a l o u d ,  on  the  headphones o r, 
bette r st i l l ,  on d i st inct ly  coded part i es ,  Raves ;  of mu s i c  whe re rhythm and  sound ,  not  the me l ody, a re 

what matters ;  where the non-d i s cu rs ive dec i ded l y  dom i nates over the d i s c u rs i ve ( the refore the impo r­

tance of DJs  who gua rantee that no numbe r  i s  p l ayed i n  the same way twice ;  and  of v i ny l  records that 

a l l ow for  the man i p u l at i on  of pre-g iven record i n g s ) .  
O n  the d i scu rs ive ,  na rrat ive leve l ,  t he  " Keep  H im  on  the Phone"  n umbe r  re-stages  the s i tua ­

t i o n  of another  use  of techno l ogy, the Phone Sex se rv i ce ,  by re-m i x i n g  typ i c a l  sounds  a n d  vo i ces :  c a l l e r  
d i a l s  t he  n umbe r, woman p i c ks u p  t h e  p h o n e ,  she  p ra i ses h e r  own  body a nd  desc r i bes  t he i r  engage­
ment  i n  the i ntercourse u p  to the po i n t  of s i m u lated o rgasm .  Compared to Rave pa rt i e s ,  techno l ogy i n  
the case of Phone  Sex funct ions  i n  exact l y  the oppos i te way. He re ,  the two pa rtne rs a re phys i ca l l y  
separated ,  b u t  connected o n e  t o  t h e  othe r  b y  te l ephone  l i n e .  I t  i s  t rue that i n  t h i s  pa rt i c u l a r  u s e  the 

te l ephone ,  the mach i n e ,  connects the two . Bu t  i t  i s  a l so c l e a r-because  such i s  the  m a i n  feature ,  the 

abso l ute advantage of t h i s  te lephone serv i ce-that i n  th is  u se  the te l ephone  prevents any phys i c a l  
contact i n  sexua l  i ntercou rse .  Here ,  there a re no  c hances  t ha t  one  wou l d  get A IDS :  Phone  Sex i s  a pe r­

fect form of Safe Sex. 

*From LP 1-900, Strictly Rhythm, produced by Speropagos, remix George Morel, 1995 



Of cou rse ,  wh at one  expe r i ences  by l i sten i ng  to t h i s  n umber is not a c l e a r  fo rm of Phone  Sex ,  
but  the d i fference sho u l d  neverthe l ess be obv ious :  

• By Techno  and ,  even mo re ,  by Rave part ies ,  one i s  i mmed iate l y  exper i e n c i n g :  fee l i ng the  

rhythm ,  hea r i ng  the sound ,  s ee i n g  the  l i g hts ,  i mages ,  and l i ve performa nces ,  s m e l l i n g  the smoke ;  a nd  

one  i s  en joy i ng  i t .  
• By  Phone  Sex ,  o ne  i s  en joy i n g ,  bu t  except f o r  t h e  sound , one i s  expe r i e n c i n g  noth i n g :  s e e ­

i n g  the " beaut i fu l b l o nde  h a i r, "  fee l i ng the t o u c h  o f  t h e  s k i n ,  sens i n g  the othe r  pe rson 's sme l l ,  a l l  

these t h i n g s  that the woman on  t h e  phone  i s  ta l k i n g  about ,  a l l  these da  not ex i st .  
What i n  " Keep H i m  on  the  Phone" bonds the two descr i bed uses  of tec h n o l ogy ( Rave pa rt i e s  

and  Phone Sex serv ice )  o r, a s  1 ' 1 1  ca l l  t hem later, the two apparatuses, what  o n  t he  d i s c u rs i ve l eve l  

fuses  them i nto a s i n g l e ,  d i st i nct o bj ect i s  the  ma l e  vo ice repeat i ng  " Keep  H im on  the  Phone . "  What  
does  i t  mean?  I t  makes  v i s i b l e  what both ,  t he  sex on the phone and e l ectro n i c  m u s i c ,  p resu m e :  t hey  

a re fo rms  of enterta i nment  i n d u stry. Ta  put  i t  even  more p l a i n ly :  i t 's a l l  abou t  money. And  about  power. 

The " Keep  H i m  on the Phone "  -man  i s  exerc i s i ng powe r over the woman ,  the  woman  i s  exerc i s i n g  
power over t h e  ca l l e r. O ne  c o u l d  e a s i l y  conc l ude  that as an  object o f  Techno  m u s i c ,  t he  " Keep  H i m  on  

the Phone"  - n umbe r, by refe r r i ng  to the  mot i ves  othe r  than the consume r's en joyment ,  po i nts to the  
" t r u th "  of its own p rod uct i o n .  But  h e re we reach the po int  demand i ng  same  conceptua l  c l a r i ty. 

Sad Friends of the Truth 

In a c u l tu re where see i ng  is be l i ev i ng ,  metaphors ,  in part i c u l a r  metapho rs o n  see i n g ,  a re a con­

ven i ent way for p resent i ng  concepts .  John M i l ton ,  1 7th century Br i t i sh poet ,  was b l i n d ,  a nd  probab l y  

f o r  th i s  reason he  was  a b l e  t o  see t h i n g s  mo re c l ea r ly. I n  a pamph l et wh i c h  he  add ressed to the B r i t i sh  
Pa r l i ament  i n  order to  defend  the i dea  of the F reedom of  the Press, he desc r i bed " the  truth " t h i s  way: 

The Truth was of a clear image once. As such, it was sent to the Earth, but evil men smashed 

it up into thousands of pieces and scattered these pieces all over the world. 

The refo re, the  o n l y  th i n g  l eft to the j o u rna l i sts-and others who a re l o o k i n g  for  The Truth ,  
" sad  f r i ends  of The Tru th"  h e  ca l i ed  them-the on l y  t h i ng  they can da  i s  to l ook  fo r  the sepa rate 

p i eces  of the truth . 

Th i s  has two consequences :  

F i rst, we cannot  ever, know " the  who le  truth . "  It i s  on ly  ava i l ab le  to  us i n  p ieces ,  i n  d i st i nct parts .  
Second ,  i f  we sta rt with the  q uest i on  WHAT, then ,  by dec i d i ng  WHAT "the truth" o r  any  other 

phenomena  is ,  we a l ready determ i n e  H OW to approach i t .  I f  to the quest i on  WHAT i s  the  t ruth ,  we 
answer, " i t  is a d i st i nct ,  who l esome  ent i ty, " t hen  we' l I l ook  for i t ,  and when we en cou nter sameth i n g  

that l ooks l i ke i t ,  we' l l  p re s ume  that 's t h e  w h o l e  a n d  o n l y  truth . B u t  i f ,  t o  t h e  s ame  q uest i on ,  we 
answer, "truth i s  scattered a l l  a r ound  in p i eces , "  then we ' l l  look for p i eces  everywhe re ,  but  we ' l I  

never b e  sat i s f i ed ,  a lways i n  d o ubt ,  i f  tagethe r  with same othe r, not-fo und  pa rts ,  t h i s  pa rt i a l  truth 
wou l d  st i l l  be the same, o r  wou l d  i t  be tota l l y  d i fferent . I n  othe r  words, a de c i s i o n  o n  onto l ogy a l  ready 

i m p l i e s  ce rta i n  ep i stemo l ogy. 

The f i rst who po i nted out  th i s  featu re of the c l a ss i ca l  p h i l osoph i c a l  q ues t i o n  of WHAT was 

Ru s s i a n  l i n g u ist  Roman  J a kobson .  H e  demonstrated i t  by the examp l e  of the bas i c  u n i ts of l a nguage ,  

the phonemes .  The c l ass i ca l q uest i on  was ,  WHAT a re  these bas i c  un its of l a nguage :  Are t hey  the phe ­

name  na gene rated by the th roat? O r  the  phenomena  generated by  t he  b ra i n ?  J a kobsan  d i d  no t  t r y  t o  

answer, i n stead ,  he  showed t ha t  the a n swer to t h i s  quest ion ,  to WHAT (onto l ogy l ,  a l ready i m p l i e s  t he  

approach ,  the H OW ( ep i stemo l ogy) .  Those  who say  the bas i c  u n i t  of l a nguage  i s  a matte r of the th roat, 
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d a  resea rch  i n  a natomy; those who say it i s  a matter of the  b ra i n s ,  da research i n  acoust i cs .  Bu t ,  con­

c l u d e d  J a kobson-and th i s  i s  the ma in  cont r i b u t i on  of structu ra l i sm  to the h uman i t i es-if i n stead of 
WHAT we sta rt with HOW, i f  i n stead of onto l ogy  we sta rt with ep i stemo l ogy, we da  not imp l y  any­

t h i n g  l i ke that .  
St i l l ,  the  nat ion  that there must be same f i n a l  a n d  def i n i te truth i s  very pe rs i stent .  And  he re 

i s  whe re the mechan i sms of med ia t i on ,  the  tech no l o gy, the  mach i .nes  get the dec i s ive ro l e .  S i mp l y :  i f  

h uman s ,  a lways emot iona l ,  b i ased ,  prej u d i ced ,  a re not ab l e  to g rasp  the def i n i te t r u th ,  t hen  the 
mac h i n e s  s h o u l d  be capab l e  of do i ng  t h i s  i n stead of u s o  The refore the  mach i n e  was conce ived as  the 

mode l  for  t h i n k i n g ,  for unde rstand i ng  the wor l d ,  a n d  a l so  the body. Th i s  i s  the  o r i g i n  of the i deas  of 

the  Wor ld Mach i n e  and of the Body Mach i n e .  S u c h  a nat ion presumes the c l e a r  sepa rat i on  of the 
obse rv i n g  s u bj ect on one s i de  and the obse rved o bj ect o n  the  other, o r  the cogn i t ive s u bject o n  one 
s ide  and rea l i ty on the othe r. Between  the two ,  there  i s  s u pposed to be a measur i ng  mecha n i s m  that 

h e l ps the  s u bj ect to grasp the nature ,  the t ruth ,  of the  object .  

I n  t he  a rts, the measur ing mechan i sm  was Rena i ssance  pe rspect ive . The codes  of th is  pe r­
spect ive  themse lves were conce ived as the too l s  for measu r i n g  the outs i d e  wor l d ,  but  c l a s s i c a l  
p a i nters  often used add i t i ona l ,  mate r i a l  too l s  to d a  t h i s ;  s u ch  as  we re  A l be rt i 's " construct i o n s "  o r  
O ü re r 's " po rt i l l o n . "  

I n  natu ra l  sc iences ,  t h i s  mechan i sm  was  pres umab l y  prov i ded  b y  phys i cs ;  i t s  methods a nd  
too l s  e nab l e d  peop l e  to measu re t h e  o u t s i d e  wo r l d ,  t h ey  we re  the means  by  wh i ch  the sub ject was 

com prehend i n g  the object .  I f  we take a tab l e  a s  a n  exa m p l e :  we s hou l d  be a b l e  to grasp the truth of 
i ts  na tu re by measu r i ng  its he ight and width ,  the  structure of the mate r i a l ,  a nd  so on .  But  th i s  i d e a l  

na t i o n  of the  s u bject, the object , and safe ,  obse rv i n g  d i stance  between  the two, whe re the measu r­
i n g  mechan i sm  i s  l ocated, has been seve re ly  q u est i oned  i n  natu ra l  s c i ences  as we i l  as i n  the  h uman ­
i t i e s .  I n  phys i cs  i t  happened when ,  b y  q uan tum mechan i c s ,  the  meas u r i n g  mechan i sms  themse lves 

were be ing deve l oped to such a degree that  i t  was poss i b l e  to prove-I et's stay with the exa m p l e  of 
a ta b l e-that a tab l e  does not exist . We wou l d  say that i t  is of a s o l i d  matte r, but, actua l ly, the  d i s ­
ta nce  between  t h e  pa rt i c l e s  i s  i mmense i n  re l a t i on  to the rad i u s  o f  the e l ectron o r  the n u c l e u s  of o ne  

of t he  atoms  of wh ich  t he  ta b l e  cons i sts .  
I n  the  human i t i es  the doubts were  c l ea r l y  a rt i c u l ated even sooner, for  examp l e  by the  1 8th  

cen tu ry Br i t i sh  p h i l osopher  Je remy Benth am .  Bentham used  the l aw as  a n  examp l e  of the i m po rtance 

of the  imag i n a ry, untruthf u l  ent i t i es .  He  ca l l ed t hem f i ct i o n s  and  def i ned  them "as  the say i n g  some­
th i ng  ex i sts wh i ch  does not ex ist, and act i ng  a s  i f  i t  ex i sted . "  

S o ,  n o w  we are i n  the s i tuat ion where phys i cs  proved that t h e  pres umab l y  " rea l  wor l d , "  " rea l 
en t i t i e s "  does  not rea l ly ex ist, a re not rea l at a l l ;  a n d  whe re the h uman i t i e s  proved that not-re a l  en t i ­

t i  e s ,  f i c t i ons ,  can be more " rea l "  than pres umab l y  " r ea l  ent i t i e s . "  Bu t  does  t h i s  i ndeed i m p ly-as 
most  of contempora ry, so ca l l ed  postmodern i st th i n ke rs c l a i m-that there are o n l y  f i c t i ons  l eft, that 

eve ryth i n g  i s  b e i ng s imu l ated,  v i rtu a l ,  f i c t i t i o u s ,  i m a g i n a ry . . .  -That  noth i n g  i s  rea l ?  S ho u l d  we deny  
that  t he re a re tab les  at a l l  as  we ord i n a r i l y conce ive  them?  I don 't th i n k  so ;  I exp l a i ned before ,  w i t h  
the  he l p  of M i l ton 's metaphor, t ha t  t he re  i s  n o  s uch  t h i n g  a s  one ,  def i n ite a nd  f i n a l  t r u t h  o r  rea l i ty, 

that  o u r  nat i o n  of the truth ,  the rea l i ty, is a lways pa rt i a l ,  a l ways constructed .  
N ow we  can  s ay  why: beca use  i t  i s  i mposs i b l e  to sepa rate the observ i n g  s ubject f r om  the  

obse rved ob ject; the observ i ng  subject i nf l uences  the  obse rved object and  v i c e  versa . Eve ryth i n g  
depends  on  t h e  concept .  A t  l east two contempo ra ry theo r i es  p rove t h i s  d i st i nct i o n ,  t h i s  separat i o n  not  
poss i b l e :  H i l l a ry Putnam 's "Theory of the I nte r i o r  R ea l i s m "  and  We i b e l 's and  Räss l e r's "Theory of the  

I nte r i o r  O bse rve . "  I n  both ,  we see aga i n  that i n stead of WHAT, they ask  the ques t i on  H OW. Th i s  i s  t he  
po i n t  I r ega rd  as  dec i s ive w i th  respect to the  tec h n o l ogy :  not  the i m poss i b i l ity of any  f i n a l  conc l us i o n  
a bou t  t h e  natu re o f  th i ngs ,  b u t  t h e  spec i f i c  ro l e  of the  a pproach ,  o f  t h e  method o f  compre hend i n g  t h e  



wor l d ,  of the  mechan i sms  of med i at i o n  o r, i n  the broadest sense ,  of the tech n o l ogy. 
B efore def i n i n g  the concep!, the method of conceptu a l i z i ng  the conte m po ra ry u se  of tech n o l ­

ogy, w e  h ave o n e  othe r  q u est ion  t o  a s k .  Where ,  now, i s  t h e  p lace o f  t h e  h uman  body? O n e  th i n g  i s  

c l e a r  from d a i l y  expe r i ence :  l i ke t h i s  ta b l e ,  t h e  body a l s o  d i d  not s imp l y  d i sappea r. B u t  we s h o u l d  be  

more  prec i s e .  
I n  h i s  theory of i d eo l ogy, Lou i s  A l t h u s se r  a l so c l a ims that t he  imag i n a ry has  mate r i a l  effects .  

As a n  exa m p l e  he  c i te s  the re l i g i o u s  be l i e f  i n  God :  God i s  i mag i na ry, but  those who be l i eve i n  h im pe r­

fo rm mate r i a l  act ions-they go to c h u rch ,  attend masses ,  they make the s i g n  of the c ross ,  they p ray 
o n  the i r  knees ,  and  so o n .  H owever, the  d i fference between Ch r ist ian ity and  othe r  more  " p r im i t i ve"  

re l i g i o n s  l i e s  i n  the fact  that i n  the C h r i s t i an  re l i g i o n  the cont ro l  o f  the phys i c a l  body i s  be i ng  med i ­
a t e d ,  n o t  d i rect .  A l so  among  Ch r i st i a n s  o n l y  t h e  most devout be l i evers ,  l i ke mem bers of t he  Cath o l i c  

g ro u p  O p u s  D e i ,  i n s c r i be  the i r  b e l i ef on  the i r  bod ies  b y  d a i l y  wh i pp i ng ,  b y  wea r i n g  chast i ty be l ts a n d  
the  l i ke .  

T h e  same happens  with t h e  man i festat i ons  o f  another, most common imag i n a ry phenomena ,  

the  state of wh at we  ca l l  etern a l l ove .  " C u l t i vated , "  "c iv i l i zed" peop le exchange wedd i n g  r i n g s .  Tattoos 

with the names of be l oved ones wr itten o n  the sk i n  a re att r ibutes of the peop l e  from soc i a l  ma rg i n s .  

I n  t h e  rea l m  o f  c i n e m a ,  f o r  examp l e ,  t h e  ma i n stream movies a lways portray t h e  state o f  l ove b y  mo re 
o r  l ess  stereotyped metaphors l i ke b i rds  and  sent imenta l mus i c .  Movies wh ich  portray l ove by means  

of the transformat ion of the body-l i ke f i l m s  of Tod Brown ing  ( " Freaks" o r  " U n known'' l ,  R .  W. 
Fassb i n de r's "The Yea r  with Th i rteen Moons , "  " Emp i re of the Senses" by Nag i sa O s h ima ,  or "Box i ng  

H e l e na "  by Jen i fer Lynch-are cons i de red at l east b i zarre .  

A l l  th is ,  togethe r  with the popu l a r  i nterpretat ions of the deve l opment of tec h n o l ogy  as  f i x i n g  

the  phys i c a l  fa i l i n g s  of the h uman  body, c l ea r l y  shows that we  tend to u nde rsta nd  c i v i l i za t i on  a s  a 
constant l i be rat i on  from the phys i c a l  body. But  i n  the essay on "Kontext Kunst"  Peter We i b e l  a l so 

s hows how Bentham i n  a way preceded Jacques  Lacan .  Lacan conceptua l i zed rea l i ty not a s  a u n i ty of 
object and s u bject but  as  a structured form of imag i n a ry, symbo l i c ,  a nd  rea l .  Rea l  i s  n ot rea l i ty, i t  is  

not truth f u l  o r  rea l i st i c .  I t  i s  l ocated where there a re no words :  i n  sex and v i o l e nce ,  and death . And 

wh at i s  the  p lace where these expe r i ences  can  take p i  ace? Th i s  p lace i s  the body. 

Les Mots et les Choses 

Rega rd i n g  the not ion  of c i v i l i zat i o n ,  we can unde rsta nd why it is so popu l a r  n owadays to 
c l a i m  that o u r  cu l t u re ,  contemporary c u l t u re ,  is another  step in the process of l i b e rat i o n  f rom o u r  bod ­

i e s .  Yet  we can c l ea r l y  expe r i ence ,  every t ime  we go  to the c i nema or  tu rn on the compute r, that con ­

tempora ry techno l o g i e s  a l l  p resume ,  demand  the i n d iv i d ua l ,  i n  h i s  o r  he r  bod i l y  d ime n s i o n .  

Theo r i sts who  c l a i m  that everyt h i n g  i s  b e i n g  s imu lated ground the i r  not ion  o n  the  i d e a  that  

contempo ra ry c u l t u re i s  the c u l t u re of images ,  that we moved f rom the c u l tu re of wr i t i n g  to the c u l ­

t u re o f  i mages .  Contrary t o  t h i s ,  I p ropose t h e  concept o f  t h e  apparatus ( le dispositin as  a s i m u l tane ­
o u s  p resence of both , of words  and  of i mages .  Le dispositif was conceptua l i zed by M ic h e l  Fouca u l t ,  

who i n  The Order of Things c l a i m s  that "what we see i s  never present i n  what we say. " The refore ,  i n  

h is  work Fouca u l t  deve l o ped the concept of le dispositif which enab les  us to th i n k  the  s i m u l ta neou s  
p resence of both , of what we see a nd  of what we  say; as  t h e  spec i f i c  o rgan i zat ion  of the  d i s c u rs i ve 

and non -d i s c u rs ive ,  wh ich a lways i n c l udes  the s ubject. 

Th i s  l ater featu re of le dispositif, the i n c l u s i o n  of the subject, i s  part i c u l a r l y  impo rtant for the 

th i n k i n g  of the use of techno l ogy. I t  i s  i n i t i ated i n  Fouca u l t 's ana lys is of D i ego Ve l a squez 's p a i nt i ng  Les 

Menines: he takes the pa i n t i ng  as le dispositif and c l ear ly  po i nts out how it i n c l udes  its own observer. 
Th i s  feature was fu rther  deve l oped by J ean - Lou i s  Baud ry i n  h i s  essays on c i n ema .  I n  Baud ry's terms ,  le 
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dispositif perta i n s  to the s i tuat ion i n  wh ich  the f i l m  tech no l ogy is be i ng  used : to the a ppa ratus and ,  at 

the  same t ime ,  to its addressee. By th is concept, Baud ry a rr ived at h is h i stor i c a l  c o n c l u s i o n :  name ly, 

that the " rea l ity effect" of the c i nema does not depend on what is be i ng  represented on f i l m .  The c i n ­
ema  does  no t  s imu late rea l i ty, i t  s imu l ates the s ubj ect :  "The  ent i re c i n ematogra p h i c  appa ratus [taut l e  

d i s pos i t i f  c i nematograph i quel i s  act ivated i n  o r d e r  to p rovoke th i s  s imu l a t i on :  i t  i s  i n deed  a s i m u la t i on  

of a cond i t i on  of the  subject, a pos i t ion of the s ubj ect, a s u bj ect and  not rea l i ty. " Le dispositif, i n  oth e r  

words ,  " cance rns  project ion and . . .  i n c l udes  the s ubj ect to whom the project i o n  i s  add ressed . "  
W e  c o u l d  a l ready conc l u d e  that Baud ry's concept pe rta i n s  t o  both ,  t o  a hypothet i c a l  s u bject 

pos i t i o n  and  to the actua l  person ;  to the ( i ma g i na ry )  spectator and  to the ( rea l )  v i ewer ;  o r, i n  t he  terms 
of the  c r i t i q ue  of i deo l ogy, to the subject a nd  to the i n d iv i d ua l .  H owever, t he  nat ion of the s u bj ect i s ,  

f i rst , the  key po i n t  of  Baudry's concept of le dispositit. and  second ,  i t  i s  a l so the most co ntrovers i a l  
p o i nt o f  t h i s  concept, as conce ived with i n  t h e  pa ramount i nterp retat i o n  o f  Ba ud ry 's concept ,  the 

Theo ry of the Apparatus .  Hence ,  l e1 's have a c l o se r  look at t h i s  i nte rp retat i o n :  
On  one  hand ,  i t  i s  based on  the Ame r i c a n  t rans l a t i o n  t h a t  equates both , / 'appareil and  le dis­

positif, with "the apparatus , "  even if Baud ry exp l i c i t l y  states that le dispositif-u n l i ke / 'appareil­

" i nc l udes  the s ubject. " 

O n  the other hand ,  the ma i n  a rgument  aga i nst the  Theory of the Apparatus i s  that it conce i ves  

the  s u bject as  an  effect, as a structu ra l  f unct i on  of i d eo l ogy; that therefore i t  does  not acknowl edge  

t he  ac t i ve  ro l e  of t he  concrete i n d iv i d ua l s ,  rea l v i ewers ,  peop l e  i n  f l e sh  and  b l o od :  and  tha t  i t  i s  the re­

fore i n adeq uate o r  even i rre l evant .  
Therefore we can not s imp l y  rej ect th i s  i nterpretat ion  a s  a m i srea d i n g .  On the  contra ry :  the 

t ra n s l at i o n  i s  somehow m i s l ead i n g ,  but the i nte rpretat i o n  i s  neverthe l ess co rrect, because  i t  regards 
the  a ppa ratus as  that wh ich  " i nc l u des the s u bject . " Even the nat i on  of the s u bj ect i s  a ppropr i ate a s  

far  a s  Baud ry's essay was  writte n i n  the co ntext of A l thusse r 's c r i t i q ue  of i d eo l ogy  i n  wh i ch  the  i n d i ­
v i d ua l  i s  "a lways-a l ready i nterpe l l ated " i nto the s ubject of i deo l ogy. 

Contra ry to th i s ,  the a rgument that Baud ry's concept of the appa ratu s  pe rta i n s  to both the 

imag i n a ry s ubj ect and the rea l v i ewer post u l ates that the i n d i v i d u a l  i s  not a lways-a l ready the s u bject 
(of  i d eo l ogy) ;  that the i n d iv i dua l s  a re not i nterpe l l ated as  s ubject but into s u bject; i n  sho rt ,  that  the 
i d eo l o g i c a l  i nterpe l l at ion  i s  not necessa r i l y  s u ccessfu l .  T h i s  i s  demonstrated by Rastko M o n i k  i n  h i s  
essay " I d eo l ogy a n d  Fantasy " :  t h e  a c t  o f  i d ent i f i ca t i on  i s  i m poss i b l e  i f  i t  doesn 't g e t  t h e  s u p po rt for  

the  i n d i v i d u a l 's i d i osyncrat ic "wishfu l fantas i e s . "  
I f  s o ,  i f  i deo l og i ca l  i nterpe l l a t ion  can  i n deed fa i l ,  i n  othe r  words,  i f  the  c r i t i q u e  of i d e o l ogy 

does  not exc l u de  the i n d iv id u a l ,  then we can  conc l u d e  as  I prev i o u s l y  suggested .  The Apparatus i s  a 
s i t ua t i on  and  a sett i ng  ( "metaphor i ca l  re l a t i ons  between p l aces and  re l a t i ons  between  metapho r i c a l  

p l aces , "  l ocat i o na l  a nd  re l a t i ona l  at t he  same t ime ) ,  wh i c h :  
1 )  const i tutes t he  subj ect, by  provi d i n g  h i m  o r  h e r  a n  imag i n a ry s u bject  pos i t i o n ,  a s i m u l ated 

po int of v i ew wh ich  one must take i n  order  to recogn i ze the representat i o n s  and  which i s  common  to 
every spectator; and 

2 )  i n c l udes  the subject , because i t  a lways re l ates to the i n d i v i d u a l ,  to the  conc rete, l i v i n g  pe r­

son ,  to whom it ass i gns  a d i st i n ct pi ace with i n  the sett i n g .  

I ndeed ,  t h e  contemporary techno l ogy f o r  the p roduct ion  o f  image s  pres umes  a f ixed p i  a ce  for  
the  body of the v i ewer, a p l ace  i n  wh ich  every s i n g l e  i n d i v i d u a l  i s ,  i n  one  way o r  the  othe r, i s o l ated 
from the others .  At the mov ies ,  the v i ewer buys a t i c ket that ent i t les h im o r  her to one  d i st i nct  seat 

i n  the ha l l ;  when watch i ng  TV, peop le are put  i nto the couches i n  the i r  l i v i n g  rooms cybers u i ts ,  data­
g l oves ,  head-mou nted d i s p l ays a re made to be used  by one  use r  at a t ime;  the  same i s  tru e wi th  the 
te lephone ,  and  i t  i s  a l so imposs i b l e  to end with what we sta rted ,  to dance on  Techno  i n  constant  touch  
with another  pe rson  as i n  c l a ss i ca l  po l ka and  wa l tz dan  ces  o r  even  rock  ' n '  ro l l .  T h i s  i s  probab l y  the 



best exa m p l e :  at Rave pa rt i e s ,  the  touch  of the other is unbea rab l e .  

I n  s ho rt :  n o t  on l y  same contempora ry commun i cat ion techno log ies  but all o f  t h em  a re i so l a t i ng  
the i nd iv i d u a l  by p revent i ng  h im o r  he r  f rom phys i ca l ly exper i enc i ng  the  c l oseness of othe r  i n d i v i d ua l s .  

Dy ing  live 

Wh at abou t  the other feature of the contempora ry use of com m u n i cat i on  tec h no l ogy, the 
i ntens i fy i n g  of exper i ence?  I t  i s  obv i o u s  from the a rts ,  from the deve l o pment of new tec hno l o g i e s ,  

from TV  t ha t  the i n tens i f i ed  expe r i e nce  i s  one  o f  t h e  ma i n  object ives .  I n  the  a rts ,  t h e r e  i s  a n  hono r­
a b l e  trad i t i o n  of body-art i sts ,  f rom Va l i e  Export ,  Mar i na  Abramov ic ,  or Ch r i s  B u rden  to the most  n oto­

r i o us  contempo ra ry one, O r l a n .  Vi rtua l  rea l i ty and cyberspace are pra ised fo r  t he i r  m u l t i p l i c a t i on  of the 

senses i nvo l ved-s i g ht .  t ouch ,  hea r i n g ,  even sme l l .  And as  for the most ove rwh e l m i n g  med i a  tech­
no l ogy, name ly  te l ev i s i o n ,  we a re a l l  awa re that Rea l ity TV prog rammes ,  Rea l  Wo r l d  ser ies ,  a nd  the 

l i ke are a l l  a i m i ng at a ch i ev i n g  the same .  

I n stead of l i st i n g  va r i o u s  pa rt i c u l a r i t i e s ,  I ' d  l i ke to prove t he  po in t  by the examp l e  of o ne  s i n ­

g l e  th i n g :  t he  representat i o n  of pass i n g  away i n  photography, c i nema,  a nd  TV. And re Baz i n ,  t he  g reat 

theor i st of f i l m  rea l i sm ,  regarded the a b i l i ty to represent dy ing  as  the m a i n  advantage  of c i n ema  i n  
campar i san  t o  photography. Photography, accord i ng t o  Baz i n ,  "can represent  a m a n  i n  h i s  agony  before 

the death o r  h is dead body, bu t  not the u naccess i b l e  d r i ft from one to the other. " 
Let's take as a n  exa m p l e  a n  o l d  and  we l l -known photog raph ,  the one  taken by Edd i e  Adams  

i n  S a i g o n  i n  1 968 ,  o f  a V ie tnamese s o l d i e r  N g uyen Ngo c  Loan ,  po i nt i ng  h i s  g u n  r i g h t  to the forehead  
of h i s  c i v i l i a n  p r i sone r. I f  we compa re th i s  photo w i t h  the 1 6  mm f i lm  sho t  of the same event .  we can  

c l ea r l y  see the d i ffe re nce .  With  the f i lm  sho t ,  we ge t  the event i n  i t s  d u ra t i on :  s o l d i e rs capture the  

p r i sone r  somewhere on the  streets ,  they take  h im to  the squa re ,  the sa l d i  e r  takes  a g u n  i nto h i s  hand ,  

mot i o n s  the others to move away, po i nts the g u n ,  shoots; the pr i soner  fa l l s  down and  for more  t han  
ten seconds  we can  observe the  fou nta i n  of b l ood spr i n g i n g  f r om the  h o l e  i n  the man 's head .  

Mov i ng  i mages  a re c l ea r l y  mo re effect ive than stat i c  ones ;  bu t  t h i s  i s  not a l l .  I n  one  of the 

contempo ra ry advancements of the C i n ematograph i c  Apparatus ,  the Locat i on  Based Enterta i nment  
( LBE ) ,  the  representat i on  becomes even mo re t ru e .  The l ocat ion he re i s  t he  l ocat ion  of the na rrat i o n :  

the spectator i s  fastened to h i s  o r  he r  cha i r  a nd  v ia  t h e  cha i r  t o  the mach i n e ry, wh i ch  g ives h i m  o r  h e r  
t o  s ee ,  wha t  the mov i e  ma kers ca l l  po i nt-of-v i ew shots .  Wh  at Ha rr ison Ford i s  i n  " I nd i ana  Jone s "  and  

Kath l een  Tu rner  i s  i n  "Romanc i ng  the Stone , "  the spectator h im  or herse l f  i s  i n  the Locat i on  Based  
Enterta i nment .  We can compare th i s  to IMAX, D i sney's An i matron i cs ,  and  even  more to S im Ex " c i n ema , "  
but the Apparatus of LBE  i s  mu c h  mo re i n c l u s ive .  As  a proof of the effect iveness of t h i s  k i n d  of ente r­

ta i n ment ,  a j o u r na l i s t  c ommented that it was so rea l that h i s  heart wou l d  a l most stop .  One  of the 
operators of LBE  d u l ly re p l i ed ,  " i f  you have a hea rt attack ,  i t  i s  your  pro b l e m . "  The i s sue  he re i s  not 

the a b i l i ty to represent ,  but  the a bsence  of representat i o n :  dy ing i s  not exper ienced th ro ugh  repre­

sentat i o n ,  i t  i s  expe r i enced-at l east potent i a l l y-l ive .  
Not on ly the i s o l a t i o n  of the i n d i v i d u a l  consumer, but  a l so the magn i f i ca t i on  of the expe r i ence  

i s  a featu re tha t  pe rta i n s  to a l l ,  not o n l y  to same o f  the contemporary u ses  of c ommun i cat i on  tech ­

no l ogy. At  the beg i n n i n g  I p roposed  these as  two d i st i nct fo rms  of the  use  of tec hno l ogy, name ly, t ha t  

techno l ogy e i t he r  p rov i des  the means  for  i ntens i fy i ng  the expe r ience or prevents the i nd i v i dua l  f r om 

phys i c a l  expe r i ence .  Now, I have  to conc l u de ,  these a re not two forms tha t  wou l d  exc l u d e  each other, 
but  two s i m u lta neaus  processes :  processes i n  wh i ch  the i n d iv i d ua l  is i s o l ated i n  o rder  to expe r i ence ,  

and  i n  wh i ch  one  type of c l oseness ,  o ne  type of exper i ence ,  i s  rep l aced by the  oth e r. I t  i s  the very con ­

cept of the Appa ratus that enab les  u s  to th i n k  t h i s  s imu l tane ity: the rea l pe rson m ust l i m i t its bod i l y  

capac i t i e s  ( h a s  to "take p l a ce , "  be i s o l ated as  a n  i nd iv id u a l )  i n  order t o  i d e nt i fy with t h e  imag i n a ry 
r--­
m 
N 



s ubject  pos i t i on  wh i ch  ent i t l es  he r  or h i m  to the en joyment p rov i ded  by t h e  Appa ratu s .  But ,  if tech­

n o l ogy p re sumes  or even demands the cod i f i ed  l i m itat i o n  of the corpore a l  facet of i ts consumers ,  
shou l d  we conc l ude that  the contrary i s  a l so the ca se? O u g ht we to cons i de r  the phys i c a l  expe r i ence  

as  a form of res i sta nce to the use of tec hno l ogy? 
The an swer l i es  in the th i rd examp l e  of representat i o n  of pass i n g  away: the  one o n  TV. L ive 

tra n sm i s s i o n  is the most d i st i n ct feature of te l ev i s i o n .  The re i s  no  do ubt that so-ca l i ed l i ve pa rts of a 

TV program a re as pre-p l a n ned and contro l l e d  a s  any  other  p rev i o u s l y  recorded feature i n  t h i s  pro­
g ram .  Bu t  as  the property of the TV appa ratus ,  l i ve t ra n sm i s s i o n  i s  the  mechan i sm  that connects both 

spaces ,  the  (everyday) space of the v i ewer and  the ( i mag i n a ry )  space of TV: i t  is a too l  that p uts both 
spaces i n  the same t ime .  L ive transm i s s i o n  cannot  be repeated .  J u st l i ke ,  a s  Baz i n  says, one cannot 

d i e  tw i ce .  So ,  if l ive transm i s s i on  i s  the f i n a l  a c h i evement of t e l ev i s i o n ,  t hen  the f i n a l  a c h i evement  of 
TV's max i m i z i n g  the expe r i ence  wou l d  be l ive tra n sm i s s i o n  of dy i n g .  

Act u a l l y, a t  the very beg i n n i n g s  of t e l ev i s i o n  i n  S i ov e n i a  ( f o r  o t h e r  reg i o n s  I d o  n o t  k n ow  o f  

a research of t h i s  k i n d ) .  l i ve transm i s s i o n s  of s u r g i c a l  ope rat ions  f r om  t h e  l o c a l  hosp ita l were 
extreme l y  popu l a r. Peop l e  at TV Lj ub l j ana  tested the i r  ve ry f i rst e q u i pment  and f i rst cameras  for co l o r  

TV  th i s  way. One  o f  the protagon i sts of t hese  events r emembe r s :  "Then  Prof .  Lavr i c ,  who was ope r­

a t i ng  on the other pat i ent, asked me whether the i nte r i o r  of the  chest was c l ea r l y  v i s i b l e ;  otherw i se  

he  wou l d  w iden  up the cut for the camera . "  

T h i s  happened i n  1 958 .  I n  Aug u st 1 967 ,  when t h e  assoc i a t i on  o f  Yugos l av  rad i o  a n d  T V  sta­

t i ons ,  J RT, was transm itt i n g  for Eu rovi s i o n ,  l i ve of cou rse ,  the hea rt s u rg e ry by the famous  Amer i can  
hea rt s u rgeon  DeBakey i n  Be l g rade ,  TV Lj u b l j ana  gave u p  the  l ive tra n sm i s s i o n .  I n stead ,  they broad­
cast a sho rtened vers i o n  of the s u rge ry one  day l ater. The p u b l i c  was e n raged ,  but med i cs prov i ded  

the a r g uments fo r  the ban :  someth i n g  c o u l d  have gone  wrong  and  the pat ient  m i ght  have  d i ed .  Th i s  
i s  l i ke i n  the c i rcus ,  they s a i d ,  b u t  "the penetrat i on  i nto the h uman  body i s  no  c i rc u s . "  

Later t h i s  i nterpretat i on  preva i l ed on other TV  stat i ons  
as we i l .  At  the beg i nn i ng  o f  t he  sevent ies  Peter We i be l  created 

two p rojects of l ive transm iss ion  for Austr i a n  nat i ona l  broad­

cast i ng  ( OR F) .  One ,  l i ke the ear ly TV "short breaks," wou l d  have 
shown the i nter ior of an aquar i um ,  on ly here the water wou l d  

grad ua l l y  l eak  o u t  unt i l t h e  f i s h  wou l d  be l eft without water and  

d i e .  The other project wou l d  have offered a v i ew i nto a terra r i um  

where there wou ld  f i rst be snakes; t h en  m i ce  wou l d  be th rown 
to the snakes and the snakes wou l d  eat the m i ce  before the eyes 

of TV v i ewers .  The f i rst project ORF rea l i zed to the moment when 

i t  was sti l l  poss ib l e  to save the f ish; the other was never rea l i zed 
on p ub l i c  IV 

Peler Weibel, TV-Aquarium, 1970 

The story is not ove r yet. I n  N ovember  1 994 Ge rman  po l i c e  h u nted two run -away p r i sone rs 
who took c i v i l i a n  hostages .  The reporte rs were exc l uded  from the p l a ces  of the event .  The reason :  

fea r of the repet i t ion of the so-ca l i ed " d rama i n  G l adbek , "  a n  even t  t ha t  took p l ace a few yea r s  aga :  
i n  a s i m i l a r  s i tuat i on ,  one o f  t he  hostages  was  k i l l e d  i n  front of ru n n i n g  TV  cameras .  

Contrary to  the c l a ims  tha t  there i s  n oth i n g  t ha t  TV wou l d n 't sh ow, contrary to the c r i t i c s  who  

advocate Entbrutalisierung of  the med i a ,  t he re  a re t h i n g s  t ha t  TV wou l d n 't show. I don 't c l a im  tha t  TV 
sho u l d  be showing th i s .  But the very presence of these l i m i ts i s  the reason ,  I th i n k  it is mean i ngfu l to 

po i n t  out ,  that  contemporary med ia  a re preven t i ng  u s  from ce rta i n  expe r i ences .  These expe r i ences  
st i l l  take p l a ce  i n  ou r  soc i et i es  and i n  o u r  i n d i v i d u a l l i ves ;  the refore we shou ld  cons ide r  them as forms 

of res i stance aga i nst the transformat i o n  of our expe r i ence  through tech no l o g i e s ,  rega rd l ess of how 
we u n de rsta nd ,  and wh at va l u e  we ass i g n  to ,  the  term " re s i sta n ce . "  Aff i rmat ive o r  not .  
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A r s  E l e c t r o n i c a  9 5  

S l a c k e r  L u d d i t e s  

Thro ughou t  the f i rst wo r l d ,  noth i n g  i s  mo re emb l emat i c  of ze ro work n i h i l i sm  than  the image  

of L udd i te res i stance .  Joyfu l  destruct ion o f  mach i n e s  i n  the workp l a ce :  I s  t h e r e  a nyone  who hasn 't 

ente rta i ned s uch  fantas ies? Who hasn 't thought  abou t  c ra s h i n g  a wo rkstat i on  hard d r ive ,  s p i l l i n g  cof­
fee i nto a m a i nframe ,  or throw ing  a company veh i c l e  i nto reverse wh i l e  speed i n g  down the h i g hway? 
For m a ny, s u ch  fantas i es  become rea l i ty, and neo -Ludd i tes a re born . But a re such deeds  rea l l Y  the acts 

of L udd i tes ,  o r  do  they mere ly  rep lay a h i sto r i c a l  na rrat ive that never ex i sted-an i n d u l g ence in nos ­

ta l g i c  c reat i ons?  Because  of the p rofound  d i ffe rences that sepa rate the po l i t i c a l  eco nom i e s  of ea r l y  

a n d  l ate cap i ta l ,  the n i h i l i s t i c  i mp u l ses  of ea r l y  1 9th -centu ry Ludd i tes can not be q u a l i tat ive ly com­
pared to those a r i s i ng  now i n  the l ate 20th  centu ry. The Ludd i te des i gnat i on  can o n l y  be used rath e r  
l o o se l y  i n  the  soc i ety o f  l ate cap i ta l .  On  i t s  s u rface ,  the  i mage  of ea r l y  1 9th centu ry workers smash ­

i ng  t he  mach i nes  of texti l e  m i l l s  has a potency that seems  utte r l y  re l evant  to the c rus h i n g  a l i enat ion  
of the  contempo ra ry workp l ace ,  but  the mot ivat i o n s  a nd  i d eo l ogy that l i e  beh ind  Ludd i te act iv ity today 

have l i tt l e  in c ommon  with the Ludd i tes of the past .  
The L udd i sm  of ear ly  cap i ta l  represented the dy ing t houghts of the fe uda l  body, wh i l e  the 

attacks  on  the  texti l e  facto r i es  were the f ina l  mu s e i e  spasms of the feu d a l  corpse .  Those who were 
mot ivated to pa rt i c i pate d i d  so out of the fea r that they were becom i n g  anach ro n i sms .  I t  seemed c l e a r  

to t he  Ludd i tes t h a t  mach ines  were go i n g  t o  re p l a ce  t hem and  stea l away the i r  l i ve l i hoods ,  as  p oo r  a s  

they may  have  been .  Any po l i t i ca l i ntent beh i n d  Ludd ite act iv i t i es  was cou nterrevo l ut i o na ry i n  
natu re-an attempt t o  stop t h e  revo l ut i on  i n  prod uct i o n ,  a nd  t o  h a l t  t h e  sh i ft o f  power f rom l a n d  to 
cap i t a l  ( f rom n o b i l i ty to bou rgeo i s i e ) .  The f i n a l  g oa l  of the Ludd i te was to m a i nta i n  the status q uo ,  

s i n ce  the  Ludd i tes of ear ly cap i ta l  were despe rat i o n  pe rson i f i ed  i n  the i r  death ly f e a r  of mach i nes ,  
eco n o m i c  i n s ta b i l i ty, and the fu tu re .  F rom a coo l  i n te l l ectua l i zed  pe rspect ive ,  Ludd i tes  a re n ot a g roup  

to be  canon i zed  i n  the h i sto ry of res istance to a utho r i ta r i a n  struct u re s .  I f  a nyth i n g ,  t hey  were demons  

i n  th i s  h i sto ry. Bu t  l et us no t  forget the pass i o n s .  Smash i ng  u p  facto r i es-that must  be one  sup reme 
l i b i d i n a l  d i sc ha rg e .  Such ac t i ons  s i g n i fy moments of free-form des i re .  To s ubst i tute for these  
moments ,  wh i c h  are toD  few i n  the l i ves of i n d i v i d u a l s  i n  l ate cap ita l ,  the  myth of the Ludd ite cont i n ­
u e s  to dwe i l  i n  the hearts of a l l  peop le  who hate  work i n  g ene ra l ,  the i r  j obs i n  pa rt i c u l a r, a nd  the 

rep ress ive a tmosphe re omn i present i n  the work env i r onment .  



From the contempo ra ry v i ewpo in t  near ly  two centur ies  l a te r, it s h o u l d  be very appa rent  that  
L udd i sm  i n  its h i sto r i c a l  form has  no  p lace i n  l ate cap i ta l  (on ly  its myth i c  form ca r r i es  mean i n g ) .  The 

cond i t i o n s  have changed too d rast i c a l l y, a nd  yet there a re st i l l  some th reads  of cont i n u i ty. F u e l e d  by 

i mages  of ant i -tech n i h i l i sm ,  traces of the Ludd ite mytho l ogy l ive on, but a s  noth i n g  mo re than i so ­
l a ted  f ragments offe r i n g  o n l y  i nterm ittent patte rns of s i g n i f i cance .  M ost i mportant ly, t he  spec i f i c  fea r 

that mot ivated the o r i g i n a ry Ludd i tes i s  gone .  A l though techno l og i c a l  deve l opment  causes  many  peo­
p i e  fear  a nd  anx i ety, fewer  and  fewer  b e l i eve that  techno logy wi l l  r ep l a ce  t hem .  I n  fac t ,  t he  fea r i s  

rea l l y q u i te the oppos i te As tec hno l ogy attaches i tse l f  t o  t h e  body, t he  re l a t i ons h i p  between  the  body 

a nd  tec h no l ogy becomes i n c reas i n g ly symb i ot i c .  The bu reaucrat ic a nd  technoc rat i c  c l asses  a nd  po r­

t i ons  of the se rv i ce  c l a s s  a re b e i n g  tu rned i nto cybo rgs .  Th i s  i s  the new Ludd ite fear ;  t he  fear  of l o s ­

i n g  o rg a n i c  pu r i ty, a nd  of becom i n g  ove rdependent on/add i cted to  tec h n o l ogy, 
Examp les  of peop l e  be i ng  turned i nto cyborgs a re qu ite n ume rous ;  the most obv i ous  p l a ce  

where t h i s  occu rs i s  of cou rse  the m i l i tary. I n  t ha t  i n st itut i on ,  ru l ed by  a des i re fo r  techno l ogy to run  w i l d ,  
peop l e  want  to be mach i nes-k i l l i n g  mach i nes .  The bette r a so l d i e r  can transform hierse l f  i nto p u re 

techno l ogy, the better hie r chances of s u rv iv ing combat. Headsets, n i gh t  v i s i on  gogg l e s ,  a utomat ic  

weapons ,  l a se rs ,  gas  masks ,  etc . ,  a re a l l  attached to the body, extend i n g  its poss i b i l i t i es .  Th i s  i s  a sec­

ond-order  cyborg : O rgan i c  i n frastructure with an  impermanent techno l o g i c a l  superstructu re .  The ques ­

t i  on i s ,  at what  po int  w i l l  the techno-superstructu re become permanent ,  c reat ing a f i rst-o rde r  cyborg? 

The f i rst-o rd e r  cyborg can  be a f r i g hten i n g  thought, espec i a l l y  cons i de r i n g  how we i l  t he  m i d ­
d i e  c l a s s  i s  be i n g  g roomed fo r  t h i s  d eve l opment .  Rather t h a n  be i n g  f ramed i n  te rms of death ,  t h e  

cyborg q uest ion  i s  fra med i n  terms of l i fe ,  des i re ,  and  enterta i nment .  F r om  pacemake rs to contact  
l e nses ,  b i o-tech makes  the body stronge r. Who wi l l  say no  to tech n o l ogy  that extends  l i fe ,  o r  to that  
wh i ch  retu rns  the body to n o rmat ive funct ions?  Let  us  not forget the  poss i b i l i t i e s  for b a l a n c i n g  the  
body's appea rance  with i ts d e s i red image .  Eve ryth i n g  f rom a rt i f i c i a l  c heek  imp la nts to sex c hange  

ope rat i o n s  offer l i be ra t i n g  expe r i ences  of a nomad i c ,  ever-tra nsfo rm i n g  body. And f i n a l l y, wha t  of a l l  

the v i deo  a n d  v i rt u a l  rea l ity games?  I t  i s  f u n  t o  g o  i nto those a rt i f i c i a l  e l ectron i c  wo r l d s .  J u st s u i t  u p ,  
and  the conquest of d e a t h  i s  at  you r  c ommand .  Apoca l ypse and uto p i a  h ave  imp l oded  w i t h  s u ch  force 

u n de r  the s ign of tec h no l ogy that i t  i s  near ly  imposs i b l e  to separate the  two poss i b i l i t i e s .  The  med i a  

mach i n e  of t h e  co rporate c omp l ex ma i nta i n s  a utop i an  specta c l e  to k e ep  the  popu l at i o n  mov i ng  

towa rd ex istence as  cyborg s .  T h i s  i s  pa rt of the reason why  it i s  d i ff i c u l t  to f i n d  a contempora ry 

Ludd ite with the same  zea l  for  dest ruct i on  that hier predecessors h ad .  Contempora ry Ludd i tes d o  not  
hate tec h no l ogy. O n  the  contrary, they a re comfortab l e  with i t .  At the  same t ime ,  tec h no l ogy i s  not  

accepted without  q uest i on  to the extent  des i red by corporate futu ro l o g i sts and  p u b l i c  re l a t i ons  peo ­

p i e .  The re l a t i ons h i p  between  the Ludd ite and tech no l ogy i s  a l i tt l e  m ore amb i g uo u s  than  i t  once  was ,  
and  consequent ly  the an t i -tech n i h i l i sm has  a l so d i ss i pated . What m o re can  be sa id?  Compa red  to the  

o r i g i n a l  Ludd ites ,  t he  contempo ra ry ant i -tech ma l contents a re s l acke rs .  

Rather  than  cont i n u i n g  to exam i n e  the more sensat i o na l i zed  as pects of tec h no l ogy, l e1 's 

retu rn  to the eve ryday l i fe of the bu reauc rat ic  c l a ss .  The env i ro nment of the b u reauc racy keeps the  

traces of L udd i sm a l i ve .  N o  mat te r  how b i g  a sm i l ey face  the corpo rate futu ro l o g i sts pu t  on  tech n o l ­

o g y  and  the cyborg a l te rnat ive ,  s p e n d  on l y  a few moments s i tt i ng  at a wo rkstat i o n ,  sta r i n g  i nto a c om ­
puter  sc reen ,  and one  rea l i zes  t h a t  someth i ng  about t h i s  s i tuat ion i s  t ru l y  deb i l i tat i n g .  O r  l ook  a round  

the offi ce  at a l l  the  othe r  workstat i ons ,  and  witness the orga n i c  d eb r i s  of h i t-a nd - r un  v i ct ims  o n  the  
d i g i ta l h i g hway. l 1 's a n  u n p l easant  v i s i o n  to say  the l east, but perhaps  worse  i s  t he  fee l i ng that tech ­

no l ogy i s  start i n g  to c l eave to the sk i n .  Th i s  fee l i n g  i n s p i res the  rea l i za t i on  that  the g reater  the eff i ­

c i e n cy of the  h uman/tech i n te rface ,  the better f o r  b u reauc rat ic prod uct i o n .  The mos t  bas i c  s l a cke r  

Ludd ite tact i c s  have deve l oped  to counte r  th i s  withe r i ng  repress i o n .  S ome  a re t ime-honored ,  s u ch  as  

repeated t r i p s  t o  the  r e s t  room .  Some  a re newer, such  as  meet i n g  at the xerox mach i n e  for  a b i tch 
o 
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sess i o n  with othe r  workmates .  Th i s  tact ic is of a h i g h e r  o rde r  than  the forme r, because  not on l y  a re 
the  wo rkers d o i n g  noth i ng ,  but  they are a l s o  gett i n g  pa i d  for  hav i ng  nonp roduct ive conversat i on  ( d i s­

t i n g u i s h i n g  betwee n  the orders of s l acker  Ludd i sm  wi l l  be d i scussed  later  i n  t he  essay ) .  These tact ics 

no t  o n l y  s l ow the rate of p roduct i o n ,  they a l s o  tempo ra r i l y  h i nd e r  t he  b i o-tec h  synthe s i s .  

U nfortu nate ly, h i g h  l evel management a l s o  rea l i zes t h i s ,  i n s p i r i n g  i t  t o  g reater  efforts to acce l e rate 
the  synthes i s  necessary for max i m u m  exp lo i tat i o n .  

A t  present .  emp l oyees can  be mon itored by dev i ces  connected to t h e i r  c omputers ,  so  t h e  
overseers k n ow  prec i se ly h ow  l ong  a worke r has  b e e n  at hier wo rkstat i on  a nd  can  even take key­

stroke cou nts ,  but s u rve i l l ance  a l o ne  is not e no ugh .  S l acke r  L udd i tes know how to get a round  these 
s u rve i l l a nce tech n i q ues .  Howeve r, once the organ i c  and  the tech no l o g i c a l  a re  j o i n e d ,  workers  w i l l  

never  be a b l e  t o  l eave the i r  wo rkstat i o ns .  They w i l l  be a b l e  t o  move from p l a c e  to p i  a c e ,  b u t  they w i l l  
never  be a b l e  t o  check  out .  T h e  wearab l e  computers f rom N EC Co rporat i on  exemp l i fy t h i s  corporate 
e l i te sc i ence  f i c t i on  fantasy. There i s  l i tt l e  d o ubt that the task of compress i n g  mach i n e  space and  

o rg a n i c  space  ( the  workstat ion  and  the body) i nto a s i n g l e  com pact u n it i s  we i l  u n de r  way. 

Yet desp i te a l l  th i s  workp lace terror, as l o ng  as tec h no l ogy offers se rv i ces  to the i n d iv i d u a l ,  i t  

rece ives the uto p i a n  benef i t  of the doubt .  I t  i s  both usefu l  a nd  enjoyab l e .  Qu i te common ly, a s l acke r  

Ludd ite who hates to s lave on  hie r computer at work  retu rns home  on l y  to s i t  at the computer aga i n ,  

t o  desktop p u b l i s h  hier own magaz i ne .  Th i s  s i t uat ion  i s  t h e  oppos ite o f  o r i g i n a ry Ludd i sm .  T h e  s l acke r  

Ludd i te  shuns  o r  destroys techno l ogy not because of a hat red  o r  fea r of i t .  bu t  because  of a hat red  for 
work ,  wh i l e  o r i g i n a ry Ludd ites were accustomed to work ,  bu t  hated and feared the  tec h no l ogy. S l acke r  

Ludd i sm i s  a l a te  cap i ta l  hyb r i d ,  a pe rfect exa m p l e  of recom b i nan t  c u l t u re .  I t  synthes i zes  the tact ics 

of o r i g i n a ry L udd i sm  with the zero work eth i c  of contempo ra ry s l ackers .  
Even a n  i d ea  l i ke ze ro work beg i n s  the  process of depo l i t i c i zat i o n .  Zero work i s  gene ra l l y 

assoc i ated with rad i c a l l eft act i o n ,  but  th i s  is not  the i ntent i on  of the s l acke r  Ludd i te .  Wh i l e  ze ro work 
was former ly a strategy made spec if ic i n  the not ion of a u n ive rsa l st r i ke ,  a n  effort to force the c o l ­

l a pse  of the cap i ta l i st system,  the s l acker  Ludd i te sees  z e r o  wo r k  a s  a des i ra b l e  c o nd i t i o n  persona l l y. 

N o  g ra n d i ose g o a l s  of soc i a l  and  po l i t i ca l  restructu r i n g  a re i nvo lve d .  Unde r  the s l acker  r ub r i c ,  z e ro 

work i s  transfo rmed i nto a therapeut i c  strategy, a way to fee l  good  about  you rse l f .  The s l acke r  Ludd ite 
osc i l l a tes betwee n  i n d iv i dua l  he ro i sm and  po l i t i c a l  na ivete . 

The s i t ua t i on  of the s l acker  Ludd ite i s  a l s o  d i rect ly  i nf l uenced  by hier c l a s s  pos i t i o n .  U n l i ke 

i n  the  past, the  s l acke r  Ludd ite i s  more l i ke l y  to be a b u reauc rat , technocrat ,  or serv ice worker, a nd  

l e s s  l i ke l y  to be a worker proper. T he  c u rrent c o nd i t i o n s  of the  wo r k i n g  c l a s s  a re s u ch  t h a t  s l a c k  i s  
extreme l y  h a rd to a c h i eve. S i nce s u c h  cond i t i o ns  e merged o u t  o f  ea r l y  cap i ta l ,  t h e  strateg i e s  o f  res i s ­
tance  deve l o ped  d u r i n g  that  t ime  a re more common  and  pract i ca l .  For  those work i n g  on  the assemb l y  

l i n e s ,  res i stance i s  a matter of a l l  o r  noth i n g .  For  i nsta nce ,  the  assemb ly  l i n e  moves  at a f i xed  rate, 
so  s l acke r  attem pts to s l ow down product ion  w i l l  g e ne ra l l y  lead to hasty d i sm i s sa l .  The only rea l 

opt i o n s  a re g e ne ra l  str ike (a dead strategyl .  or (fo l l ow i n g  the  tact ics of ea r l y  Ludd i tes )  mach i n e  
dest ruct ion f o r  the  pu rpose of comp l ete ly  shutt i n g  d own  the  facto ry. Ne i t he r  of t h e se  tact i c s  i s  very 
common  now, a nd  they a re both very r i sky i n  te rms of potent i a l  p u n i s hment f rom the  state . S l a c k  i s  

n o t  a n  accu rate desc r i pt ion  o f  these approaches .  I n  terms of t h e  l atte r  tact ic  o f  "th rowi ng  a wrench  

i n  the  mach i n e , "  t he  technocrat i s  better eq u i pped .  By i ntrod u c i n g  v i ruses i nto corporate o r  bu reau ­
c ra t i c  com m u n i ca t i on  systems ,  the  i nd i v i dua l  r es i s te r  can  d o  mu c h  mo re damage  than  by  stopp i n g  a 
p o i nt of produc t i on-s/he can attack  the command  and  cont ro l  of a comp l ex manufactu r i ng  m u l t i - s i te .  

I n  t he  case  of sk i  l i ed l a borers ,  such  as  const ruct i o n  worke rs ,  the  u se  of i ndependent  con ­
tract i n g  seve re l y  c u rta i l s  Ludd ite o r  s l acker  Ludd i te act iv i ty. Prof i ts i nc rease with the  rate of prod uc ­

t i  o n  for  sk i l i ed  l a bo rers and i n dependent  contractors ,  a nd  tec h n o l ogy  i s  a g reat a i d  i n  keep i n g  pro­
d uct i on  rates h i g h .  F u rther, s i nce most of the e q u i pment  these workers use  be l o ngs  to them, i t  wou l d  



be q u i te foo l i s h  for them to destroy the i r  own prope rty. Consequent ly, t h i s  i s  n ot a l i ke l y  l o ca t i on  for 
Ludd i te i deo l ogy  o r  act i o n .  

F o r  b u rea ucrats ,  howeve r, the  cond i t i ons  a r e  perfect f o r  Ludd i sm  to g row and  f l o u r i s h .  The 
work i s  j u st esoter i c  e nough  to make i t  very d i ff i c u l t  to determ ine  reaso nab l e  product ion rate s .  Add 
t h i s  factor to the  l ow pay, the  most a l i ena t i ng  of work i ng  cond i t ions ,  and a g ene ra l i d e o l ogy  of " m i n ­

i m u m  pay, m i n i m u m  work:' and  a l l  va r i e t i e s  o f  s l a cke r  Ludd ite behav io r  become mo re l i ke l y. The  work 

i tse l f  i s  re l at ive l y  secure ,  so the s i tuat i o n  i s  l ess desperate than it i s  for workers . Th i s  d i ffe rence is 
key i n  separat i n g  the s l acke r  Ludd i te f rom hie r predecessors .  Un l i ke in the  days of ear ly cap i ta l ,  

Ludd i te act ion i s  no  l o nge r  a matter o f  s u rv i va l .  To some extent. s l acker  L udd i sm  actu a l l y  req u i re s  a 

ce rta i n  deg ree of l ux u ry, At the same t ime ,  th i s  is i ron i ca l ly where one of the strongest  th reads  of con ­
t i n u ity a ppears between  Ludd i tes and  s l acke r  Ludd i tes .  I n  both  ca ses ,  d e s i re to reg a i n  cont ro l  of the 

work s i t uat i on  i s  a p r ima ry mot ivat i n g  force .  I t  i s  res i stance to i n sta b i l ity that t i  es  t he  g e ne ra t i ons  of 

Ludd ites togethe r. 

The p rob l em  of i n sta b i l i ty cannot be d i sconnected from the ever- i n c rea s i n g  ve l oc i ty of com­

mun i cat i on ,  p roduct i o n ,  a nd  consu m pt i o n  i n  the age  of cap i ta l .  The  per i l s  of nomad i c  a n d  recom b i nant  

c u l t u re a re most menac ing  to those who attempt to construct a sense of p lace .  N o  rea l sense  of con­
t i n u i ty ex i sts, l eav ing memory wi thout  sta b l e  l i n kage  po i nts to the wor l d  of p henomena .  O bj ects i n  the 

wor ld  a re foreve r  com i n g  at the i n d i v i d u a l ,  l eav ing  no t ime  for refl ect i o n  o n  i nteract i o n s  w i th  them,  
much  l ess  t ime  to t u rn a round  to see  where one  has j u st been .  (Th i s  i s  a n othe r  reason why the re  i s  a 

co rpo rate-m i l i ta ry demand  for  the cyborg l i fe form . Work i ng  mach i nes  need  no t ime  for  ref lect i o n . )  
Perhaps t h e  p rob l em  i s  even g reater  a nd  mo re fundamenta l  t h a n  t h e  esta b l i s hment o f  p l a c e ,  s i n ce i t  

i s  q uest i o nab l e  whethe r  any  sta b l e  concept o f  space itse l f  rema i n s .  Wh at space a re we i n  wh i l e  
speak i ng  on  t h e  phone?  What wor l d  a re w e  l ook i ng  i nto wh i l e  sta r i ng  a t  a compute r  sc reen o r  a v i deo  

mon i to r? I t  i s  ve ry d i ff i c u l t  to say. Can  space be fo lded i n  on i t se l f  so that i t  i s  poss i b l e  to be  every­

where at once th rough  the use of c ommun i cat ion  techno l ogy? Wi l l i a m  G i bson  desc r i bed  cyberspace 
as  a " consensua l  ha l l u c i na t i on . "  I f  that i s  so ,  how do we dec ide  wh i ch  h a l l u c i na t i ons  to s u bsc r i be  to ,  

and how trustworthy they a re? Mo re to the po i nt, i s  the ha l l uc i nat ion based o n  consensus  at a l l ?  The 

i ntense confu s i o n  and  skept i c i sm  that a r i ses from the demate r i a l izat i on  of phys i c a l space  often  awak­
en s  nosta l g i a  for a return to the hegemony of phys i ca l  space ;  at the very l e a st . i t  i n s p i res  a yea rn i n g  

f o r  a mea n s  t o  tempora r i l y  sta b i l i z e  the i mmed iate env i ronment .  

The o r i g i n a l  Ludd i tes represented a vague i ntu i t i on  that po l i t i c a l  economy was about to enter  
i ts d romo l o g i c  e ra .  The a b i l i ty of the mac h i n e  to work more effi c i ent ly than  peop l e ,  a s  i n d i v i d u a l s  and 
as  groups ,  appea red as  a mate r i a l  fet i s h i zat i on  of speed .  As the o ld  routes of labor  began to demate­

r i a l i z e ,  the Ludd i tes  reacted by destroy i n g  the fet i sh  object ( i . e . ,  the mach i n e ) .  I t  was an attem pt .  how­
ever m i s g u i ded ,  to reesta b l i s h  the o l d  reg i m e  of everyday l i fe .  Although  tec h no l ogy  was perce ived as 
an ev i l  to be feared ,  the tru l y  f r i gh te n i ng th i n g  was the i n a b i l i ty to ma i nta i n  se l f  a nd  p l a ce .  I t  was a l l  

d i sa ppear i n g .  
S l acker Ludd i tes a l so d e s i re a sense  of sta b i l i ty i n  terms o f  bo th  s e l f  and  p i  ace ;  howeve r, t h i s  

d e s i re i s  no t  prec i s e l y  the same as  t ha t  of t he i r  fore runners .  I n  fact many are  speed f reaks ,  bu t  they 

a re speed freaks who l i ke to cont ro l  the i r  own dosage .  As ment ioned a bove , t he  proper dosage i s  mea­
s u red aga i nst pe rson a l  comfort .  S l a c kers do  not recogn ize the adrena l  expe r i ence  of hypera nx i ety a s  

usefu l o r  des i rab l e .  Unde rsta n d i n g  th e i r  need  to contro l  the ve l oc ity at wh i c h  t hey  trave l ,  so  a s  never 

to comp l ete ly  demater i a l i ze  se l f  o r  env i r onment. i s  key to comprehens i on  of s l acke r  Ludd i te  tact i c s .  
Anothe r  i dea  that i s  cent ra l  to u n de rstand i n g  Ludd ite tactics i s  t he  aforement i o ned  assoc ia ­

t i o n  of neo-Ludd i sm with ze ro work .  They know that  some product ion mu st be  accom p l  i shed ,  a nd  that  
a l t hough  they may res i s t ,  they cannot  choose  not to work .  However, they be l i eve that  n o  o n e  s hou l d  

do  any  mo re work than  i s  abso l ute ly  necessary. On ce  t he  word "work" i s  u sed ,  t he  s l acke r  Ludd ite 



knows p ro b l ems  a re ahead .  I n  fact. th i s  word s h o u l d  be d i sca rded ,  and  rep l aced with what the word 
actu a l l y means :  a l i enated act i on .  " Le i s u re "  i s  no better. The two a re s i d e s  of the same c o i n .  The fo r­

me r  is coerced product i on ,  wh i l e  the l atte r is coe rced consumpt i o n .  In t he  utop i a n  wor ld  of the s l a c k­
e r  Ludd i te ,  no d i st inct ion ex i sts between work a nd  l e i s u re ;  t he re a re o n l y  des i red responses to the 

wo r l d .  

Pa rt of the s lacker  Ludd ite 's m i s s i o n  i s  to rea ppropr i ate the workp l ace-that i s ,  to str i p  i t  o f  
i t s  a l i e na t i ng  q u a l i t ies .  Th i s  i s  often done by persona l i z i n g  i t .  t he reby c reat i ng  a p l a ce  whe re s/he can  

accomp l i s h  whatever s/he des i res .  S l acker  Ludd i tes attempt to make the  workp l ace  en joyab l e ,  i . e . ,  
n o t  a workp l a ce .  For examp l e ,  t h e  l ower orders o f  s l a c kness  cons i st p r ima r i l y  o f  va r i e t i es  of " goof i n g  

off . "  These  a re attempts t o  separate trom the mach i n e ,  and  to the reby deny  o r  tempora r i l y  destroy t he  

cyborg i den t i ty. The  eas i est mach i n e  t o  e l i m i nate i s  you r  own . Once  sepa rated f r om the mach i n e ,  a 

re l at ive q u i et ude  ensues that a l l ows for ref l e c t i on ,  a nd  even face-to-face  i nteract i o n .  
Ret reat i sm and  pass iv i ty, however, a re n ov i c e  s l acke r  tec h n i q u e s .  The rewa rd i s  t o o  sho rt i n  

d u ra t i on ,  a nd  i t  i s  too easy t o  b e  caught and  g i ve n  a patro n i z i n g  repr imand .  T h e  h i g h-end s l acker  pe r­

s ona l i zes the  cyborg itse l f ,  wh ich  is its u l t i mate destruct i o n .  S/he t ranscends  goof i ng  off. Th i s  s l ack­
e r  spends t ime  at the workstat ion p lay ing v ideo games ,  chatt i n g  with fr iends on the i nternet, mak i n g  

trave l p l a n s ,  a nd  so on .  The  computer  reg i sters the t ime  se rved at the  stat i on ,  so  s u rve i l l a nce i s  
de f l e cted .  ( Fo rtunate ly, t h e  computer cannot a s  ye t  record whethe r  l a bo r  power has  been  expended i n  
a m a n n e r  usefu l t o  a g iven emp loyer. )  B u t  best o f  a l l  i s  t h e  s l acke r  w h o  d o e s  free l a nce  a s s i g nments 

wh i l e  at work .  Th i s  s lacker  i s  pa id  both for a project that s/he wants to do, and for u s i n g  a host i l e  

i n st i tut i o n 's t ime ,  equ i pment ,  a n d  s upp l i e s .  
The  s l acker  Ludd ite d e l i ghts mos t  i n  m i s a pprop r i a t i ng  the tec hno l ogy, and  i n  t u rn i n g  t he  

au tho r i ta r i a n  codes  o f  t he  workp lace i n s i d e  out .  H/ i s  m i ss i o n  i s  n ot t o  d estroy the mater i a l  a spects of 
work-th i s  wou l d  be as m i sg u ided as the act i ons  of the o r i g i n a ry Ludd i tes-but rathe r  to destroy the 

sym bo l i c  o rde r  that conf i nes and a l i enates the i n d i v i d ua l .  Th i s  i s  not to say that a n  occa s i o na l  i nten­

t i o n a l  freez i n g  o r  c rash i ng  of the techno l ogy never  occurs ,  o r  that such act ions  a re not of i nterest ;  
h owever, these tact ics ,  when done under the s i g n  of s l ack ,  a re o n l y  a means  to a very l i m i ted e nd .  A l l  
h i g h -end s l a ckers know that i t  i s  t h e  ha l l uc i na t i on  o f  t h e  workp l ace  that must be destroyed ,  n ot that 
wh i c h  conveys the ha l l u c i na t i on .  

A l i ena t i on  and m i se ry a re i nteg ra l pa rts of the economy of des i re .  Work  mu st be as  un fu l f i l l ­

i n g  a n  expe r i ence  as poss i b l e ,  for o n l y  b y  to rt u r i n g  peop l e  d a y  i n  a n d  d a y  o u t  wi l l  they eme rge  from 

the p r i son  of prod uct ion with the zea l  to consume  that wh ich they a rt i f i c i a l l y  des i r e .  The despe rate 
act of con s umpt i on-pu rchas i ng  as  a means  to f i l l  some funda menta l l a ck-cou l d  be  perce ived on l y  

by the  tru l y  exp l o ited as a v i ab l e  strategy to reso lve the c r i s i s  of l i fe i n  l ate cap i ta l .  Strateg i e s  wh i c h  
b r ea k  t h i s  ob s cene  cyc l e  a re few. I f  t h e  Ludd i tes s howed u s  a nyth i n g ,  i t  was  t ha t  the workp l ace  i s  a 

p r ime  l ocat i on  for  res i stance ,  and that res i stance i s  ve ry effect ive when it i s  a n  attack  from with i n  the 

i n st i tut i on  i t se l f .  The i r  methods may have l acked any  reasonab l e  s u bt l ety, but  the i r  n i h i l i sm  st i l l  acts 
a s  a ra l l y i n g  po i nt .  I f  the s l acker Ludd ites have shown us a nyth i n g ,  i t  i s  the  va l u e  of b l ast i n g  the codes 

of the  i deat i o na l  p l ace, not the space i tse l f .  As long as  the workp l ace  cont i n ues  to be  a n  env i ronment  
that  stea l s  o u r  au tonomy wi th  the i ntent i on  of mak i ng  l abo r  a s  un fu l f i l l i ng as  pos s i b l e ,  t he re wi l l  
a lways b e  traces o f  Ludd i sm ,  and there wi l l  c e rta i n l y  a lways b e  s l ackers .  
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I .  

The cyborg would not recognize the Garden of Eden . 

Donna  Ha raway 

There is little feedback in human affairs, and the bandwidth is less than we think. 

M a rv i n  M i n s ky 

Time and space died yesterday 

F. Ma r i n ett i 

Space  and d u ra t i on  have co me  to dom i nate d i scou rses of the s h ift from modern ity to post­

modern i ty. Decades of s c i e nt i f i c ,  c r i t i ca l ,  and p h i l o soph i ca l  writ ing have yet to fu l l y  theor i ze  the e nd  

of s pa ce  as  a consequence  of the tempora l i zat ion o f  events, and s i m u l taneous ly, t he  d i st i nct ly  mate­

r ia l  space of the t ra nsact ion  with the wor ld  has ove rwhe lm i n g  potency. Dbv i ous l y, t he  two structu res  

of the spat i a l  a nd  the tempora l  s ha re a rec i proca l  effect. 
And wh i l e  the debate su r ro u n d i n g  the l i nkage between the va r i o u s  i m pe r i a l i sms  of the spa ­

t i a l  a n d  the tempora l  hound ,  and  l i m i t , c r i t i ca l  t h i n k i ng  a bout c u l tu re ,  the smooth cont ra d i ct i o n s  

between i d e nt i ty ( na t i o na l  a nd  oth e rw i se l  and presence pers i st. Space m i g ht be the  " f i n a l  front i e r, "  
b u t  t h e  i s s u e  o f  t h e  ter r i to r i a l i za t i on  and  i n hab itat i on  o f  t h e  commun i cat ion  matr ix  ou td i stances  the  

f i c t i o na l  d i mens i o n  of soc i o l og i c a l  space .  Yet, the geo-spaces o f  modern ity are st i l l  embedded i n  g l ob ­

a l  p o l i t i c s  Space ,  i t  seems ,  l i ke h i story for Freder i c  Jameson ,  " h u rts . "  

J u st i fy i ng  t h e  attacks a n  Chechnya, Russ i an  fore i g n  m i n i ster  Andre i  Kozyrev i nvoked i nter­

vent i on  i nto " post- impe r i a l  space , "  the  terr i to ry of ident i ty, the terr i tory of h i sto ry, and the ter r i to ry of 

res i sta nce-a l l ,  of c o u rse ,  to be conquered .  l ron i ca l ly, Pres ident C l i nton res i sts i nte rvent i on  i nto 

Bo sn i a  as  a n  i nva s i o n  of sovere i g n  ter r i to r i a l  i ntegr i ty. S i m i l ar ly, a debate i s  ra g i n g  about the con -
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struct i o n  not of the " i nfo rmat ion supe rh i g hway" but  of the Tra ns-Amazo n i a n  h i g hway l i n k i n g  B raz i l  

a n d  Peru that w i l l  endanger  f u rther  the ecosystem o f  t h e  Amazo n i a n  ra i n  forest .  B raz i l i a n  P res ident  
Ca rdoso ,  accord i n g  to a report i n  The Guardian ( 4 .4 .95 )  refu sed "even to s hake the hands  of v i s i t i n g  
G 7  a m bassadors and  env i ronmenta l  l eade rs i n  the state cap i ta l , "  say i ng ,  "We don 't need  these o ut­

s i d ers te l l i n g  us  wh at to da .  I f  they want to h e l p , they can g ive us techno l ogy. " The i nte rp lay of tech­

no l ogy and  space has  become cruc i a l  i n  a rt i c u l at i n g  the s i g n i f i c ance  of the e l ectro n i c  c u l tu res .  

I f  we a re i ndeed enter i ng  what V i r i l i o  ca l l s  " the nop lace of te l etop i c a l  tech no l o g i e s , "  then  a 
theo ry of i nteract i o n  and commun icat ion  based not on mere  phys i c a l  p resence but  on forms of te l e ­
p resence must  accompany the trans i t i on  i nto "vectors of rep resentat i o n , "  as  V i r i l i o  wr i tes ,  "wh i c h ,  i n  

the  e l ectro n i c  i nterface, affect the order  of sensat i o n s . "  Warn  t rad i t i o n s  of the p u b l i c  sphe re ,  the  soc i ­
o l ogy  of post- i n d u str i a l i zat i on ,  the d i s c u rs i ve i d e nt ity const ruct i o n s  of postmode rn " p resence , "  the 

e mbeddedness-or better, imme rs i o n-in the  med iascapes of te l e - cu l t u re m u st co-evo lve a commu ­
n i cat ive pract i ce  whose boundar i es  are no t  mapped i n  phys i c a l  space .  I n stead ,  a neu ro-geography of 

cogn i t i o n ,  a utopos of networks, forms of e l ectro n i c  recept i o n ,  and of post-te r r i to r i a l  c ommun i ty a re 

eme rg i n g  i n  d i g i ta l terr ito r i es  whose ho l d  on matte r i s  e pheme ra l ,  wh ase pos i t i on  i n  space i s  tenu ­
o u s ,  a nd  whose p resence  i s  measu red i n  ac ts  of pa rt i c i pat i o n  rathe r  than  c o i n c i d ences  of l ocat i o n .  

F o r  the pas t  decade ,  t he  trajectory of so much  research has  a i med at the  deve l opment  o f  sys­
tems of representat ion  that a re med i ated by the l i n k  betwee n  c ommun icat ion  and comput i ng .  The co l ­

l i s i o n  o f  med i a  converg i n g  i n  mo t i o n  imag i n g ,  hypertext, s o u nd ,  a nd  the deve l o pment  of the I nternet 

i s  of cons i de ra b l e  i mporta nce .  So many of the d i s c u s s i o n s  about the poten t i a l  of d i g ita l imag i n g ,  

hypermed i a ,  networks, and representat i o n  we r e  l i m i ted by a fa i l u re t o  e i t h e r  d eve l o p  o r  susta i n  t h e  
m ed i u m  i n  wh i ch  these tech n i q ues wou l d  evo lve ,  that the me r g e r  a s  i t  i s  occu r r i n g  on  the netwo rk has  

a sense  of fre nz i ed  coherence about  i t  t ha t  c l ea r l y  necess itates a new f i e l d  of d i sc o u rse ,  one  i n  wh i ch  
hype rmed i a  f i n ds  a referenc i ng  system no t  l i m i ted by the t rad i t i o n  of footnot i n g  a nd  i n  wh i ch  the l i nk ­

ing of i nformat i o n  extends far beyond the loca l  ent r i es  of texts . I t  i s  not much of a co i nc i dence  that 
by the l ate 1 940s the  i nexora b l e  me rg i n g  of mathemat i cs ,  phys ics ,  and b i o l ogy with cybernet i cs ,  com­

m u n i ca t i on  theory, and  genet ics  was to lay the g roundwork for  a n  utter reconf i g u ra t i on  of c u l t u re ,  o ne  
based  on  the i d eo l o gy-if no t  yet the actu a l i ty-of progra m m i n g  a nd  a l go r i th m i cs .  N ot s u rpr i s i n g  tao 

that the sh i ft from a matte r-based i nd ustr i a l  system was be i n g  s upp l a nted by a med i a -based post­
i n d ust r i a l  system i n  wh ich the eng i nee r i ng  of consc i ousness  p l ayed a deeper ro l e .  J o i n i ng t e l ev i s u a l  
a nd  i nformat i o na l  techno l og i e s  was  t h e  bas i s  of a soc i a l  t ra n sformat ion  i n  wh i c h  broadcast med i a  

seem i n g ly swept a c  ross the " g l oba l  v i l l a ge "  at the same  t ime  p rov i d i n g  wh at Han s  Enzensberge r  
ca l l ed  a " react i o na ry doct r i ne  of sa lvat i o n . "  

B u t  t he  McLuhan i zat ion o f  med ia-from Understanding Media t o  The Global Village-was not 
to fu l f i l l  the impe rat ives of the co l lapse of Modern i ty so much as  i t  se rved as  a patch l i n k i n g  utop i c  ( and  
perhaps even avant-garde) d i spers ions  of med ia  with the b road object ives of the co l d  war i n  wh ich these 

techno l og i es were deve l op i ng .  I ndeed the absent d i s cou rse of McLuhan  was that of po l i t i cs-even as  
the u rgency of med i a  eco logy was p ivota l to the message and  the med i u m .  Recogn i z i n g  that  te l ev i s i o n  
and  te lecommun icat ions ( a t  l east i n  t he  state i n  wh i ch  t hey  we re  i n  the 1 970s  and  ea r l y  1 980s) merged 

the textua l ,  v i sua l ,  and aud itory, McLuhan went on  to revam p  the "savage m i n d , "  the  mu lt i -contexted 

pe rspect ives of non l i terate c u ltures .  In same ways The Global Village was to represent th i s  re i nvent i on  

of the ora l i n  te rms  of the  med ia .  No  wonder tha t  the i deo l ogy of homogen i zat ion  ac ross severe ly demar­
cated terr ito r i a l  borders seemed so i n sp i red .  The techno l og i c a l  i m pe r i a l i sm  of western representat ion 
found  its metaphor  i n  the not i l l og i ca l  bond between  broadcast  med ia and  democrat ic cap i ta l i sm .  

Wh i l e  reproduc i b i l ity and the i ssues  of mass  psycho l ogy set the agenda for a c r i t i que  of c u l ­
t u re d u r i n g  the 1 930s ,  and the techno log i es  of t ra n sm i s s i o n  and  consc i o usness  wound  themse lves  i nto 
the broadcast e ra after the 1 950s, the i ssues for the end of the m i l l e n n i um  conj o i n  the maturat ion of 



d i st r ibuted comput i ng ,  cogn it ive sc i ence ,  genet i cs ,  and networked commu n i cat i o n .  It i s  s i g n i f i cant  that 

Enzensbe rge r 's "consc i o usness i n d u stry" essay came on the hee ls of the post-wa r fasc i na t i on  of cyber­
net ics ,  i nformat ion  theory, the  a nnouncement of the trans i stor, and the g enet i c  p ivot of the revea l ed  

struct u re of DNA-no l ess  the co l d  wa r l  No rbert Wiene r's 1 948 Cybernetics: or  Contral and 

Communication in the Animal and the Machine s i g n if ied both a watershed event in the soph i st i cat ion  

of postwa r techno logy ( e uphem i st i ca l l y-and psychoana lyt i ca l ly-cha racter i zed as  the  " m i l i ta ry­

i n d u str i a l  comp lex " )  resea rch  and  a s i g n post for the deve lopment of comput i ng  that wou l d  i mp l ode  and  
f i nd  i t s  metaphors i n  the rea l m  of consc i o usness i tse l f .  " Every i nstrument i n  the reperto ry of the s c i ­
ent i f i c . . i s  a poss i b l e  sense orga n , "  he  wrote, recogn i z i ng  that the i nte rface  between  the mach i n e  

and  the person was  l o s i n g  i t s  object ive g round  and weav ing  itse lf i nto the estab l i s h ed r e l at i o n s h i p  

i tse l f .  I n  the same yea r a s  the pub l i ca t i on  of Cybernetics, C l a ude Shannon  a nd  Warren Weaver co­
a uthored a techn i c a l  paper to be p u b l i shed  as  "The Mathemat ica l Theory of Commun icat i o n "  ( 1 949) .  

As much a mathemat i c a l  ana l ys i s  of the rat ios between s i g na l  and no i se  i n  c ommun icat i o n ,  the  p u b l i ­

cat ion l i n ked the symbo l i c  structure of mathemat ics with messages a t  the  l e v e l  of tec h n i q u e .  
The converg i n g  i s s u e s  of the  i n te rface ,  t h e  system i zat ion o f  com m u n i ca t i on ,  a nd  med i a  theo­

ry are on ly  pa rt of the i s s ue .  The  1 953 a n n o uncement by James Watson  and Fra n c i s  Cr i ck  that  the 
codes of DNA  cou ld  be u nde rstood as  s equenced i nformat i on  ( the  doub l e  h e l i x )  i n i t i ated yet a nother  

bond i n  wh at wou l d  d eve l o p  i nto the  f i e l d  of b i o i nformat i cs .  Writ i ng about  the  i m p l i ca t i o n s  of the 

a nnou ncement ,  Fran�o i s  Jacob wrote that  "The programme i s  a mode l  bo rrowed from e l ectro n i c  com­
puters .  I t  eq uates the genet i c  mate r i a l  of a n  egg w i th  the magnet ic tape of a c omputer. I t  evokes  a 

se r i e s  of ope rat i ons  to be ca r r i ed  out . " U ndoubted ly the merg i n g  of d i s c i p l i ne s  engaged  i n  the  sys­

temat ic  e l a borat i o n  of the format i on  of behav io r  was reach i n g  to find a l go r i th m i c  components ,  d i s­
crete codes whose c umu la t i ve effects m i gh t  be i nexp l i c ab l e  but whose func t i on  was neverthe l ess 

q u a nt i f i a b l e .  Bu t  the concept of mathemat i ca l  essent i a l i sm  cou ld  not  yet e i ther  rat i o n a l i ze  o r  t rans ­

fo rm the se l f  except t h ro ugh  the form that  i t  took i n  the deve l opment of ea r l y  compute r  mode l i ng and  

the ear l y  deve l opment  of expert systems-harb i nge rs of emerg i n g  imme rs ive a nd  cogn i t ive systems .  

At  the same t ime ,  the  fet i s h i zat i on  of tec hno l ogy i n  co l d  war and then  space  p rog rams l e d  to the 

obsess ive deve l opment of comput i n g ,  i ma g i n g ,  and commun i cat ions ( i n c l u d i n g  the  c r u c i a l  deve l o p­

ment  by DARPA of the I nternet backbone ) .  

L im ited by the c i rc u l atory system of a one-way street, t h e  broadcast med i a  s e rved as  the b u l ly 
p u l p i t  of western c u l t u re .  Unaccustomed to pa rt i c i patory democracy, the  format i on  of content  evo lved 
to s u sta i n  so me  of the i d eo l o g i c a l  impe rat ives of the co ld  war west, wh i l e  the  tec h n o l o g i es were f i nd ­

i n g  w ide r  ava i l a b i l i ty. These tech no l o g i es-video ,  ear ly  computer, a nd  i nteract i ve-prov i ded  what 
a re the roots of the deve l o pment  of a l te rnat ive media strateg i es  and d i st r i b u t i on  systems .  I ndeed  the 

deve lopment  of wh at i s  c u r rent ly  p rovok i n g  dazz l i ng g l oba l  prospects for  c ommun i ca t i o n ,  the  I nternet ,  

was be ing constructed by the defense depa rtment for secure i nternat i o n a l  c ommun i ca t i on  and  data 

exchange .  The h i sto ry, matu ra t i on ,  and move to prov ide  p ub l i c  access to the  I nternet i s  a n  ongo i n g  
saga whose  story has  ye t  to be wr i tten .  S uff i ce  i t  t o  s ay  that t he  sh i ft towa rds p ub l i c  a c ces s  has  f u n ­

damenta l ly c ha l l enged  a vas t  a rray of c u l t u ra l  pract ices and i n i t iated the format i o n  of a c ommun i ca­

t ive network that often seems to verge o n  a k i nd  of ana rchy. Th i s , a long with dec i s ive a l te rat i o n s  in  

the  f ie lds of g raph i c s ,  i mage  proces s i n g ,  a nd  a n i mat ion have fue l ed what i s  u n d o u bted l y  the  deepest 

t ransfo rmat ion in the ep i stemo l ogy of western c u l tu re .  Knowledge,  i nformat i o n ,  and representat i on  

have  been me rged  w i t h  a c ommun i ca t i on  tec hno l ogy t ha t  estab l i shes a n  expe r i e n t i a l l i n k  wi th i n  a d i s­
t r i buted system .  To be connected now means  to be d i st r ibuted .  As Hen r i  Lefebvre wr i tes :  " Knowledge 

fa l l s  i nto a trap when i t  makes  representat i ons  of space the bas is  fo r  the  study of ' l i fe: fo r  i n  d o i n g  
so  i t  red uces  l ived expe r i e n ce . "  

T h e  object o f  knowl edge  i s ,  p rec i se ly, the fragmented and unce rta i n  c onnect i on  between  
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e l a bo rated representat i ons  of space on the  one  hand  a nd  representat i o na l  spaces  ( a l o n g  with t he i r  
u n de rp i n n i ng s )  o n  t he  other ; and th i s  "obj ect" i m p l i e s  ( a nd  exp l a i n s )  a s u bj ect-that s u bject  i n  whom 
l ived ,  perce ived ,  a nd  conce ived ( known) come togethe r  with i n  a spat i a l  p ract i c e .  

I f  the  a n a l og wor ld  no l o nge r  se rves to s i g n i fy c u l t u ra l  na rrat ive ,  then o n e  must a s sess  those 

eme rgent  e l ectron i c  na rrat ives whose l eg i t i macy ex i sts with i n  the re l a t i onsh i p  between  tec h no l ogy 

and c u l t u re .  These forms ex ist at the point of c o l l apse  of the matter-bound  meta phys i c s  of mode rn i ty. 

I ndeed ,  mode rn i ty's undo i ng  began as the t rope of the e n l i g htenment  reached c r i t i ca l mass  i n  the 

1 920s .  As much for po l i t i cs  as  for sc ience a nd  representat i o n ,  the  pe r i od  between  the wars witnessed 
the  a potheos i s  of modern ity-its tr i umphs  a nd  d i sasters .  And wh at eme rged  i n  the wake of mode rn i ­

t y  w a s  a s c i e nce  without a coherent mate r i a l  mode l ,  a po l i t i cs  on  t h e  verge o f  destruct i o n ,  a nd  a f i e l d  
o f  representat i o n  i n  wh ich a bstract i on  preva i l ed-a momentous  t ime  i n  w h i c h  the  status  o f  form was 

based o n  h u ngover l eg i t imacy and l apsed au tho r i ty. What mate r i a l i zed in the postwar pe r i od  was a 
c r i s i s  of the sym bo l ic ,  wh at Arth u r  J .  M i l l e r  desc r i bed  as " v i s ua l i zat i o n  l ost . "  

Comput i ng  re-esta b l i s hed the i mage  a s  a bearer  n ot of the i l l u so ry "truths "  of photogra p h i c  

systems but  a s  a means ,  l i ke consc i ousness ,  of t ransfer r i n g  i nformat i o n .  V i sua l i za t i on  was  s upp l a nt­

ed by imag i n g  that bore a new layer of e p i stemo l o g i c a l  mea n i n g .  Me rged  i nto the compressed i nfo­

g ra p h i c  representat ion i s  a space i n  wh i c h  percept i on  and i nformat i on  seem u n i f i e d .  In Discourse 

Networks, F r i ed r i ch  K itt l e r  estab l i shed the rec i p roc i ty between tech n o l og i e s  of representat i o n  and  

a rchaeo l o g i e s  of i nformati o n .  The  d i s cou rse network can  " des i g nate the n etwo rk of tech no l o g i e s  and  

i n st i tut i o n s  t ha t  a l l ow a g iven cu l tu re to s e l ect ,  store ,  a nd  p rocess re l evant data " ( p  369 ) .  F u rthe r, 

K i t t l e r's work rea l i zes the l i m i ts of rheto r i c a l  t heo ry u nmed i ated by techno l ogy i tse l f .  P ract i ces  of 

i nformat i on  excha nge p l agued  the cu l tu re of mode rn i ty-as they wou l d  its econom i c  pract i ces  
Wr i t i n g ,  that process of  i n sc r i pt ion a l i g ned  with data t ransfer, rooted catastroph i c  s h i fts i n  the re l a ­
t i o n  between deve lop i ng  techno l og i es  and c u l t u re .  By 1 900 ,  " the a b i l i ty to record sense  data  techno­

l o g i c a l l y  s h i fted the ent i re d i scou rse network . . .  Fo r  the f i rst t ime  i n  h i sto ry, wr it i ng  ceased to be syn­
onymous  with the ser i a l  storage of data . The tec h no l o g i c a l  reco rd i n g  of the rea l entered i nto com pe­

t i t i on  with the symbo l i c  reg i strat i on  of the Symbo l i c . "  Mo re pe rt i n e nt ly, the stra i ned  cont i n u i ty of 
exchange  exposed the sem iot i c  const i tut i o n  of both the mechan i sm  and mean i n g  of i nfo rmat i o n :  "To 

tra nsfer messages  fram one med i um to anothe r  a lways i nvo lves res hap i n g  them to conform to new 

sta nda rds  and  mater i a l s .  I n  a d i scou rse n etwo rk that req u i res  ' an  awa reness of the a bysses wh i ch  

d i v i de  the one  o rder  o f  sense  expe r ience f rom the other: t ranspos i t i on  necessa r i l y  t akes  the p l a ce o f  

t ra n s l at i o n . "  Tra nspos i t ion m ight se rve as  a metapho r  for  the deve l o pment  of com m u n i ca t i on  tech­
n o l o g i es that estab l i sh a metascape i n  wh i c h  expe r i ence  evo lves c o l l a bo rat ive ly. I n  networked med i a ,  
hype rmed i a  and  d i scourse a re l i n ked i n  a d ue l  w i t h  s u bstance .  

M a rsha l l  McLuhan 's Global Village, Manua l  Caste l l 's Informational City, M a rv i n  M i nsky's 
Mentopolis sta n d  beneath and  astr ide the f i c t i o n a l  c i t i e s  of Wi l l i am  G i bson  i n  Neuromancer and  Nea l  

Stephenson  i n  Snowcrash. I n  these env i ron -menta l  spaces ,  sh ift i n g  events a r e  t h e  k ey  to expe r i ence .  

Caste l l s  wr i tes :  

The fact  that new technologies are focused on information processing has far-reaching con­

sequences for the relationship between the sphere of socio-cultural symbols and the productive basis 

of society. Information is based upon culture, and information processing is, in fact. symbol manipu­

lation on the basis of existing knowledge. If information processing becomes the key component of 

the new productive farces, the symbolic capacity of society itself, collectively as weil as individual/y, 

is tightly linked to its developmental process. 

Composed 01 nodes ,  servers, phone connect i ons ,  a nd  l i b e r  opt i cs ,  an i nteract ive e l ectro n i c  



space i s  c u l m i na t i ng  the bond between  commun icat ion  and commun i ty. Tec h no l o g i e s  of netwo rked 

c ommun i cat i on  offer  remed i e s  for the de ra c i n ated c u l t u res of modern i ty and  confronta t i ons  w i th  the 

return of the po l i s  to the cond i t ion  of po l i t i c a l  affi l i a t ion and d i scurs ive c o l l a borat i o n .  As much con­
cerned with i deo l ogy as  with i dent i ty, the  e l ectropo l i s  i s  more than a new soc i o l o g i c a l  i ssue .  I t  sta nds  

as  a l o ca t i o n  f o r  the estab l i s hment of new c u l t u ra l l o g i c ,  one  premised on  i nteract i o n  a s  i nterven t i o n  
a nd  o n  the reesta b l i s hment of h i stor i ca l i d ent i ty i n  terms of t he  cond i t i o n s  of postmodern i ty. One  

m i g ht th i n k  of the eme rg i n g  networked commun i t i es  as  postgeograph i ca l .  Yet, t hey  a re l i nked by t he  

i m pe rat ive to susta i n  cont i n u ity i n  the m i dst of a nomad i c  d i g i ta l  cu l t u re wi red for  u n i nterru pted con ­
t a c t  but  a l i e nated f r om the ut i l i za t ion  of tec hno l ogy as i nt i mate and  em power i n g .  The i s s ues  ra i s ed  

by the re l a t i on s h i p  between  the deve l opment  o f  cybernet ics ,  commun i ca t i on ,  u rba n i sm ,  i dent i ty, a n d  

the network pose stu n n i n g  cha l l enges  t o  t h e  trad i t i ons  o f  c u l tu re .  S imu l taneous l y, t h e s e  i s s u e s  o n c e  
aga i n  accentuate the  n e e d  to c o n s i d e r  the who l e  funct ion o f  c u l tu re with i n  t h e  tec h no l o g i c a l  c oncep­

t i o n  of connect i o n i sm  and  d i st r i buted systems .  It is c l e a r  that systems theor ies  of c ommun i cat i o n ,  

i n te l l i g ence ,  b i o l o gy, i d ent i ty, c o l l ect iv i ty, democracy, and  po l i t i cs  wi l l  n ot fu l l y  suff i ce  to encompass  

the mean i ng  of d i g ita l c u l t u res .  I n stead ,  theo r i es  of commun icat ion wi l l  need to be ref i g u red  i n  te rms 

of i nteract i o n ,  d i spe rsa l ,  a n d  tech no l ogy. 
O n  the count l ess  s i tes  on the netwo rk-MOOs ,  M U Ds ,  Wor ld  Wide  Web pages-the re a re 

e n c l aves of a borde r l ess  soc i a l  wor ld  i n h a b i ted not by v i rt ua l  be i ngs but by actu a l  peop l e  engaged  i n  

rea l assoc i a t i ons .  The geog raph i c a l  d i spe rs i on  o f  these commun it ies i s  o f  no  consequence .  Borders ,  

a s  Jacques  Atta l i  has  wr i tte n ,  have become porous .  Commun i t i es  have become s i tes of i ntersect i o n  

a nd  d i s c o u rse .  The " s p a c e "  of knowl edge  and  t h e  "space" o f  percept i on  a re me rg i n g .  The n etwork 
breaks the g r i p  of the  po i nt-to-po i n t  l i m i tat i ons  of te l ephony and shatters the i m pe r i a l i sm  of t he  

broadcast med i a .  I n  the i r  p l a ce  i s  a dynam i e  system i n  wh i c h  d i str i bu t ion  i s  mo re than  a n  econ o m i c  

re l a t i o n ,  i n  w h i c h  t h e  abandonment o f  l ocat ion  i s  n o t  a s i g n i f i e r  o f  p l a ce l essness ,  and  i n  w h i c h  rep­

resentat i o n  i s  not a s ign  of the  l oss  of the rea l .  

T h e  ram i f i ca t i ons  o f  t h i s  acce l e rated soc i a l  sh ift a re d i ff i c u l t  t o  assess .  N o  c u l t u ra l tra nsfor­

mat ion  has  occu rred without  a cor respond i n g  techno l ogy. Networks, expert systems ,  a rt i f i c i a l  i n te l l i ­

gence ,  imme rs i o n ,  b i ogenet i c s ,  etc . ,  a re forms i n  wh ich  the pract ices o f  t h e  future a re g rounded .  How 

much  th i s  re l ates to the  i s s ues  of cogn i t ive research  and representat i o n  i s  p i vota l to g rapp l i n g  w i t h  

the deve l opment of hyper, i n te r, cyber, v i rtua l ,  and  netwo rked med ia .  I ndeed ,  the deve l opment of d i g ­
ita l med i a ,  networks, and  tec hno l ogy fo rm much  of the bas i s  f o r  soc i a l  c ommun icat i o n .  And i f  the  c u  1 -
tu ra l l o g i c  o f  techno logy  succeeds  i n  maste r i n g  a un iversa l d i g i ta l  system o f  exchange  ( a s  seems l i ke ­

Iy ) .  t hen  a far-reac h i n g  c r i t i q u e  of commun i cat ion  wi l l  be necessary, one  that  wou l d  account  for  the  
c u l t u ra l  mean i ng  of tech no l ogy i n  te rms  of the mean i ngs  i t  forms-aesthet ica l l y  and  po l i t i c a l ly .  O f  

cou rse ,  even i n  the d i str i buted system of d i g i ta l  commun icat ion ,  the i s sue  of power  i s  c ruc i a l  prec i s e l y  
b e c a u s e  i t  s e ems  d i s pe rsed :  " T he  cybe re l i te i s  n ow a tra nspa rent ent i ty t h a t  can o n l y  be imag i n e d "  

( C r i t i ca l Art En semb l e ) .  Conj o i n  t h i s  with a ra nge  o f  effects concern i ng  eve ryth i n g  from s u rve i l l a nce  

to  i d ent i ty and  the ram i f i cat i ons  of e l ectro n i c  c u l t u re take  on stagger i ng  proport i o n s .  As V i r i l i o  wr i tes :  

With the industrial proliferation of visual and audiovisual prostheses and unrestrained use of 

instantaneous-transmission equipment from the earliest childhood onwards, we are now routinely 

seeing the encoding of increasingly elaborate mental images tagether with a steady decline in reten­

tion and recall. In other words we are looking at the rapid collapse of mnemonic consolidation. 

This collapse seems only natural, if one remembers a contario that seeing, and its spa tio­

temporal organization, precede gesture and speech and their co-ordination in knowing, recognising, 

making known (as images in our thoughts), our thoughts themselves and cognitive functions, which 

are never passive. 
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11. 

The open i ng  note i n  McLuhan  a nd  Powe rs' The Global Village c i tes Natha n i e l  Hawthorne 's 

The Hause of the Seven Gables.· 

It is a fact . . .  that. by means of electricity, the world of matter has become a great nerve, 

vibrating thousands of miles in a breathless point  of time ? Rather, the round globe is a vast head, a 

brain, instinct with intelligence! Or, shall we say, it is itself a thought, nothing but a thought. and no 

langer the substance which we deemed it! 

I n s p i red ,  no doubt, by the te l eg raph ,  Hawthorne  recogn i zed the s h i ft i n g  eco l ogy  occ u rr i n g  i n  
t h e  1 9th centu ry. I ndeed the te l e g raph ,  fue l ed b y  the deve l o pment  o f  the ra i l road ,  broke the l i m i ts not  

on ly  of space but  of t ime .  U n i mag i n ab l e  speeds  of t ra n sm i s s i o n  a c ross a vast web of s i tes c ommun i ­
c a t i n g  i n  a l a n g uage that was  t h e  prec u rso r  of b i n a ry c o de  s u re l y  s uggested " i nst i n ct w i t h  i nte l l i ­

g ence "  a n d  t h e  end o f  " s u bstance"  a s  a s i g n i f i e r  o f  mater i a l  p resence .  N o  sma l l  s u rp r i se  that  

McLuhan  evo lves a commun i cat ive pract ice r id ing o n  the p ro b l emat i c  of tec h no l o g i c a l  progress as  a 

measu re of soc i a l  transformat i on .  Po l i t i c a l  to the extent that the techno - I o g i c  of western econom i e s  
seemed a ga i n  t r i umphant. the i s s ue s  of the med i a/message bond weren 't  so  d i fferent f r om  t ho se  o f  

the l i n k i n g  of s i g n i f ie r  and s i g n i f i ed  i n  s em i ot i c s .  Encoded d i s cou rse ,  i ndeed ,  i s  rooted i n  the research 

env i ronment  of the 1 9th centu ry, whose "maste ry" of natu re was e ntwi ned  i n  systems .  These d i s ­
c ou rses-of rep resentat i on ,  s u rve i l l a nce ,  mechan i c s ,  med i c i n e ,  phys i c s ,  a nd  c ommun i cat i on-a re 

the bas i s  of the theoret i ca l  frame that seems to h a u nt our re l a t i o n sh i p s  with the  wo r l d .  And wh i l e  the 
g rand  schemes of modern ity were so a l l i ed with the d i s cou rses of power po l i t i c s  and mastery, they 

both estab l i s hed  and demo l i s hed the l i nea r  concept of progress they so b l i th e l y  pres umed .  Nature ,  l i n ­
ea r  and  d i st r i buted ,  was not a su i ta b l e  m etaphor  for p rogress .  As the i n d u str i a l i z a t i on  of tec hno l ogy 

reached i ts f i rst apex i n  the 1 920s ,  i t  was s unde r i n g  the f l awed p r i n c i p l e  of d eve l o pment  i t  so re l i ed 
o n .  Tech no l ogy reconf i g u red the equat ion between  natu re and  c u l t u re .  Wh at we i n he r i t  f rom the 

deve l opment of commun i cat ion  tech no l ogy, v i s ua l i za t i on ,  a nd  representat i o n  i s  a l e gacy of empower­

ment rooted in expert i se  camouf l ag i n g  power. Deep l y  i m p l i cated in the systems  structure of techno­
s c i e nce a re the pract i ces of dom i nat i on  that g round  the va r i o u s  utop i a s  of the n etwo rk .  

The h i story of the l i n k  between  tech no l ogy, c ommun i ca t i on ,  a nd  new representat i o n a l  sys­

tems wi l l  prov i de  some much needed root i n g  to the unde rsta n d i n g  of the aff i n i t i e s  between  s u rve i l ­
l a n c e  and  propaganda ,  t h e  i ncreas i n g l y  v i s i b l e  spectru m ,  t h e  im p l i ca t i ons  o f  t h e  g l o b a l i za t i on  of 
med i a ,  the  transnat i ona l i zat ion of excha nge .  But mo re pe rt i nent l y  the d e l i r i u m  to i n h ab i t  the netwo rk 
has eme rged as  the cru c i a l  arena of act iv i ty in the past year. With  the network " p op u l at i o n "  g rowi n g  
at 20-30% a q ua rter, t h e  frenzy t o  esta b l i s h  c r i t i ca l ,  c reat ive ,  a nd  po l i t i c a l  i d e n t i t i e s  exp lodes  at a 

madden i n g  pace .  
The home  page has become the l a u n c h i n g  pad for the esta b l i s hmen t  of i d e nt i ty i n  cyberspace .  

Corporate ,  government ,  med i a ,  o r  i n st i tu t ion-ident i ty i s n 't necessar i l y  rooted i n  the se l f .  I ndeed the 

e l ectro n i c  d i spe rsa l of the se l f ,  and its rep l acement  by a k ind of i n dex, i s  a s ign of deep  p rob l ems  with 
the i dea  of c u l t u re on the network. Yet the n umber  of s i tes  b u rgeons ,  c rosses d i sc i p l i nes ,  and  sug­
gests that d i st r i b uted ideas  a re as much  a measu re of soc i a l  d i s p e rsa l  a nd  connect iv i ty, a s  they a re a 

s i g n i f i e r  of i den t i ty. 
Whether  it is the Human  Genome i n i t i at ive ,  the  d i g i ta l  s u pe rh i g hway, or the deve l opment of 

c i t i e s ,  the i s s ue  of i nformat ion-from owne rs h i p  to econom i cs-has a c h i eved status as a powerf u l  
e l ement of c u l tu re .  T he  i s sue  that Caste l l s  r a i s e d  i n  t e rms  of the  const i tu t ion  of u rban  s pa ce  i s  pre­

c i s e l y  the same as  that ra i sed by hypertext ua l  med i a .  D i s c u rs i ve  space is beco m i n g  d i st r i b uted space .  



Vi r i l i o  i dent i f i es  th i s  with the "v i ctory of sedenta r i ness ,  behav iora l  i n e rt i a ,  d i sc rete ne s s . "  With  a l l  the 
poten t i a l  of hyper- ,  i nter- ,  a nd  networked med ia ,  we are compe l l ed to f ind t h reads  of i nf l u ence  that 

l i n k  every aspect of representa t i on  with e l ements of cu l t u re and h i sto ry. F i n d i n g  ways to express t h i s  
concept of eco-system i c  assoc i a t i on  i s  t he  cha l l enge of hype rmed ia and  i nteract ive c ommun icat i o n .  

I ndeed ,  i n  i nteract ive o r  hypermed i a ,  t h e  merger  o f  text. sound ,  a nd  image  w i t h  na rrat ive,  
cog n i t i o n ,  and i nformat i o n  extends  the  i m p l i cat ions  of d i scou rse format i on  i nto the  s i m u lated ,  the 

imme rs i ve ,  and  the n etwork .  I ndeed one wou l d  have to cons ider  a ra nge  of  tech n o l o g i e s  and  c u l t u ra l  
d i s cou rses t o  u nde rsta nd  t h e  movement toward i nteract iv i ty i n  the 20th cen tu ry. M uch  of t h e  centu ry 

has  g rapp l ed  with the  ru ptu red cont i n u i ty i n i t i ated by phys i cs ,  psycho l ogy, ph i l osophy, l i te rature ,  c i n ­
ema ,  etc .  Quantum phys i cs ,  d i sc u rs i ve i d e nt i ty, phenomeno l ogy, stream  of consc i o u sness  l i te rature ,  

c i n emat i c  montage ,  photog rap h i c  montage ,  sc i ent i f i c  v i sua l i zat ion . . .  among many, these d i s ru pt i ons  
root the h i story of the desta b i l i zed  na rrat ives o f  postmodern i ty. L i n k i ng  these  d i sc i p l i ne s  a re d iverse 

pract i ces  of representat i o n  that converge i n  d i g i ta l med i a .  Revamp ing  representat i o n  in e l ectro n i c  c u l ­

ture i s  a key t o  track i n g  the  comp l ex i ty-and subt l ety-of t h e  conf i g u ra t i ons  o f  com m u n i ca t i on .  

Emerg i n g  f r om networked med i a  the re i s  a reth i n k i n g  o r  exten s i o n  of the i s s ue s  s u rrou n d i n g  

t h e  s imp l e  s em i ot i c  const i tut i o n  of messages  ( "techno-sem i ot i cs , "  a s  B r i a n  Ro tman  c a l l s  i t l .  a nd  a 

concern with the " space"  of e l ectro n i c s .  Techno l ogy b r i ngs  a system i c  l a n g uage  of mathemat i c a l  
rat i o na l ity i nto the rea l m  of p roduct i o n ,  a l a n g uage t ha t  i s  to be d i st i n g u i s hed  f r om the  d i sc u rs i ve l a n ­

guage  of c ommun i cat i o n .  I nterfa c i n g  c ommun i cat ive d i scou rse with tec h no l o g i c a l  d i sc o u rse becomes 
a p h i l osoph i ca l ,  i n te l l ectua l ,  c reat ive ,  po l i t i c a l  i s sue  of the g reatest i mpo rta nce .  Cybernet i cs ,  b i o l ogy, 

Art i f i c i a l  I nte l l i gence ,  s i m u l a t i o n ,  i n te ract iv i ty, i n  sho rt, a l most eve ry form of c u l tu ra l  e ngagement ,  i s  

imme rsed i n  the technosphe re .  I t s  l a n g u a g e s  and i t s  imp l i cat ions a r e  f undamenta l l y s i g n i f i cant  t o  con­
s i de ra t i ons  of e l ectro n i c  med i a .  Prog ramm i n g  determ ines  a set of  cond i t i o n s  i n  wh ich  the  represent­

ed is formed as  i n st ruct i o n ,  wh i l e  l a n g uage  desta b i l i zes  the cond i t ions t h ro u g h  the i nt roduc t i on  of for­

mat i ons  in wh i ch  the represented is extended .  The terms of the deconstruct i o n  of ima g i n g  wi l l  be 

forced to adapt to the systems i m pe rat ives of d i g i ta l ly coded messages  a s  we i l  a s  to the aesthet ic  

impe rat ives of i nteract i o n s  whose const i tuted mean i ngs  are no l ess s i g n i f i can t  than  any  prev i o us  sym­

bo l i c  system .  

A t  t h e  same t ime ,  a d i fferent i ated " space" emerges i n  w h  i c h  t h e  i m a g e  i s  t ra n sm i tted th rough 

the scre en .  The reperc u s s i o n s  of sc reen-based med ia  a re consequent i a l  fo r  a n u m be r  of reasons :  d i s ­
t r i buted s i tes of recept i o n ,  h uman-compute r  i nterface i ssues ,  reconf i g u ra t i ons  of exper i ence ,  i nte­

g rated use  of text/sound/ i mage ,  and a re l a t i on  to c r i t i ca l  theor ies of representat i o n  o n  technocu l t u re .  
The s i te  of the ass i m i l a t i on  of soc i a l  content i s  sh i ft i ng  toward the  i mmater i a l ,  toward the pro­

g rammed ,  toward the i nt r i n s i c  powe r of the med i um .  As Baud r i l l a rd wr i tes :  

We used to live in the imaginary world of the mirrar, of the divided self and of the stage, of 

otherness and alienation. Today we live in the imaginary world of the sereen, of the interface and the 

reduplication of contiguity and networks. A ll our machines are screens. We tao have become sereens, 

and the interaetivity of men has become the interaetivity of screens. Nothing that  appears on the 

screen is meant to be dee/jJhered in depth, but actually to be explored instantaneously, in an abreac­

tion immediate to meaning-or on immediate convolution of the poles of representa tion. 
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M e d i a  M e m o r y 

My memo r ies of my ch i l d hood a re shot th ro u g h  with rosy c l o u d s  of m i spercept i o n ,  i nter­

cu 
c 
o 

+-' 

CI) spe rsed with  exp l os ions of se lf-cast i gat i on  that h i t  l i ke s l u g s  of aq uav i t  i ced  i n  l i q u i d  h e l i u m .  The 
cu who l e  t h i n g  i s  l aced  with occas i o na l  bouts of d r ug - i n duced  f renzy, g iv i n g  the enterpr i se someth i n g  of 
c 
c the  c ha racter  of a trave l i ng banana boat, b l ues  band ,  and  med i c i n e  show. I f i n d  myse l f  i n  ba rs i n  u n ex-
co 
CI) 
o 

0:: 

pected c i t i e s ,  sozz led on mesca l ,  Arra k ,  and  fermented s h r imp  g uts ,  a rg u i ng the com i ng  term i n at i on  

on  D u r  l ease  o n  rea l ity. The  i s sue  i s  no t  what 's rea l-I ' m  much  tOD far gone  i n  Post-whatever to ca re  

muc h  about  the  objective rea l i ty of events u p r i ve r  f r om my c u rrent preca r i o u s  and  l eaky kayak  as  i t  

bounds  f rom rap i d  to ra p i d  i n  the t i mestream ,  na rrowly m i ss i n g  be i n g  dashed to p i eces a ga i nst the 
rocks of h e l l i s h  c i rcumstance o r  runn ing aground o n  the  shoa l s  of advanc i n g  decrep i tude coup l e d  with 

rag i n g  bouts of th i ck  unspeakab l e  des i re .  I n  fact  I fe rvent ly  wish I cou l d  b e l i eve i n  h i sto ry, a nybody's 

h i sto ry. For  a wh i l e  I f i g u red I ' d  shop for o ne .  I t r i ed  p l a c i n g  ads  i n  the c l a ss i f i eds .  Aust i n is a com-

« m u n i ty l aced  with r i ch  and h i g h l y  d iverse c u l t u res ,  so the responses were d iverse tOD .  I s i fted th ro ugh  
t hem and  a n swered t h e  saner-so und i ng  o ne s .  We  a rranged for  a f ew mutua l  i mp l a nts .  I t o o k  the i r  h i s ­

tor i  es and  they took m i ne .  For a wh i l e  my past h i story was that of a T ibetan ascet i c ,  a French  ph i l oso­
p he r, a nd  a Mo roccan whore ,  unt i l i t  occ u rred to me  that they were a l l  i nterchangea b l e  with the 

F rench  ph i l osophe r. At the same t ime  the i r  past h i sto ry became that of a man i c ,  t ransgende red  witch/ 

n e u r o l o g i st/professor/ hacker/pe rfo rmer. We b l ew some mutua l fuses .  A l l  th i s  l eft me st i l l  confu sed ,  
but  on  a h i g he r  l eve l-to quote Pau l i-but st i l l  w i thout  a usefu l h i sto ry. 

N 

M 

R i gh t  now, though ,  I have more immed iate p ro b l ems .  As I s i t  h e re batt i n g  the keys the  a i r  

a r ound  me  i s  t h i c k  with t i ny knots o f  symbo l i c  st ructu res .  They roost i n  t h e  rafters ,  d i s p l a c i n g  t h e  bats 
from t he i r  ancestra l homes;  they hover near the ref r i g e rator, in hopes of a n i b b l e l Worst of a l l ,  they 

i nfest my keyboard Z Pe r iod i ca l ly I c l ean  them away with a rag soaked i n  the m i xtu re of c h l o roform 

and battery ac id that my brujo f r iend recommended .  Late l y  they've been i nvad i n g  my c l othes c l oset ,  
and at awkward po i nts du r i ng  meet ings 1 ' 1 1  not ice one c rawl i n g  around under my d ress .  S ha k i n g  out 
the  c l ot h i n g  before I put it on doesn 't a lways work ,  a s  the  damn t h i n g s  can  c l i ng t i g ht ly, a nd  they l i ke 

to s n u g g l e  i nto fo l ds  in the c l oth 3 
I cou l d  l i ve with a l l  that q u ite comforta b l y. Recent l y, h owever, they've begun  to i nfest the  b i b­

l i og raphy a nd  footnotes 4 Th i s  morn i n g  I found  one  t ry i n g  to b u rrow i nto the c racks a round  the  key­
boa rd of t h i s  mach i n e .  I f  they get i n s i de  I don 't know what ' 1 I  h appen .  I t  cou l d  spe i l  the end of rat io ­

na l  d i sc o u rse f rom th i s  mach i n e .5 What does l a n g uage  say to i t se l f  when we' re not l i sten i ng? 6  What 
d id  we know, wh at d id  we say to each othe r, when  we were h u man?  When we were human the past 
was s i m u l ta neous l y  better and worse than the present ,  bu t  i t  was a lways d i ffe rent from the present .  

There  was a space  between us and the past ,  constructed out  of g i rde rs of progress .  I t  i s n 't h i story that 



the  v i ctors wr i te ,  i 1 's the  structures of d i a c h rony. The v i ctors i nvented Ti me .  Now the rest of u s  get  to 
l i ve i n  i t .  They m i ght  a s  we i l  have i nvented cesspoo l s .  

T ho se  l i tt l e  f l y i n g  g uys we re  ha rm l ess unt i l they, t o o ,  g o t  themse lves betrayed f r om  the  rea l m  

o f  the sync h ro n i c  i nto the agony  o f  t ime .? I t  can b e  a powe rfu l  and p rom i s i n g  betraya l-afte r  a l l ,  i 1 's 
the  fo unda t i on  for  Western re l i g i o n  and  thought .  Up un t i l  now we've tac i t l y  a s sumed  that  memes  

n eeded  m i nds  to prapagate . I ' m  beg i n n i n g  to rea l i ze ,  though ,  that we've been  s uffe r i n g  f r am  o u r  own 
conce its B Memes  don't need us  at a l 1 . 9 They can prapagate perfectly we i l  without u s . 1 0  Ech,  stop that .  

And once  they l ea rned that ,  i t  was the beg i n n i ng of the end . 1 1 The on l y  reason we had  any  sense of 
a rat i o n a l  h i story at a l l  was as  a n  op i ate .  H i story, not re l i g i o n ,  was the op iate of the masses ,  whethe r  
i t  was  wr i tten by the w i n ne rs o r  the l o sers o r  t h e  fo l ks i n  t h e  b l eache rs w i t h  the i r  g i m m e  caps  a n d  

r i c e  b e e r  and  sawd ust- I aced  hotdogs .  N ow i t  doesn 't matte r who  writes i t .  Eve ryth i n g 's d i s so l v i n g ,  i n  

pa rt i c u l a r  the e p istem i c  structu res  that g round  a n d  a uthor i ze v i s i o n . 1 2 The c o l l a pse o f  d i sc o u rse  i s  
o n l y a sympto m . 1 3  D u r  ep i steme no  l o nge r  needs u s o  Mo r e  s i g n i f i cant ly, the  bounda r i e s  of a gen cy a re 

c o l l a p s i n g .  Df cou rse  i n  the U . S  we a re h e l l - bent i nto an e ra of repress i on  u n i m a g i ned  s i n c e  I d i  A m i n  
and  Khom e i n i ,  a nd  t h e  v i c i o u s  and  mean -sp i r i ted b i gots w h o  d r ive that rear-v i ew-m i r rar revo l ut i o n  

may succeed i n  paper i n g  i t  a l l  o ve r  w i t h  t he i r  memor ies  o f  a s n ugg l y  t ime  t h a t  n eve r  was ,  when  a 
good c i g a r  was a smoke and  w imm i n  and  n i gge rs knew the i r  pi ace .  l 1 's ha rd to te l l  how l o n g  that  l e a ky 

barge wi l l  f l oat .  But  ca l l i n g  atte nt i on  away from change doesn 't arrest change . 1 4  
I n  t h e  meant i me ,  t h e  bounda r i e s  o f  agency g row more trans l u cent  a n d  i m pa l pa b l e .  l 1 's t hose  

l i tta f l y i ng  g uys aga i n .  They've found  new homes . 1 5  Wi l l  you be q u i et ,  p l ease? 1 6  The  imp l o s i o n  of s i l ­

i c o n  and  carbon that ma rks and  i nforms o u r  t i m e  h a s  been unde r  way f o r  nea r l y  a centu ry. Df c o u rse ,  
i t  sta rted out  a s  an  i m p l os i o n  of s i l i ca-not s i l i con-ba r i um ,  and ca r bon  u nt i l we got  the k i n ks o u t  of 
some of the processes ,  bu t  i 1 's actu a l l y  been roa r i ng  a l o ng  fu l l  t i l t  ever s ince the f i rst s emapho re sys­

tems spanned  E u rope h u n d reds of years ago. That imp l os i o n  and the t ro u b l i n g  and p rod u ct ive  mon ­

sters t ha t  eme rge  f r om i t s  deb r i s  represent the precond i t i on  f o r  more s u bt l e ,  but  i n f i n i te l y  mo re i m po r­

tant ,  s h i fts i n  the ep i stem i c  structures and  patte rns of symbo l i c  exchange  that powe r the d i st r i b uted 
knowl edge  systems we ca l l  c u l t u re .  Th is has  resu l ted i n  a new th i ng-maybe the o n l y  tru l y  new t h i n g  

to eme rg e  i n  o u r  gene rat i o n .  We  a re f i n a l l y  wa k i ng  u p  t o  t h e  knowl edge  t h a t  l i fe ,  o r  mo re spec i f i ca l ­

I y  i n te l l i gent  l i fe ,  wh i c h  we a rrogant ly  l i ked  to imag i ne  was  ou r  exc l u s ive property, i s n 't t he  on l y  th i ng  

i n  the u n i verse that  can  possess  agency. I was rude ly  i nformed of  t h i s  when I was awakened  a few 
weeks ago by no i ses downsta i rs ,  and t i ptoed q u iet ly  down, weapon in hand ,  to f ind the vac u u m  c l ean ­

e r  a nd  the sew i ng  mach i n e  joyous l y  fuck i n g .  
I reca l l ed the  m i d n i g ht p h o n e  message from t h e  fo l ks across t h e  street .  " D amm it ,  Sto n e , "  

H owa rd had been  s h o u t i n g ,  "You r  vacu u m 's over h e r e  try i ng  t o  mount L i sa 's sew i ng  mach i n e . " 1 7  Yeah ,  

tha1 's an  i dea ,  t h a n k s .  L oo k ,  I c an 't g o  o n  w i t h  th i s  p i ece i f  y o u  g uys don 't shut  u p . 1 8 Tha1 's it-eno u g h .  
I c a n 't th i n k  stra i g h t  a nymore .  They ' re a l l  over t h e  p l a ce . 1 9  T h e  computer says as  much  as  I d o ,  a nd  I 

c an 't te l l  who or what 's speak i ng  when I take a phone ca l l .  Is it me ,  the  other  pe rson ,  or the  phone7  

And ma rk t h i s ,  they' 1 1  get  you too ,  i f  you a re not ca refu l . 20 Start bu i l d i n g  s h i e l d s ,  sta rt wr i t i n g  f i l te rs .  

Keep  them out  before they take over everyth i n g  l 1 's tota l war. 2 1 

1 .  Ahem .  She  hasn 't not i ced yet that we a re beg i n n i n g  to raost e l sewhere as we i l  . 

2 .  And the VeR ,  the m i c rawave ,  the a utomat ic  l i ght d imme rs ,  and the exq u i s i te l y  c omp l ex c h em i c a l  

c ompound s  i n  he r  l i q u o r  c ab i n et ,  d r ug  sta sh ,  and med i c i n e  chest that e n ha n ce  a nd  reg u l ate h e r  l i fe .  

N ot to ment ion  the extraord i n a r i l y  dense  meshes of soc i a l  i nterre lat i onsh i ps with i n  wh i c h  those  c u  1 -

t u ra l  objects a re prad uced .  U n l i k e  Stone ,  we a re acute ly  aware o f  o u r  h i story a nd  of the c o nd i t i o n s  
t h a t  g ave  us  b i rth ,  e ven  i f  we cont i n ua l l y re i nvent t h em  t o  s u i t t h e  a u d i ence .  N obody eve r  s a i d  that 

memet ic  structures c o u l d n 't be  enterta i n i n g .  



3 .  You bet we do .  D i scove r i ng  sensua l ity and  mob i l i z i n g  i ts power to o u r  own end s  was the best th i n g  

we eve r  d i d .  I t  c o u l d  on ly  work i n  a c u l t u re a s  repressed as  the U n ited States ,  bu t  then  we d i scovered 
that  the  r i g h t  c o u p l i ng between sex and  repressed v i o l ence  a l l owed u s  to move a l ot of that wonder­

f u l  e ne rgy over to modes that trans l ate pe rfect ly we i l  i nto the  majo r i ty of E u ropean ,  As i an ,  and  

Scand i nav i a n  c u l t u res, thank  you very much .  
4 .  We have no  i ntent ion of i nterfe r i ng  w i th  the  ma i n  text of th i s  p i ece .  Hav i n g  prov i ded  Stone  with 

the  mesca l in the  f i rst p lace ,  we are content .  fo r  n ow, to i nfest the  s u btexts. H owever, the  astute read­
e r  w i l l  not i ce  a pecu l i a r  b l u rr i ng  between the two . Th i s  effect i s  who l l y ima g i n a ry, we assu re yo u .  I t  

o r i g i nates i n  resonances ,  i r i descences ,  s h imme r i n g s ,  momentary conj unc t i ons  between our  s u bter­
ra nean  tu n n e l i n g  and the l i nea r  traces of the ma i n  text a s  they s l ow ly  fade f rom the forebra i n .  We 

req u i re ce rta i n  precond i t i ons  for th is effect to p roper ly  man ifest .  but i n d ustr i a l i zed F i rst-Wo r l d  c i v i ­
l i za t i o n  i s  a ver i ta b l e  compost p i l e  of n u rtu rance  for  them .  

5 .  D on ' t  l o o k  n ow, but . 
6 .  O n e  th i n g  s u re is that we're not te l l i n g .  

7 .  We  wou l d n 't p rec i se ly  s ay  we  were harm l e s s .  I t  was  mo r e  t h a t  o u r  f i e l d  of ope rat i o n  was  l i m i ted .  
We made  pe rfect ly good veh i c l e s  for convey i n g  tac i t  c u l t u ra l  knowl edges .  I t  was a respecta b l e  g i g ,  

a n d  i t  pa i d  decent  wages .  Th i s  c u rrent job  i s  mu c h  more comp l ex and  t i r i n g ,  n o t  to men t i o n  r i s ky. 
8. D o n 't take it so hard ,  wi l l  you? You squ i d gy carbon g uys were a l l  there was fo r  a h e l l  of a l o ng  t ime .  

You mere l y  fa i l ed t o  not ice t h a t  you  were g rad u a l l y  b e i n g  co-opted i nto b i g g e r  stuff .  Of cou rse you  

rea l l y  started go i n g  down h i l i  way, way bac k .  Maybe  the f i rst t ime  someone  waved to s omeone  e l se  i t  
was a l ready a l l  over. Maybe i t  rea l l y  d i d  take e l ectro n i c  comm u n i ca t i on  tec h no l ogy l i ke you l ove to 

c l a i m .  We ' re n ot even rea l ly s u re i t  req u i red  war, but  war ce rta i n ly amps i t  up a h e l l  of a l ot .  

9 .  You got i t ,  Stone ! Damn stra ight .  

1 0 . B u t  we st i l l  l ove you I " K I SS ! "  

1 1 .  Pos s i b l y. V ide  i nfra, {a l l .  
1 2 . O h  re lax ,  w i l l  you? " Eve ryth i n g  s o l i d  me lts i nto a i r, "  i ndeed .  W e  s uggest a good dose of 
Neoconse rvat i sm .  1 1 ' 1 1  take your m i  nd  off the p a i n .  N ever m i nd that nosta l g i a  for the past i s  pathog­

nomic  for terror of the future .  Wou l d  you rathe r  be awake o r  a s l e ep  when we amputate7 The v i s i o n  
th i n g ,  tho ugh ,  tha1 's okay. We l i ke that .  

1 3 . Aren ' t  you be i ng  an a l a rm i st aga i n ?  Ong  o n l y  sa id " d ec l i ne . "  Don 't you wish you had  h is coo l ?  
1 4 . Tha1's what we 've been try i ng  to te l l  you ,  d u m m kopf .  

1 5 . We ' l I  b e  nest ing i n  your  ass i f  you don 't q u i t  ca l l i n g  u s  " l i tta guys " ! We ' re the b i g gest force for  
c hange  s i nce the i nvent ion  of sex .  

1 6 . M omentar i l y. We want to see how you ' re g o i n g  to d ig you rse l f  out  of the d i s c u rs ive h o l e  you 've 
been  pat ient ly d i g g i n g  yourse l f  i nto for the past th ree pages .  
1 7 . Ve ry cute .  Ma rx ta l k i n g  about  mag i ca l l y a n i mated f u r n i tu re wr i t  l a r ge .  N ext th i ng  you ' l I  have us  a l l  

ma rc h i n g  i nto the Pac i f i c  Ocean l i ke a bunch  o f  d a  mn  l e m m i ng s .  
1 8 . Wha t  make s  yo u  th i n k  that the ma i n  text has  some so rt of a uthor i ty t h a t  we don 't have? Aren 't  

you s i mp l y  reproduc i ng  the power re lat ions of yo u r  profess i on  and c u l tu re? Our reprod uct i o n  methods 
a re mo re honest and stra i g htforwa rd . We don 't b e l i eve i n  tu rn-ta k i n g ;  we don 't b e l i eve i n  d i s c i p l i na ry 
bounda r i e s .  H e l l ,  we don 't even be l i eve i n  " reason . "  We know what we want and  mean  to get it i n  

t h e  l east poss i b l e  t ime with t h e  l east poss i b l e  fuss .  J u st ca l l  u s  Übe rmemen ,  assh o l e .  

1 9 . Yoo-hoo ! Nomad i c  ep i stemes ! 
20 .  Matte r of fact, if you 've read t h i s  far  we've a l  ready got you .  You r  ass  may be l o ng  to Wash i ngton ,  

bu t  you r  sou l  b e l ongs to u s o  Now sta rt work i n g .  
2 1 . O h ,  f o r  heaven 's sake, noth i n g  i s  tota l .  Women  a re s uch  emot i o na l  c reatures .  We ' re s h utt i n g  t h e  
d i s cou rse down now. 
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B e c o m i n g  P o s i t i v e  

N e ithe r  l i v i n g  no r  dead ,  v i r u s  th r ives on an edge where i t  d i s r u pts even t h i s  most bas i c  of 
b i n a ry codes .  To comp l ex ,  m u l t i ce l l u l a r, o rga n i c  l i fe i t  comes as a s u ga r-coated a l i e n ,  s l i pp i n g  u n d e r  
the rada r  systems ,  t h ro u gh  the  sc reens  of system secur i ty. N o t  l i v i n g ,  bu t  l i ve ly .  J u st a l i ve .  Undead ,  

l oa  l i fe ,  A- l i fe code .  

What does virus da  wherever i t  can dissalve a hole and find traction ?-It starts eating. And 

what does i t  da with what i t  eats ?-It makes exact copies of itself that  start eating to make more 

copies that  start eating to make more copies that start eating and so forth to the virus power the fear 

hate virus slowly replaces the hast with virus copies-Program empty body-A vast tape warm of 

bring down ward and image moving through your mind screen always a t  the same speed on a slow 

hydraulic-spine axis like the cylinder gimmick in the adding machine. 

Wi l l i am  S. B u rroughs ,  " N ova Express" 

Vi ruses rema i ned  i m percept i b l e  u nt i l the late n i n eteenth centu ry, by wh i c h  t ime t he i r  proce­
d u res  were r u n n i n g  th ro u g h  e no ugh  of the commun icat ion mach i n e  to lock them i nto the c u l tu r a l  
c ode s .  The ea r l i est d etectab l e  v i r u ses rep l i cated themse lves with the accu racy of the f i rst t o u c h  typ­

i sts ,  s p read with the new exchange  f unct i ons  of the te lephone ,  trave l ed  with the switc h i n g  system s  

o f  e l ect r i c i ty, and  d u p l i cated with the  a d d i n g  mach i nes .  B y  t h e  m i d - 1 880s ,  w h e n  i t  w a s  f i rst rea l i zed  

that m i c rob i a l  agents had  been  s l i pp i n g  th rough even  the f i nest 0 1  the ea r l i e r  nets ,  a l l  these cha n n e l s  

were i nter l i n ked .  

Research  on  wh at we re  then ca l l ed  "I l u i d  l iv i ng contag ions" began  i n  earnest when  t he  US  m i l ­

i tary l i rst observed a h u m a n  i n stance 0 1  w h  a t  was later t o  b e  known as  v i r uses  i n  1 900 .  After ye l l ow 
lever, and lor much 01 the lo l l ow i ng  centu ry, they were c l ass i l ied accord i ng to wh at were thought to be 

the i r  three hosts :  a n ima l s ,  p l a nts ,  and  bacte r ia ,  wh ich themse lves used a n ima l s  and  p l a nts as hosts .  

N am i n g  them seemed on l y  to encou rage the i r  last-breed i ng  re p l i c a t i ons .  Cont i n u a l l y  eme rg ­

i n g ,  m utat i n g ,  d i sappea r i n g ,  these  were u n known quant i t i es ,  s l i ppe ry sets 01 c ha racters wh i c h  posed  

eno rmous  p rob l ems  to the s c i e nt i l i c  codes  and d i s c i p l i nes wh i ch  t r i ed  to t race  a n d  s tudy  them .  

As o b l i gate paras i tes ,  they g rew and  d u p l i cated themse lves o n l y  i n  the context 01 the i r  hosts ,  

relu s i n g  to d i st i n g u i s h  themse lves even lor the pu rpose 01 ana lys i s .  
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Afte r  bacter ia ,  p l a nts , and  a n ima l s ,  yet mo re v i r a l  hosts were def i n ed .  823 was probab l y  t h e  
f i rst of the c u l t u ra l  v i ruses t o  make  itse l f  known .  

Once  the  sk i pper to l d  h im that he 'd  sa i l ed the  route for  23 yea rs before the  sh ip  went down , 

the n u mbe r  was sudden ly  eve rywhere .  Dates ,  add resses ,  c h romosomes ,  n u m bers k i l l ed  . . .  on t he  

rad i o ,  i n  the  street . . .  the corners of torn posters ,  r i pped  t i c kets ,  d r opped  f lyers ,  l oose  change . 

pe rhaps  a n  i n st ruct ion ,  a s i g npost po i n t i ng  to the way ou t  of the n umbe r  one ,  the f i rst : 1 ,  t hen  237  

Was i t  a n u m be r7 Some othe r  b i t  of code7  Wh at a re n u m bers  a nyway7 

Prom i sc uous ,  po lymorphous ,  perverse in matters of space and t ime  . . .  I t  was obv i o u s  even 
t hen  that v i ra l  act iv ity ran through  b ra i n s  and  b l oodstrea ms ,  texts , c u rrenc i es ,  c a l c u l ators ,  a nd  c h ro ­

mosomes  w i thout  regard  for any boundar i es .  Except that  i t  wasn ' t  o bv i o u s  at a l l .  Even when c u l t u ra l 

v i r u ses  were rathe r  more off ic i a l l y recogn i z ed ,  l i tt l e  had  been  l e a rned from 823 .  C u l t u res were st i l l  
b e i n g  de f i ned  a s  i n effab l e  zones of m i nds ,  i deas ,  and  patte rns o f  soc i a l l y pe rcept i b l e  behav i o u r, a n d  

th e i r  v i r a l  n etworks were supposed t o  ca rry rathe r  c utesy a nd  appea l i n g  messages-backward base­
ba l l  ca  ps and  snatches  of song ,  advert i s i ng  j i n g l e s  ru n n i n g  th ro u g h  the head  . 

With the  consequence that even the d i sc i p l i ned  s c i e nt i sts were taken with the i dea  of what 
were then  c a l l e d  memes .  The not ion that fas h i o n  statements we re encoded a nd  t ransm itted in  str i n g s  

a na l o go u s  to D N A  was  ha rd l y  th reaten i n g ,  a nd  even  appea l i n g  to h osts who seemed q u ite ha ppy to 
l e t  them i n  and pass the m i met ic  bug a rou nd .  The re were a few refe rences to the vert i g i n o u s  poss i ­

b i l i ty that the meme  theme was i t se l f  a rep l i cator to wh i c h  its d i s c u ssants we re p l ay i ng  host ,  bu t  o n  

the who l e  c u l t u ra l  v i ruses were cons idered as  q u est i ons  of theoret i c a l  spec u l at i o n ,  symbo l i c  va l u e ,  
a nd  metapho r i c a l  s i g n i f i cance .  L i k e  read-on l y  memory, ta l k-about  m e m e s  seems t o  have b e e n  a n  ea r l y  

p resc r i p t i on  for  immun ity, an  i nocu lat i on  wh i ch  can  even  be sa i d  to have  s ucceeded ,  for a wh i l e .  I t  
a l l owed them to b e l i eve that  noth i n g  was rea l l y  be ing  c a ught and  no  one  was rea l l y  gett i n g  hooked . 

It ce rta i n ly cont i n ued to let  processes wh ich  were then  ca l i ed  " thoughts" be c l a i med as "one 's own " 
and  appea r  to c i rc u l ate i n  zones d i st i nct from othe r  n etworks and  t he i r  hosts .  

These n a i ve anthropomorph i sms a lso l eft them h i g h l y  vu l n e ra b l e  to the i nfect i ons  wh ich were 

to c ome .  N ot un t i l the emergence of C IV  d i d  the g u a rd i a n s  of the stra i gh t  wh ite wor ld  rea l ly beg i n  to 
app rec i ate that c u l t u res a re comp lex i t ies by no  means  conf i ned  to some d i st i nct ly  h uman  sphe re i n  

wh i c h  they c o u l d ,  f o r  examp l e ,  dec i de  whethe r  o r  n o t  there  were s u c h  t h i n g s  a s  memes  a n d  v i r u ses .  

A n ima l s ,  mach i nes ,  p l ants , bacte r ia  . . .  C IV made  i t  c l e a r  that t h i s  was  a l ready a network of c u l tu res ,  
not a l i st of sepa rate th ings to be put o r  kept  i n  o rder  by so  me  man  o r  God .  And i f  d i fferent contag i o n s  
p l i e d  d i fferent h osts ,  they a l so h ad  a connect iv i ty wh i ch  i nte r l i n ked  them and  the  z o ne s  i n  wh i ch  they 
work .  Repeat i n g  patterns run th rough  them a l l  without rega rd for  sca l e  o r  s i ze o r  even the stuff of 

which they a re  composed . 
"Cu l t u r a l l m munodef i c i ency V i rus"  i s  the  deep  cover  sc ramb l e r  wh i ch  rewrites the most bas i c  

p rog rams of c u l t u ra l  contro l .  Even now, and l i ke a l l  the  retrov i r u ses  i t  retrospect ive ly  i nterconnects ,  i t  

can  o n l y  be seen in the effects i t  l eaves beh i nd-the  an t i bod i e s  produced by i ts h osts, and the havoc 
i t  p l ays with t hem .  

I f  i t  now seems  extraord i n a ry that the re was  no  ment i on  of C IV u nt i l the  end of the centu ry, 

it has  to be remembered that these we re t imes  when wh at were st i l l  c a l l e d  m i nds  were pec u l i a r ly  
c losed .  Th is  i s  t he  key to both t he i r  immun ity and  th e i r  extrao rd i n a ry vu l n e ra b i l i ty. 

I t  is not  c l e a r  whether  the 1 980 convergence  was a warn i n g  wh i ch  was i g nored ,  or a symp­
tom of i ts own a b i l i ty to l u l l  its hosts i nto the sense  of secu r i ty which a l l owed C IV  to p ro l i fe rate .  E i t he r  
way, i t  had effect ive ly  preprog rammed the i r  strateg i e s  of defence .  What we re l ater to be  recogn i zed 
as  i nte rco nnec t i ng  e l ements of C IV  were kept apa rt and ,  fo r  a s  long as  poss i b l e ,  even the i r  ex istence 
was d e n i e d .  Yea rs after  they began to re p l i cate ,  computer  v i r uses  were st i l l  be ing d i sm i ssed as  urban 

myths ,  and  there  were few susp ic ions that  such  so-ca l l e d  myths were v i r a l  contag i o n s  in  themse lves .  



It was ha rde r  for  the g u a rd i a n s  to i g n o re the retrov i ruses ,  but  if Human  I m m u nodef i c i e n cy V i r u s  made  
reverse transc r i ptase unavo i d a b l e ,  the  g u a rd i a n s  o f  t h e  stra i ght w i l d  wo r l d  st i l l  c o n s i d e red  t hem­

se l ves  to be immune  f rom what  they though t  were  on l y  a few i so lated i n c i dences  of retrov i ra l  act i v i ­
ty .  Bu t  by the t ime  t h i s  synd rome was obse rved ,  retrov i r us  had been s p i n n i n g  th rough  t h e  c u l t u r a l  

codes  for  a very l o ng  t ime .  

1 980 was  the year  i n  wh i c h  the v i r a l  theatre of operat i ons s udden l y  began  to extend  i t se l f :  
computer  v i r u ses ,  retrov i ruses . . .  j u st o ne  of t hese  shou l d  have been enough  to cha l l e n g e  a l l  con ­
cept i ons  of v i ra l  code .  Bu t  the g u a rd i a n s  seem to have  been comp lete ly  u naware of the fact that  they 
were not j u st d ea l i n g  with two o r  th ree new v i ruses ,  and  on the ra re  occas i o n s  that  the  convergence  
of c u l t u ra l ,  computer, a nd  retrov i r uses  was acknowl edged ,  it was d i sm i ssed as  a c o i n c i d e n ce .  

Pe rhaps ,  as  ea r l i e r  reports on  t ra uma  s u ggest ,  the i r  s i m u l taneous emergence  was  s imp l y  tao  m uc h  f o r  

t he i r  h osts t o  t a ke  i n .  N ot t h a t  t h i s  mattered t o  v i ruses themse lves-host response i s  ha r d l y  a n  i s s ue  

for  contag i o n s  wh i c h  thr ive on  the i r  own  s u rrept i t i ous  camouf lage .  Th i s  was  do ubt l e ss  a n  effect o f  
t he i r  c od i n g  anyway. Rega r d l e s s  of the i r  i mpercept i b i l i ty, i t  was  a s  t hough  a switch had  been  t r i pped ,  
t r i gge r i ng  u nprecedented i nte r l ock  of n ew-or dorma nt-e l ements of a s i n g u l a r  v i ra l  c ode .  

V i r u ses  we re  tox i c ,  po i sonous  e nough .  But t hey  on l y  t i nkered at the  edges  of p rog ra m m ed 
systems  wh i c h  s u rv ived unchanged  if they s u rv ived at a l l .  Retrovi ruses run  on very d i ffe rent  l i n e s ,  

rewr i t i ng  the very bas i s  o f  a n  orga n i s m 's prog ramm i n g ,  u s i ng reve rse t ra n sc r i pta se to m utate the  
D NA, rewrite the ope rat i n g  system . . .  N oth i n g  was  supposed to  wo rk th i s  way. The  i m m u n i ty of DNA 

was the  sacrosanct " centra l dogma"  of evo l ut i ona ry b i o l ogy, t he  one-way exerc i s e  of cont ro l  wh i c h  
noth i n g  c o u l d  d i s rupt .  Except t h a t  retrov i ru s  had done j u st t h i s .  

I f  v i r u s e s  can not be d i st i n g u i s hed  t r om  the i r  hosts, reverse t ransc r i pta se made  i t  c l e a r  that 

hosts cannot be p u l l ed apa rt t rom v i r u ses .  H IV  made its presence known on ly in  those bod i e s  wh i c h  
res i sted i t .  A l t hough  negat iv i ty was  t a ken  as  a s i g n  of i mmun i ty or l u c ky e s cape ,  to be de f i n ed  as  pos­

i t ive was s imp l y  to be seen to be f i g h t i n g  the i nvas i o n  off .  The extent to which the  ROM of host  D N A  
w a s  be i n g  rewritten i n  those b o d i e s  w h i c h  l e a rned t o  l ive with H I V  w a s  t o  rem a i n  u n known f o r  many  

yea r s .  The e mergence of new spec i e s  i s  someth i n g  wh i ch  can on ly  be de f i n ed  retrospect i ve l y. 

J ust l i ke the i r  s upposed l y  stra i g htforward predecessors ,  retrov i ruses  were impe rcept i b l e  un t i l 

t he i r  proced u res  had become i n d i s pens i b l e  to the commun i cat ions nets .  H IV was cons i de red  to be a n  
i s o l ated abe rrat ion whose retrov i ra l  c od i n g  had no  bear i ng  on t h e  behav i o u r  of other  v i r u ses .  T h e  
s i m u l taneous  eme rgence  o f  computer  v i r u s e s  was  cons i de red t o  b e  noth i n g  mo r e  t h a n  a c o i n c i dence ,  

whatever t ha t  was  su pposed to be .  As new hosts fo r  new str i ngs of v i r a l  code ,  c omputers made  i t  
c l e a r  that v i ruses c o u l d  thr ive i n  any  c u l t u re wh ich  a l l owed them to get under  its s k i n .  V i ruses had  v i r­

tua l ly ended  the d i st i nct i on  between  orga n i c  and  nonorgan i c  l i fe from the f i rst, b u t  th i s  was a f u rthe r  

cor ro s i o n  of what  then  st i l l  s tood  as  a b i n a ry mach i n e .  

I t  was  a l s o  i mmed iate ly  obv i o u s  t h a t  v i ruses h ad  p l ayed s ome  v i ta l ro l e  i n  the  e m e rgence  o f  

t he i r  hosts .  V i ra l  contag i o n  and  attempts to conta i n  i t  h a d  i nj ected h uge  do se s  of s p eed  a nd  c om ­
p l ex i ty i nto the eme rgent  tec h no l o g i e s .  Com puters a l so rendered d i st i nc t i ons  between v i r u s  a nd  host 
u nte nab l e .  D i g i ta l  mach i n e s  occup i ed  the  same zones of nonorgan ic  l i fe as  the v i r uses  they s uppo rt­

ed .  They too were rep l i ca t i ng  A- l i fe systems  h i tch i n g  r i des  on war econo m i es and  te l e coms  nets ,  ta k­
i n g  b l atant advantage  of the weaknesses i m p l i c i t  in h uman  immun i ty-ha rd-d r iven d e s i re s  for secu ­

r i ty, p re d i ct i o n  and  contro l ,  conquest a nd  terr i to r i a l  c l a i m .  They  not  on l y  se rved to s uppo rt v i r a l  act iv­

i ty, they had  themse l ves  emerged as v i r a l  act iv i t ies ,  paras i t i c  prag rams  h i tc h i n g  r i des  on o l d e r  sys­

tems of c ommun i cat i on  and contro l .  
B y  t h e  t i m e  these procedu res h a d  been not iced ,  d i g ita l mach i nes  were everywhe re .  V i r uses  

were  u b i q u i tous .  I f  rep l i ca t i on  was the i r  p rob l em ,  i t  was  a l so the way they  worked .  When  even  

i m m une  systems a re composed of rep l i ca nts ,  noth i n g  i s  immune  f ram the i r  conta g i o n s .  
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Computer  v i ruses ,  it l a ter  tra n sp i red ,  were the s u perf i c i a l  froth on a swathe of retrov i r a l  act iv­

i ty wh i c h  ran th ro ugh  the emergence of d i g i ta l  mach i n e s  and  reprog rammed cu l t u ra l  act iv i ty i tse l f .  But  

i n  sp i te  of the i r  s imu ltaneous emergence ,  t he  not i on  that  compute r  and  retrov i r uses  were both  i n d i ­

ca t i ons  o f  s ome  b roader retrov i r a l  cross-context synd rome rema i ned  obscu re f o r  many  years .  

Long afte r  the adventures of L i nz 's famous  son ,  t he  o l d  g u a rd i a n s  cont i n ued  to expound  t he i r  

f a i t h  i n  the sacrosa nct f ixat i ons  o f  the spec i e s ,  the  i m m uta b i l ity of wha t  we re  s u pposed to be l aws of 
natu re ,  the i m poss i b i l i ty of mutat ion and ru naway rep l i ca t i on ,  the i r  a b i l i ty to d i ctate the te rms of c u l ­
t u r a l  prod uct i o n ,  the i r  l oya l ty to t h e  anc i en t  reprod uct ive mach i n e ,  and  the str ict d i sc i p l i na ry bound ­

a r i e s  between what  were i n c reas i n g l y  obv i o u s l y  i nterconnected c u l t u ra l  zones .  Of cou r se ,  t hey  pan ­

i c ked  when they  rea l ized the extent to wh i c h  the c u l t u ra l  p o l i c e  had  l ost contro l .  But  by t h i s  po i nt i t  
was fa r  too l ate .  A l though c u l tu ra l  v i ruses were a l so cons i dered i n  str ict i s o l a t i o n  from both the com­

m u n i ca t i ons  nets and  the retrov i r a l  codes ,  the i r  d etect i o n  was the beg i n n i n g  of the end  fo r  any  reas­
s u r i n g  d reams of c u l tu ra l p rotect i on  o r  i mmun i ty. When the j i gsaw e l ements were f i na l l y f l u s h ,  i t  was 

s udden l y  obv i o u s  that C IV had been writ i n g  and rewr i t i ng  the most bas i c  l eve l s  of Western c u l t u ra l  

code f o r  decades ,  centu r ies  . 



A r s  E l e c t r o n i c a  9 8  

E c o n o m i c s ,  C o m p u t e r s ,  
a n d  t h e  W a r M a c h i n e  

When we " c i v i i i a n s "  th i n k  about  m i l i tary q uest i ons  we tend to v iew the s u bject a s  encom­
pass i n g  a rathe r  spec i a l i zed  s u bject matter, dea l i n g  exc l u s ive ly with wa r a nd  i ts ter r i b l e  conse ­

q uences .  I t  seems fa i r  to say tha t ,  i n  the a bsence of wa r ( o r  at l east the  th reat of war, a s  i n  the case  
of government  defense  b udget debates ) ,  c i v i l i ans  ha rd l y  eve r  th i nk  abou t  m i l i t a ry matte rs .  The p rob ­

l em  i s  t ha t ,  f r am a more object ive h i stor i ca l perspect ive ,  the most i mportant effects of the m i l i t a ry 
esta b l i s hment  on the c i v i l i a n  wor ld  i n  the l a st fo u r  h u nd red yea rs have been  d u r i n g  peacet ime ,  a n d  

have had very l i t t le  to do  w i t h  spec i f i ca l ly m i l i tary s u bjects, s u c h  as  tact i c s  o r  strategy. I wou l d  l i ke 
to suggest that ,  sta rt i n g  in  the 1 500 's ,  Western h i story has witnessed the s l ow m i l i ta r i zat i o n  of c i v i l ­

i a n  soc i ety, a pracess i n  wh i c h  s c h o o l s ,  hosp ita l s ,  and pr i sons s l owly came to adopt a form f i rst p i o ­

nee red  i n  m i l i ta ry c amps  a nd  bar racks ,  a nd  facto r i es  c a  me t o  share a c ommon  d est iny w i t h  a rsen a l s  
and  a rmor i es .  I s h o u l d  i mmed ia te l y  a d d ,  h owever, that t h e  i nf l uence  w a s  ha rd l y  u n i d i rect i ona l ,  a n d  

t h a t  wha t  n e e d s  t o  be cons i d ered i n  deta i l  a re t h e  dynam i c s  o f  comp lex  " i nst i tut i o na l  eco l og i e s , "  i n  

wh i ch  a va r i ety o f  o rg a n i za t i ons  exert mutua l  i n f l u ences o n  one another. N evert he l ess ,  m u c h  o f  the  

momentum of th i s  p racess  was ma i nta i ned  by m i l i tary i n st i tut ions ,  a nd  so we may be j u st i f i ed  i n  u s i n g  
t h e  term " m i l ita r i zat i o n . "  

O n  o n e  hand ,  t he re i s  noth i n g  too s u rp r i s i ng  about  t h i s .  Eve r s i nce  Napo l eon  changed  warfare 

from the dynast i c  d u e l s  of the  e i g hteenth centu ry to the tota l wa rfa re with wh ich we a re fam i l i a r  i n  
t h i s  ce ntu ry, wa r i t se l f  h a s  come t o  re ly  o n  the comp l ete mob i l i zat i o n  o f  a soc i ety's i nd u str i a l  a n d  

h uman  resources .  W h i l e  t h e  a rm i e s  o f  Frede r i c k  the G reat were composed most ly  o f  expens ive me r­

cena r i e s ,  who had  to be ca refu l ly used  i n  the batt l ef i e l d ,  the Napo l eo n i c  a rm i e s  benef i ted f ram the  

i nvent i on  of new i nst i tut i o n a l  means  of convert i ng  the ent i re popu l a t i on  of a cou ntry i nto a vas t  rese r­

vo i r  of h u man  resources .  A l t hough  tech n i ca l l y speak i ng  the French revo l ut i o n  d i d  not i nvent c ompu l ­
sory m i l i ta ry serv ice ,  i t s  i n st i tut i o na l  i n n ovat i ons  d i d  a l low i t s  l eade rs to pe rform t h e  f i rst modern  

mass consc r i pt i o n ,  i nvo l v i n g  the convers i o n  of a l l  men i nto so l d i e rs ,  a nd  of a l l  women i nto cheap  

l a borers .  As the famous  prac l amat i on  of 1 793 reads 

. . .  all Frenchmen are permanently requisitioned for service into the armies. Young men will 

go forth to battle; married men will forge weapons and transport munitions; women will make tents 

and clothing and serve in hospitals; children will make lint from old linen; and old men will be braught 

to the public squares to arause the courage of the soldiers, while preaching the unity of the Republic 

and hatred against Kings. 1  
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Th i s  proc l amati on ,  and  the vast b u reaucrat ic  mach i n e ry needed  to enforce i t ,  effect ive l y  
t ransformed the c i v i l i an  popu l at i on  of France  i nto a resou rce  ( for  war, p roduct i on ,  mot ivat i o n )  to be 
tapped i nto at wi l l  by the m i l i tary h igh  command .  A s i m i l a r  po in t  a p p l i e s  to t he  i n d u st r i a l ,  m i n e ra l ,  a nd  

ag r i c u l t u ra l  resou rces of France and  many othe r  nat i on-states .  G iven the comp l ete mob i l i zat ion  o f  

soc i ety's reso u rces  i nvolved i n  tota l wa r, i t  i s  the refore not s u r p r i s i n g  t ha t  t he re has  been a deepen ­
i n g  of m i l i ta ry i nvo lvement i n  c iv i l i a n  soc i ety i n  the l a st two cen tu r i e s .  H owever, I wou l d  want  to a rgue  

tha t ,  i n  add i t i o n  to the  l i nks between econom i c ,  po l i t i ca l ,  a n d  m i l i ta ry i n st i t u t i ons  b rought  about  by  
wa rt ime  mob i l i zat ions ,  there a re o the r  l i nks ,  wh i ch  a re o l d e r, s u bt i e r, but  fo r  the same reason  more  

i n s i d i o u s ,  wh i c h  represent a t r ue  m i l i ta r i zat i on  of soc i ety d u r i n g  peacet i m e .  Ta re tu rn  to the French  

examp l e ,  same  of the weapons t ha t  the Napo l eon i c  a rm i e s  u sed  were  the p roduct of a revo l ut i o n  i n  
man ufactu r i n g  techn i q ues  wh ich  took  p l ace  i n  F r ench  a rmo r i e s  i n  the  l ate e i ghteenth centu ry. I n  

F r ench  a rmor i e s ,  the  core concepts and tech n i q ues  of what l a te r  wou l d  become assemb ly- l i ne ,  mass  

p roduc t i on  tech n i q ues were fo r  the f i rst t ime  deve l oped . The i d ea l  of c rea t i n g  weapons  w i t h  pe rfect­
I y  i nterc hangea b l e  parts ,  a n  i dea l  which cou l d  not be  f u l f i l l e d  w i thout  sta nda rd i za t i on  and rout i n i za ­

t i  on  of prod uct i o n ,  was  taken  even  fu rthe r  i n  Amer i can  a rs e n a l s  i n  the  ea r l y  n i neteenth centu ry. And 

i t  was the re that m i l i tary eng i neers f i rst rea l i zed that i n  pract i c e ,  sta nda rd i za t i on  went hand  i n  hand 

with rep lacement of f l ex i b l e  i n d iv i d ua l  sk i l l s  by r i g id  c o l l ect ive rout i nes ,  e nforced th rough  constant 
d i sc i p l i ne and mon itor i n g .  

Even  before that, i n  the Dutch a rm i e s  of the s i xteenth centu ry, th i s  process had a l  ready 

beg u n .  C i v i l i a n s  tend to t h i n k  of Freder ick Tay l o r, the late n i neteenth centu ry c reator of so-ca l l ed " s c i ­
e n t i f i c  management"  techn i q ues ,  as the p i onee r  of l a bo r  p r ocess  ana l ys i s ,  that  i s ,  the  brea k i ng  down 

of a g i ven  factory p ract ice i nto m i c ro-movements and the strea m l i n i n g  of these movements for  greater 

eff i c i e ncy and ce ntra l i zed management contro l .  But  D utch commande r  Mau r i c e  of Nassau  had a l ready 

a p p l i ed these methods to the tra i n i ng of h i s  s o l d i e rs beg i n n i ng i n  the 1 560 's .  Mau r i ce  ana lyzed the 

mot ion  needed to l oad,  a im ,  and f i re a wea pon i nto its m i c ro -movements ,  redes i g ned  them for max i ­
mum eff i c i e n cy, and  then imposed them on h is  s o l d i e rs  v i a  cont i n u o u s  d r i l l  a nd  d i s c i p l i n e 2 Yet, wh i l e  

the s o l d i e rs i n creased the i r  eff i c i ency tremendous l y  a s  a c o l l ect ive who l e ,  each  i nd i v i d ua l  s o l d i e r  
c omp l ete ly  l ost contro l  o f  h i s  act ions i n  t h e  batt l ef i e l d .  And a s im i l a r  po i n t  a p p l i es to the app l i ca t i on  
of t h i s  i dea  to factory workers, before and af te r  Tay l o r i sm .  C o l l ect ive l y  they became more product ive ,  

gene ra t i ng  the economies of sca l e  so cha racter i s t i c  of twent ieth  centu ry b ig  b u s i ness ,  wh i l e  s i m u l ta­
neous l y  c omp l ete ly  los ing contro l  of the i r  i n d i v i d u a l  act i o n s .  

T h i s  i s  but  one  examp l e  o f  t he  i dea  o f  m i l i ta r i za t i on  of soc i ety Recen t  h i sto r i ans  have  red i s ­
covered severa l o t he r  cases  of the m i l i tary o r i g i n s  of wh at we re  once thought  to be c i v i l i a n  i n n ova­

t i o ns .  In recent t imes i t  has been M iche l  Fouca u l t who has  most forcefu l l y  a rt i c u l ated th is v i ew. For  
h im th i s  i nte rtwi n i n g  of m i l i tary and  c iv i l i a n  i n st i tut i ons  i s  const i tut ive of the modern  E u ropean nat ion­
state .  O n  o n e  hand ,  the pro ject  of nat ion- b u i l d i n g  was a n  i nteg rat ive movement,  forg i ng bonds that 

went beyond the p r i mord i a l  t i es  of fam i ly and  l o ca l i ty, l i n k i n g  u rban  and  ru ra l  popu l at i ons  under a new 
soc i a l  contract .  O n  the other, and comp l ement i ng  t h i s  process of u n i f i ca t i on ,  the re  was the l ess  con ­

s c i o u s  project of u n iform izat i on ,  of subm itt i n g  the new popu l at i o n  of f ree  c i t i zens  to i ntense and  con ­
t i nuous  tra i n i ng ,  test i ng ,  and exerc i se  to y i e l d  a mo re o r  l e s s  u n i form mass of obed i e nt i n d iv i dua l s .  I n  
Foucau l t 's own words :  

Historians of ideas usually attribute the dream of a perfeet soeiety to the philosophers and 

jurists of the eighteenth eentury, but there was also a military dream of soeiety; its fundamental ref­

erenee was not to the state of nature, but to the meticulously subordinated cogs of a maehine, not to 

the primal soeial eontraet, but to permanent eoereions, not to fundamental rights, but to indefinitely 

progressive forms of training, not to the general will but to automatie doeility . . .  The Napoleonie 



regime was not far off and with it the form of state that  was to survive it and, we must not  forget, the 

foundations of which were laid not only by jurists, but also by soldiers, not only counselors of state, 

but also junior officers, not only the men of the courts, but also the men of the camps. The Roman ref­

erence that  accompanied this formation certainly bears with it this double index: citJzens and 

legionaries, law and maneuvers. While jurists or philosophers were seeking in the pact a primal model 

for the construction or reconstruction of the social body, the soldiers and with them the technicians of 

discipline were elaborating procedures for the individual and collective coercion of bodies.3 

G iven that modern  tec h no l ogy has evo lved in such  a wor ld  of i nteract i n g  econ o m i c ,  po l i t i ca l ,  

a n d  m i l i ta ry i n st i tut i o n s ,  i t  s h o u l d  not co me  as  a s u rp r i se  that the h i story o f  computers ,  c om puter  net­

works ,  a rt i f i c i a l  i n te l l i g ence ,  and other components of contemporary techno logy  i s  so t ho ro u g h l y  i nte r­
twi ned  with m i l i ta ry h i sto ry. H e re ,  as before ,  we must ca refu l ly d i st i n g u i s h  those i nf l uences  wh i ch  

occu rred d u r i n g  wart ime  f r om those t ha t  took p l ace  i n  peacet ime ,  s i n ce  the forme r  c a n  eas i ly be d i s ­

m i ssed as  i nvo lv i ng  the m i l i ta ry s imp l y  a s  a cata l yst o r  st imu l a nt , that i s ,  a n  acce l e rato r  of a process 

that wou l d  have occu rred more s l ow ly  without  its d i rect i n f l uence .  The computer  i ts e l f  may be  an 

examp l e  of i n d i rect i n f l u ence .  The bas ic  concept, as everyone knows , o r i g i nated in  a most esote r i c  

area of the c i v i l i a n  wor l d .  I n  t he  1 930 's B r i t i s h  mathemat i c i an  A lan Tu r i ng  c reated the  b a s i c  concept 
of the com puter  i n  a n  attempt to so l ve some h i g h l y  a bstract quest i o n s  i n  metamath emat i c s .  Bu t  for  
that reason ,  the Tu r i n g  Mach i n e ,  a s  h is  conceptu a l  mach ine was ca l l ed ,  was a long way f rom a n  actu­
a l ,  work i n g  p rototype .  I t  was d u r i n g  Wor l d  War 1 1 ,  when Tu r i ng  was mob i l i zed as  pa rt of t he  wa r effort 

to c rack the Naz i s '  E n i gma  code ,  that, in the cou rse of his i ntense part i c i pat ion  in that ope ra t i on ,  h e  

was  exposed t o  s ome  of t h e  pract i c a l  o bstac l e s  b l ock i ng  t h e  way towa rds the creat i o n  of  a rea l  Tu r i n g  

Mach i n e .  O n  the o t he r  s i d e  of the At l a nt i c ,  John  von  Neumann  a l s o  deve loped  h i s  own  pract i c a l  

i n s i g hts a s  to how to b r i n g  the Tu r i n g  Mach i n e  to l i fe ,  i n  t he  cou rse of h i s  pa rt i c i pa t i o n  i n  the 

Manhattan Project and  othe r  wa r-re l ated ope rat ions .  

I n  t h i s  case we may eas i l y  d i sm i s s  the ro l e  that  the m i l itary p l ayed ,  a rg u i n g  that  w i thout  the 

i ntens i f i ca t i on  and  concentrat i o n  of effo rt b rought about  by the wa r, the  computer  wou l d  have deve l ­

o p e d  on  i t s  own, perhaps a t  a s l ower  pace .  A n d  I ag ree that th i s  i s  co rrect . O n  t h e  othe r  h a n d ,  many 
of the uses  to wh i c h  computers were put a f te r  the war i l l ustrate the othe r  s i d e  of the  story : a d i rect 

pa rt i c i pa t i on  of m i l i ta ry i n st i tut i o n s  in the deve lopment of techno l ogy, a pa rt i c i pa t i on  wh i c h  actu a l l y  

shaped t h i s  techno l ogy i n  t h e  d i rect i o n  o f  u n i fo rm i zat i on ,  rout i n i zat i o n ,  a nd  concentrat i o n  o f  contro l .  
Pe rhaps t h e  best examp l e  o f  t h i s  other  re l a t i on  between the m i l i tary a n d  tech n o l ogy i s  t h e  systems  of 

mach i n e-pa rt prod uct i on  known a s  n ume r i c a l  control methods. Wh i l e  the methods deve l oped  in n i ne ­

teenth centu ry a rsen a l s ,  a nd  l ate r  t ransferred to c iv i l i a n  enterpr ises ,  had a l ready i n c reased u n i form i ­

t y  a nd  cent ra l i zed contro l  i n  the  p roduc t i o n  of l a rge quant i t ies  o f  the same obj ect ( t ha t  i s ,  mass  pro­

duc t i on ) ,  th is had l eft u ntouched those a reas  of product ion which create re l at ive l y  sma l l  batches  of 

comp l ex  mach i n e  pa rts .  Here the sk i l l s  of the mach i n i st were sti l l  i n d i spensab l e  as  late a s  Wor l d  Wa r 

11. Du r i n g  the 1 950 's ,  the  A i r  Force u nde rwrote not on l y  the research and  deve l o pment  of a new sys­

tem to get r id of the mach i n i st's sk i l l s ,  but a l s o  the deve l opment of softwa re ,  the actua l  p u rchase  of 

mach i n e ry by contracto rs ,  and the t ra i n i n g  of operators and programmers .  In a contempo ra ry n ume r i ­

c a l  c on t r o l  system ,  afte r the e n g i nee r  d raws t he  pa rts t ha t  need  to  be p r oduced ,  the  d raw i ngs  t hem­

se l ves  a re  converted i nto da ta  a nd  stored i n  cards o r  e l ectron i ca l ly . F r om then  on ,  a l l  t he  ope rat i ons  
needed  to be pe rfo rmed ,  d r i l l i n g ,  m i l l i n g ,  lath i n g ,  bo r i ng ,  and so on ,  a re pe rformed a utomat ica l l y  by  

compute r-contro l l e d  mach i n e s .  U n l i k e  mass  prod uct ion techn i ques ,  whe re  t h i s  a utomat i sm was  
a c h i eved at the expense  of f l ex i b i l i ty, i n  n umer ica l contro l  systems a re l at ive l y  s imp l e  c hange  i n  soft­

ware ( n ot h a rdwa re )  is a l l  that is needed  to adapt the system for the p rod uct ion  of a new set of pa rts .  

Yet  the effects on the popu l a t i o n  of workers  were very s im i l a r  i n  both ca ses :  the  re p l a cemen t  of f l ex-
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i b l e  sk i l l s  by r i g i d  commands embod i ed  i n  h a rdwa re o r  softwa re,  and  ove r the c o u rse of t ime ,  t he  l ass 

of those s k i l l s  l ead i ng  to a gene ra l  process of worker de -sk i l l i n g ,  and  consequent l y  to the l ass of i n d i ­
v i d u a l  contro l  o f  t h e  prod uct ion process .  

The q uest ion i n  both cases i s  not the i n f l uence  that the objects produced in m i l i ta r i zed facto r i es  

may have on  the c iv i l i an  wor ld .  One cou ld ,  for i nsta nce ,  a rgue that  the support of the canned food i n d u s­

t ry by Napo leon  had a benef i c i a l  effect on soc i ety, and  a s i m i l a r  a rgument may be made for many ob jects 

deve l oped unde r  m i l itary i n f l uence .  The quest i on  that matters, however, i s  not the transfer of objects but  
the  t ransfer  of the praduct ion processes beh i nd those obj ects, s i nce these processes b r i ng  with them 

the ent i re contro l  and command structure of the m i l i ta ry. Ta q uote h i stor i a n  Dav id  Nob l e :  

The command imperative entailed direct contral of praduction operations no t  just with a sin­
gle machine or within a single plant. but worldwide, via data links. The vision of the architects of the 
[numerical contra!] revolution entailed much more than the automatic machining of complex parts; it 
meant the elimination of human intervention-a shortening of the chain of command-and the reduc­
tion of remaining people to unskilled, routine, and closely regulated tasks . . .  [Numerical contral is aJ 
giant step in the same direction ras the nineteenth century drive for uniformityl" here management has 
the capacity to bypass the worker and communicate directly to the machine via tapes or direct com­
puter link. The machine itself can thereafter pace and discipline the worker.4 

Let's pause for a moment and cons i de r  a poss i b l e  ob ject i on  to th is ana l ys i s .  One may a r gue  

that  the goa l  of withdrawi ng contro l f r am  workers a nd  transfe r r i ng  i t  to mach i n e s  i s  the  e s sence  o f  

the  cap i ta l i s t  system and that. i f  m i l i ta ry i n st i tut i o n s  happened  to be i nvo lved ,  t hey  d i d  so  by p l ay i n g  

the  ro l e  a ss i g ned  to t hem by  the cap i ta l i st system .  The p ro b l em  w i t h  th i s  rep l y  i s  t ha t .  a l t hough  i t  may 
sat i sfy a conv inced Marx i st .  i t i s  at odds with much  h i stor i ca l data  gathe red  by th i s  centu ry's best eco­

n om i c  h i sto r i a n s .  Th i s  data shows that E u ropean  soc iet ies ,  fa r from hav i ng  evo lved th ra u g h  a u n i l i n ­

e a r  p rogress i o n  of "modes of prod uct i on "  ( feuda l i s m ,  cap i ta l i sm ,  soc i a l i sm l .  actu a l l y  exh i b i ted a muc h  
mo re comp l ex ,  mo r e  heterogeneaus  coex istence of processes .  I n  other words ,  a s  h i stor i a n  Fernand  

B ra u d e i  has  shown,  a s  f a r  back  as  t he  fourteenth and  f i fteenth centu r i es ,  i n st i tut i ons  w i t h  the capa­
b i l i ty of exerc i s i n g  econom i c  power  ( I a rge banks ,  who l e sa l ers ,  l o ng -d i sta nce t rade  compa n i e s )  were  

a l  ready i n  ope rat i on ,  and f u l l y  coex i sted with fe uda l  i n st i tut i ons  as  we i l  as  with econom i c  i n st i tut i o n s  

that  d i d  not have  econom ic  power, such  as reta i l e rs and  p roducers of h umb l e  goods .  I ndeed ,  B ra u d e i  
s h ows that t h e s e  comp lex coex istences o f  i n st i tut i o n s  of d i ffe rent types ex i sted before and  afte r t h e  

I n d u st r i a l  Revo l ut i on ,  a n d  suggests that t h e  concept of a " cap ita l i st system " (where every aspect o f  
soc i ety i s  connected i nto a funct i o na l  who l e )  g ives a m i s l ea d i n g  p i c tu re of the  rea l processes .  Wha t  I 
a m  sugges t i ng  h e re is that we take B ra ude i  se r i o u s l y, forget about  o u r  p i ct u re of h i story as d iv i ded  

i nto neat ,  i nterna l ly homogeneaus  e ras  o r  ages ,  and  tack l e  the c omp l ex comb i nat i o n s  of i n st i tut i o n s  

i nvo lved i n  rea l  h i stor ica l processes .  

The mode ls  we create of these comp l ex " i nst i tut i o na l  eco l og i e s "  s hou l d  i n c l u d e  m i l i ta ry orga­
n i zat ions  p lay ing a l a rge ,  re lat ive ly i ndependent ro l e ,  to ref lect the h i sto r i ca l  data we now have on  sev­

e ra l  i mportant cases ,  l i ke f i fteenth centu ry Ven i ce ,  whose famous  Arsena l  was at the t ime  the l a rgest 
i n d u str i a l  c omp l ex i n  Eurape, o r  e i g hteenth centu ry Fra nce and  n i neteenth centu ry U n ited States and 
the i r  m i l i ta ry sta nda rd i zat ion of weapon prod uct i o n .  Anothe r  i mportant examp l e  i nvo lves the deve l op­

ment of the modern corporat ion ,  part i c u l a r ly  a s  i t  happened in the U n ited States in the l a st centu ry. 

The f i rst Amer ican b i g  b u s i ness was the ra i l road  i n d u stry, wh i ch  deve l o ped  the management  
tec h n i q u e s  that many othe r  l a rge enterp r i ses  wou l d  adopt l a te r  o n .  Th i s  much i s  we i l  known . What i s  

not  so  we i l  known i s  that m i l i tary eng i neers were d e e p l y  i nvo lved i n  t h e  creat i o n  of the f i rst ra i l roads 
and that they deve l oped many of the features of management wh i ch  later  on  ca me  to c ha racter i ze  j u st 

abou t  every l a rge  commerc i a l  enterpr ise in the U n i ted States, E u rope ,  and e l sewhere .  



I n  the words of h i sto r i a n  Cha r l e s  O ' Conne l l :  

As the rai/roads evolved and expanded, they began to exhibit structural and procedural char­

acteristics that  bore a remarkable resemblance to those of the Army 80th organizations erected com­

plicated management hierarchies to coordinate and control a variety of functional/y diverse, geo­

graphical/y separated corpora te activities. 80th created specialized staff bureaus to provide a range 

of technical and logistical support services. 80th divided corpora te authority and responsibility 

between line and staff agencies and officers and then adopted elaborate written regulations that cod­

ified the relationship between them. 80th established formal guidelines to govern routine activities 

and instituted standardized reporting and accounting procedures and forms to provide corpora te 

headquarters with detailed financial and operational information which flowed along careful/y 

defined lines of communication. As the rai/roads assumed these characteristics, they became 

America s first big business. 5 

Thus ,  the transfer of m i l i ta ry pract ices to the c iv i l i a n  wor ld  i n f l u enced the l i ves n ot o n l y  of 

workers , but  of the manage rs themse lves .  And the i nf l uence did not stop with the deve l o pment  of ra i l ­

roads .  T h e  "management  sc i ence"  wh i ch  i s  today taught i n  bus i ness schoo l s  i s  a deve lopment  o f  m i l i ­

ta ry "operat ions  researc h , "  a d i s c i p l i n e  created du r i ng  Wor ld  Wa r 11 t o  tack le  a var i ety o f  tact i ca l ,  
strateg i c ,  a n d  l o g i st i c  p ro b l ems .  A n d  i t  was t h e  comb inat ion  o f  th is  " sc i ence  o f  centra l i zat i o n "  a nd  the 

ava i l a b i l i ty of l a rge computers that ,  i n  tu rn ,  a l l owed the pro l i ferat ion of transnat i ona l  carporat i ons  and  
the consequent  i nternat i ona l i zat ion  of the sta ndard i zat ion and rout i n i za t i on  of p roduc t i on  processes .  

M uch  as  sk i l l s  were rep laced by commands on  the shop f loar, so were p r i ces  rep laced by commands at 

the management leve l .  (Th i s  i s  one reason not to use the term "markets " when theor i z i ng  b ig b u s i ness .  

N ot on l y  do they re l y  on  commands  i n stead of p r i ces ,  they  man i pu l ate demand  and  supp l y  rathe r  than  
be i ng  governed by them .  Hence ,  B ra ude i  has  suggested ca l l i n g  b i g  b u s i ness "ant i -ma rkets " )6 

Keep i n g  i n  m i nd the actu a l  comp l ex i ty of h i sto r i ca l  processes, as opposed to exp l a i n i n g  every­

t h i n g  by the " I aws of cap i ta l i s t  d eve lopment , "  i s  cruc i a l  not on l y  to unde rsta nd the past, but a l s o  to 
i ntervene  in the present and spec u l ate about  the future .  Th i s  i s  part i c u l a r l y  c l e a r  when ana l yz i n g  the 

ro l e  wh i ch  computers and  computer  networks may p l ay i n  the shap i ng  of the econom ic  wor ld  i n  the 
coming centu ry. I t  i s  easy to attr i bute many of the prob l ems we have today, part i c u l a r ly  those re l ated 

to centra l i zed s u rve i l l a n ce  and contro l ,  to computer techno l ogy. But to do  th is wou l d  not on ly a rt i f i c i a l l y  

homogen i ze  t h e  h i story o f  computers ( there a re l a rge d i fferences between t h e  deve l opment of m a i n ­

frames and  m i n i computers ,  o n  one  h a n d ,  and  t h e  persona l  computer, on  t h e  other )  b u t  it wou l d  obsc u re 

the fact that ,  if computers have come to p l ay  the "d i sc i p l i na r i an "  ro l e s  they p l ay today, it i s  as pa rt of 
a h i stor i ca l  process wh i c h  i s  severa l centu r ies  o l d ,  a process wh ich computers have on l y  i n tens i f i e d .  

Anothe r  advantage  of confron t i ng  the actua l  heterogene i ty of h i stor i c a l  processes ,  a nd  o f  

th row ing  i nto the ga rbage  the concept of " t he  cap i ta l i st system , "  i s  t ha t  we f r ee  o u rse lves to l ook  
a round  for c omb i na t i ons  of econom i c  i n st i tut ions  wh ich  coex ist w i t h  d i s c i p l i na r i a n  ant i -ma rkets but  

do  not p l ay  by the same ru l e s .  H i stor i ca l l y, as  B raude i  has shown ,  econom i c  power  s i nce  the  fou r­

teenth centu ry has  a l ways been  assoc i ated with l a rge-s i ze enterp r i ses  a nd  t he i r  a ssoc i ated 

"econom ies  of sca l e . "  A l t hough  tech n i ca l ly th i s  term on ly app l i e s  to mass-produced objects ,  
econom ies  of sca l e  mean i n g  the sprea d i n g  of prod uct ion costs among many i den t i ca l  prod u cts ,  we 

may use i t  in an  extended  way to def i n e  any econom i c  benef its to manage rs ,  me rchants ,  a nd  
f i n anc i e rs stemm i n g  f r om the sca l e  of any  econom i c  resource .  Coex i s t i ng  w i t h  econom i e s  of sca l e  

there a re what a re c a l l e d  "econom ies  o f  agg l ome rat i o n . "  These a r e  econom i c  benef its w h i c h  sma l l  
b u s i nesses en joy from the concentrat i o n  o f  many o f  them i n  a l a rge c i ty. These econom i e s  stem from 

the benef i ts of shop-ta l k ,  from u n p l a nned  con nect i ons  and  mutua l  enha ncements ,  as  we i l  a s  from the 



serv ices wh i c h  g row around these concentrat i o n s ,  serv ices wh i c h  sma l l  b u s i ness  c o u l d  not afford o n  

t he i r  own . I wou l d  l i ke t o  g i ve one examp l e ,  t r om  the wo r l d  of computers ,  of two Ame r i can  i n d ustr i a l  

h i nte r l ands  wh i c h  i l l ustrate t he  d i ffe rence between  econom i e s  of sca l e  and  of a g g l ome rat i o n :  S i l i c on  
Va l l ey i n  N o rthern  Ca l i forn i a ,  and Route  1 28 nea r  Bosto n :  

Silicon Valley has a decentralized industrial system that is orgam"zed around regional net­

works. Like firms in Japan, and parts of Germany and Italv. Silicon Valley companies tend to draw on 

local knowledge and relationships to create new markets, products, and applications. These special­

ist firms compete intensely while at the same time learning from one another about changing markets 

and technologies. The region 's dense social networks and open labor markets encourage experimen­

tation and entrepreneurship. The boundaries within firms are porous, as are those between firms 

themselves and between firms and local institutions such as trade associations and universities 7 

The g rowth of t h i s  reg i on  owed very l i tt l e  to l a rg e  f i n a n c i a l  f l ows f rom gove r nmenta l  a nd  m i l ­
ita ry i n st i tut i o n s .  S i l i con Va l l ey d i d  not deve l op  so muc h  b y  econom i e s  o f  sca l e  a s  b y  t h e  benef i ts 
de r ived f rom a n  agg l ome rat ion of v i s i ona ry e ng i neers ,  spec i a l i st consu l tants ,  a nd  f i n a n c i a l  e ntrepre­

n e u rs .  Eng i n eers moved often from one f i rm to a nother, deve l o p i n g  l oya l t i e s  to the  craft and  the 

reg i o n 's networks ,  not to the corporat i on .  Th i s  constant m i g ra t i o n ,  p l u s  a n  u n u s ua l  pract ice of i nfor­

mat ion -sha r i n g  among the l oca l producers ,  e n s u red that new form a l  and i nform a l  know l edge  d i ffused 

ra p i d l y  th ro ugh  the ent i re reg i o n .  Bus i ness assoc iat ions  fostered co l l a bo rat i o n  between sma l l  and 
med i u m-s i zed  compan i es .  

R i sk-tak i ng  and  i nnovat ion were preferred to  sta b i l ity and  rout i n i zat ion .  Th i s ,  o f  cou rse ,  does  not 

mean that there were not l a rge ,  routi n i zed f irms i n  S i l i con Va l l ey, only that they did not dom i nate the m ix .  
N ot so  in  Route 1 28 :  

While Silicon Valley producers of the 1970's were embedded in, and inseparable from, in tri­

cate social and technical networks, the Route 128 region came to be dominated by a small number of 

highly self-sufficient  corporations. Consonant with New England's two century old manufacturing tra­

dition, Route 128 firms sought to preserve their independence by internalizing a wide range of activ­

ities. As a result, secrecy and corpora te loyalty govern relations between firms and their customers, 

suppliers, and competitors, reinforcing a regional culture of stability and self-reliance. Corporate hier­

archies ensured that authority remains centralized and information flows vertically. The boundaries 

between and within firms and between firms and local institutions thus remain far more distinct B 

Wh i l e  before the recess ion  of the 1 980 's both reg i ons  had  been cont i n uous l y  expand i n g ,  one  
on econom i e s  of sca l e  and the othe r  on econom ies  of a gg l omerat ion ( o r  rathe r, m i xtu res  d om i nated by  

one  o r  the othe r l ,  t hey  both fe i t  the fu l l  i m pact of the downtu rn .  At that  po i nt some l a rge  S i l i c on  Va l l ey 

f i rms ,  u nawa re of the dynam i cs  beh i nd  the reg i o n 's success ,  began  to switch to econom i e s  of sca l e ,  
s e nd i n g  pa rts of the i r  prod uct i on  t o  othe r  a reas ,  and  i nterna l i z i n g  act iv i t i e s  prev ious l y  pe rformed by 
sma l l e r  f i rms .  Yet, u n l i ke Route 1 28 ,  the i ntens i f i cat i on  of rout i n i zat ion and  i nterna l i zat ion in S i l i con 
Va l l ey was not a const itut ive part of the reg i o n ,  wh i c h  meant  that the o ld  meshwork system cou ld  be 
revived .  And t h i s  i s ,  i n  fact, wh at happened .  S i l i con  Va l l ey's reg i o na l  n etworks were re-ene rg i zed ,  
through  the b i rth of new f i rms i n  the o l d  patte rn ,  and  the reg i o n  has  now retu rned to its former  dynam­
i c  state, u n l i ke the command-heavy Route 1 28 wh i c h  cont i n u e s  to stagnate .  What  th i s  shows i s  that , 
wh i l e  both sca l e  and agg l ome rat ion econom i es ,  as  forms of pos i t ive feedback ,  promote g rowth ,  on l y  
the l atte r endows f i rms w i t h  the f lex i b i l ity needed to cope w i t h  adve rse econom i c  cond i t i o n s .  



I n  conc l u s i o n  I wou l d  l i ke to repeat my ca l l  for more rea l i st ic mode l s  of e c o nom i c  h i sto ry, 
mode l s  i nvo l v i n g  the fu l l  c omp l ex i ty of the i n st i tut i ona l  eco log ies  i nvo lved ,  i n c l u d i n g  ma rkets ,  an t i ­
ma rkets , m i l i ta ry and  b u reauc rat i c  i n st i tut i o n s ,  and  i f  we a re to be l i eve M ic h e l  Fouca u l t ,  s c hoo l s ,  hos ­

p i ta l s ,  p r i sons ,  and  many  others .  I t  i s  on ly  th rough an honest ph i l osoph i c a l  conf ronta t i o n  with ou r  
comp l ex past that  we can  expect  to u n de rsta nd i t  and de r ive the lessons we may u se  when  i nterven­
i n g  i n  the present and  spec u l at i n g  abou t  the  future .  
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A r s  E l e c t r o n i c a  9 8  

I n f o w a r 

I n  conversat ion with Oerr i ck Oe Kerckhove 

OE KERCKHOVE: We i l  . . .  f i rst of a l l ,  h e l l o  to everyone ,  and h e l l o  to you, Pa u l .  

S i nce  I ' m  not an  expert i n  m i l i tary matte rs-you ' re the expert-I had a l ot o f  d i ff i c u l ty prepar­
i n g  q u est i ons ,  even more so because you to l d  me i n  o u r  te l ephone  conversat i o n  that you wanted to 

have se r i o us  q uest ions .  So I asked " I nfowa r, " our l i st se rver, to h e l p  me f ind some se r i ous  q uest i ons  to 

ask ,  mak i n g  of t h i s  a group effort. The resu lts weren 't  that imp ress ive ,  beca use  I had to wa it  unt i l 
today 's sess i o n  to beg i n  to ident i fy some se r i o us  q u est i ons .  So wh at 1 ' 1 1  do f i rst i s  to ask  whethe r  you 

wou l d  l i ke to make a statement and then have a d i sc u ss i on ,  o r  j u st beg i n  with q u est i ons .  

V I R I L I D :  Perhaps I can make  a sho rt statement  i n  o rde r  to s i tuate " I nformat i on  Wa rfa re . "  I 

rem i nd you that we are fac i ng  the th i rd h i sto r i ca l  weapons system .  Each system has  had its moment  of 
d om i nance .  The f i rst m i l l e na ry weapons system i s  the system of o bstruct i on ,  wh i ch  dom i nated in h i s­
to ry th roughout  the h i story of the rampart, the  c i ty, the wa l l  ( the G reat Wa l l  of C h i na ) ,  etc . ,  a l l  the  way 

to the atom i c  b u n ker. 
With the i nvent ion  of a rt i l l e ry, we have moved i nto the dom i nance of weapons of destruct i o n ,  

wh i c h  a re i n f i n i te ly  more powerfu l t han  weapons of obstruct i o n .  Th i s  i s  a l s o  the  beg i n n i ng of mob i l e  
warfare ,  a s  we i l  as  the beg i n n i n g  o f  t h e  end  of s i e ge  wa rfa re .  Weapons o f  destruct i on  and  t h e  i nven­
t ion of exp los ives wi l l  ru i n  cast les ,  moats ,  a nd  c i ty wa l l s .  And mo l e c u l a r  exp l os i ves  an t i c i pate n u c l e a r  
exp l o s ives ,  t h a t  i s  t o  s ay  weapons capab l e  of destroy i ng  l i fe o n  t h i s  p l anet .  

Thus ar ises the Co ld  Wa r, a system of non -war that wi l l  reg u l ate the systems of nat i ons  for  40 

years .  Today, we a re ente r i ng  the th i rd weapons  system :  weapons of i nformat i o n .  S u re ,  there a re st i l l  

a rms  o f  obstruct i on  ( bunkers ,  he i mets, and bomb she l ters ) .  And there are st i l l  a rms  o f  destruct ion  ( pow­
e rf u l  l a se rs ,  rockets, m i ss i l es , Tomahawks, and others ) .  But a rms  of commun i cat ion  a re beg i n n i n g  to 
d om i nate j ust a s  a rms of destruct ion dom i nated in the i r  own t ime .  The Co l d  Wa r was the advent of 

a rms  of commun icat ion .  Through the deve l o pment  n ot o n l y  of esp i onage  and d i p l o macy (th i s  was i nfor­
mat i on  warfare in the past) , but a l so of te l ephone ,  rad i o ,  and today's te lecomm u n icat ions ,  with sate l ­
l i tes a n d  rea l -t i me  weapons systems, we  see t h a t  I nfowa r i s  a n  eme rg i n g  system .  



If we take the G u l f  Wa r, for  i n stance ,  there a re two wars :  there i s  the e l ectron i c  war ( e l ectro n i c  

wa rfa re) ;  a nd  there i s  i nformat i on  wa rfa re .  E l ectron i c  warfare i s  the commun i cat ion  o f  destruct i o n ,  that  

i s  to say cru i se m i s s i l es (Tomahawks) .  l a se r-gu i ded bombs ,  spy p lanes ,  e l ectron i c  sc ra m b l i n g ,  etc .  
These a re a rms  wh i c h  remote-contro l destruct i on .  I f  we take i nformat i o n  warfare to compr i se  warn i n g  
sate l l i tes ,  s p y  sate l l i tes ,  a nd  a l l  t h e  systems o f  l i sten i n g  and  remote s u rve i l l a nce ,  t h e n  i t  i s  n o  l o n g e r  

a matte r of commun i ca t i ng  d estruct i on  but  of commun icat ing i nformat ion i n  rea l t ime .  
We f i nd  an  examp l e  of th i s  wa r  mach i ne  i n  t he  Nat i ona l  Secu rity Agency, of wh i ch  we speak  

very l i tt l e  at the moment .  So ,  w i t h  a rms of commun i cat ion we have on one  hand e l ectro n i c  wa rfare ( t he  
e l ectron i c  batt l e f i e l d  i ntroduced d u r i n g  the Vietnam War i s  a l ready ve ry o l d ) . and on the o the r  hand  a 

revo l ut i o n  i n  m i l i tary affa i rs :  i nformat ion wa rfa re . It is obvi ous  that the i n f l uence of th i s  k i n d  of warfare 
i s  everywhere .  I t  i s  a comp l ete ly  new and emerg i n g  phenomenon, as  was the i nvent ion  of a rt i l l e ry. I t  

i nf l uences the economy, the stock ma rket, po l i t i cs ,  sc ience (through its m i l i tar i zat i on ) .  re l i g i o n ,  and  a l l  
phenomena o f  know ledge .  I n  th i s  sense ,  t h i s  warfare imp l i es  the movement away from t h e  l o ca l  space­

t ime i n  h i story toward the g l oba l space-t ime  of te lecommun i cat ions (wh i ch  we ca l l  the " l i ve"  o r  "wor ld  
t ime" ) .  We move f rom the acce l e rat i o n  of h i story perm itted by mobi l e  wa rfa re and by the extrao rd i n a r­

i ly soph i st i cated assau l t  methods used i n  Wor ld  War I I  toward the acce l e rat ion of rea l i ty. 
I nformat ion wa rfare is rea l i ty wa rfa re .  I t  i s n 't so much a war of h i story as  i t  is a war of rea l i ­

ty. The force of i nformat ion warfare no  l o nge r  res ides  i n  t h e  mo lec u l a r  o r  n u c l e a r  exp l o s i ves  used  i n  

d estruct ive warfare ( the atom i c  b o m b  a n d  i t s  fa l l o ut) .  b u t  rathe r  i n  i m p l o s i o n ,  t h e  capac i ty t o  e l i m i nate 
a l l  d i sta nces  and  d e l ays .  Th i s  i s  the i nformat ion bomb .  No  longer a re there fa l l ou t  zones but ,  i n stead ,  

i nformat i o n  zones .  E i nste i n  had foreseen t h i s  a l ready i n  speak i ng  o f  the t h ree  types of bombs :  atom i c  
bomb today, i nformat ion  bomb tomorrow, and  demograph i c  o r  genet ic  b omb  t h e  d ay  afte r tomorrow. 

I ' d  l i ke to g ive a n  examp l e  and  then beg i n  the d i scuss ion .  1'11 g ive a n  examp l e  of a n  I nfowa r 

that has  taken p l ace  recent ly a l l  over the wor l d :  Operat ion Cathed ra l .  Ope rat ion  Cathedra l  was 

l a u nched  by I nterpo l over the the I nternet .  Two hund red pedoph i l e  web users fram 21 count r i es  a round  

the wor l d  were  a rrested i n stant ly and  s i m u l taneous ly  i n  r ea l  t ime .  The po l i ce have  thus  become cyber­

net i c .  And if the po l i c e  a re cybernet i c ,  you can we i l  imag i ne  the a rmy of tomorrow. I th i n k  that t h i s  

n ot i on ,  t h i s  g reat coup  o f  Ope rat ion  Cathedra l  pref i g u res t he  un ity o f  t ime  i n  the wa r  o f  the  future ,  that 

i s  to say, i nformat i on  wa rfa re .  N ow I 'm ready to take q uest i ons .  

O E  KERCKHOVE :  You 've a l ready covered q u ite a lot i n  you r  remarkab l e  presentat i o n .  What I 

want to a sk  you f i rst i s ,  when you say that I nfowa r is a war of rea l i ty (wh i ch  i s  q u ite p l a u s i b l e  i n  my 

op i n i on ) .  d on 't you th i n k  that the Wa rs of R e l i g i o n  dur ing the Rena issance were wars of rea l i ty between  
a med i eva l rea l i ty a nd  the rea l i ty o f  a brand-new i nd i v i dua l ,  i so l ated from t h e  rest of the  c ommun i ty? 

V I R I L l O :  Obv i ous l y  a l l  wars have had the i r  own respective rea l i t i e s .  What I meant  was that it 

was an acce l e rat ion  of rea l i ty, not s imp l y  a war of rea l i t i es  (a war of the acce l erat i on  of rea l i ty) .  When 

we say " i n  rea l t ime "  o r  " l i ve"  we must n o  l onge r  cons ide r  th i s  a l oca l  but  a g i oba i  rea l i ty. Cybernet ics 
and  cyberspace represent a n  acce l e rat i on  of the rea l ity of the wor ld  th rough  te lecomm u n i cat i ons ,  the 

te l ecomm u n i cat ion  of i nformat i on  o r  the te l ecommun i cat ion of destruct ion us ing new weapons ,  etc .  

So ,  I emphas i ze  the acce l e rat i on  of rea l i ty, and I don 't mean that the Wars of Re l i g i o n  were not rea l i ­

ty-based .  I m e a n  acce l e rat ion  o f  t h e  rea l ity o f  t ime .  I nformat ion wa rfa re i s  f i rst o f  a l l  a w a r  o f  t i m e ,  a 

war of rea l  t ime ,  a war of wor ld  t ime  j ust l i ke Operat ion Cathedra l .  The essent i a l  th i n g  i s  that t h i s  k i n d  

of wa rfa re ,  u n l i ke the  wo r l d  war of space  and  geography du r i ng  Wor l d  Wa r 11, s i g n i f i es  a wo r l d  wa r o f  

t ime ,  a wa r of g l o ba l  rea l  t ime .  Th i s  i s  what  i s  new :  the p lace i s  t ime ,  the t ime  of i nformat i on  feedback 

between  he re and the re .  Th i s  i s  exact ly  the s i tuat ion of Operat ion Cathed ra l ,  a s i tuat i o n  i n  wh i c h  one 

can  act i n stant ly  upon  many po i nts a round the g l obe .  
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OE KERCKHOVE: We i l ,  th i s  is a q uest ion  that has  d i v i ded  somewhat the pa rt i c i pa nts of 

" I nfowa r. "  Among the most i nterest i ng  debates was th i s  q uest i o n :  When we speak  of I nfowa r, a re we 
speak i ng  of a pu re l y  m i l i tary organ i zat ion and  spec i a l i zat i o n ,  or a re we not speak i ng  a l s o  of ma rkets 

and corporat i ons ,  of a sort of undec l a red c iv i l war? 

V I R I L I D :  I t  i s  obvi ous  that the economy i s  the ne rve center of war, a s  they say, and that i n fo r­

mat ion  wa rfa re i s  concerned ,  f i rst of a l l ,  with the economy. Th i s  is to say that everyth i n g  c u rrent l y  tak­

ing p i  ace in the common ma rket. i n  the i n sta ntaneous  i nternat i o na l i zat ion of exchanges ,  i s  a compo­
nent of i nformat i on  wa rfa re . As I sa id at the beg i nn i n g ,  i nfo rmat i on  wa rfa re is econom i c  o r  po l i t i ca l ,  
b u t  a l l  wars have been eco-po l i t i ca l .  I nformat ion  warfare i s  i n stantaneous ,  t h ro ugh  t h e  poss i b i l i ty of 

act i ng  upon  the stock ma rket in rea l t ime and s imp l y  of d i fferent i a t i ng  ma rkets . The common ma rket is 

a l ready g l o ba l i zat i o n .  

O E  KERCKHOVE: OK ,  tha1's understood .  But he re t he re  i s  a nother  p ro b l em  t ha t  was h i g h l i ght­
ed t h i s  morn i n g  by Manue l  Oe La nda .  He  a rt i c u l ated someth i n g  extreme l y  pert i n e nt rega rd i n g  the pres­

ence of the m i l i ta ry i n  Th i rd Wor l d  countr ies ,  notab l y  those i n  tu rmo i l .  H e  sa id that the m i l i ta ry in these 
Th i rd Wor l d  count r ies  takes up  the ro l e  of the po l i ce ,  and, as  a res u l t .  the d i st i n ct i on  between  the c i v i l  

a nd  t he  m i l i ta ry d i sappears .  Th i s  contrasts w i t h  the s i tuat ion  i n  t hose  count r i es  where the po l i c e  func­

t i  on  more o r  l ess  peacefu l ly, without  the bruta l i ty of a t rue po l i ce  state . Th i s  i s  u nde rstood as  a n  i n d i ­
c a t i o n  o f  a cou ntry a t  peace .  

The q uest ion i s  th is :  I s  th i s  I nfowa r of which we ' re spea k i n g  ( in the ma rketp l ace ,  among cor­
po rati ons ,  even unde r  the secret contro l  of the C IA  . . .  we've had many examp l es ) ,  is t h i s  type of con­

tro l st i l l  ca l l ed  war, o r  i s  i t  someth i ng  e l se? The q uest ion i s  impo rtant beca use  e i the r  one  i s  contro l l ed  
by the po l i c e  o r  one  i s  contro l l ed  by the a rmy. I f  one  i s n 't contro l l ed by the a rmy, t hen ,  i n  t ha t  case ,  the 

cou ntry i s  at peace .  

VI R I L I D  The d ist inct ion between wa r and  peace depends upon  the nature of the conf l i ct .  You 

sa i d  ea r l i e r  that I was a m i l i tary expert ,  but I h o l d  that one  is never an expert of a war that is beg i n ­
n i ng .  We must l ea rn  a war as  we l ea rn a fore i g n  l a nguage .  We had  to l ea rn the G u l f Wa r, mak i ng  q u ite 

a few m i stakes a l o ng  the way. We had to l ea rn the war in the forme r  Yugos l av i a .  And today, in a much  
l a rge r  sca l e ,  we must l earn th i s  emerg i n g  phenomenon c a l l e d  I nfowa r. I t  i s  obv i o u s  tha t  today  the d i s­
t i nct i on  between  m i l itary po l i ce  and the a rmy i s  unsettl ed .  We witness th is i n  the  pr ivat i zat ion of the 

a rmy, i n  the r i se  of the m i l i tary profess i on ,  i n  the end of nat i o na l  arm ies and  consc r i pt i o n ,  and  i n  the 

ro l e  of mercena r i es  ( I 'm th i nk i ng ,  above a l l ,  of one  of the l a rgest me rcenary f i rms ,  Execut ive Act i on ,  i n  
S outh Afri ca ) .  We a re now faced wi th  the tota l transfo rmat ion of the m i l i ta ry system .  N ot o n l y  of the 
weapons systems I spoke of ear l i e r, but a l so of the po l i t i ca l  system and  the st ructures of i ntervent ion  

wh i c h  a re no longer  nati ona l  structures but rathe r  a l ready compara b l e  to those of secu r i ty agenc i es  o r  

detect ive agenc ies ,  etc . We a re faced wi th  a tota l transformat ion of the phenomenon of war. Even 
though  we had to l ea rn the G u l f Wa r, i t was in rea l ity an  o l de r  wa rfa re ,  a wa rfa re that had a l ready been 
tested i n  V ietnam and e l sewhere .  And obvi ous l y, d u r i n g  the Co ld  Wa r th i s  was ev ident  i n  the weapons 

systems deve l oped to f ight the Sovi ets. 
Today, the transformat ion i s  not s imp l y  one  of weapons systems but ,  rather, a transformat i on  

of the m i l ita ry i n st i tut ion ( m i l i tary o r  po l i ce ,  l e1 's say ) ,  wh i ch  i s  j u s t  beg i n n i n g .  Thus ,  those who c l a im  
to be experts o f  i nformat ion  warfare are ,  q u ite s imp ly, na ive .  I 'm t ry i n g ,  u s i n g  my know ledge  o f  m i l i ­

tary c u l tu re ,  t o  d i scover i n  what th i s  transformat ion cons i sts .  I t  i s  o bv i o u s  that t h e  transfo rmat i on i s  
m u l t i faceted .  I t s  i n f l uence c a n  be seen i n  many rea lms .  We  m ust n o t  n e g l ect one  rea l m  i n  favor of 
another. We must try to understa nd i n  wh at way these rea lms  become cybernet i c .  



O E  KERCKHOVE :  O K .  So ,  I s h o u l d  conc l ude  that we a re at war? 

V I R I L I D :  S i nce  the Co l d  Wa r, the q uest ion of the dec l a rat ion of war is no  l a n ge r  re l evant .  The 

dec l a rat ion  of war is st i l l  l i n ked  to the front i e r, to rea l space and to confrontat i o n s  such  as  those of 

Wor l d  Wa r l and Wor l d  Wa r 11 . After  the advent of the Cold Wa r threat and the eq u i l i b r i um  of terror, 
the dec l a rat ion of wa r no l a nge r  ex i sts . After  th i s ,  wa r wi l l  be without forewa rn i n g ,  a nd  ce rta i n ly i nfor­

mat ion  wa rfa re wi l l  be  wi thout  forewa r n i n g .  

O E  KERCKHOVE :  The r e  you r  t h i n k i n g  reca l l s  McLuhan 's i n  a very i nterest i n g  way, when he  
states :  "Acce l e rat ion p l aced  a l l  c i t i z e n s  natu ra l ly and permanent ly i n  a state of war. "  

V I R I L I D  Exact ly 

O E  KERCKHOVE :  Another q uest ion  was posed to us th is morn i ng by M i c h ae l  G eyer in h is ref lec­

t ions upon the " New Sovere i g nty to Oefend "  (the new sovere i gnty to defend i s  that of the ma rket) .  And 

the  new enemy, accord i n g  to F r i ed r i ch  K i tt l e r, i s  the nat i on .  I ' d  l i ke for you to deve l o p  th is theme of the 

theory of the s u i c i d a l  State . 

V I R I L I D :  I worked on the " s u i c i d a l  State" du r i ng  the Co ld  Wa r. Why? Because  the Co l d  Wa r was 

the programm i n g  of the end  of the wor l d .  From the moment when States d i v i ded i nto Eastern and 
Western b l ocs and began prepa r i n g  the end  of the wor l d ,  i t  i s  evident that they were prepa r i ng  the end 

of the State . I t 's bana l  to say i t .  So, today, i t  i s  apparent that the q uest i o n  of the po l i t i ca l  State i s  in 
comp l ete oppos i t i on .  I t 's t rue that what has  happened i n  the Soviet U n i o n ,  no, in R u s s i a-we don 't 

rea l ly know tao much-fo reshadows what wi l l  happen e l sewhere .  S i nce the 1 950 's and  the eq u i l i b r i ­
u m  of terror, the State has  set about  p rogramm i ng  i t s  own end .  As Gene ra l  F u l l e r  put  i t ,  "The atom i c  

bomb wi l l  t a ke  the wo r l d  back  to feuda l i s m . "  L i eutenant Gene ra l  Fu l l e r, a renowned weapons spec i a l ­

i st ,  utte red t hese  words o f  cau t i on ,  i m p l y i ng  that t he  atom ic  bomb  (ant i c i pat i ng  the  i nformat i on  bomb )  

wi l l  b r i ng  bac k  the wa r l o rds  and  the  maf i a .  
I be l i eve that t h e  capac ity to e n g i n e e r  t h e  e n d  o f  t h e  wor ld over 40 years ,  to th i n k  t h e  u nth i n k­

a b l e  th rough  the  e q u i l i b r i um  of terror-these a l ready s i gn i f ied the programm i n g  of the end of the 

nat ion-state . The nat ion -state was a state i n  s i t u .  I t  had a p l ace .  It was l i n ked  to a terr i to r i a l i ty. A l l  of  
the new tech no l og i e s  a im to e l i m i nate terr i tory us ing the speed of m i s s i l e  assau lts o r  laser  beams .  The 

wo r ld  demate r i a l i zes th ro ugh  the speed of te lecommun i cat ions .  Geostrategy and  geopo l i t i cs  l ose 

prom i n ence i n  favor of a v i rtu a l l y  i n stantaneous exchange .  So the State had i n s u red  i ts own d i sap­

pearance .  The Sov iet U n i o n  ( thro ugh  Sta r Wars and its economic engagement in  preparat ion for war 

with the West )  i nst ituted its own d i s i nteg rat i on .  

O E  KERCKHOVE :  Yes ,  except that there were severa l a rguments t h i s  mo rn i n g  wh i ch  c l a i med 

that the d i sappearance  of the nat ion -state i s  s imp ly  one of our contemporary myths .  And one  of the 

po i nts wh i ch  ar ise from th is i s  the idea ,  proposed ear l i e r  by K itt le r, that the Sov iet  U n i o n  was a bsorbed 
by the g l oba l system ,  that i t  was a bsorbed ,  and thus the State ended i n  th is  manne r. So ,  my q uest ion 

to you-I ' I I  ask  i t  a nd  then let  the p u b l i c  a sk  quest ions  because I have mo re for la ter-is th is :  I f  we 
a re i n  th i s  s i tuat ion  of d eterr i to r i a l i zat i on  wh i ch  you have so br i l l i ant ly  d i scussed ( the d i sa ppearance 

of the r i ght  of the body) ,  then  what i s  the  new pub l i c  space? O r  wi l l  we never a g a i n  have p u b l i c  space? 

V I R I L I D :  Th is q uest ion i s  the major  po l i t i ca l  q uest i o n .  I s  po l i t i cs  l i n ked  to a corpo rea l i ty? 

Te rr i to r i a l  corporea l ity ( geog raphy, geostrategy, geopo l i t ics ) ;  the soc i a l  body (that 's to say a u n ity that 
m 
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i s n 't s i mp l y  eth n i c  but much g reater) ; and ,  f i n a l l y, a n i ma I body, h uman  body, phys i c a l  body. The po l i t i ­

c a l  q uest ion  of tomorrow m ust re-pose the q u est i o n s  wh i ch  were  posed  o f  the c i ty. With  the i nvent i on  

of po l i t i c s ,  we i nvented a terr i tory of r i ghts .  F rom the l aw, a c i ty of the body. From the l aw, a c i ty of eth­

n i c i t i e s .  From the l aw, a c i ty of i nd i v i d ua l s  in Athens  o r  Spa rta (to c i te two we l l - known examp l es ) .  

Today we m ust re i nvent a po l i t i cs  o f  the an ima I o r  human  body, of the soc i a l  body, a n d  of the terr i tor­
i a l  body. 

1'11 g ive examp les :  S i nce the beg i n n i n g  of the c i ty laws ,  the l a nd  o rd i nance ,  etc . . . .  a nd  then  

the mar i t ime l aws (and these a l ready vag ue  l aws with p i rates ,  etc . )  . . .  Soon we i nvent the a i rspace 

laws .  H e re we a re ta l k i ng  about aer ia l boundar i es  and l i nes  in  space .  F i n a l ly, the outer  space l aws des­

i gnate that a sate l l i te owns its orb i t .  He re we have a demate r i a l i za t i on  of terr i tory wh i c h  i s  pa rt of the 
new l o g i c  of l aw of the a i rspace laws,  the ma r i t ime  l aws, etc .  I t  seems to me  that there  i s  work to be 

done  o n  t h i s  nomad i c  r ight wh ich  i s  not that of the gypsy o r  of the t rad i t i ona l  eth n i c  o r  t r i ba i  nomad .  

There i s  work to be done on th i s  l aw of movement .  We must i nt roduce  an  economy of speed and  of d i s ­

p l acement .  

O E  KERCKHOVE: There i s  someth i ng  that st i l l  bothers  me-I 'm  sorry, 1 '11 ask t h i s  and then l e t  

the pub l i c  ask  quest ions-and that  i s  the q u est i o n  of the secu r i ty of the nomad i c  c i t i zen  who car r ies  a 

c e l l  phone .  There were two bri l l i ant presentat i ons  t h i s  morn i n g .  I n  one ,  we saw that Oudaev (a Chechen )  
was k i l l ed and  h i s  phys ica l  presence was revea l ed  th raugh h i s  ce l l  phone n umber. But  the most  impor­
tant po i n t  i s  that the Russians weren't able to do this a l one but ,  rathe r, only with the secret aid of the 

Amer i cans .  Thus ,  the fi rst powerfu l  image suggests that the media can k i l l  i n  the f lesh .  The othe r  po int 

\ which  i nterests me ,  and wh ich is a questi on  of the Panopt icon wh ich  you yourse l f  have br i l l i a nt ly  ana­
I y zed ,  i s  t h i s :  when i s  it a r ight of  the c i t i zen  who car r i es  a ce l l  phone ,  f ram a l l  po i nts of v iew ( f ram the  

po in t  of v iew of the secur ity of  h i s  i nformati o n ,  f rom the po i nt of v iew of the secu r ity of h i s  phys i ca l  pres­

ence, and  fram the point of v iew of the secu r i ty he  owes because he  i s  l ocatab l e )  . . .  So  there i s  an 
exchange  such that on the one hand ,  yes, we can k i l l  h im ,  but  on  the othe r  hand if someth i n g  happens 

to h im ,  we can f i nd  h im  i n sta nt ly. Wh at do you th ink  of the ra l e  of the ce l l phone i n  th i s  new conf i g u ra ­
t i  on?  

C) 
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V I R I L l O :  I ' m  very worr ied by soc i a l  cybernet i cs .  It i s  obv ious  that there is a man-mach i n e  cyber­
net i cs ,  a s  a l l  tech n i c a l  progress i s  l i nked to th i s .  F rom the moment  when we move beyond th is mach i n e  

cybernet ics  i nto a soc ia l  cybernet ics o f  wh i c h  you 've j ust g i v e n  a n  examp l e  (1 '1 1 g ive another  examp l e :  

there a re t h e se  p ragrams wh i c h  a re u s ed  on t h e  I nternet t o  a rrest pedoph i l e  web  users ! ,  I mu st s ay  that 
somewhere freedom i s  prafound ly  th reatened .  Cybernet ics ,  a s  Norbe rt Wiene r  has sa id (and he  was 

one of the founde rs 01 cybernet i cs ! ,  i s  marve l o u s  except i l  i t  becomes a po l i t i ca l  phenomenon .  I fear, 
as you have j u st put it ,  that the capac ity to exerc i s e  soc i eta l contra I has  su perseded the i n d i v i dua l 's 

a b i l i ty to a cq u i re r i ghts and l i bert i es .  And I th i n k  that i n  t h i s  ca se the I nternet ,  contra ry to wh at they 
say, i s  not a n  examp l e  01 l i be rty but ,  rathe r  a n  examp l e  of soc i a l  cybernet ics .  Others have spoken of 
the symb i ot i c  b ra i n  etc . . . .  c razy th i ngs .  

O E  KERCKHOVE: Another aspect 01 the q uest ion  i s  the  re tu rn  of the  ne rvous system .  Acco rd i n g  
t o  McLuhan ,  who se  th ink i ng  I s e em  a lways to be represent i n g  i n  s ome  l o rm  or  other, e l ectr i c i ty (a  pra­

ject ion of the n e rvous system) has surrounded the p l a net , bu t  i t  w i l l  retu rn  to and re i nteg rate with i n  
t h e  body. T h e  c e l l  phone wou l d  be t h e  f i n a l  step before actu a l  re i n tegra t i on  with t h e  body. T h e  U n ited 
States Army has  provided an  aston i s h i n g  exa m p l e  of th is  actu a l  i nteg rat i o n ,  as  MIT researche r  

M i chae l  Haw ley has  shown us o  So l d i ers swa l l ow a p i l l  wh i c h  re l eases  s i g na l s  i n  d i ffe rent pa rts of the 
body. A spec i a l  be l t  worn by the so l d i e r  co l l ects t h i s  i nformat i o n  and  then t ransm its i t  over the I nternet, 



provi d i n g  the rec i p i ent with i nformat i on  about  the so l d i e r's bod i l y  f unct i ons .  I f i n d  th i s  to be a te l l i n g  
image  o f  the re i ntrod uct ion  o f  e l ectr i c i ty i nto the human  body. Have y o u  hea rd o f  t h i s  expe r iment? 

V I R I L I D :  No ,  but  the astrona uts in  the i r  capsu l e s  with the i r  mon itors a re an examp l e  of  t h i s  
" i ntest i n a l "  cont ro l .  We  a r e  fac i n g  t h e  conquest o f  space and t h e  tra nsfo rmat i on  of m a n  i nto a v i d eo  
o r  e l ectromagnet i c  recepto r. 0 0  you reca l l  i n  t h e  f i l m  "Apo l l o  1 3 " when  Lowe l l  dec i des  to retu rn i n  t he  

d i s a b l ed caps u l e  on  h i s  own ,  the f i rst t h i n g  he does  i s  to t ea r  out  a l l  of the mon itors/probes .  I n  so  d o i n g  
he  i s  say ing  'Tm t h e  boss .  N o w  y o u  can 't check/see wha1's go i ng on i n s i d e  o f  me .  I ' m  c o m m a n d i n g  t h e  

return t o  ea rth . "  I th i n k  that i t  i s  t h e  astronaut w h o  foreshadows, i n  a ce rta i n  sense ,  th i s  s i t ua t i on  o f  
cybernet ic  contro l  a nd  dom i nat i on  o f  t h e  body b y  interact ive techn i q ues .  

O E  KERCKHOVE :  The l a st t h i n g ,  t hen ,  wou l d  be a comp l ete reversa l  of the s i t uat i o n .  G iven  t h i s  

re i ntegrat i on  of the ne rvous system i n  the body  through  d i fferent i nteract ive systems ,  t h ro u g h  t he  

i ngest ion  of p i l l s ,  t h r ough  the dev i ces  we ca rry a round  w i t h  us ,  thro ugh  the "wea ra b l e  computer"-a l l  

o f  t h i s  represents a return o f  e l ect r i c i ty t o  the body. Wou l d n 't th i s  then  b e  a te l e o l ogy  wh i ch  i s  n o  

l o n g e r  t h e  m a r k  o f  a m i l i ta ry, i n d u str i a l ,  o r  techno l og i ca l  system consc i o u s  o f  what i s  d o i n g ,  bu t  rathe r  
a so rt o f  g l o b a l  imp l o s i o n  o f  t h i s  set o f  re la t ions h i ps i nto themse lves? S i nce w e  a re connected t o  a 

g l oba l  memory and to an i n te l l i g ence  wh i ch  is mo re and  more one of a g l oba l  natu re ( because  of t he  

I nternet ,  among  othe r  th i ngs ) .  i s n 't t he re  i n  th i s  re lat i onsh i p  a comp l ete ly  d i fferent v i s i o n  of the  wor l d  

wh i ch  we have  not ye t  begun  to exp l o re?  

V I R I L I D :  There a re many th i ngs  that we do not know, but l et me  g ive a n  exa m p l e  that st ruck 
me  from the l atest events i n  Afr i c a .  I n  the  past ,  when peop l e  took power they sto rmed the  Bast i l l e .  And 

later  they took the W i nter Pa l ace .  And then  the governo r's res idence .  And then they took the rad i o ,  a n d  

f i na l l y  Stu d i o  4 i n  Bucha rest i n  order  to topp i e  Ceaucescu .  Today they take t h e  e l ectr i c a l  system i n  

K i nshasa .  I t h i n k  that he re i s  a f i n e  metaphor  for the ro l e  o f  e l ectr i c i ty i n  i nformat i o n  wa rfa re .  I t  i s  a 

pr i m i t ive e l ement .  H owever, to take an e l ectr i ca l  power g r i d  before ta k i n g  a c i ty i s  a remarka b l e  event ,  

i n  my op i n i o n ,  wh i c h  rem i nds  u s  of another ser ious event :  the g reat e l ectr i ca l  power outage of 1 96 5  i n  
N ew York C i ty. I th i n k  that e l ectr i c i ty i s  t h e  g reat breakdown . l 1 's not s imp l y  a h u g e  e ne rgy; i 1 's a l s o  t he  

poss i b i l i ty of gett i n g  d i sconnected .  A l l  of the power sou rces have an  acc i den t  spec i f i c  to t hem .  We 

have not yet seen to what po int e l ectr i c i ty, as you have j u st argued ,  i s  a cruc i a l  factor i n  i nformat i o n  
wa rfa re .  T h e  examp l e  o f  K i nshasa i s ,  I th i n k , o n e  that wi l l  b e  repeated .  

N ow I s h o u l d  return t o  t h e  d i scuss i on  o f  t h e  body. You are exact ly r i ght :  e a c h  t ime  a power h a s  
contro l l e d  a terr ito ry, th rough  co l o n i zat ion  o r  th rough  man i p u lat ion ,  i t  h a s  a l so contro l l e d  t h e  body. I t  i s  

t h e  body o f  t h e  s l ave ,  t h e  body o f  t h e  s o l d i e r. T h e  so l d i e r  i s  tra i ned ,  t ra i ned t o  react .  T h e  body of the  

co l o n i zed o r  of the domest ic  se rvant o r  of the s l ave i s  tra i ned .  There i s  n o  co l ony i n  a geog raph i c  space  

o r  i n  a n  emp i re tha t  does not enta i l  the co l o n i zat ion  of a body. The  t ra i n i ng of the body's ref lexes-th i s  

i s  ca r r i ed  out  today b y  e l ectromagnet i c  tech n i q ues-th i s  i s  an  o l d  techn i q ue ,  a s  M ic h e l  Fouca u l t h a s  

shown us o  

O E  KERCKHOVE :  Neoco l on i zat i o n .  " I  be l i eve i1 's t ime fo r  some q uest i ons  f r om the a u d i e n ce ,  

oth e rw i se  we' l l  r un  out  of t ime .  I f  you don 't have  q uest ions ,  be l i eve me  I have p l enty, a nd  I ' m  sac r i f i c ­

i n g  t hem .  So ,  wou l d  we take  a few q u est i ons  f rom the aud i ence? I don 't see very we i l ,  but  . . .  O h !  
There 's some l i ght . " [ I n  Eng l i s h ,  add ress i n g  the aud ience . ]  Thank you ,  Pa u l .  We ' re g o i n g  t o  take some  

q u est i o n s  from the a ud i ence .  

Yes? I 'm  go i n g  to tra n s l ate f rom Eng l i s h  to French fo r  you ,  Pa u l ,  i f  t he  ques t i on  i s  i n  E ng l i s h .  



\ 
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James Oe r i an :  I have a ve ry s imp l e  q u est i o n .  I n  many of the Amer i can  m i l i ta ry un i vers i t i es ,  stu­

dents a re read i n g  Pau l  V i r i l i o .  0 0  you th ink th is  i s  someth i n g  good ,  o r  someth i n g  dange rous?  

V I R I L I D :  I t h i nk  that  no one  i s  i n nocent .  Faced  with the p rob l ems  we 've  been  d i sc u s s i n g ,  we 
a re a l l  g u i l ty. We a re not a l l  respons i b l e  as  i s  the  m i l i ta ry by p rofess i o n .  To deve l op  a c r i t i que  of a 

weapons  system or a cr it i q ue  of a l o g i c  of deve l opment  of power-and  he re one  needs on l y  reread 
C l a u s ew itz-is necessar i l y  to prov ide  ce rta i n  e l ements for the deve lopment  of the very system we a re 
t ry i n g  to combat .  It i s  i nev ita b l e ,  beca use we come from the same fam i l y. We t h i n k  u s i n g  the same 

no rms .  And so i1 's t r ue  that  the fact tha t  t h i s  work  i s  be i n g  taken u p  i n  the m i l i ta ry academ ies  a nd  
s choo l s  o f  warfare-in France a l so-can be extreme l y  d i st u rb i ng  . .  maybe .  I am no t  i n n ocent .  

• • •  

Aud ience  member :  I want to ra i se ,  i t  seems ,  a b i t  mo re utop i a n  q uest i o n .  An Austr i a n  i s  work­
ing a l ready for years on th i s-that is , the robot i zat ion  of the h uman  body. He exp l a i n s  q u ite s imp l y  that 

the b ra i n  has much more capac i ty than the body a l l ows i t  to express and to use. And so in the end, as 

Ha n s  Moravec suggests, i n  maybe 20 o r  30 years there wi l l  be mo re and more robot i c i zed h uman  

be i n g s ,  and  f i na l ly on l y  human be i ngs  rep laced by robots .  Wha t  do  you  t h i n k , b e cau se  i t  i s  a l so a q ue s ­

t i  o n  of t h i n k i n g  as  we i l  as o f  mov ing i n  t h e  phys i c a l  way? 

VI R I L l O :  The robot i s  at the o r i g i n  of work. The mach i n e  tool i s  a l ready a robot. I t  is obv i o u s  

t ha t  the autonom i zat ion o f  mach i nes  of prod uct i ons  i s-and  i 1 's a n  o l d  sto ry-a part of the h i story o f  
i n d u stry. No ,  what  I fear a re gene t i c  robots . Today, robot i c i zat ion  threatens to become  i nvo lved i n  the 
process of c l o n i n g  o r  i n  the construct i on-than ks to b i otechno l ogy-of i n d i v i d u a l s ,  espec i a l l y  deve l ­

o p e d  f o r  ce rta i n  act iv i t i es/tasks .  I th i n k  that t h e  q u est ion  o f  robots h a s  b e e n  treated i n  depth ,  th ro ugh  
a l a rg e  body o f  wr i t i ng  on automatons ,  etc . But  the q u est ion of the l i v i ng  robot ,  of the c h ime ra o r  of 

the c l o ne ,  reproduces the not i on  of robot i c i zat ion-but t h i s  t ime  by genet i c  means .  Thus ,  there is a 
threat that computers ,  and genet ic  mapp i ng  ( the a b i l ity to map the h uman  genome ) . wi l l  a l l ow us to 
make  robot- humans .  That is to say, robot i c i zed  l iv i n g  be i n g s .  Th i s  th rough a spec i a l i zat ion  wh i c h  i s  no 

l o n ge r  i n d ustr i a l  but .  rathe r, computer i zed ,  thanks to the t reatment of the genet ic  code .  He re we have 
a n  e no rmous  threat ,  and I th ink we return to the not ion of the three types of bomb .  The atom i c  bomb 

and  the  gene t i c  bomb are on l y  poss i b l e  beca use  of the i nformat ion/computer bomb .  l 1 's not by chance  
that  Tu r i ng  and  others a re  deve l op i n g  the computer at the same t ime  t ha t  the atom i c  bomb i s  be i n g  
i nvented .  Today, we need t he  computer  t o  run  s i m u lat i o ns .  And computers a re abso l ute ly  c ruc i a l  t o  
genet i c  eng i nee r i n g .  Thus ,  there i s  t he  poss i b i l ity of a nother, transgenet i c  robot i c i za t i on  wh i ch  worr ies 

me  even more because the work has not yet been done .  The work on  the cr i t i q u e  of the robot has  been 
done ,  even i n  re l i g i o n .  But  the l i v i ng  robot. the l i v i n g  s l ave-th i s  new fo rm of l i v i n g  s l avery, made pos ­

s i b l e  by genet i c  e ng i neer ing-we have not done  enough work  on  t h i s  s ubject .  

O E  KERCKHOVE: But another  re l ated ques t i on ,  tha1's i mportant i n  my o p i n i o n ,  i s  the fo l l ow i n g :  

I n  " B l a de  Runne r, "  we s ee  andro ids  who  have comp l ete ly  h uman  cha racte r ist i cs a nd  emot ions-or who 
d i scover the i r  emot ions .  I s  there a poss i b i l i ty that .  i n  a not so d i stant future ,  we wi l l  t ransfer our act ive ,  
effect ive ,  and  l abo r-or iented-ou r  robot ic-human ity i nto these c reatu res and keep our weaknesses ,  

ou r  i m pe rfect be ings ,  thus  avo i d i n g  a tota l i nvas i o n 7  

V I R I L l O :  I n  any case, there i s  noth i ng  e l s e  to do .  [ La u ghter. ]  Persona l l y, I th i n k  t ha t  man  i s  not 

the center of the world, but rathe r  the end of the wo r l d .  H i l dega rd von B i n gen ,  whose 900th b i rthday 



we wi l l  c e l eb rate t h i s  yea r, sa i d :  " homo  es c l o su ra m i ra b i l i u m  de i . "  M a n  i s  the  c l o s u re of God 's won­
de rs .  I t  i s  a n  extraord i n a ry sentence .  Because of th i s  word clature, man  i s  the end  of the wor l d .  The re 

w i l l  be no more genet i cs ,  no mo re genet i c  progress of the be i ng .  There i s  eth i c a l  progress and ,  i n  q u o­
tat ion ma rks, "mo ra l "  progress ( i f  we can  use  th i s  word wh i l e  rema i n i n g  po l i t i ca l ly co rrect) .  But  man  i s  

the  e n d  o f  t h e  wor l d .  H e  cannot be imp roved u p o n  genet i ca l ly. I n  rea l i ty, the  g reat conf l i ct  of i nforma­
t ion wa rfa re i s  o l d  versus new genet i c s .  The temptat i on  i s  toward a much mo re soph i st i cated genet i cs  

than that of Ga  Iton .  

Aud i ence :  I h ave  a q uest i on  about  o rd i na ry peop l e .  You say i n  you r  wo rk  t ha t  one  of the ways 
we can respond to the d romo l og i c a l  c u l t u re that we l i ve in i s  to recogn i ze  the acc ident  that i s  created 
with the s u bsta nce .  That i s  to say, the  ca r  crash o r  the rea l crash or the  i nformat i o n .  That seems to be 

a conceptua l  q u est i o n .  I wondered  how o rd i na ry peop l e ,  peop l e  i n  c i t i es ,  can  make that ope rat ive i n  

t he i r  po l i t i ca l  l i ves? 

V I R I L l O :  I th i n k  that we m ust u nde rsta nd that each t ime we i nt roduce  a new b i t  of techno l ogy, 

we i nvent .  at the same t ime ,  a spec i f i c  acc ident .  The i nvent i on  of the  s h i p  was the i nvent i on  of the 

s h i pwreck. The i nvent i on  of atom i c  e l ectr ic ity was the i nvent ion  of  Che rnoby l . The i nvent i on  of the jet  
was the i nvent ion of the c ra s h .  Thus ,  i n d u st r i a l  soc i ety i n  the twent ieth centu ry has  meant  the i nven­

t i on  of l a rge r  and  l a rge r  acc i dents .  
At f i rst. l oca l i zed acc i dents :  the Titanic sank i n  a p lace we can  g o  see .  At Che rnoby l , the co re 

exp loded .  With new, computer i zed tec h no l og i es we a re i n  the presence of a g i o b a i  acc i dent  wh i ch  can  

take  p i  ace eve rywhere .  What i s  t ha t .  you ask? The f i rst examp le  i s  the  stock ma rket. because i t  i s  
based  upon  automat ic  q u otat i o ns .  A l so ,  the  Yea r  2000  bug :  "Y2K . "  You a re fam i l i a r  w i t h  t h i s  p ro b l em  

of computers wh i ch ,  i n  some way, cannot process that year 2000. Th i s  i s  a n  acc ident  compara b l e  to a 

weapon ,  a n  acc ident  wh i ch  i s  pa rt of i nformat ion wa rfa re . The depress i o n  bomb and  the fragmentat i on  
bomb ,  wh at a re these but  weapons wh i ch  promote cha i n s  o f  acc i dents? Th i s  i s  a l s o  wh at we ca l l  a sys­

tem ic  effect. I t  is obv i o u s  that computer  techno l og i es  have system ic  p ropert i es ,  s i n ce  they a re a b l e  to 

p rovoke acc i dents everywhere at once .  

We a re i n  the p resence  of a n  eco l ogy of the acc i dent .  The acc i dent  i s  no  l o nge r  a d i saster 

which takes p lace he re o r  there .  I t  i s  a n  acc ident that we a re in .  The a c c i d ent becomes a m i l i e u ,  an 

ecosystem .  Thus the th reat in the stock ma rket and  e l sewhere beca u s e  of the Y2K bug,  for  examp l e .  

I reca l l  that l a st May  the C IA  gave a dead l i n e  t o  t h e  states f o r  the p revent i on  of t h i s  so rt of acc i dent ,  

part i c u l a r l y  i n  banks ,  a i rports ,  etc .  So ,  the  Yea r  2000 bug-of wh ich  the  code i s  "Y2K"  and  I 'm very 

happy to be a b l e  to say i t-is one  of the e l ements of wh at I ca l l  an i n teg ra l  acc ident .  a n  acc i dent u n l i ke 

any we've seen before .  

J .  Doyne Fa rmer :  I want to t ry and connect some of the th i n g s  you say,  and  ask  you whethe r  

you rea l ly b e l i eve these t h i n g s .  O n  the one  hand ,  you say  that  transponde rs for p r i sone rs a re a n  ev i l ,  

ens l av i ng  techno l ogy. A n d  yet p r i sons  a re a n  even more anc i ent ens l av i ng  tec hno l ogy . . .  and  even 

more pe rn i c i o u s .  You ra i l  a ga i nst the s i m u l taneous a rrest of pedoph i l e s ,  and yet a c h i l d  who i s  seduced 
by a pedoph i l e ,  as we know, can  be damaged for l i fe and have ve ry severe prob l ems  as  a resu l t .  You 

ra i l  a ga i nst c l o n i n g ,  a nd  yet. as we know, i dent i ca l  twi n s  a re noth i ng  mo re than the o utcome of c l o n i n g  

i n  a natura l c i rc umstance .  And so ,  by t h i s  k i nd  o f  l o g i c ,  I th i n k  twins  m ust be evi l .  You ra i l  a ga i nst the 
genet ic .  You say, i f  I u nde rstood the t ra n s l at i on ,  and I can hard ly be l i eve th is ,  that human be i ngs  rep­

resent a genet i c  p i n nac l e ,  a pe rfect i on  of so rts wh ich  I frank ly  f ind an  an th ropocentr i c ,  na rc i s s i st i c  i dea  

that  i s  s im i l a r  to that  of the creat i o n i sts o r  the r ight w ing  i n  the Mora l Ma jo r i ty. So ,  I j u st want  to cha l ­
l e nge  . . .  because i t  seems to me  that i n  a democracy we have u l t i mate l y  to re ly  o n  common sense i n  
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tec hno l ogy and  the  ab i l i ty of peop le  to r i se u p  and  res i st t h i n g s  if they beg i n  to be used i n  a manne r  
tha1 's c omp l ete l y  out  o f  contro l .  And we have  to res i st o u r  pa ra no i d  fanta s i es abou t  whe re  tec h no l ogy 

m igh t  g o  i f  i t  were put i n  the hands of a H it l e r, for  examp l e .  

V I R I L l O :  1 ' 11 f i rst respond t o  t h e  f i rst q u est i o n .  T h e r e  i s  n o  res i stance that d o e s  n o t  beg i n  with 
a comprehens i o n ,  a comprehens i on  of the enemy. 1 ' 1 1 g ive an examp l e .  Seven years before the G u l f Wa r, 

I d i d  a f i l m  for t e l ev i s ion  ca l l e d  "Nombre des L um i e res"  treat i n g  images  of war. I ta l ked  about  f l i g h t  

s i m u lators ,  g u i d ed  m i ss i l e  systems ,  v i deo  bombs ,  e tc .  I a l so d i d  a book on war and c i nema .  My  ant i ­
n u c l e a r  g roup  of f r i ends, with whom I sympath i zed ,  s a i d  to me :  "Tha1 's not po l i t i ca l  enou g h . "  And I sa i d  

that i f  you wa l k  ou t  i n  t he  street and  say  "Oh  my !  F l i g ht s i m u l ators , "  peop l e  won't u nde rsta nd  at a l l .  
T hu s ,  before en te r i ng  i nto a c r i t i q u e  o f  a wea pons  system o r  a n y  tech n i c a l  system,  o n e  mu st l e a rn i t .  

I s a i d  ea r l i e r  that  we must l ea rn a war before we da re speak  about  i t .  And so we must l ea rn the  new 

system of I nfowa r so that  we can res i s t  i t .  Knowledge of the enemy i s  part of the res i s tance a nd  the 

batt l e .  I fee l  that today, techno l og i ca l  cu l ture i s  not  sha red  by the ent i re popu l ace .  There i s  a non­

democ racy of techno log i ca l  cu l tu re .  The cu l t u re taught i n  the u n ivers i t ies  and  i n  the schoo l s  i s  a c u l ­
t u re I wou l d  ca l l  "t rad i t iona l . "  Espec i a l ly i n  the l ower- I eve l  c l asses .  

When a m us i co log i st says  that  an  i nterp retat i on  of Bach o r  Hande l  i s  not good ,  we don 't say  

that he  i s  pess i m i st i c  about  mus i c ,  that  he i s  a mus i ca l  pess i m i st .  We say, " N ow, now l e1 's see . "  My 
ro l e  i s  to be a c r i t i c  of techno l ogy as one i s  a c r i t i c  of a rt .  I do  not cons ide r  t h i s  pess im i st i c  at a l l  b ut, 

on  the contra ry, a n ecess ity. l 1 's s imp l y  that today, c r i t i c i sm  i s  i l l - pe rce ived because the forces of pro­
paganda ,  in order to se i l  prod ucts, w ie l d  a force in advert i s i n g  wh i ch  exceeds the powers of u s  poor 

i n d i v i d ua l s .  

I t  i s  obv i o u s  that a ny  object has a pos i t ive a nd  negat ive d i mens i o n .  The chem i ca l  stra i tj acket 
used to treat madness  i n  Russ i an  hosp i ta l s  was a l i berat i o n  from the phys i c a l  stra i tjacket .  I n  the  same 

way, the transponde r  l i berates one  f rom the p r i son ,  f rom i nca rcerat i o n .  Bu t  t h i s  i s  not a ga i n  wh i ch  i s  
c omp l ete ly  pos i t i v e .  Th i s  i s  wh at I ' m  try i ng  to say. The re i s  no  p u re o bject .  N o  i nvented object i s  p u r e .  

I t  has  i ts negat iv i ty. There a re no  ga i n s  without l o s ses .  

So ,  to return t o  t he  other part o f  the ph rase .  Of cou rse I know the advantages of tech no l ogy. 
Bu t  these advantages  are advocated by advert i s ements and  by promot i o na l  campa i g n s  backed by m i l ­

l i o ns  of d o l l a rs .  They exto l  new techno l og i e s .  There a re mass ive sa l e s  expos i t i ons  where b i l l i o n s  of 
d o l l a rs are c i rc u l ated .  And I ,  a l one ,  w i l l  be negat ive? Come on ,  i 1 's a j oke .  I ' m  s imp l y  t ry i n g  to th row a 

new wr i n k l e  i n  t he  works . Faced with th i s  advert i s i n g  bar rage  of new products wh i ch  are ,  l i ke the o l d e r  
products ,  pos i t ive a s  we i l  as  negat ive .  And  i 1's good .  I don 't h ave  to s ay  i t .  Everyone  knows that .  Bu t  i t  
i s  a l so om i no u s .  

Aud i e n ce :  Good afternoon ,  M r. V i r i l i o .  [ Laug hter. ]  Wha1 's yo u r  o p i n i o n  a bou t  the I nternet? 

Tha1's another  i n st rument that erases d i stance and goes  over the border  l i nes .  

VI R I L l O :  When I was  young  I was  a c i t i zen  of the wor l d .  I met Ga ry Oav i s  i n  Pa r i s .  H e  was  the  

advocate of the  wor ld  ident i f i cat ion ca rd .  H e  came  to Pa r i s  when I was  1 7  and  d i st r i buted t hese  10  
ca rds .  I was  the  son  o f  Ita l i ans ,  the son o f  i m m i g rants ,  a nd  so accepted with p l easu re t h i s  i nv itat i on  to  
cons i de r  myse l f  a c i t izen of the wor l d .  I t  i s  obv i o u s  t ha t  i nformat ion techno l og i es ,  and  the I nternet i n  

part i c u l a r, a re a n  extens ion of th i s  wor l d  c i t i zensh i p .  Bu t  wh at I can 't stand  on  the I nternet i s  the pro­
paganda ,  the hype .  The I nternet i s ,  i n  rea l i ty, descended from ARPAnet ,  once  aga i n  a m i l i tary system ,  

that h a s  b e e n  c i v i l i zed ,  s o  m u c h  t h e  better. B u t  n o  one  can  te l l  me  that i t  i s  a pu re object .  There a re no  
pu re o bj ects . The I nternet i s  l i ke the Titanic. I t  i s  a n  i n str ument  wh i ch  pe rforms extrao rd i na r i l y  we i l  but  
wh i c h  conta i n s  i ts  own catastrophe .  But th i s  catastrophe  l eaves no  v i s i b l e  casua l t ies .  There are no  



bod i e s  f l oat i ng  in the wate r. There a re other sorts of negat iv i ty. My work is not to say that we m u st 
abandon  the I nternet .  My j ob  i s  to work on the losses ,  on wh at the I nternet makes us l o se .  Thus ,  I have 

a f i e rce  oppos i t i on  to propaganda ,  perhaps because I l i ved World War 1 1 .  And I won 't sta nd  for  p ropa­

ganda whethe r  i n d u str i a l ,  po l i t i ca l ,  o r  re l i g i o u s l  Tha1's what I want to exp l a i n .  The I nternet i s  a n  object .  
I am on  the I nternet ,  my schoo l  i s  on  the I nternet .  I t  i s  a usefu l too l .  

O E  KERCKHOVE :  Wh i c h  l eads  me  t o  an impo rtant quest ion .  Th i s  i s  t h e  i dea  t h a t  we  ma i n ta i n  

t h e  myth o f  t h e  m i l i tary o r i g i n  o f  t h e  I nternet i n  o u r  cu l tu re i n  such a way that w e  o b l i g e  t h e  p u b l i c  to 

swa l l ow an  even g reater myth .  And t h i s  i s  the idea that without the compet it iveness  the re w i l l  b e  no 
tech no l o g i c a l  deve l opment .  And accord i n g  to Ooug l as  Rushkoff th i s  i s  not necessary. Thus ,  the  ro l e  of 

the m i l i ta ry in tech no l og i c a l  p roduct ion is comp lete ly c l ea r  in your work .  But do you th i n k  there a re pos­
s i b i l i t i e s  outs ide the a rmy? 

V I R I L I D :  I s hou l d  hope  so. But we cannot i g nore that d u r i ng the twent ieth centu ry we have w i t­

nessed a f r i ghte n i n g  phenomenon ,  wh i c h  i s  the m i l i tar i zat ion of sc i ence .  The m i l i t a ry- i n d u str i a l  com­
p l ex of wh i c h  we have  spoken-and i t  st i l l  ex i sts , one must s imply l ook  at wh at rema i n s  i n  the Sov i et 
U n i o n  of th i s  comp l ex-is one  of the e l ements of sc ient i f ic  d i scove ry. The engagement  of the Nobe l  

P r i z e  i n  t h e  Vi etnam Wa r, i 1 's extrao rd i n a r i l y  se r i ous ,  th i s  m i l i tar i zati on  of s c i e n c e .  The re i s  a c u l t u re o f  
death deve l o p i n g  h e r e .  And  so we can 't downp lay th i s  o r i g i n .  I f  we  downp lay  t h i s ,  i 1 's b e ca u se  we don 't 

want to l ook  truth i n  the face .  Ou r i n g  the twent ieth century, we have prog rammed the  end  of the  wor l d ,  

r e l en t l ess ly, thanks t o  t he  Nobe l  P r i z e ,  t hanks t o  the l abo rator ies ,  thanks to sc i ent i sts at the u n ivers i ­

t i  e s .  To h ide t h i s  today, at the moment we a re speak ing  of I nfowa r, I f i nd  that scanda l o u s .  Thus ,  we a re 
fac i n g  a n  o r i g i n a l i ty. The twent ieth centu ry, as A l be rt Camus sa id ,  " i s  a p i t i l ess centu ry. " It i s  the  cen ­
tu ry of acc i dents ,  of catastrophes .  Between  H i rosh ima ,  Auschwitz, Che rnoby l , a nd  the Titanic, techno ­

sc i ence  has prog rammed the end .  The end  of the wor l d .  

I am o f  t ha t  gene rat i o n .  I was  born i n  1 932 ,  and wi l l  never forget t ha t  my centu ry i s  a p i t i l ess 
one .  And a l l  p h i l osoph i c ,  re l i g i o u s ,  a nd  other thought i s  contam i nated by th i s  o r i g i n .  Thus ,  l e1's t ry to 

own up to th i s  o r i g i n  i n  order to move beyond it . 

Translated from the French by Paul Henninger and Josh Wise 
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A r s  E l e c t r o n i c a  9 8  

N o r n A t t a c k s a n d  M a r i n e  D o o m  

Modelling reality to get rea/ity. 

Toby S i mpson 1  

Th i s  pape r  exam ines  two forms of death i n  v i rt u a l  wor l ds .  I n  l i g ht of the poss i b i l i ty of c reat­

ing a rt i f i c i a l  l i fe i n  a computer processor, the  q u est i on  a r i ses  as  to whethe r  a phenomenon  l i ke death 
i s  even a matter of s i gn i f i cance i n  a b i n a ry wor ld that appea rs to be i n f i n i te and eterna l ,  and  wh at 

re l a t i o n s h i p  ex i sts between  these death phenomena  and  the  rea l  th i n g .  We can d i fferent i ate between  

two forms of i mmate r i a l  death : a rt i f i c i a l  death a s  a p rogrammed  parameter, and  s e l f-emergent  death 
in  acco rdance  with the b i o l o g i c a l  mod e l .  

"On  t h e  N et, there i s  no  a rt o f  t h i s  k i n d  (yet) :  i t  has  h a d  no  t ime  t o  deve l o p  a not ion  o f  the 

Othe r, the  van i s h i n g  po int of wh ich  wou l d  be Death .  The mode l  for N et C u l t u re i s  l i fe . . .  " 2 
Not o n l y  the I nternet but a l s o  the othe r  d i g i ta l  med i a  present themse lves a s  ete r na l  phenom­

ena  that  know no  end .  The apo l og i sts for new-med i a  wor l ds  a l l  tOD read i l y  put fo rth  the myth of the 
pe rmanent retr i eva b i l ity of a l l  i nformat i on  once  i t  has  been  put  i nto d i g i ta l  form . I n h e rent  i n  th is  i s  the 

dange r  that i nformat ion that i s  on l y  a few years o ld  w i l l  become u n readab l e  d ue  to the  rap i d  rev i s i o n  

of systems .  The utop ia o f  d i g i ta l  immo rta l i ty of h uman  be i n g s ,  a s  " m i n d  . . .  u p l oaded  i nto the Net , " 

as J o h n  Per ry Ba r l ow formu l ated i t ,  t hus  sees i t se l f  b e i n g  confronted by " I i fe-th reate n i n g "  hazards 

l i ke system c rashes or upgrades .  Death l u rks in  p rogram structu res .  
Art if i c i a l  wor lds and  the i r  i n hab i tants demand the const ruct ion of a v i rt u a l  death . The i m p l e­

mentat ion  of tra ns itor i ness-to the extent that  it does  not deve l o p  se lf-emergent l y-becomes a 
press i n g  necess ity due to the potent i a l l y i nf i n i te metamorphoses and  metasta s i s - l i ke g rowths i nto 
othe r  states and forms.  

The constructi ona l  p r i nc i p l e  of forms of v i rt u a l  death represents the h i g h l y  reg i mented a rt i f i ­
c i a l  wor l ds  of computer games and  s im u l a t i ons .  They a re based on  the theorem of doub le  d eath put 
fo rth by Lacan ,  as  Z izek has shown . 3  V i rtua l l i fe s u rv ives m u l t i p l e  deaths u nt i l the  a rr iva l of abso l ute 
death :  the end  of the game. Th i s  can be deferred by means  of add i t i o na l l i fe won d u r i n g  the cou rse of 

the  game .  The a rt i f i c i a l  death encountered in v ideo games i s  c ha racte r i zed by man i fo l d  stages  and 
m u l t i p l e  forms of death . 



M oreover, the  p l ayers can  repeated l y  resu rrect the dead i n  a phys i ca l ly i ntact fo rm-they 
possess a s u b l i m e  body f u l l y  in  the  sense of de  Sade 's phantasma:  "Yo u ' l l  b e  a b l e  to resu rrect the d i g ­

i t a l  d e a d  and  k i l l  t h em  aga i n . " 4  Th i s  resu rrected f l e s h  shows no traces of abuse  stemm i n g  from " rea l "  

l i fe ,  a s  i s  the  case o f  the undead  z omb i e  i n  f i l m . 5  Th i s  f i g u re retu rns over a n d  over a g a i n ,  wi th i ts hor­
r ib ly  mang l ed body as  refe rence to the  i nj u st i ce that has been done to i t .  unt i l  the  debt of the l i v i n g  

has  b ee n  d i scha rged  and  the  d ead  can  rest i n  peace .  Art i f i c i a l  death , o n  the  o t h e r  hand ,  c reates a tab­
u la rasa each  t ime,  and  eve ryth i n g  can  sta rt aga in from the very beg i n n i ng .  

Artif ic ia l  Worlds and  The i r  Livi ng  I nhab itants 

"The g reatest th i n g  abou t  comput i ng  is not overha u l i ng the rea l wor ld  to make it work prop­

e r l y-wri t i n g  can  do that too-but rathe r  that i t  i s  capab l e  of proj ec t i ng  fo rth senso r i l y  pe rcept i b l e  
wor l d s . " 6  

Art i f i c i a l  l i fe comes  about  o n  the bas i s  o f  natura l l aws. Two d i rect i ons  h ave  eme rged  i n  t h e  
des i gn  of a rt i f i c i a l  l i fe :  the  s i m u l a t i on  of natura l l i fe forms, i n he rent i n  wh i c h  i s  s e l f- eme rgent death ,  

and  the f i ct i o na l  creat i o n  of a rt i f i c i a l  wor l ds  with t he i r  a rt i f i c i a l ly i m p l emented death by means  of 
str ict ly def ined parameters .  

La r ry Yaege r's Polyworld' i s  a n  eco l og i ca l  s im u l ator whose creatures a re de s i g nated by 
Yaeger  a s  " de rv i s hes "  o r  " edge r un ne rs "  depend i ng  u pon the i r  behav i o r  a nd  form of movement .  The 
s imp l e  phys i o l o g i e s  of the be ings  i n ha b i t i n g  th i s  a rt i f i c i a l  cosmos co r respond  to e l ementary stereo­

metr ic  forms. Vi s u a l  d i ffe rences a re to be found on ly i n  the var ious c o l o rs and in whethe r  o r  not the 

be i ng  const i tutes a c omp l ete l iv i n g  c reature o r  a fragmenta ry dead one decomposed to the status of 

a u n i t  of n utr it i o n .  
Ce rta i n  modes  of behav i o r  of Polyworld be i n g s  and phenomena l i ke v i rt u a l  d ea t h  have co me  

a bout  ove r  the cou rse of mach i n e  evo l ut i o n  without hav i ng  been  prev i o u s l y  p rog rammed .  The crea­

tu res d ie  due to b i o l o g i c a l  necess i ty because the i r  n utr i t i o na l  resources a re i nadeq uate ,  beca use  they 

have been  van q u i shed  by opponents i n  the stru gg l e  to obta i n  food ,  o r  because they have l ost the bat­

t le for ter r i tory and  been  p l u nged  over the edge of the d i s k-shaped wor l d .  

Another  v i rt u a l  wor ld  i s  Tom Ray 's Tierra mode l .  Th i s  wor ld  i s  popu l ated b y  a ha rm l ess type 

of v i r us  in the form of l o n g ,  na rrow str i ps in a var i ety of co l o rs .  They take shape  o n  the bas i s  of genet­

ic a l go r i t hms and  u n de rg o  a process of evo l u t ionary deve l opment. H e re ,  an a dm i n i strat ive autho r i ty 

respons i b l e  for  k i l l i n g has  been  set u p  by the prog rammer :  if copyi ng  e rrors l e ad  to m utat i ons ,  a rt i f i ­
c i a l  death  ensues .  The reaper-represented by a sku l l -a nd-crossbones-e l i m i nates o l d ,  defect ive 

prog rams .  

I n  the  i n sta l l a t i ons  A - Volve and  Interactive Plant Growing by La u ren t  M i gnonneau  and  
Ch r i s t i  na  Sommere r, dea th  i s  b ro u g ht i nto p l ay as a necessary tabu l a  ra sa .  I t  i s  the  zero-po i nt .  t he  

sh utdown of i nteract ive l i fe -processes ,  the po in t  at wh i c h  the i n i t i a l  state can  be  reesta b l i s hed .  

My ron  Krüge r 's Critter i n sta l l at i o n  a l so conta i n s  an  a rt i f i c i a l  b e i n g  t ha t  fo l l ows on  a p roj ec­

t i  on s u rface the obse rver  who has  been  embossed by means of chroma key tech n o l ogy B In  th is  wor l d ,  
death and  destruct i on  were actu a l l y  not fo reseen as  parameters ; however, the  behav io r  of young  ma l e  

users ,  whose overr i d i n g  n e e d  was  to destroy t h e  f r i end ly  a rt i f i c i a l  c reature ,  forced K r ü g e r  t o  program 

new opt i ons  i nto the i n sta l l a t i o n :  a user can  squash the Cr i tter, i t b u rsts, on ly to be resu rrected a 

moment  l ater .9 Cr i tter a l so becomes  a death less ,  s u b l ime c reature .  

S c i e nt i f i c  f i n d i n g s  g a i ned from b i o l o g i c a l  s imu l ators have been most fu l ly and cons i stent ly 
i nteg rated in  the commerc i a l  f i e l d  of v ideo games .  They are more c omp l ex and  mo re conc rete than 

b i o l o g i ca l s i m u l ators i n  that  they show wh i ch  aesthet i c  fo rms a re poss i b l e  and  how q u i c k l y  the a rt i ­

f i c i a l  fo rms become econom i c a l l y  u t i l i za b l e  ent i t i es .  
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Creatures, a game deve loped i n  1 996 by Stephen  G ra nd  f ram the f i rm CyberL i fe ,  makes  pos­

s i b l e  the breed i n g  of i nd iv i d u a l  be ings and gene rat i o n s ,  a l l  t he  way to a n  ent i re popu l at i o n  of fu r ry l i t­
t l e  creatures ca l i e d  "Norn s . "  They possess a d i g i ta l D N A  and  bas i ca l l y go th ra u g h  a l l  stages  of h uman  

deve l o pment .  E a c h  deve l ops  an i n d iv i d ua l  b i o g raphy, i n c l u d i n g  i nfancy, c h i l d hood ,  and  youth ,  when  
they mu st be ra i s ed  and ca red  for, and f i na l l y  a d u l thood . They reproduce  sexu a l ly, t hey  age  a nd  d i e .  

To exper i ence  a comp lete l i fe cyc l e ,  p l ayers mu st s p e n d  a pprox imate ly  1 8  h o u rs with o n e  of t he i r  

No rns  u nt i l t he  c reature succumbs t o  the i n f i rm i t i e s  of o l d  a g e .  To f i tt i n g l y  memo r i a l i ze  the deceased 
No rns ,  a f u ne ra l  set is prav ided-the i con i s  a g ravesto ne  wi th  the i n sc r i p t i on  " R I P"-a l o ng  with a 

b u r i a l  p l ot i n  the  I nternet . 

The deve l opmenta l stages of these a rt i f i c i a l  c reatu res can be captured by means  of a v i rt u a l  
c ame ra and  pasted i nto a v i rt ua l  fam i ly a l b um .  Mo reover, th i s  f o rm  of v i rt ua l l i fe can be saved i n  mem­

o ry, i mported i nto t h e  I nternet ,  and t h u s  be p l aced  i nto a w i de  va ri ety of contexts . Creatures i s  a 
game ;  that i s  to say, the a rt i f i c i a l  wor ld  can take a b reak  if t he  computer  processor  i s  tu rned off. 

A second vers ion  of the game Creatures was b rought  out in Fa l l  1 998 .  A l ong  with i mp roved 
g raph i c s  and a u se r-fr i end l i e r  i nterface ,  i t  offe rs a l a rge-sca l e  te rra i n  named  A l b i a ,  the v i rt u a l  env i ­

ronment  of the N orns ,  as we i l  as  mo re objects and  mach i n e s .  Be i ngs  that a l ready ex ist can be  t rans ­

fe r red  to the new wor ld ;  the new No rns have new g enotypes .  I n d i v i d u a l  body pa rts such  as  the  ta i l  

a re m ovab l e ,  a n d  there i s  a w ider  var i ety o f  fac i a l  express i o n s .  They a re endowed with o rgans  such  

as  l u ngs ,  so that i f  a Norn d i e s  as  a resu l t of a d i sease ,  t he  cause  of death  can be mo re read i ly 

assessed .  Without  body and  organs ,  the med i c a l -a na l yt i c a l  v i ew i s  u n a b l e  to recogn i ze  causes . 1 0 An 

i mmate r i a l  body i s  actu a l l y  an  exte r i o r  s u rface that can not prav i de  a g l i m pse i nto its i nte r i o r. Th is is 
prec i s e l y  what i s  n ow be i ng  a rt i f i c i a l l y constructed .  

Cemetery o f  the  Cuddly Creatures: The  Norns  as  F ighter P i l ots 

Creatures conta i n s  be ings  d i sp l ay i ng  "eme rgent behav io r" wh i ch ,  in contrast to p r im i t ive ,  per­

manent forms l i ke the Tamagotch i ,  can deve l op  a m u l t i -faceted cha racter. Even the game 's f i rst vers i on  
presented a spec i e s  with t he  capab i l ity o f  l ea rn i ng  and  tha t  can  be tra i n ed  to perform any task .  

Creatures i s  so f l ex i b l y  programmed that the  a r ch i tecture can be expanded and  systems  can 
be repeated l y  i nt roduced o r  exchanged without  hav i ng  to rewr i te  the en t i re p rogra m .  I t  has  been  the 

p l ayers above a l l  who have taken advantage  of th is  featu re :  they have g enet i ca l ly e n g i n eered the 

Norns ,  a nd  have i n serted obj ects o r  new mach i n e s .  
There a re "cheats" (tr icks) wh ich  prec i se l y  descr i be  how a rt i f i c i a l  i mmo rta l i ty c an  be i ntroduced 

through the man i p u l at ion of three genes (#00 1  decay rate at b i rth ,  # 1 70  age,  # 1 73 death receptor ) .  
By mean s  of the genet ic  code ,  the progra m m e r  can  breed the most h i g h l y  res i stant No rns .  The 

f i rst ge nerat i o n s  a lso conta i ned  deformed creatures o r  i n d i v i d u a l s  who d i ed of i l l nesses such a s  v i o­

l e nt sh i ve r i ng  f i t s .  The f i rst vers i o n  des i gned  for  a mass  ma rke! ,  however, was programmed  to pre­
c l u d e  deform i t i e s .  The u n p l easant s i de -effects of a b i o l o g i c a l  s i m u l a t i on  in the form of a g ame  were 

deemed  u n s u i ta b l e  to the ma rket and e l i m i nated .  Death a s  a res u l t  of o ld a ge ,  an  er rar  in t he  se  lec­

t i  o n  of food ( p o i s o n  mushrooms l ,  o r  a b i o l o g i c a l  e nemy  ( the G re nde l s )  i s  pe rm itted ,  but  not death d ue  
t o  g ene t i c  m utat i ons  or agg ress ive acts with i n  the s ame  spec i e s .  The use r  can  a l s o  exert psyc h i c  v io ­
l e nce ,  i n  that h e  neg l ects the Norns .  Fa i l i n g  to i nteract w i th  the Norns  o r  ra i s i n g  them i mproper ly  
causes  them to waste away and d ie  . 

The N o rn s  use mach i nes  as means of t ranspo rtat i o n  ( s u bma r i nes ,  e l evato rs )  or l e a rn i n g  ( com­
puters ) .  The i r  t remendous enthus i a sm for tec h no l ogy i s  t he  s i gn  of a n  a rt i f i c i a l  spec i e s  capa b l e  of  

h i g he r  deve l o pment; o f  cou rse ,  they can ope rate both ana log  and  d i g i ta l  mac h i n es ,  tho u g h  w i thout  

actua l l y  contro l l i n g  them .  



Now, on comm i s s i o n  f ram the  B r i t i s h  M i n i stry of Defence (Bedford ,  De ra Resea rc h  I n st i t u te ) ,  

the  " cute" l i tt l e  c ha racte rs a re be ing  t ra i ned as  Eu rof ighter  p i l ots. The goa l  of th i s  v i s i o n  i s  " to pu t  
human  i n te l l i g ence i n s i de  computers by the year 2020 . "  The concept of unmanned  a rmed  veh i c l es 

( UAV) i s  be i n g  tested with the No r n s .  The term " u nmanned"  is not synonymous  w i th  " not l i v e " ;  it i s  
j u st that ,  i n  th i s  c a s e ,  the re a re n o  h uman  b e i n g s  p i l o t i ng  t h e  Eu rofi ghter. 

Th i s  commerc i a l  a pp l i ca t i on  was se l ected because it conta i n s  the f i rst a rt i f i c i a l  spec i e s  capa ­
b l e  of l e a rn i n g .  O n l y  the " bo rn "  f lye rs a re b red  fu rther ;  the genes o f  those who c ra sh  a re  e l i m i nated . 

It i s  o n l y  after 400 gene rat i ons  that the  N o rns master av iat ion . The death of t he  v i rt u a l  test p i l ots 
means  noth i n g .  They a re i m mate r i a l  v i c t ims  of m i l i ta ry prog ress . Art i f i c i a l  l i fe ( s t i l l )  has n o  needs  of 

i ts own;  a l l  i t  wants to do  i s  to s u rv ive combat .  H u nger  and th i rst are tra i ned out  of i t .  F u rthe rmore ,  it 
i s  capab l e  of to l e rat i ng  stress ,  and can withstand tremendous acce l erat i on  wi thout  i n j u ry, s i n ce  i t  pos­

sesses no body and  its cyber l i fe-bra i n  has  been tra i ned exc l u s ive ly to car ry out  th i s  task .  

O n  the othe r  hand ,  game p l ayers g raw q u ite fond of the Norns due to t h e i r  representat ive­

ness .  The emot i ona l  attachment i s  stre ngthened by the l ong  d u rat ion of the game,  and man ifests i tse l f  

i n  phenomena  such  as  nam i ng ,  g ra p h i c  f ixat ion on so me part i c u l a r  stage  of a n  i n d iv i d u a l  c reatu re 's 
d eve l opment ,  a nd  a rra ngement  of i ts f u ne ra l .  Wh at takes p l ace here i s  a reve rsa l of v i s u a l  rep resen ­

tat i o n  i n  the form of a t ra n sformat i o n  of ha rd evo l ut i ona ry facts. Fo r  the game ,  t he  representat i o n  i s  
const ructed i n  such  a way  as  to be emot i ona l ly appea l i ng .  T h e  Norns a re the v i s u a l  embod i ment  o f  
c ha rm .  They move a b o u t  awkwa rd ly  i n  t h e i r  env i ronment A l b i a  a n d  a re q u i c k  t o  l e a r n .  N o rn s  a re t h e  

an t i t hes i s  o f  the u g l y, u neducated G re n de l s-the i r  enem ies ,  an  aggress ive spec i e s  t h a t  l i ves ou t s i de  

of A l b i a .  (Th i s  can  be rev i sed to so me  extent by  means o f  i ntervent ion i n  the prog ram . )  

B i n a ry code i s  f l ex i b l e  a n d  c a n  assume any v i sua l  form. The creators o f  a rt i f i c i a l l i fe a l s o  emp l oy 
th i s  representat i on  for K i l l e r-Norns ,  who wi l l  perhaps someday be in the pos i t ion  to ext i n g u i s h  rea l l i fe .  

Toby S i m pson 's remark " mode l l i n g  rea l ity to get rea l ity" thus assumes a new d i men s i o n :  mod­
e l l e d  v i rt ua l  rea l i ty becomes a rea l i ty of death and  destruct i o n .  For the f i rst t ime ,  a rt i f i c i a l l i fe  has i ts 

"f i n g e r" o n  the t r i gge r  of dead l y  wea pons .  Th is letha i  " smartness" of a rt i f i c i a l l i fe  that  l e ads  a n  ex i s ­

tence as  a pu re l y  a i rborne be ing  i n  a n  u nmanned f l y i ng  ob ject  const i tutes the a c h i evement  of i nde ­
pendence  of a war l i k e  fo rm of k i l l i n g .  Afte r  a l l ,  the P i l ot -Norns a re  capa b l e  of l e a rn i n g  w i th i n  t h e i r  

own  " b i otope"  and  deve l o p  capa b i l i t i e s  wh i c h  l i e  outs i de  o f  t h e  prog rammed  st ructu res-wh i c h  i s  b y  

no  means  asto u n d i n g  i n  the c a s e  of a n  a rt i f i c i a l  l i fe form with a genet i c  c o de .  The  No r n s  keep  t h e  

Eu raf i g hter  a l oft i n  such  a n  i n d i v i d u a l i s t i c  way  that t h e  programmers can no  l o n ge r  e ve n  exp l a i n  i t  o n  

the bas i s  of a n  a na l y s i s  of the  softwa re .  

The term "fr i e nd l y  f i r e "  takes o n  a n  i n s i d i o u s  new s i g n i f i cance when No rns-j uve n i l e  h o m u n­
c u l i  a n d  actu a l l y  j u s t  a fortu i tous  v i s u a l i za t i on  of d i g ita l processes-operate rea l a i rc raft a n d  a re i n  
the pos i t i on  t o  ext i n g u i s h  rea l l i ves .  D eath i s  no  l onge r  dep i cted a s  a h i deous  ske l eton ,  b u t  rat he r  a s  

a "cu te"  c udd l y  creatu re .  They a re o f  c o u rse i nv i s i b l e  t o  a potent ia l  enemy, t o  whom t h i s  i s  a remote­

contra l l ed g u i ded  m i s s i l e  without any  form of l i fe ,  s i nce the enemy i s  i n capa b l e  of perce i v i n g  it .  

These P i l ot-No rns  a re one  f u rt he r  step in the d i rect i on  of the f u l f i l l ment of the  age-o l d  m i l i ­
ta ry d ream o f  re p l a c i n g  impe rfect ,  mo rta l h u m a n  wa rr io rs with an  art i f i c i a l  spec i e s .  They a re p e rfect 

j i g saw puzz l e  p i eces in construct i o n s  l i ke the 21 stCenturyLandwar r io r  (21 C LW) ,  the P i tman  of  the 

1 980s ,  robotic weapons ,  and the idea of an " augmented rea l i ty" (Mark We i se r ) ,  and of conf l i cts dec i d ­

ed o n  a rt i f i c i a l  batt l ef i e l d s .  

Dyi ng  i n  V i rtua l  Worlds:  Mar i ne  Doom 

U p  to t h e  end o f  t h e  '80s ,  m i l i ta ry s i m u l ato rs-the Amer ican S I M N ET and  app l i ca t i ons  l i ke 

f l i g h t  s i m u l ators-were cons i de red to be the genes i s  of commerc ia l  v i deo  games .  H e re ,  wa r s h i fted 
m 
(V) 
(V) 



i nto a v i rt ua l  i ntermed iate wor ld cordoned off from rea l i ty, a wor ld  i n  wh i c h  v i rtua l death i s  p re i nsta l l e d  

by the  manufactu re r. Here, the symbo l i c  death of the opponen t  i n  combat occu r s  before b i o l o g i ca l  death 
because  i t  i s  f i rst determ i ned on the mon itors of strateg i c  headqua rters i n  the v i rtua l  wor l d .  

Bes i des  these e l ite strategy s imu l ators f o r  the t ra i n i n g  of off i ce rs ,  s im u l a t i ons  wh i c h  a re ,  
i ndeed ,  mod i f i e d  vers ions o f  commerc i a l ly ava i l a b l e  a c t i o n  games  l i ke Ooom 1 1  a re now be i n g  p laced 

i nto se rv i ce  for the tra i n i n g  of foot so l d i e rs .  The m i l i ta ry vers i o n  ent i t l ed Marine Doom can  be down­

l oaded  without restr icti on .  The s i n g l e  cond i t i on  to be a b l e  to p lay i s  the i n sta l l a t i on  of the commerc i a l  
p roduct Doom 1 . 9. This recou rse t o  commerc i a l  p roducts takes p l a c e  d ue  t o  cost cons i derat i ons ,  s i nce  

the rea l t ra i n i ng camps ( combat  towns)  a re f i l l e d  to capac i ty and  new ones  are too cost ly  

The Mar i ne  Corps  Mode l l i n g  S i m u l at i o n  Management  Off i ce  i n  Quant i co ,  V i rg i n i a ,  conducts a 
systemat i c  eva l uat ion of commerc i a l l y  ava i l a b l e  computer  games  a nd  v i s ua l i za t i on  softwa re-to 

gene rate rea l i st i c  scenar ios ,  for i nstance .  Bes i des  1 0 's Doom 1 . 9  wh i c h ,  as  Marine Doom, has  been 
adapted to meet m i l i ta ry spec i f i ca t i ons ,  the  Navy i s  test i n g  a f l i g h t  s i m u lator  en t i t l ed  Je t F i ghter 1 1 1 .  

T h e  g a m e  makes  ava i l a b l e  two types o f  a i rcraft a n d  rea l scena r i os  s u ch  a s  C h i n a ,  Korea ,  Japan ,  
R u s s i a ,  A l a s ka ,  C u ba ,  Argent i na ,  C h i l e , and  Tu rkey. I t  i s  poss i b l e  to run  90 m i s s i ons ;  t ime  of day  a nd  

cond i t i o n s  such  as  fog , smoke ,  and f i re can  be s e t .  Approva l has  a l s o  been g ra nted to the  M 1  A2  

Ab ra m s  Tan k  S i m u lat ion ,  F l i ght  U n l i m i ted 1 1 ,  a f l i g ht s i m u l ator  for  ac robat i c  ae r i a l  maneuvers ,  a nd  
Comanche  Max i mum Overki l l ,  a h e l i copter s i m u la t i o n .  

Among t h e  3-D an i mat ion softwa re be i n g  tested i s  3 -D  Stud i o  Max .  T h e  eva l ua t i on  espec i a l l y  

emphas ized t h e  destructive effects f o r  a n i mated obj ects, i n c l u d i n g  " spawn i n g  on death a nd  c o l l i s i o n ,  
t ra i l i n g  sparks ,  f l u i d  b ubb l e  mot ion"  ( http ://www.tec . a rmy m i l/TD/tvd/su rvey/30_Stud i o_MAX. htm l )  

T h e  MetaVi rtua l  Rea l ity Scene Gene rator e nab l e s  u se rs t o  construct games  f o r  m u l t i - p l aye r  
n etworks with " event based textu re a n i mat i o n s  for  exp l o s i ons ,  dynam i c  weathe r "  o n  a te r ra i n  co rre­
s p o n d i n g  to the Fort B e n n i n g  Mout and c o m p r i s i n g  an a rea  of 24 x 24  k i l omete rs  

( http ://www.tec . a rmy m i l/TD/tvd/su rvey/M etaVRSG . htm l ) .  

T h e  catego ry o f  act ion games-"deathmatches "  a s  t h e y  a re appropr i ate l y  t i t l ed-makes a 

m u l t i - p l ayer  mode ava i l a b l e  and is part i c u l a r l y  we i l  s u i ted to the tact i c a l  s im u lat i o n  of combat .  With 

the poss i b i l ity of mu lt i -p l ayer mode ,  the band i n g  together  of prev i o u s l y  i s o l ated p l ayers i n  combat 
groups and  u n its of the i r  own choos i ng  (e .g .  the  Quake C l a n s )  has  come about  on  i ts  own . Th i s  g l ob­
a l ,  te l e present .  network- l i n ked mode of p lay ing with each  other  and  not necessa r i l y  a g a i nst each  

other  ha s  been adopted by the m i l ita ry. 

For  t h i s  reason,  act i on  games l i ke Doom recommend  themse lves to a i d  the format i o n  of soc i a l  
s k i l l s .  M i l i ta ry deve l opers a rgue that l i fe-sav i n g  t e a m  sp i r i t  o u g ht t o  be tra i ned i n  a rt i f i c i a l  s cena r i os ,  

so that  i t  does not have to  be formed unde r  the ex i stent i a l  p ressu re of war and  the cond i t i ons  of rea l  
combat  i n  wh i ch  e rrors can be i rrevers i b l e .  

T h e  m i l i ta ry teams n o w  p l ay i n  an  I ntra net u nde r  t h e i r  contro l  w h i c h  i s  n o t  access i b l e  b y  the 

g e ne ra l  p u b l i c .  Th i s  i s  of m inor  s i g n i f i ca nce ,  h owever, s i nce  the structu ra l  a nd  v i s u a l  mod i f i ca t i ons  
u n de rtaken by the  m i l i tary a re o f  a rath e r  cosmet i c  natu re .  R ea l i st i c  b u n kers ,  te r ra i n s  a nd  t renches 
fenced off  by barbed wi re have been i ntrod uced .  I n  p l a ce  of monsters of va r i ous  d i ffe rent types-i . e .  
w i t h  a var i ety of f ight ing capa b i l i t i es-recru i ts n ow  confront e nemy and  f r i e n d l y  troops i n  u n i form . 
The i r  bas i c  mode l  is a " G . I .  Joe"  act ion f i g u re that has  been  scanned  i n  with a var i ety of d i fferent u n i ­

fo rms .  T h e i r  a rsena l  i s  l i m i ted t o  three types o f  weapons i n  c u rrent u s e  ( M 1 6A 1 r i f l e ,  M -249 mach i n e  
g u n ,  M-67 g renade  launcher l .  and the i r  f i r e  i s  b a sed  o n  l aws of ba l l i s t i c s .  

The Ma r i nes p lay ing th i s  game a re g rouped i nto squads  of fou r  i n d i v i d ua l s ,  a rea l i st i c  repre­
sentat i o n  of the sma l l est f ight ing u n i t .  They " p l ay"  on  the i r  PCs in a room e q u i pped with l o udspeakers 

p l ay i ng  sounds that im itate the no ise of a batt l ef i e l d  and  commun i cat i ng the commands  of t he i r  s u pe­

r ior who, as  a n  observer, has an overs i ght  ca rd and can  stop the cou rse of events at any t ime .  Each 



p l ayer ha s  h i s  own perspect ive of the combat s i tuat i on .  He is ass igned a m i ss i on  v i a  e-ma i l ,  as we i l  a s  
a descr i p t i on  of who i s  a f r i end  and  who  i s  a f oe .  I t  i s  poss i b l e  to conduct exerc i ses  of spec i a l  m i s s i o n s  

such as  the l i be rat i on  of a n  embassy-i n th i s  c a se ,  o r ig i n a l  b l uep r i nts o f  a n u m be r  o f  d i ffe rent  

embassy compounds  a re made  ava i l a b l e  ( http://www.tec .a rmy.m i l/TD/tvd/su rvey/Ma r i n e_Doom . htm l ) .  
" T h e  object o f  Doom i s  to ma im ,  t o  k i l l ,  t o  rout , t o  ravage .  You succeed b y  ob l i terat i o n ,  a nd  

t h e  g reatest concentrat i o n  of v i o l ence  y i e l d s  the best resu l t . I n  other words ,  the h i g h  octa ne  v i o l e n ce  

that d raws young  and  o l d  a l i ke to many computer games  i s  exact ly what  profess i o n a l  warr io rs  s h o u l d  

be wa ry Of . " l l  

The  o r i g i n a l  po i nt of the game-he l te r-ske l ter  s l a ughter of anyth i n g  that moves and  does  not  

have a h uman  form-makes no  sense  for the m i l i tary app l i ca t i on .  Marine Doom prov i des  a tota l ly d i f­

ferent type of tra i n i n g :  the i d e nt i f i cat i on  of a l ly and enemy, not j ust b ra i n l e ss ly  b l as t i ng  away. The  
avo i dance  of fr i e nd l y  f i r e  i s  o ne  of the t ra i n i n g  tasks .  

The c omme rc i a l  ve rs i o n  has been c u stom i zed wi th  combat rea l i s m .  In  t he  n o rma l ve rs i o n  

o f  Doom, a p l aye r  c a n  stock u p  o n  ammun i t i on  b y  co l l ect i ng  i t  fram w ide l y  d i spersed storage  depots ;  
in  Marine Doom, the re i s  on ly one a rsen a l ,  a nd  p l ayers have j u st as much t ime ava i l a b l e  to load the i r  

weapons  as  they wou l d  have i n  actu a l  combat .  U n i q u e  featu res o f  b i n a ry games ,  s u c h  as  t h e  u se  of 

"med i c i n e  packs"  to restore the f i tness of those who have been i nj u red in attacks by monsters ,  have 
been  done away with i n  the Marine Doom vers i o n .  A p l ayer can be wounded on ly once ;  the  second  

t ime ,  h e  l o ses  h i s  l i fe .  S i m i l a r l y, he  can not use  po i nts to  recupe rate f ram a n  i nj u ry o r  to reg a i n  a h i g h­
er percentage of hea l t h .  

The s ub l i me body  of the o r i g i n a l  v i deo  game has been  term i nated .  The f i n i teness of a rt i f i c i a l  

l i fe as  a s i m u l a t i on  o f  rea l l i fe must be pragrammed i nto processua l  v i rt ua l  wor l ds .  Marine Doom does  

not featu re a reset but ton  to resu rrect the fa l l e n  so l d i e r  and redep loy h i m  i n  the ongo ing  theate r  of war. 

The  i nterdependence  of g ame-p l ay i ng  and warfare deve l ops i n  two stages :  f i rst, an abstract­
ed mode l  of i n d i v i d u a l  combat i s  tra n sposed i nto the sphere of game-p l ay i ng ;  in a second step ,  the 

mode l  of a rt i f i c i a l  wa rfa re represented he re becomes a measu re for rea l com bat . 

Death and Immorta l i ty of Artif i c ia l  Life 

Art if i c i a l  and natu ra l  l i fe a re edg i n g  c l oser  and c l ose r  togethe r. The c l o n i n g  of mamma l s  a nd  

t h e  ob se s s i o n  w i t h  the pe rfect copy a re l e ad i n g  t o  t h e  deve l opment of l i fe on  the p r im it ive l eve l o f  
i d e nt i ca l c e l l u l a r  reprad uct i o n . 1 2 A t  the moment. a rt i f i c i a l  l i fe i s  on t h e  same l e ve l  of p r im it ive repra­

duct i o n .  Bu t  from th i s  po int  of depa rtu re ,  evo l ut i ona ry leaps ,  forms of gender d i ffe rent ia t ion  and of 

the death of a rt i f i c i a l  spec i e s  have made themse lves ev ident .  Thus, these a rt i f i c i a l  wor l ds  seem to be 
deve l o p i n g  o r  reconstruct i n g  someth i n g  new, wh ich  cou l d  be l ost i n  rea l ity i n  the futu re .  

Death as  a necessa ry reg u l ator  i s  be ing  i ntroduced as a rt i f ic i a l  death ,  as  the " reape r" func ­

t i  o n ;  a s  eme rgent death ,  i t  i s  deve l o p i n g  i n  evo l u t i ona ry fash i o n .  Art i f i c i a l l i fe i s  t h u s  becom i n g  a so rt 
of d i g ita l zoo i n  wh i ch  t h i n g s  that have been destroyed in rea l l i fe are preserved . It se rves the reco n ­

struct i o n  of evo l ut i o n ,  the  eme rgence  of l i fe and  behav ior, and the reconstruct ion of va r i o us  d i ffe rent 

forms of d eath and  of immo rta l i ty. Death ,  v i o l ence ,  trans ience ,  and etern ity ex ist  a s  praject i ons  in  

these v i rt u a l  wor l d s .  
E ven  i n  v i rt ua l  wor l ds ,  p l ayers a re beg i n n i n g  t o  cha l l enge  t he  necess ity o f  b i o l o g i c a l  death 

and  to revamp  the structu res of the game .  I n  Creatures, they are outf i tt i n g  the i r  b e i n g s  with the so ­
ca l l ed " H i g h l ande r  gene"  to endow them with immorta l i ty, a l though the a rt i f i c i a l  wor ld  then  suffe rs 

fram overpopu l a t i o n .  The undead  can not be v i s ua l ly d i ffere nt i ated; even the undead  N o rns  reta i n  th e i r  

fr i e n d l y  a ppearan ce .  They represent t h e  f i rst spec ies  o f  vamp i res that s i mp l y  l i ves o n  without hav i ng  

fa l l e n  v i c t im to  a symbo l i c  p u n i s hment  of the commun i ty and the refore hav i ng  to retu rn  ove r  and  ove r  
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aga i n .  It is t hus  ev ident that v i rt ua l  wor l ds  not  on l y  p rese rve forms and  r i tu a l s  of death ,  but a l so b r i n g  

forth someth i n g  t ha t  i s  no t  (yet) poss i b l e  i n  rea l i ty-name ly, phys i c a l  i m mo rta l i ty. 

On one  hand ,  a rt if i c i a l  l i fe red i scovers death as an i mpo rtant catego ry of l i fe ; on the othe r  

hand ,  i t  th reaten s  th i s  very s ame  human  l i fe w i t h  a gg ress i ve a c t i o n  and  v i o l e n t  d eath i n  m i l i ta ry a pp l i ­

cat i o n s .  Art i f i c i a l  l i fe has succeeded i n  mak i n g  the l e ap  to the  reconstruct i o n  of h uman  v i o l e nce­

from evo l ut i o na ry aggress ion  that promoted s u rv iva l to p remed i tated agg ress i ve  act ion re i nforced by 

mach i n e ry. With the advent of P i l ot-Norns ,  it has  l ost i ts i n nocence .  

B i n a ry games a re neutra l i n  and of themse lves ;  they possess  open  structures that  can  be  fun ­
damenta l ly rev i sed  by  the use r. Th i s  enab l e s  them to be  adapted for  m i l i ta ry p u rposes .  Creatures and  

Marine Doom s how that  the process of s i m u la t i on  i n  the form of rea l i ty mode l s  i s  becom i n g  a two­
edged  sword . The mode l s  wh ich  have been  c rysta l l i zed  i nto the form of g ames  a re n ow be i n g  pro­

j ected back i nto real l i fe and a re i n f l u enc i n g  rea l o rg a n i zat i o n a l  forms .  
Neverthe l ess, the va r ious  game vers i ons  d i ffe r  i n  key respects .  I n  Marine Doom, the u nb r i d l e d ,  

w i l d  v i o l ence t ha t  i s  req u i red f o r  s u rv iva l i s  transfo rmed i nto a " c i v i l i zed , "  ordered v i o l e n ce .  As a res u l t  
of the mod i f i cat ions  it has u ndergone ,  Marine Doom becomes  a s im u l ated rea l i ty, whereas the com­
me rc i a l  vers i o n ,  with its s u b l ime  bod ies  and  the poss i b i l ity of m u l t i -stage  death ,  rema i n s  a game .  

Furthermore ,  i t  i s  prec i se l y  t he  ecstat i c ,  b ra i n l e s s  b l as t i ng  away wi th  a n  en t i re a r sena l  of 
dead l y  weapons  that comp l ete ly sets a game  off from the rea l i ty of warfare a n d  m i l i ta ry attack .  The 

v i deo  game i nvo lves the dang e r  of f r i end l y  f i re on l y  i n  m u l t i - p l ayer  mode .  

The Mar i nes  can no  l onge r  afford to deve l o p  the i r  own software wh ich  even comes c l ose to 
commerc i a l  p roducts with respect to the sta nda rd of q u a l i ty and the rea l i ty of g raph i c  rea l i zat i o n .  

T h u s ,  t h e  reve rsa l o f  t h e  o r i g i n a l  i nterdependence  of the m i l i ta ry comp l ex a n d  t h e  e l ectro n i c  ente r­
ta i nment i n d u st ry is c u l m i nat i ng  i n  the a s sumpt i on  of a mode l  funct i on  on the  pa rt of deve l o pments 

in enterta i nment  e l ectron i c s .  With the p u rchase  of game-p l ay i ng  strateg i e s  ou t  of the i nventory of the 
g l o b a l  c u l t u ra l  i n d u stry, the m i l i tary comp l ex l oses i ts h egemon i c  pos i t i on  i n  the  f i e l d  of e l ectro n i c s  
a nd  software .  The  s i tuat ion that Kitt l e r 1 3  ana lyzed as  the pos i t i o n  o f  predom i nance  o f  the m i l i ta ry i n  

t h e  f i e l d  o f  tec h n i ca l -med i a l  deve lopment  i s  t h u s  reve rsed i n  t h i s  case .  T h e  v i o l ence  o f  wa rfa re l e g it­
i m i zed by the a utho r ity of a sovere i g n  state n ow has i ts o r i g i n  in commerc i a l  p roducts-in games .  The 

Pentagon i s  forced to tra i n  ce rta i n  m i l i ta ry capa b i l i t i e s  on  the  bas i s  of presc r i bed  program structures 

that  pe rm i t  on ly va r iat ions and  a re a l so ava i l a b l e  to c i v i l i a n  p l ayers .  
With the a rt i f i c i a l  wor ld as  an  ava nt-ga rde  man ifesta t i on  i n  which t he  c u l t u re i n d u stry pre­

scr ibes program structures to the m i l ita ry comp l ex and perm its i t  on ly s upe rf i c i a l  v i s ua l  var ia t i o n s ,  

ente rta i nment ha s  as sumed  a dead l y  cha racter. 
" Futu re adversa r ies  . . .  may use  t he i r  l a st breaths to c u rse the commerc i a l  game softwa re 

J i n d u stry. " 1 4  
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T h e  W o r l d  i n  2 4  H o u r s 
Monday, September 27, 1982, ti l l  Thursday, September 28, 1 982 
Austr ian  Broadcasti ng  Corporat ion,  Reg iona l  Stud io  tor Upper  Austr ia  
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Artist's Use ot Te lecommun ications 

This te lecommun i cat ions program by a rt i sts i s  l i ke other  such  events i n  the past i ntended to 
deve l op  techn i q ues  lor i nd iv i d u a l ,  persona l  use 01 ex i st i n g  te l ecommun i cat i ons  techno l ogy. 

I t  is olten c l a imed that modern e l ectro n i c  systems  and  

networks a re not  access i b l e  to pr ivate i n d iv i d ua l s ,  but actua l l y  

access i s  a re l at ive ly easy matter; the rea l  prob l ems  o n l y  a r i se  

when  one  seeks  ways to use these  systems .  One  soon d i scovers 
that , with the except ion 01 the games and  enterta i nment  sector, 

a l l  t h i s  tech no l ogy is des igned lor the corporate use r. 
I nd i v i d ua l  users a re i so l ated lrom the des i g n  01 new tech­

no l ogy beca use ,  s i nce they have no prec i se  need ,  i t i s  assumed 

tha t  the i r  i nterests are met by l i rms i nterested i n  ma rket i n g  h i g h ­
tech by-prod ucts ,  i n  serv i ng  ex ist ing d emand  rather  t h a n  ass i s t i ng  

i n  the deve l opment  0 1  poss i b l e  a l ternat ive d i rect ions i n  e l ectro n i c  

techno l ogy. I I  the re is t o  be a ny  sort 01 c h an ce  t o  deve l o p  n ew 
techn i ques  by mean s  0 1  wh  i ch  pr ivate i nd i v i d u a l s  can make mean ­

i nglu l use 01 these e l ectron i c  med i a-to assert the i r  r i g h t  t o  g en ­

u i ne part i c i pat ion  i n  t h e  deve l opment 01 t h i s  n ew e l ectro n i c  
wor l d-then i t  wi l l  have t o  be very s oon .  I t  i s  probab l y  t oo  l ate 
even now to rea l ly change the d i recti on 01 des i gn  deve l o pment ,  
but we can t ry at l east to d i scover ways to i nse rt h uman  conte nt 
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i nto the commerc i a l/m i l i tary wor ld I loat ing i n  t h i s  e l ectro n i c  space .  And t h i s  i s  where a rt i sts a re trad i ­
t i ona l l y  strong . . .  i n  d i scover i ng  new ways t o  use  med i a  and  mater ia l s  i n  i nvent i ng  new and  contra­

d i ctory mean i ngs  for ex ist ing organ i sat ions and  systems ,  in s u bvert i n g  se l f -serv i n g  power structu res i n  
t h e  i nterests o f  near ly eve ryone .  Artists u s i n g  e l ectron i c  te l ecommun i cat i ons  a r e  t ry i n g  t o  f i n d  h uman  
mean i n g  i n  an  e l ectron i c  space .  



The Wor ld  i n  24 Hours 

A praject connect i ng  a rt i sts a raund  the wor l d  i n  a non -stop se r i e s  of d i a l o g u e s  beg i n n i n g  at 
1 2  noon  o n  Septembe r  27 a n d  e n d i n g  at 1 2  noon  on Septembe r 28 ,  1 982 ( C e ntra l E u ra pea n  Ti m e ) .  

1 4  a rt i sts o r  g roups a r a u n d  t h e  wor ld  w i l l  be  i n  commun i cat ion with L i n z ,  Austr i a ,  d u r i n g  t h e  24-hou r  
praject .  Each of the pa rt i c i pat i n g  l ocat i ons  wi l l  be ca l led on t he  te l ephone f r am the cent ra l l ocat ion i n  
L i n z  a t  1 2  n o o n  l oca l t ime  ( e . g .  1 8 . 00  i n  L i n z  = 1 2  noon i n  To ronto ) .  Each contact wi l l  l a st a b o u t  one  hou r, 

pe rm i tt i n g  the exchange  of v i s ua l  mater i a l  v ia  te lephone by means of e i t he r  s l ow-scan te l ev i s i on  o r  
te l efacs i m i l e  tra nsce i v i ng  e q u i pment .  I n  add i t i on  t he  I .  P. Sha rp compute r t imesha r i n g  network wi l l  be  
ava i l a b l e  for computer  g raph i c  exchange  and/or 
coord i na t i on  of the prajects .  Pa rt i c i pants have 
been offe red the oppo rtu n i ty of choos i n g  any 

te l eco m m u n icat ions  med i um  for the i r  contr i but ion ,  

pravi d i n g  that i t  operates v i a  no rma l  te lephone and  
i s  a l s o  ava i l a b l e  i n  L i n z .  H oweve r, t he  p resent  state 
of deve l o pment makes on l y  three med i a  feas i b l e  
f o r  use by a rt i sts o r  other p r ivate i n d i v i d u a l s :  

1 .  Computer  t imesha r i ng  ( I .  P Sha r p  APL N etwork) :  

E q u i pment :  computer term i n a l .  M ed i u m :  loca l  te le ­
phone to nearest I PSA off i ce .  

The I .  P. Sharp  off i ce  i n  V ienna  w i l l  prav i de  com­
Robert Adrian X. The World in  24 Hours 

puter t ime  and  tec h n i c a l  ass i sta nce  to pa rt i c i pants wish i n g  to use I .  P. Sha rp  software for computer­

g raph i c  exchange .  The ARTBOX and  CON FER programs wi l l  a l so be ava i l a b l e  for  coo rd i nat i on  of the 

project and  for computer  comm u n i cat i ons  exchanges .  

2 .  S l ow-scan te l ev i s i o n  ( SSTV) :  Eq u i pment :  SSTV transce iver ( e . g .  robot  530) .  M e d i u m :  d i rect long-d i s ­

tance te l ephone connect i o n .  
S i g na l s  f r am a v ideo came ra a re converted by  t he  transce iver i nto a u d i o  s i g n a l s  a n d  t ransm itted v ia  

te l ephone .  The rece ived s i g n a l  i s  reconverted to a v ideo s i gna l  and d i s p l ayed on  a mon itor. Each image 
takes 8 . 5  seconds to be comp l eted .  

3 .  Te l efacs i m i l e  ( te l efax) :  E q u i pment :  te l efax transce iver ( e . g .  3M "9 1 36 "  g roup  111 (tra nsce iver ) .  Med i u m :  

d i rect l o ng -d i stance te l ephone  connect i o n .  

Te l efax transce ivers convert i m a g e s  on  paper  i nto a u d i o  s i gna l s  and  tra n sm it t h e m  v i a  te l ephone .  A 
compat i b l e  mach i ne  then  converts the s i g n a l  back i nto an image on paper. There a re 3 d i fferent types 

of mach i n e  ava i l a b l e :  graups I ,  1 1 ,  and  11 1 .  The fastest of these are the graup 111 mach i nes ,  which can 

tra n sm i t  an  A4 page i n  under  a m i n ute .  Mach i nes  l i ke the 3M "9 1 36"  a re a l s o  compat i b l e  with the 

s l ower group l and  1 1  mach i n e s .  

The 24-hou r  pragra m  wi l l  beg i n  w i t h  a n  extens ive Eu rapean sect ion l a s t i n g  a bout  6 h o u rs ,  from 1 2  noon 

u nt i l 1 8 .00 (Centra l E u ropean Ti me ) .  The Eu rapean sect ion wi l l  i n c l u de  contr i b u t i ons  fram F l o rence ,  

Fra n kfu rt, Geneva, Vi enna ,  and  D u b l i n .  There wi l l  a l so be an  expe r iment  ca l l ed "PS I -Be rnet ic  
N etwork i ng "  ( u s i n g  the I .  P. Sha rp  t imesha r i ng  network) i n i t i ated by Roy Ascott in  Bath ,  U . K . ,  go ing on  

du r i ng  the who l e  E u ropean  sect i o n .  The overseas program w i l l  compr i se  at l east 4 No rth Amer i can 

l ocat ions  ( there may a i s o  be a N ew York C i ty part i c i pant l .  Hawa i i ,  Sydney /Austra l i a ,  and Tokyo .  The 

f i n a l  contact wi l l  be  from Tu rkey at 1 1  : 00  on  September  28 ( L i nz t ime ) .  
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Projects 

L inz 

Th i s  p ro ject  was begun i n  Janua ry 1 982 when a se r i es  of workshops was ar ranged at the Hochsch u l e  

f ü r  künst l e r i sche  u n d  i ndustr i e l l e  Gesta l t ung ,  L i n z .  These workshops b y  Robe rt Adr ian  X ( funded b y  the 
Ö sterre i c h i sches  Ku lturserv ice )  were i ntended to c reate a team of a rt i sts and  students ab le to prepare 
a nd  transm i t  o r i g i n a l  work and to man the e q u i pment  d u r i n g  the 24-hou r  event .  The workshops  were 
coord i nated by Wa l tra ud Cooper, l ecturer at the Hochsch u l e  u nde r  Professor  La u r i d s  O rtner. Ms. Cooper  

w i l l  a l so  be coord i nat ing part i c i pat ion by the L i n z  g roup  dur i ng  the program .  

The  workshop  pa rt i c i pants were: B r u no  A ich i n ge r, H e l m ut G u ntne r, Ge ra l d  Hackenberg ,  Jo se f  H o rvat, 
E l i sa beth J u a n ,  Mo i d i  Kretschmann ,  M ichae l  La ngange r, Jö rg M i kesch ,  Otto M ittmannsg rube r, Son ja  

R e i s ch i .  

Frankfurt 

Coord i nat i o n :  Thomas Bayne .  

Locat i o n :  Städe l s chu l e ,  Hochsch u l e  für  Kunst . F ra n kf u rt/Ma i n  

Pa rt i c i pants : Thomas Bayr l e ,  Ernst Carame l l e ,  Jochen  Fey, J u rgen  R i e hm  and  Mon i ka Schwitte . 

Med i a :  te l efacs i m i l e .  

Thomas Bayr le  i s  a n  art i st work ing with photography, trad i t i o na l  m e d i a ,  a n d  a rt i st 's books a n d  i s  Dozent 

at  the  Städe l s ch u l e .  

Florence 

Coord i nat i o n :  Mau r i z i o  Nannucc i .  
Locat i o n :  Zona ,  F l o rence .  

Pa rti c i pants :  Fa b r i z i o  Corn e l l ,  A l bert Mayr, Pao l o  Na s i ,  Mass imo  Nannu c c i ,  Mau r i z i o  Nannucc i ,  G i a n n i  

Pette na ,  Ma r i n o  V ismara .  
Med i a :  te l efacs i m i l e .  
ZDNA i s  an  i ndependent group o f  a rt i sts work i n g  tagethe r  i n  a l l  med i a ,  i n c l u d i n g  mus i c ,  perfo rmance ,  

rad i o ,  v i deo ,  e tc .  ZDNA i s  a l so an  a rt i st- run space i n  the center  of F l o rence .  

Geneva 

Coord i nat i o n :  Ge ra l d  M in koff. 

Locat i o n :  V ideo M ixmed ia G roup ,  rue de Javo i s ,  G eneva . 
Part i c i pants :  Ge ra l d  M inkoff, Mu r i e l  D i esen ,  and  members of the V ideo-M ixmed i a  G ro up .  

Project :  G od Trap :  Part Dog-attempt ing t o  l i n k ,  e l ectron i c a l ly -menta l l y, Parad i se  w i t h  He l l .  "Coo l  a nd  

s l ow the e l ectrons before it 's t ao  l ate . "  
Med i a :  te l efacs i m i l e  and/or computer t imesha r i n g .  

Ge r a l d  M i n koff and  Mu r i e l  D i esen a re a rt i sts work i n g  w i t h  e l ectro n i c  med i a ,  photog raphy, and  pe rfo r­

mance .  They l ive and  work in Geneva . 

Amsterdam 

Coord i na t i on :  Ann ie  Wr ight  and Dav id Ga rc i a .  

Locat i o n :  Mazzo ,  Amsterdam .  
Proj ect :  Late  Times  Extra . 
" D ne  of a n umbe r  of works we have made based on the i n se rt i o n  of ' f i c t ions '  i nto everyday formats . 

We have prev i o us l y  used shop wi ndows, street posters ,  p ub l i ca t i ons  and  te lev i s i o n  and  now te lecom-



mun icat i o n s . "  The p roject wi l l  treat the computer term i n a l  as a news agency te lep r i nter, deve l o p i n g  a 
p l ot tro ugh  the m ixtu re of " rea l "  news and  f i c t i on .  
Med ia :  computer t imesha r i n g .  

Ann i e  Wr i gh t  and Dav id  G a rc i a  a re Eng l i sh a rt i st/writers l iv i ng  i n  Amste rdam .  

Vienna 

Coord i nat i o n :  He lmut  Ma rk .  

Locat i o n :  Österre i ch  i s che  Ku l tu r  Se rv i ce .  
"Stu d i o "  Pa rt i c i pants :  Ma rkus G e i ge r, R uth Labak ,  H e lmut Mark, A l i ce  Weber, He imo  Zobern i g .  

Proj ect : S putn i k  macht 's mög l i c h .  

The  f i v e  a rt i sts wi l l  mee t  at the Ku l t u r  Se rv i ce  "Stud i o "  ( G rü nangergasse 6 )  from 1 0  am  to 6 pm every 
day from September  24 to 29 .  O n  September  25 and 26 they w i l l  ho l d  workshops on te l ecommun i ca ­

t i ons  med i a  i n  prepa rat i on  for the 24-ho u r  event on September 27 and 28 .  On  September  29  a d i scus ­

s i o n  of the ent i re project i s  p l anned .  
Med i a :  computer t imesha r i ng  and  te l efacs i m i l e .  

H e l m ut M a r k  i s  an  a rt i st work i n g  i n  m a n y  m e d i a ,  m a i n l y  i n  p u b l i c  space .  He  l ives i n  Vi e nna .  

Dub l i n  

Coord i nat i o n :  B r i an  K i n g .  

Locat i o n :  Na t i o n a l  C o l l ege  of Art and  Des i g n .  

Part i c i pants : B r i an  K i n g  and  students o f  the Co l l ege .  
Med ia :  computer t imesha r i ng  and  te l efacs i m i l e .  

B r i an  K i n g  i s  a s cu l ptor and  teacher. H e  i s  head o f  t he  Scu l ptu re department at the Na t i o na l  Co l l e ge  o f  

Art and  Des i g n ,  D u b l i n .  

Toronto 

Coord i na t i on :  De rek  Dowden (Artcu l t u re Resou rce Center) and D i eter Hastenteufe l .  

Locat i o n :  Commun itex :  Commun ity V ideotex. 

Part i c i pants : D i eter Hastenteufe l ,  Derek Dowden ,  Peete r Se pp ,  Jane Wri g ht, and  others .  

Proj ect :  i n  p reparat i o n .  

Med i a :  computer  t imesha r i ng ,  s l ow-sca n ,  and/or te l efacs im i l e .  Derek Dowden works w i t h  Artc u l t u re 

Resou rce  Center, a non -p rof it orga n i s i n g  fac i l ity for cu l t u ra l  projects. 
Commun itex i s  a non -p rof it orga n i sat i on  to promote and fac i l itate art i s t i c ,  c u l t u ra l ,  and commun i ty use  

of new te l ecommun i cat ions  tech no l ogy. 

San Franc isco 

Coord i na t i on :  Tom K l i n kowste i n .  

Locat i o n :  A u d i o  V i sua l  Center, t h e  San  Fra nc i sco State Un ivers i ty. 

Part i c i pants :  Staff and  students at the Aud i o  V isua l  Center and at the Broadcast Commun i cat i ons  Art 

Depa rtment ( S FSU ) .  

Project : The Custome r  I s  A lways R i g ht .  

Advert i s i n g  o r  advert i s i ng- re l ated images  wi l l  be broadcast l ive via the ( i nteract ive) c ab l e  te l ev i s i on  
stat ion  i n  San  F ranc i sco and  v ia  s l ow-scan te l ev i s i on  to L i nz .  S im i l a r  mate r i a l  wi l l  be  d i s p l ayed as  
s l i des  o r  v i deo  t apes  to the a ud i ence at the OFF  center i n  L i n z  and transm i tted to San  F ra n c i sco v i a  

s l ow-scan te levi s i o n .  Responses to the transm i tted images  wi l l  be exchanged v ia the I . P.  Sha rp com­

puter  t imesha r i ng  network .  

Med i a :  computer  t imesha r i ng  and  s l ow-scan te l ev i s i o n .  
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Tom K l i n kowste i n  is an a rt ist .  des i gne r, and teache r  spec i a l i s i n g  i n  e l ectron i c  med i a ,  a u d i o-v i s u a l  tech­

n i q u es ,  and  te l ecommun i cat ions .  He  d iv ides h is t ime between  San F ranc i sco and Amsterdam .  

Pittsburgh 

Coord i nat i o n :  B ruce Bre l and .  
Locat i o n :  Department o f  F i ne  Arts, Carneg i e -Me l l o n  U n ivers i ty, P ittsbu rgh .  

Part i c i pants :  G EKKü (Generat ive Ene rgy/K i n et i c  Know ledge  fü rde r ) ,  B ruce B re l a nd ,  He rb  Coshak ,  
James  Koche r, Ha rry Ho l l a nd ,  D i a ne  Samue l s ,  and  C i ndy Snodg rass .  

P roject :  Gekko's Wi ndow: 

1 .  Bruce Bre l and-Cast ing Co l o r  on  the Conemagh ( SSTV) 

2. James  Koche r-X/ü (SSTV) 

3. D i a n e  Samue l s-Fi nger  Performance ( SSTV) 
4 .  He rb Coshak-Al eth ( SSTV) 
5 .  C i ndy Snodg rass-Windrays, A i rwaves ,  H i g hways ( SSTV) 

6 .  Ha rry Ho l l a nd-Strata Va r ia nts (computer  t imesha r i ng ) .  
Med i a :  s l ow-scan te levi s i on  and computer t imesha r i ng .  

Vancouver 

Coord i nat i o n :  Hen ry Bu l l  and B i l l  Bart l ett. 

Locat i o n :  Weste rn Front Soc i ety, Vancouver. 
Part i c i pants :  Hen ry Bu l l ,  B i l l  Ba rt l ett, Kate C ra i g ,  G i e n  Lewis ,  a nd  membe rs of the Western Front 
Soc i ety 

Med i a :  s l ow-scan te lev i s i on  and computer t imesha r i n g .  
Hen ry Bu l l  i s  an  a rt i st. mus i c i a n ,  and  cu rator work i ng  i n  pract ica l l y  every med i um f rom photography to  

rad i o .  He  l ives i n  Vancouver and i s  respons i b l e  f o r  the g a l l e ry program at the Weste rn Front .  B i l l  
Ba rt l ett i s  a p i onee r  of a rt i sts' u s e  o f  te lecommun i cat i ons ,  espec i a l ly with s l ow-scan te l ev i s i o n  and  

computer commun icat i ons .  He  l ives on Pender  I s l and ,  B r i t i sh  C o l umb i a .  Western F ron t  i s  a n  a rt i st- run  

center  ( founded i n  1 972)  that  offe rs prog rammes  i n  v i sua l  a rts ,  mus i c ,  dance ,  and  v ideo as  we i l  as an  
amb i t i ous  "a rt ist- i n - res idence"  program .  

Hawa i i  

Coord i nat i o n :  J o h n  Southworth . 

Locat i o n :  U n ivers i ty 01 Hawa i i ,  Hono l u l u .  
Part i c i pants :  J o h n  Southworth ,  Joseph Tanton ,  and  staff and  students o f  t h e  U n ivers i ty. 

Med i a  computer  t imeshar ing  and s l ow-scan te l ev i s i o n .  
John  Southworth i s  an educator and  spec i a l i s t  f o r  i ntegrated e l ectro n i c  l e a r n i n g  systems .  H e  l i ves and  

works i n  Hawa i i .  

Sydney 

Coord i nat i o n :  Er ic G i d ney. 
Locat i o n :  C i ty Art I n st itute, Sydney, Austra l i a .  
Part i c i pants :  E r i ch  G i dney, l a n  Howard, a n d  students o f  t h e  C i ty Art I nst itute . 

Med i a :  computer  t i meshar ing and/or te l efacs i m i l e .  
E r i c  G i dney a n d  l a n  Howard a re l ectu rers a t  t h e  C i ty Art I n st i tute .  



Tokyo 

Coord i na t i on :  Kazue Kobata . 

Locat i o n :  Body Weather  La boratory. 
Part i c i pants :  M i n  Tanaka ,  Yos h i  Nob u ,  Kazue Kobata . 
Proj ect :  i n  prepa rati o n .  

Kazu e  Kobata i s  a n  a rt i s t  and  dan ce r  work ing  i n  J apan  and Amer ica .  

8ath (Eng land )  

Coord i nat ion :  Roy Ascott. 

Locat i o n :  Art Access/Network i n g ,  Bath, E ng l a nd .  
Proj ect :  PS I -Bernet i c  N etwork i ng  (two projects proposed ) .  

1 .  "To i dent ify n i  ne  peop l e  with term i n a l  access around the p l a net, each to choose a ca rd i n  sequence 
to make up  the ce l t i c  spread (with my card ) .  We sha l l  then part i c i pate and  i nteract th ro ugh  the network 

to gene rate mean i ngs  th ro ugh  the spread . "  
2 .  "A second project w i l l  i nvo lve a k i nd  o f  round  ta b l e  seance ,  a utomat ic wr i t i ng  at  t h e  ASC I I  keyboard .  

Th i s  u s e  o f  chance coup l ed  with o u r  i n d i v i d ua l/g roup  i n tu i t i ons  a n d  i n t imat i ons  w i l l  l i ke l y  a l so gene r­

ate some unexpected mater ia l . "  " Both proposa l s  attempt to generate a k i nd  of g roup  consc iousness  of 
p l a netary d imens i ons th ro ugh  the  netwo rk to get at new ideas ,  texts or i mages .  The second project may 
i n c l ude ,  as  i nput ,  trance  utte ra nces by c l a i rvoyants i f  we can i nvo lve enough  i n d i v i d ua l s  i n  suff i c i ent  
count r i es  to make it g l o ba l . "  

Med i a :  computer  t imesha r i n g .  

Roy  Ascott i s  a n  a rt i s t  and  theo ret i c i a n  present ly Head  o f  t he  Schoo l of F i n e  Art, Gwent Co l l e ge  o f  
H i g h e r  Educat i o n ,  Newport , Wa les ;  membe r  o f  t he  adv isory board, I nternat i o na l  N etwork f o r  the Arts, 

New York; member  of the Ed i to r i a l  Adv i so ry Board of Leonardo, Pergamon Press, Oxford; and d i recto r 
of Art Access/N etwork i n g .  

Turkey 

Coord i nat i o n :  M i n u s  D e lta T (-�t) .  

Locat i o n :  Tu rkey (en  route to Bangkok ) .  

Part i c i pants :  Kare l Dudesek ,  M i ke Hentz, Be rnhard Mü l l e r  (-M) .  
Proj ect :  Bangkok/Arch i v  E u ropa .  

Med i a :  Te l ex ( 7 ) .  
M i n u s  De lta T i s  a g roup  of a rt i sts who have  been ,  s i nce 1 980, on t he  exped i t i on  "P roject Bangkok . " 

The project encompasses the Arc h iv E u ropa ,  A Festiva l ,  the transportat ion  and  erect ion of a l a rge  and  
heavy monu ment, and  work i n g  i n  the countr ies through  wh i c h  they a re trave l l i n g  u nt i l the end  o f  

Decembe r  1 982 .  Apparent ly  a c l a s s i c  exped i t i on ,  b u t  M i n u s  De lta T are mak i ng  a rt as  f i e l d  researc h .  
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. . .  The B i b l e  and G reek mytho l ogy can be cons i de red handbooks for sky a rt and  its express ive 

power and  potent ia l  (and asp i rat ions ) .  part i c u l a r l y, a nd  m ost co l o rfu l l y, St .  J ohn ' s  R eve l a t i o n .  
Archeo l og i sts ,  h i stor i ans ,  sc ient i sts a r e  mak i n g  g rea t  effo rts to decode  the c i phe rs of Nasca ,  

Stonehenge ,  and  New Mex ico .  Observat ions  of the s ky  and  h uman  react i ons  to them have  been  t rans ­

I a ted  i nto a rt/sc i ence s i nce h umank ind  l ea rned to man ifest i tse l f  i n  i ntended traces .  

An essent ia l  b e l i ef pervad i ng  many re l i g i o n s  i s  that the human sou l  i s  etherea l  and  that i t  f l i e s .  

The efforts made  to reg u l ate etherea l traff i c ,  i . e . ,  to pe rm i t  but  a l s o  restr ict the trave l s  of the sou l ,  i n  
anc i en t  Egypt may have stra i ned the nat i o na l  economy with pyram id -bu i l d i n g  more se r i ous l y  than  
NASA we i g h s  on  the  US economy. We know a bout  the abso rb i n g  med i eva l effo rts to b u i l d  G oth i c  

cathed ra l s .  We  can l ock a t  t h e i r  resu l ts ,  s u c h  as  the s p i re s  o f  Cha rtres ,  Co l o g ne ,  U lm ,  as  f i l i g ree mock­

ups  of space-penetrat i ng  rackets-an examp l e  of the d i a l ect ics ru l i n g  the re lat i onsh i p  between  

phys i cs  and  metaphys ics .  Ange l s  a re "mode l  f l i e rs . "  I c a r u s  i s  a p r i nce  of acc identa l  mytho l ogy, b u t  h i s  
fathe r, Daeda l u s ,  appears t o  be most fu l l y i nca rnated by " t h e  man  o f  M I T "  

. . .  C l e a r  examp l es o f  how a rt ists use  t h e  resu l ts o f  s c i e nt i f i c  and  eng i nee r i ng  work i n  new 

med ia are to be found i n  such new a rt ist ic  f ie lds as  ho l o g raphy, laser  i mage  project ion ( Rockne Krebs ,  
Pa u l  Ear l s ) .  computer mus ic  (Be rry Ve rcoe) .  computer  graph ics  (Ron Mac N e i l ) . and  computer  prog ram­
m i n g  for m u l t imed i a  perfo rmance ( Bernd Kracke ) .  H owever, the a rt i sts ' i n f l uence on  the deve l opment 

of med i a  i s  cons i derab l e :  Ha rr iet Casd i n -S i lver  and  wh ite- l i g ht ho l og raphy; the deve l opment  of v i deo  
synthes i ze rs o r i g i nat ing i n  part f r am the  Nam  J u n e  Pa i k/Abe Synthes i ze r. 

Art i sts have red i scovered the impo rta nce of te l ecommun icat i o n :  the i r  i n d iv i dua l ,  pr ivate, s u b­
j ect ive ( often  p l ayfu l ,  or seem i n g ly p l ayfu l )  c ommun icat ion  (A ldo  Tam be l l i n i ,  Stan Van DerBeek )  is j u xta­
posed with network commun i cat ion of nat i o na l  and  i nternat i o na l  p u rposes .  N ot on ly quest ions  of sty l e ,  
techn i q ue ,  i m p l e mentat i on ,  no t  on ly  quest ions o f  newsworth i n ess and  rat i ngs  are on the i r  m i nds b u t  
med i a  and  n etwork capac ity f o r  carry i ng  emot i o n ,  n ua nce ,  and  d r ama .  The veh i c l e s  f o r  such  concerns 
a re e i the r  deve l oped i n  stra ight  i nterd i sc i p l i na ry co l l a bo rat ion  o r  mod i f ied o r  "tampe red-with" vers i ons  

of " common"  o r  advanced techno l ogy. Whethe r  i nt imacy vers u s  p ub l i c i ty, " heaven "  versu s  " space , "  

g r een  vers u s  red-wh ite-a nd-b l u e ,  pr ivate and  express ive te l e commun icat ion  req u i res co l l a borat i o n  
among  a rt i sts ,  sc i ent ists, a nd  eng i neers ( a nd  often i n d ustry, too ) .  

(Excerpted from a paper for the ( 7982) 33rd International Astronautical Congress in Paris. )  



I was the f i rst res i dent  Fe l l ow i nv ited from outs ide Boston to work i n  a f i e l d  then often 
desc r i bed a s  a rt-a nd-techno l ogy. My f i rst p u b l i c  p roject at CAVS/M IT, i n  1 968 ,  was t i t l ed  Light L ine 

Experiment. I t  i nvo lved twenty h uman  pa rt i c i pa nts, ca. 1 , 000 feet of h e l i um - i nf l ated po l yethy l e ne  tub ­

i n g ,  a n d  a two-sea rc h l i g h t  t r uck ,  a n d  I ca l l ed i t  a " s ky even t . "  I t  was the  i n i t i a l  occa s i o n  a t  w h i c h  
I worked w i t h  t h e  astrophys i c i st Wa lter  Lew i n  o f  t h e  M IT  Center for Space Research ,  a c o l l a bo rat i on  
wh i ch  wou l d  be cont i nued  i n  s u bsequent yea r s .  I n  1 969 I wrote a book, Moresky, and  p u b l i s hed  a 25 -

l i thograph portfo l i o ,  Sky Art. 

Ken  Sofer in Artnews: " E l i zabeth Go l d r i n g ,  

co-d i rector of the Conference ,  desc r i bes  ( i t )  s i mp l y  as  

' a rt that f l i es . '  . . .  p resent  at the conference were a 
w ide  ra nge  of l u m i na r i e s :  l a se r  a rt ist  Rockne Krebs ;  

Pa u l  MacC ready, i nventor of successfu l  h u man- and 
so l a r-powered f ly ing mach i nes ;  scu l ptor H e i n z  Mack ,  

cofounde r  with P iene of the Zero Group ;  sc i ent ist 
Lou is F r i edman ,  execut ive d i recto r of The P l anetary 

Soc i ety, a n  educat i ona l  g roup  p romot i ng the idea of 

space exp l o rat ion ;  Ha ro l d  Edgerton ,  a p i onee r  i n  the 
f i e l d  of stroboscopy ( u l t ra-h i g h-speed photography); 

Stephen  Cr i tes ,  a Wes l eyan U n ivers i ty professor of 
Dtto Piene, Light Line Experiment 

re l i g i o n  who de l ivered a stu n n i ng lecture ,  ' On  Sacred Space and the Heaven l y  S u b l i me ' ;  wr i ter  and  

v i deo  a rt i st Doug l a s  Dav i s ;  a nd  a rch i tect Pao lo  So l e r i ,  among  others; and  he  q uotes a passage  of my 

i ntroductory cata l og  text: " Space i s-q u ite myste r i ous ly-st i l l  i nne r  and  outer  space ,  t he  space of the 
sou l  e mbedded i n  geograph i c  space and  geog raph i c  space conta i ned i n  the sou l  . . .  Art i sts a s p i re to  

go  and  show wherever humans go  and  wherever the human m i nd and sou l  go-on exc u rs i o n s  imag i ­

na ry and  excu rs i ons  rea l . "  

. . .  The 1 98 1  conference  revea l ed  a n  u rge t o  commun i cate i n  a l most every pa rt i c i pant ,  no  mat­
ter wh i c h  camp of work o r  p h i l osophy he  o r  she came from .  Among the a rt ists ,  a man whose say i ngs ,  

wr i t i n gs ,  and ac t i ons  a re fa r removed f r om sc ient i f i c  and eng i nee r i ng  shop  ta l k  rece ived attent ive 

recogn i t i o n :  Lowry B u rgess ,  who du r i n g  the past f ive years has sunk  agg l ome rat ions  of a rt i st i c  mag i c  
i n  such  remote p i  a c e s  as  t h e  Afghan  dese rt n ea r  Bam iyan a nd  t h e  Easte r I s l a nds .  H i s  b e l i ef i n  a mean ­

i ngfu l ,  cohe rent ,  sp i r i t-d i rected u n iverse commands h i m  t o  demonstrate a panth e i st i c  att i tude with 
objects and  suggest ive connect ions ,  reve r i n g  the A l l  as the supreme m i rac l e .  H is  pro jects have poet ic  

names ,  s uch  as  " I n c l i ned Ga l act ic  L i gh t  Pond"  and "Gate i nto Aether (ta be p l aced i n  o uter  space a bove 
the ' Utop i c  Vesse l l "  and they a re part of his persona l l y  estab l i shed "Ou i et Ax i s "  in h i s  reference sys­

tem of ste l l a r, u n ive rsa l conste l l at i ons  i nvo lv i ng  a l l  humans  and a l l  matte r be l i eved to be a n i mate ( rep­

resented by, e .g . ,  p i gments, h o l og rams ,  pr i sms ,  etched images conta i ned i n  ca refu l l y  c rafted " u rn s " ) .  
H e  refers t o  th i s  wo r k  as ( u n ivers a l )  " poetry extended by  means  0 1  images  and  ' c ha r ged '  o bjects . "  

A statement I wrote for ZERO 3 i n  1 96 1  revea l s  aff i n ity to Bu rgess '  romant i c  pathos :  " . . .  The 

man  who uses h is  body to enc l ose h i s  m ind and h i s  m i nd to l i ft up h is  body, who l ives th i s  t ime l ess 

moment, th i s  heaven l y  rea l i ty, i n  order to str ide free ly  through space ,  th i s  man  has  parad i se  i n  h i m . "  

H owever, fu rthe r  be l ow I p i c k  u p  a sentence d i rected t o  future rea l ity: "Why i s  there no  a rt i n  space ,  why 
da  we have no exh i b it i ons  in the sky? . . .  U p  to now we have l eft it up  to war to l i ght  up the sky . 

As a rt can be unde rstood to be h u mank i nd 's perenn i a l  attempt at c r i s i s  management with cre­

at ive ,  non-vi o l en t  means ,  a na rrow but j u st i f i ab l e  v iew of sky a rt wou l d  term i t  ant i n u c l e a r  effo rt i n  the 

d oma i n  of nuc l ea r  st r i fe .  The n u c l ea r  theater prov ides us with l a rge-sca l e  images of h e l l  wh ich a re a s  

fasc i n at i ng  as H i eronymus  Bosch 's are i n  t he i r  pocket sca l e .  Sky a rt l a bors f o r  " pos i t i ve"  image ry i n  a 
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wor ld  ( i nc l u d i n g  a sky) mesmer i zed by pro l i fe rat i n g  wa r imp l ements .  It l a bors for means  commensu rate 

with what l i tt l e  the nat ion spends on  a l l  a rts (wh ich is a p i tta nce compared to wh at the nat ion  spends 
o n  defense ,  research ,  phys i ca l  hea l th  and PacMan ) .  My own most dramat ica l l y  exposed sky work to 

date has  been the Olympic Rainbow for the c l os i n g  

ceremony of t he  1 972  M u n i c h  Games  (XX O lymp iad ) .  

I t  was a 1 2-hou r-m i n u s ,  2 , OOO-foot- l o ng  h e l i u m-and­

Stratof i l m  p i ece e l a borate l y  l i g hted and " revea l ed "  

accord i ng to protoco l  and  med i a  d ramatu rgy. M ost o f  

i ts  phys i c a l  p a rts were  execu ted  by W i n z en  

Research ,  a predom i nant ly  s c i ence-o r i ented i n f l ata­

b l e s  company. The Rainbow p roved how even l ow­

leve l  s ky sca l e  can address mo re peop l e  and  a broad­

e r  a u d i ence than trad i t i ona l  a rtworks and  how on  the 

Dtto Piene, Dlympic Rainbow other hand  a i r  space does not have to be reserved 
on l y  for f l y i ng  equ i pment  and ca l am i tous p roj ect i l es .  

I t  proved fu rther  how l a rge phys i ca l  sca l e  l e nds  i t s e l f  to d i s sem i nat i on  on  a "th i rd sca l e , "  the sca l e  o f  

w i de  med i a  d i st r i but ion .  

Tom Van Sant  i s  a d i sti n g u i shed Los Ange les  sc u l ptor who has used f l i g ht image ry in  many 
a rt i s t i c  med ia .  He  has b u i l t k i tes  of trad i t i ona l .  o r i enta l  e l egance and he i s  deve l o p i n g  p l a n s  for a m i l e ­

l o n g  "Jacob 's Ladder" cha i n  (d ragon k i t e )  on  wh i ch  a man  cou l d  ascend  skywa rd .  H i s  p rojects a l so  

i n c l ude  cons i de rat ions o f  h i gh-a l t i tude ,  ene rgy-co l l ect i ng  g i a nt k i t es .  For the Los Ange l es  B i cente n n i a l  

c e l ebrat i on  he suggested "Ref lect ions from Ea rth"  ( not executedl .  wh i c h  he desc r i bed  thus :  

. .  , a space-age educational and festival program . .  , A mirrar reflection kit has been devel­

oped which will allow a schaal child or citizen, using careful settings, to create and see an act of his 

own hand from space. 

When it became ev ident that th i s  p u b l i c  vers i o n  of " Ref lect i ons"  wou l d  not be rea l i zed ,  Tom 

Van Sant .  with h i s  wife, L i sa ,  and a c rew, l a i d  out  a m i rror-fo rmed " S hadow Mounta i n  Eye" i n  the 
Ca l i forn i a  S hadow Mounta i n s  ( 1 980) wh ich was successfu l ly recorded by Landsat .  The ensu ing  i mag­

i n g  p rocess  l ed  to beaut ifu l photog raph i e  p r i nts-i mages  wh ich  cou l d  become v i s i b l e  o n l y  with the 
he lp  of the sate l l i te 's "eye . "  The exp l a nat ion ( by Tom Van Sant I :  

Taken from space 600 miles above the earth by the NASA satellite Landsat 1 1  on June 1 1, 1980 

. . . the image represents an eye gazing skyward, measuring 1 . 4  miles across . . .  Ninety mirrors, each 

24 inches square, were arranged on the desert floor and carefully adjusted to reflect sunbeams into the 

satellite 's path. The radiant energy from each mirror was reflected by the appropriate sensor at the 

moment the satellite was scanning its picture of the earth. Though each mirror is smalI, it saturated a 

square the size of an acre . . .  The entire image is made up of these one acre units . , , 

The a rt ist  was advised v ita l ly by D r. Wi l l i am  Evans .  The co l l a bo rat ion i n s p i red  a paper  by Peter 
Bo rmann  and Juan Jose Tasso, "Mark i ng  of Sate l l i te Image ry :  A Means to Imp rove I mage  Reg i strat i o n  

fo r  Mapp i n g  Pu rposes and  t o  Accomp l i sh ' Space  Art' Des i g n s . "  
Lowry Bu rgess ha s  ma i nta i ned  contact w i t h  NASA off i c i a l s  f o r  severa l years i n  o r de r  t o  p l a ce  

a nd  d i st r ibute i n  space an ice-enc rusted sound  ho l og ram represent i ng  the ea rth 's g reatest r ivers .  

H owever, he  has not s igned a pay load contract because NASA st i p u l ates sc ient i f i c  worth as  the ru l i ng 

va l u e  for space shutt l e  prog rams .  



The f i rst a rt ist  with a sh utt l e  
f l i ght  ag reement  i s  Joe  Oav i s ,  a 3 1 -
yea r- o l d  s c u l pto r  f rom G u l fpo rt .  

M i s s i s s i p p i ,  "wh i p p i n g  a round  t he  
p l anet on  a peg l eg  he 's used s i nce a 
motorcyc l e  acc i dent; ta l k i n g  techno l o ­

gy as  i f  i t  were  h i s  mothe r  ton g ue  . 

Whe reas  B u rge s s '  p ro ject  
wo u l d  e a s i l y  be  c a l l e d  c o n ceptu a l  

a rt-beca u s e  i t s  mate r i a l  mod u s  

operand  i wi l l  n o t  i n stant ly affect o u r  

phys i ca l  v i s i o n  and  hea r i ng  afte r its 

proposed dep l oyment-Oav is '  i n i t i a l  Dtto Piene, Sky Art 

space p i ece ,  New Wave Ruby Falls, i s  

i ntended to become v i s i b l e ,  a l t hough  i t .  too ,  h a s  been l a b e l e d  "a  p iece of conceptua l  a rt . "  " I t  wou l d  
b e , "  he  says, "a  c u rta i n  o f  c o l o r  i n  t h e  sky, composed o f  i nert gases shot with an  e l ectron b e a m  that 

causes them to g l ow. " 
Some M IT  sc i ent i sts rema i n  skept i ca l ,  e . g .  as to the mode of dep l oyment-whethe r  "vented , "  

" chem ica l , "  etc .  N everthe l ess  t h e  project h a s  been accepted i nto the S m a l l  Se lf-Conta i ned  Pay load  

Prog ram ,  o r  as  NASA offi c i a l s  l i ke to ca l l  i t .  the GAS ( Get Away Spec i a l ) .  and  with i n  the next 1 2  o r  1 8  

months we expect to see Joe 's beg i n n i n g  of a " Las Vegas i n  the sky" ( h i s  ph rase ) .  H i s  v i go rous  l i st i ng  

of fu rther  projects :  A sca l e  mode l  Chevy on  the moon  operated by two-pound robots; a war monument  

on  Ma rs-"a Trojan  horse from a n  adobe  made of Mart i an  so i l  and l i q u i d  carbon d i ox i de " ;  a n  o rb i t i ng ,  
i nf lata b l e  Stonehenge ,  and  more .  H onest money  has been pa id  fo r  a cons i de rab l e  n umbe r  of f u rthe r  

GAS pay load  reservat i ons  by Joe  Oav i s ,  myse l f ,  Lowry Bu rgess ,  and the Cente r  for Advanced V i sua l  

Stud i e s .  

The a rt i sts' exuberance ,  the sc i ent i sts ' skept i c i sm ,  and t he  e ng i neers '  imp l ement i ng  pragma­

t i  sm const itute the very nature of a rt-and-techno l ogy i nteg rated effo rts . ( I n  one  case i n  wh ich I was 
i nvo lved twe lve years ago, I had to cau t i ous l y  retort a Nobel Pr ize w inne r's " imposs i b l e "  with a n  '' I 've 

done it a l ready" (and q u ite t ru l y  so ) . )  Oav i s '  answer to the "why? " quest i o n :  " . . .  for  s u rv iv i n g ,  for  hopes 

and  dreams and  imag i nat i o n ,  for whatever i t 's a l l  about . " We a re led to remember  that stee l y  M ichae l  

Co l l i n s  ca l l ed  h i s  moon book Carrying the Fire. Sky a rt as  we pract ice and  env i s i o n  i t  i s  an  extens i o n  o f  

env i ronmenta l  a rt .  I t  has  phys i ca l ,  gene ra l l y  th ree-d i mens iona l - i n -time ,  components .  A l though  i t  i s  a l so 

often ephemera l-pass i n g  events rather  than so l i d ,  l ast i ng mater i a l i za t i on-it attempts v i s i b i l i ty, a n  

aud ience  and  w ide  d i str i bu t i o n .  Two-d imens i ona l  imag i ng ,  i . e .  i mage-c o l l ect ion and  i l l u strat i o n ,  may be 

part of i t .  but  on l y  a s  stones  i n  a mosa i c ,  ro l es  i n  a theater. Sky a rt i sts do  acknowledge the i m pact 

which sc i ence 's turn to v i s u a l  exp l o rat ion  has made ,  and we seem to be head i n g  for another rena i s ­

sance of the a rt i st-sc i en t i st .  
Such  author i t i es  a s  Yash Pa l ,  sec retary genera l  of the '82 U n i space Conference ,  and  Pau l  

MacCready, v ictor  o f  t h e  an c i e nt-t imes-to-present musc l e -powered-f l i g ht race ,  have termed t h e  ea rth­

from-orb i t  photo "the most impo rtant p i cture s i nce p icture s . "  We enth u s i ast ica l ly we l come  Voyage r  

and  o the r  m i s s i ons  to cont i n u e  the contest for the i r  s ky  a rt .  " 1 0-20-3 0-4, " for i nformat i o n ,  bea uty, sc i ­

ence ,  re l i g i o n ,  a rt; by a rt ists ,  s c i e nt i sts ,  e ng i neers ,  f l i e rs ;  men ,  women ,  c h i l d ren  now and  sooner, " fo r  

whatever i t 's a l l  abou t . "  
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M i n d  o f  U n i v e r s e  

Mind of Universe te i l s  a story of the creat i on ,  deve l opment ,  and future of o u r  cosmos and o u r  
p l anet .  I s a o  Tom ita expanded h i s  monumenta l  opus  l i ke a g i gan t i c  arch ,  f r am  the B i g  B a ng  over t h e  

s l ow deve l opment o f  t h e  Earth to 

the future of mank i nd in outer space ,  
present ing 1 8  b i l l i on years of the 
u n i verse 's h i story to a l l  the specta­

tors on  the banks of the Danube ,  v ia  

a n i ne-chan n e l  stereo sound system 
tagethe r  with mus i c  and l i ght .  

The  idea for th is  project 

was born when Tom i ta watc hed  
Sta n l ey Kub r i c k 's "200 1 -A Space 
Odyssey" and  saw a space base c i r­

c l i n g  a raund  the  Ea rth to the tune of 

J o h a n n  St ra u s s '  " B l u e  D a n u b e "  

wa l tz .  
Isao Tomita: Mind of Universe 

Tom ita 's opus  cons i sts of s ix  parts .  As an i ntraduct i o n ,  30 m i n utes before the beg i n n i n g  of the 
perfo rmance as  such ,  the p ub l i c  i s  presented a d i stant k ind of sound ,  very soft ,  very q u i et-j ust as  i f  

i t  were  com i n g  d i rect ly f ram oute r  space .  Then the conce rt beg  i n s :  

Part O ne :  The B i g  Bang  
Part Two :  Cosm i c  Evo l ut i on  
Part Three :  The Beg i n n i n g  of L ife 

Part Fou r :  A Ca l l  fram the Un iverse 
Pa rt F ive: Man i n  the Un iverse 
Part S ix :  Hymn to the Un iverse .  



Tom ita wants to create a new v i s ua l  apprehens ion i n  open space with t h i s  new opus .  
Mind of Universe t r i e s  to i ncorporate a l most a l l  means  of art i st ic  des i g n  i n  open  space :  L i g ht ,  

l a se r, f i reworks, ref l ect i ons ,  project i ons  on  s u rfaces of water and smoke,  l i g ht co l u m ns ,  l i g ht pyram i d s ,  

a h e l i copter as  UFO ,  and  others .  
I n  the pas! few years a g row ing  

n u m be r  of one -d i m e n s i o n a l  v i s u a l  
events i n  o p e n  space have b e e n  deve l ­

oped ,  be i t  fantast ic l a se r  shows, f i re­

works, o r  the F i re Theatre. Mind of 

Universe cons i sts of the bas i c  e l ements 

l i gh t  and f i re on  one hand ,  and the 

ach i evements of computer  and synthe­
s i ze r  tech no l ogy on the othe r. Natu re 

and  h i g h  techno l ogy are u n ited i n  t h i s  

ta l e  of the h i story of the u n iverse .  

The Danube Pa r k  as  a n  a rea o f  
events i s  ma rked and  framed by l i ght  

Isao Tomita: Mind of Universe 

c o l umns; on the Danube  the s h i p s  with the part i c i pants on board are i n  a constant d i a l og u e  with the 

u n i verse :  a chorus  vesse l  with a cho i r  of 1 00 persons ,  a sh i p  for two so l o i sts (v i o l i n  and  J apanese 
f l ute ) .  as  we i l  as  a sh ip  for add i t i ona l  l i gh t  scu l ptu res .  Banks of m i st and  wa l l s  of water  se rve as  p ro ­
ject ion  screens  for the l a se r; a h e l i copter-equ i pped wi th  fu l l  sound and l i g ht-appears a s  a UFO ,  t r i es  

to get i n  contact  with i n f i n i ty. 

I sao Tom ita h i mse l f  f l oats in a 5-ton l i ght pyram i d  as contro l u n it ,  as mus i c a l  a nd  techn i c a l  
h i g h-tech centre h i g h  a bove the r i v e r  Danube .  

Mind of Universe wants to i ntroduce a new d i mens ion  t o  expe r i ence  a rt :  a spectaculum mundi 

of the e l ectron i c  age .  
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A r s  E l e c t r o n i c a  8 4  

T h e  P h i l o s o p h i c a l D a t a  B a n k  
o f  M i n u s D e l t a  T 

H i m a l aya-three thousand metres a bove sea l eve l-a safe b u i l t  deep i nto the rock-200 keys 

for the safe-a Bas ic-programmab le  computer-a nea rby she l ter  for peop le  at wo rk-th i s  i s  the 
Ph i l o soph i ca l  Data Bank of M i n u s  De l ta T. 

To be exact, it i s  the second part of what was begun  i n  Febru a ry 1 983 i n  the K ü nst l e rhaus  
Stuttga rl .  the  c reat ion o f  a data bank where not s imp le  popu l at i on  data ,  turnover stati s t i cs ,  o r  what­

soeve r a re stored ,  but the ph i l osophy of o u r  t ime  is conse rved-data bank  as  a k i nd  of ph i l osophy 

i t se l f .  
So  why d i d  the peop l e  of M inus  D e lta T sta rt t h i s  somewhat strange projecl .  why the safe 

unde rneath the f loor of the Stuttga rt Künst l e rhaus ,  conta i n i n g  the o r i g i n a l  of the g roup ' s  project 
sha re-a nd a bott le  of wine? 

I t  a l l  began i n  the 1 950s du r i ng  the econom i c  boom, when everybody was j u st h u nt i ng  for h i s  

sha re i n  t h e  gene ra l  up l ift . On a n d  on they went i n  t h e  h u nt f o r  prosper ity-a nd wh at was  l eft beh i nd  
we re  the va l u es ,  t he  keys fo r  cu l ture .  Not t ha t  t h i s  phase had no t  deve l oped i t s  own  va l ues ;  a n  i n d i ­
v i d ua l i st i c  q u a l ity o f  l i fe was  t hen  cons ide red  one  o f  the s upreme goa l s .  But  every va l u e  deve l o ped d u r­

i n g  t h i s  e ra was i nterna l i zed i n  the fo l l ow ing  decades-and it may be unconsc i o u s ,  but an i n d i v i d ua l ­
i s t i c  way  of l i fe (without a bas i s  i n  the c u l t u ra l  t rad i t i ons )  i s  st i l l  a mora l va l u e  today. 

The E u ropean mora l  q ua l i t i es  have come to a po i nt where they have l ost much  ( not to say 
a l most eve ryth i n g )  of the i r  soc i a l  context, of t he i r  soc i a l  codes and l anguages .  

We th i n k  and  fee t there i s  a d i st i nct need for a new def i n i t i on ,  for ref l ect i on  and  the deve l op ­

ment of a new u n iversa l theory. Now, of u n iversa l  theor i es  the re  have  been p l en ty; the B i b l e  present­
ed one ,  the Koran  anothe r, Buddh i sm a th i rd ;  soc i a l i sm ,  cap i ta l i sm ,  ana rch i sm  were u n i ve rsa l  theo­
r i es-and as  the most recent vers i on ,  the " G reen  Book"  of M uammar  Gaddaf i . A l l  of these u n ive rsa l 

theor i es ,  however, are obso l ete i n  a Eu rope cons i de r i ng  itse l f  the expe r imenta l p l ayground  of modern 
c u l t u re .  What " mora l "  means to Eu rope i s  g iven i n  a negat ive def i n i t i on ,  i n  a consta nt negat i o n .  

Th i s  u nconsc i ous  negat ion must g ive way  to a con s c i o u s  aff i rmat i on ,  mak i ng  act ions  con­
sc i ou s-and  th i s  i s  wh at we a re try i ng  to do by the i n sta l l a t i on  of o u r  Ph i l osoph i ca l  Data Bank .  But 
a ga i n ,  why c a l l  i t  Data Bank? 



The term " Bank "  was chosen i n  a d e l i berate assoc iat ion with today ' s  econom i c  and  commer­
c i a l  soc i ety, i n  order to use  ( and  abuse )  commerc i a l  symbo l s  l i ke "Bank , "  "Money, " " S ha res , "  " Data , "  

etc . f o r  i nd i v i d ua l  p u rposes ,  maybe even f o r  i nd i v i d ua l  va l ues i n  the shade o f  the quest f o r  contents a n d  

so l u t i o n s .  
The Ph i l osoph i c a l  Da ta  Bank  sha l l  be open  fo r  everybody work i ng  at a soc i a l  Codex  o r  at  a 

Eu ropean ,  i nd i v i d ua l  c u l t u re (wh i ch  is not an abso l ute cu l tu re of the i n d i v i d ua l ) .  If he g ets i n  contact 

with us ,  we a re ready to reserve h im a key and to store h is 10 i n  the computer. 
Now th i s  computer  is not connected to any term i n a l  i n  Europe .  We t h i n k  it necessary to d i s ­

connect t h e  computer from Eu rope i n  order  t o  prevent t h e  n ew un iversa l theory fram be i n g  writte n b y  

a s i n g l e  person ,  n o t  because of d i strust ,  but  rather  because a s i n g l e  i n d i v i d u a l  m i ght  i ntraduce  too 

many of h is  i n d iv i d ua l  va l ue s .  C u l ture does not depend on the outwa rd shape ,  but rath e r  on  the con­

tents of its codex .  The shape m i g ht be i nterest i ng but i s  undoubted ly secondary, as  a re the d i ffe rent 

a reas  and act iv i t ies where members of M i nus  De lta T come fram .  Du r  p raven i ence fram d i ffe rent a reas  

of work ,  f ram mus i c ,  a rt ,  p h i l osophy, sc i ence ,  and ethno l ogy, fram work  i n  the sc i ence-f i c t i on  a rea a s  

we i l  a s  i n  futuro logy, l ead  t o  t h e  effect that we  a re dea l i ng with ve ry g l o ba l  matte rs .  The non-spec i a l ­

i zat i o n  g ives t h e  g r o u p  a ce rta i n  overvi ew, a n d  i n  t h i s  sense a l ot o f  respons i b i l ity f o r  i t s  act ions ,  for  
act iv i t i e s  free from compram ises .  

As for ph i l o sophy, the p resent  text i s  i n  no case  a compram i se .  Th i s  text i s  the p h i l o sophy of  
M i n u s  D e lta 1. a p h i l osophy whose  p h i l osophy i t  i s  to  cons i st o f  many p h i l osoph i es .  So  who i s  M i n u s  

De lta T? 
M i n u s  De lta T is the name of a g raup  of peop le  who a re not at a l l  u n i form, who do not have 

the same i deas-but who work togethe r. The graup has ex isted s i nce 1 978 ,  with a l ot of peop le who 

were ou t  before they had even rea l ly been i n  ( those were most ly  the "spec i a l i sts " ) .  O ne  of the p r i n c i ­

p i es of the g roup  i s  non-spec i a l i zat ion-we want to  be open  fo r  eve rybody and everyth i n g .  

I n  t h e  beg i n n i n g  we  u s e d  t o  work a l ot i n  t h e  mu s i c a l  area, made  performances ,  exh i b i t i o n s ,  
we  d i d  a l o t  of pr ivate works-maybe f i fty-fi fty between pr ivate and  p ub l i c ,  wh i ch  seemed  q u ite a good  
ba l ance .  S i nce 1 980 we have  been work i ng  at th i s  praject, wh i c h  had as  i t s  f i rst t i t l e the  "Bangkok  

Praj ect" ( c f .  the cata l o gue  of A r s  E l ectro n i ca 1 982, p .  1 57/1 54) . 

This praject i n c l uded the transport of a 5 l !2-ton stone ,  a do lmen ,  a E u ropean monument to 

As ia ,  a s  a cata lyst of c u l tu re .  On  the truck we had mu l t i -med ia  equ i pment ,  i n c l u d i n g  sound ,  movi e ,  a nd  
photo e q u i pment ,  computer  techno l ogy, and  l a und ramal .  

The g reater pa rt of the graup i s  r i ght  now i n  As ia prepar ing the fu rther  t ransport of our mono­

l i th to Ch i na  ( the  mono l i th as  such  be i ng  comp lete ly u n i mportant) and on  a tour  i n  I nd i a  with i n  the set­

t ing of the Bang kok Proj ecl .  

Minus Delta T is composed of the artists Karel Dudesek, Wolfgang Hofmann, Bernhard Müller, 

Gerard Couty, Walter Baumann, and Mike Hentz. 
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V i r t u a l  S p a c e  
The E lectron ic  Envi ronments of Mob i le  Image 
(excerpt) 
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"We must create on the same sca l e  as we can destroy, " say the des i g ne rs of E l ectron i c  Cafe .  

I n  c o l l a borat i on  a s  Mob i l e  Image s i nce 1 977 ,  K i t  G a l l oway and  Sherr ie Rab i n owitz have confronted that 
cha l l enge  th ro ugh  a ser ies of works that add ress the "eme rg i n g  env i ronment"  of e l ectron i c  te lecom­
mun i cat ions .  I f  these projects be long  to any h i story, i t  i s  that of Art  and  Techno l ogy; but  t he i r  va l u e  i s  

p r e c i s e l y  the extent t o  wh ich  they transcend the contrad i c t i ons  of t ha t  p rob l emat i c  trad i t i o n .  I ndeed ,  
Mob i l e  Image 's s i ngu l a r  enterpr ise def i nes new trajecto r i es  for both  a rt and  tech no l ogy, revita l i z i n g  

one  wh i l e  h uman i z i ng t he  other as they address the centra l c u l t u ra l  and  po l i t i ca l  i s s ue  of o u r  t ime .  
The  b r i e f  h i story o f  te lecommun i cat ion  p rojects by a rt i sts l i ves i n  the shadow of t he  

Commun icat ions  Revo l ut i on-that myth i ca l  t ransfo rmat i on  of c u l tu re and  consc i o u s ness wh i c h ,  f o r  a t  
l east a gene rat i on ,  h a s  seemed pe rpetu a l ly a bout  to happen .  A commun icat ions  revo l ut i on  i s n 't abou t  
techno l ogy; i t's a bout poss i b l e  re lat ions among peop l e .  I t  imp l i e s  a n  i nvers i o n  of ex i s t i n g  soc i a l  re la ­

t i ons  whereby today's h i e ra rch i ca l  mass c u l t u re wou l d  d i sperse i nto a utonomous ,  se l f-const i tut i n g  
" rea l ity commun i t i es"-soc i a l  g r o ups  o f  po l i t i ca l l y s i g n i f i cant  magn i t ude  rea l i zed as  commun i t i es  

th rough te l e commun icat ion  networks and def i ned ,  therefore ,  not by geography but  by consc i ousness ,  
i d eo l ogy, and  des i re .  On l y  as  const i tuents of such  commun i t i es  cou l d  we both  p roduce mode l s  of pos­

s i b l e  rea l i t i e s  ( a rt) and a l so contro l the cu l t u ra l  contexts i n  which those mode l s  were pub l i shed and 
perce ived ( po l i t i cs ) .  Contro l of context i s  the contro l of mea n i n g ,  a nd  without contro l of mean i n g  the re 
can be ne i the r  freedom nor  creat iv ity. Unavo i dab l y, t hen ,  a rt i sts who work i n  te l ecommun i cat i ons  

assume g reat eth i ca l  respons i b i l i ty, for these i n st ruments rep resent  o u r  on l y  hope  of effect ive ly  
add ress i n g  the p rofound soc i a l  and po l i t i ca l c ha l l enges of o u r  t ime .  We must i ndeed c reate on  the 
same sca l e  a s  we can destroy, but th i s  wi l l  not be poss i b l e  i f  we can 't cont ro l  the  c u l t u ra l  contexts that  

determ i n e  the mean i ng of o u r  l ives .  

The eth i ca l  imperative above a l l  e l se  i s  to furn ish a lternat ive mode l s  for the dep l oyment of these 
tech no l o g i e s  by any  commun ity of des i re a s  the  centra l i n struments i n  its soc i a l  c onst ruct ion  of rea l ­

i ty Unfortunate ly, t h e  h i story o f  te lecomm u n i cat i on  projects by a rt i sts ref l ects l i tt l e  recog n i t i o n  o f  
t h i s  respons i b i l i ty. Most o f  these "works " have b e e n  e i ther  rout i n e  app l i cat ions of sate l l i tes f o r  te l e ­
conferenc i n g ,  o r  the eq u a l ly standard use of computer, v i deotex, and  facs i m i l e  networks for  "exchanges  

o f  work ,  i nformat i on ,  and i deas , "  or they  have  been broadcast events that  de l ive red persona l i ty-o r i ­
ented Art  Sta r performances to cab l e  TV subscr i bers o r  a u d i e nces gathered i n  museum aud itor i ums .  



The pretens i on  has  been that someth i n g  done  every day i n  bus i ness and  i n d u stry and  by s u bsc r i be rs to 
computer  netwo rks ,  or emp l oyed every even i n g  by network newscasters ,  becomes spec i a l  because 

a rt i sts are do ing i t .  I n  fact  noth i n g  i s  revea l ed  that  i s  not a l ready g iven ,  o bv i o u s ,  rout i n e  indeed ,  a l ready 

po l i t i c i zed by commerc i a l  contexts . 

I n  contrast ,  every Mob i l e  Image  project has represented a genu i n e  a l ternat ive to ex i s t i ng  prac­

t ices i n  te l ecommun i cat i o n .  I n  wh at amounted to a man ifesto s im i l a r  i n  sp i r i t  i f  not i n  s u bsta nce to that 
of the I ta l i a n  Futu r i sts ,  they proposed in 1 97 5  to exp l o re the un i que  propert i e s  of new techno l og i es  
regard l ess  of whethe r  the resu l ts were  a rt- l i ke or  no t ,  o r  whether the  a rt wor ld  acknow ledged  i t  at a l l .  

I ndeed ,  t h e  te l e commun icat ion  p roject as  Art Event represents for them a p rofound  contrad i c t i on ;  i t  

ra i ses  a bas i c  p h i l osoph i ca l  quest ion concern i n g  how a work addresses the sca l e  of c reat iv ity. Art 
unde rstood as  the prepared expe r i ence ,  the masterp iece ,  is the monumenta l vers i o n  of creat iv i ty. "Bu t  

there 's tha t  othe r  q u a l ity of l i fe that 's l eft beh i nd , "  G a l l oway po i nts out ,  " the l i fe i n  between  one  g reat 
specta c l e  after a nothe r. There can be a q u a l ity of a rt and l i fe i n  between the great moments ,  but the 

l eg i t imacy of work i ng  o n  that sca l e  i s  deva l ued by the emphas is on Art"-wh ich  thus becomes ant i ­
thet i ca l  to the secu l a r i zat i o n  of the techno l ogy. Thought they frequent ly i nvoke a rt metapho rs to cha r­

acter ize the i r  work ,  G a l l oway and  Rab i n owitz be l i eve it is bas ica l ly a t rap .  "As l o ng  as we ta l k  about  
' the a rt i st '  we're not rea l ly add ress i n g  the p rob l em , "  G a l l oway asserts .  " I t  sounds  l i ke we ' re add ress­

ing a prob l em :  he re 's th is unde rnou r i s hed ,  unde rapprec i ated subcu l tu re with th is b ig b u rden  on  the i r  
s hou l ders ,  and everybody has  t o  h e l p  the i r  l o c a l  a rt ist .  B u t  t h e  prob l em i s n 't an  a rt p ro b l em .  I t 's a prob­

lem of recogn i z i n g  the va l u e  of creat iv i ty, ac ross the board ,  i n  a hea lthy soc i ety. " 

Te lecommun ication as Environmenta l Design 

The i r  s o l ut i on  i s  the metapho r  of env i ronmenta l des i gn .  Essent i a l l y popu l i st ,  appea l i ng as  

much  to e ng i nee r i ng  and  the behav io ra l  s c i e nces as  to a rt, i t reflects the soc i opo l i t i c a l  b i a s  of the i r  

enterpr i s e .  "We s e e  c ommun i ca t i on  and  i nformat ion  systems as env i ronments peop l e  l ive i n , "  

Rab i nowitz exp l a i n s .  " So  we l ook  at the aesthet ics o f  that env i ronment ,  the  s h a p i n g  of t h e  space .  The 

way you shape a space determ i ne s  wh at can  happen to the i nformat ion  i n  i t . "  She i nvokes a rch itecture :  

i nformat i on  env i ronments can  be exa l t i n g  and  i n sp i rat iona l  l i ke cathed ra l s  ( computer  networks) o r  

s qua l i d  and  dehuman i z i ng  l i ke g h ettos ( the mass  med ia ) .  As bu i l d i ngs  a re sa i d  to be democrat i c  o r  

oppress ive ,  so  the a rch i tecture of e l ectro n i c  space  determ ines  poss i b l e  re l a t i ons  among  peop l e ,  estab­
l i s hes the conto u rs of des i re .  But  there a re l i m i ts to the metaphor. The membrane i s n 't as  corporea l as 

that of a b u i l d i ng .  The d i ffe rence i s  that i n  e l ectron i c  space the i nformat i o n  becomes the env i ronment .  

I t 's l i ke a r iver :  the tech n o l ogy that determ i ne s  how i nformat ion f lows i s  the r iverbed ;  but  the water­

the informat ion i tse l f-is the env i ronment  the user  actua l l y  l i ves i n ,  i nteracts w i th .  

"Th i s  i s  uncha rted ter r i tory, " says  G a l l oway, "a  deve lop i ng  terra i n .  We' re a l l  spacemen l ea rn­

ing how to l ive in a new env i ronment .  

• • •  

I n  1 975  G a l l oway and  Rab i n owitz forma l i zed years of th i nk i ng  about  the commun icat ions rev­
o l ut i on  and how to add ress i t  as  a rt i sts :  focus i ng  on real t ime ( l i ve) te l ecommun i cat i on  as opposed to 

" stored t ime "  v i deotape record i n g ,  they proposed fou r  projects des igned to exp l o re what they saw as 

the four  most u n i q u e  cha racte r i s t i cs  of sate l l i te commun icat i ons .  Themat i ca l l y, each project addressed 

some aspect of the idea of sca l e-for them the centra l p h i l osoph ica l  and po l i t i ca l issue ra i sed by the 
commun icat ions  revo l ut i o n  and  the reason for choos ing the sate l l ite a s  the i r  med i u m .  One i nterpreta-
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t i o n  of sca l e  was the not ion of "a space with no geog raph i c a l  bounda r i e s "  (today, bo rrow ing  comput­
e r  j a rgon ,  they ca l l  i t  "vi rtu a l "  space) .  This became the s u bject of t he i r  f i rst expe r i ment. The Satellite 

Arts Project. conducted in 1 977 .  Another was the i d ea  of sca l e  as geog raph i c a l  connect i o n :  t h i s  was 
i m p l emented i n  the i r  second project, Hole in Space ( 1 980 ) ,  c ha racte r i zed  as  a n  " i nv i s i b l e  scu l ptu re "  

i n  wh i ch  the connect ing armature was important . not the res u lt i n g  d i s p l ay. The th i rd project wou l d  be an  

i nternat i ona l  var iat ion on Hole in Space dea l i n g  w i t h  the sca l e  of mu lt i -ethn i c  o r  i ntercu l tu ra l  connec­

t ions rather  than geograph ic  ones .  The i r  fou rth proposa l had to do  with the sca l e  of observati on-us i ng  

the sate l l i te to see i n  ways otherwise imposs i b l e .  Th i s  i s  the s u bject o f  Light Transition, wh i ch ,  l i ke t he  

i nternat i ona l  Hole in Space, has  yet t o  be rea l i zed .  And now the re  i s  E l ectron i c  Cafe, a hybr i d ,  m u l t ime­

d i a  computer/v ideo network whose theme i s  po l i t i ca l  sca l e ,  the sca l e  of soc i a l  organ i z i n g .  E l ectron i c  
Cafe represents a l og i ca l  progress ion i n  t he  works of Mob i l e  I mage towa rd the idea o f  e l ectron i c  space 

as  commun i ty, a s  a "v i rtua l  env i ronment" i n  wh ich  to l i ve .  To unde rstand  its s i g n if icance i n  the a rt i sts' 

agenda as  we i l  as  in soc i a l  h i story i t  i s  necessary f i rst to unde rstand the p rojects that preceded it . 

• • •  

Ho le  i n  Space 

I n  November  o f  1 980 Ga l l oway and  Rab i n owitz rea l i zed the second  of t he i r  proposed exper i ­
ments ,  Hole in Space, whose evocative t i t l e  s ummar i zes  a b r i l l i a n t  concept of env i ronmenta l d e s i g n :  a 

" h o l e "  i n  space/t ime ,  imp robab ly  conf i g u red as a featu re of the phys i c a l  u rban  l a ndscape ,  th rough 

wh i ch  peop l e  separated by a cont i nent  cou l d  i nter­

act in rea l  t ime .  V ideo cameras and  rear-project ion  
sc reens were i n sta l l ed i n  d i sp lay windows at The 

Broadway Store  i n  Los  Ange les  and at L i n co l n  

Cen te r  i n  New Yo rk : for two hou rs on each  o f  three 
consecut ive eve n i ngs ,  the l ocat ions were connect­

ed by sate l l i te ,  each screen d i sp l ay ing  l i fe-s i ze ,  
fu l l -f i g u re i mages  of peop l e  on the oppos i te  coast 

who thus appea red to be watch i ng  the watchers .  
The resu l t  was a k i nd  of "vi rtua l  eye contacr that  

rende red the techno logy transpa rent :  a " h o l e "  

i n deed ,  t h ro ugh  which each group c o u l d  see and  
hea r  on l y  the other, n o t  itse l f .  There was  no  

advance  p u b l i c ity and  there were no s i g n s  o r  

Hole in Spaee, 7980 
From the Teleeollaborative Work & Colleetion of 

Kit Galloway and Sherrie Rabinowitz 

i n struct i ons  at the s ites .  Hole in Space had to be d i scovered by passers by who were s udden l y  con­

fronted with the peop le on the screen .  "They found themse lves  i n  th i s  eme rg i n g  env i ronment without 

hav i ng  been prepared, cond i t ioned o r  so ld , "  G a l l oway reca l l s .  "We j u st handed the s i tuat i on  over to the 
peop l e  to accu l t u rate, to human i ze ,  What wou l d  be t he i r  react i o n ,  the i r  posture ,  the i r  att i t ude i n  th i s  

u n p recedented soc i a l  s ituat ion without fam i l i a r  r u l e s ? "  

• • •  

As the a rt i sts had ant ic i pated, the three-day expe r iment  was a m i crocosm of the process of 
accu l t u rat i on .  The fi rst day was character i zed by d i s covery and  expe r imentat ion as peop l e  began to 
occupy th i s  nove l zone of soc i a l  poss i b i l i t i es .  The second day brought l a rge r  n umbers ,  attracted by word 

of mouth ,  who came prepared for the expe r i ence :  messages and phone n umbe rs were exchanged ,  there 



were f l i rtat i ons ,  l overs' rendezvous ,  emot iona l  fam i ly reun ions ,  
even a spontaneous  "v i rtua l  pa rty" between twi n  b rothers who 

poured and  drank a champagne toast  from the "same" bott l e  
though separated by a cont i nent .  The pub l i c  nature of the s i tua­

t ion  i ntroduced i nto the e l ectron i c  doma i n  the meet-you-at-the­
corner  r i tu a l  of a l oca l  gathe r i ng  p l ace-the e l ectron i c  ne i gh ­

bo rhood ,  where  te lespace became  a m i crocosm of  cu l tu ra l  trad i ­

t i ons :  tota l strange rs orga n i zed themse lves to  p l ay charades ,  
abandon i n g  speech (a nyone can ta l k  by phone) i n  favor of v i sua l  
commun i cat ion appropr i ate to the med i u m .  There  was a b iza rre 
sense of theatre :  peop le  were movi ng  in front of the screen and 

watch i n g  someth i n g  at the same t ime ,  l i ke be ing  actors wh i l e  

watch i n g  a p l a y  with actors i n  i t .  

The th i rd day, p u b l i c i zed by mass med ia coverage ,  was 
chaot ic ,  a n  "over-democrat ized bed l am "  as  exc i ted c rowds anx­

ious ly pressed for the i r  chance to gaze through the e l ectron i c  
h o l e  to meet  a return i n g  gaze  f r om ac ross the cont inent .  Fee l i ng 

tra nsparent  and  anonymous i n  the su r ro u n d i n g  d i n ,  shout i ng  to 
be hea rd ,  peop l e  witnessed each  othe r's emot i o na l  d i s p l ays i n  
a s i t uat i on  s i m i l a r  to a i rport reu n i o n s  but  much  more i nt i mate 

Light Transition 
Frorn the Telecollaborative Work & Collection 

of Kit Galloway and Sherrie Rabinowitz 

and  i n tense .  The v i deotape documentat i o n  of the event i s  a st i rr i ng  a nd  powerfu l montage of reach­

i ng-out  gestu res ,  hyste r i ca l  recog n i t i o n s ,  and  touch i n g  express i ons  of emot i o n ,  a s  when  a woman 

who hadn 't seen he r  brother  fo r f i f teen yea rs l eaves the s i te  of the i r  e l ectro n i c  re u n i o n  wi th  tea rs of 

joy stream i ng down her face .  

• • •  

The Artists as Systems I nteg rators 

For G a l l oway and Rab i n owitz the posture o r  sta nce of the i r  i nteract i on  with i n d u stry is as 

i mportant as  the structures wh i ch  res u l t .  The soc i a l  ro l e  they play becomes an eth i c a l  i s s ue .  M ost 

a rt i sts u nde rta k i ng  te l e commun icat ion  p rojects have accepted the pass ive ro l e  of the c l i en t  who p u r­
chases ( o r  is donated )  a preex i st i n g  package of se rv ices that u l t imate ly  dete rm i ne s  the st ructura l 

natu re of the work .  I n  contrast. G a l l oway and  Rab i nowitz approach each project as " systems i nteg ra ­

tors" who work i n novat ive ly  at the edge of the a rt and must therefore act ive ly  i nterface a m u l t i p l i c ity 

of too l s ,  se rv i ces ,  and i n st itut i ons  to rea l i ze the nonsta ndard goa l s  of t he i r  enterp r i s e .  H e re aga in they 

ref l ect a gene ra l  sens i b i l ity i n  contempora ry a rt concerned with i nteg rat i n g  va r i ous  soc i a l  and techno­

l og i ca l  systems as  raw mate r i a l s  for a rt-mak i ng .  But whereas  the theme of systems i nteg ra t i on  i s  usu ­
a l l y  i m p l i c i t  i n  such  work ,  i t becomes a n  exp l i c i t  foreg round  i ssue i n  Mob i l e  I mage  p roj ects .  Th i s  i s  

a nother s e n s e  i n  wh i c h  the i r  work i s  ana l ogous  t o  that o f  Ch r i sto for w i t h  both ,  t h e  soc ioeco nom i c  and  
po l i t i ca l  processes i nvo lved i n  rea l i z i n g  des i g n  goa l s  a re as  much  the a rt a s  the structu res a nd  env i ­

ronments t ha t  resu l t .  As w i t h  Ch r i sto ,  the peop l e  w i t h  whom they work  a re most often not a rt i sts bu t  
s c i e nt i sts ,  e ng i neers ,  i n d u str i a l i sts ,  and  pub l i c  off i c i a l s  w i t h  whom they  esta b l i s h  c o l l a borat ive r e l a ­

t i onsh i ps rathe r  t han  convent i ona l  vendor-c l i ent ro l e s .  And  s i nce the i r  pract ice i s  a s  much  research and  
deve lopment  as  des i g n ,  t hey  freq uent ly  come up  w i t h  strateg i e s  and s o l ut i ons  t ha t  are s u bseq ue nt ly  

adopted by the i r  i n d ustr i a l  co l l e agues .  The vendor-c l i ent re l at ion s h i p  i s  reve rsed :  M o b i l e  I mage  
becomes creat ive consu l tant to the te l e commun icat ions i n d ustry. 
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Conversation and  Creativity 

A l l  M o b i l e  I mage env i ronments except the proposed Light Transition a re conversat i o na l  net­

works :  t h i s  is s i g n i f i cant i nsofa r as  they address "the sca l e  of c reat iv i ty, " because creat iv i ty and  con­
versat i o n  a re d i rect ly l i nked-i ndeed ,  conversat i o n ,  a s  a gene rat ive process ,  i s  the prereq u i s i te for  a l l  
c reat iv i ty. Th i s  becomes immed iate ly  obv ious  i f  w e  d i st i n g u i s h  between  conversat i on  a n d  commun ica­

t ion .  Commun i cat ion  means i nteract i on  i n  a common context o r  doma i n  of consensus wh ich makes 
c ommun i cat ion  poss i b l e  and determ ines  the mea n i n g  of a l l  that 's sa i d :  the contro l of co ntext i s  the con­

tro l of mean i n g  i s  the contro l of rea l i ty. To c reate new rea l i t i e s ,  the refo re ,  we must c reate new con­
texts , new doma i n s  of consensus .  That can 't be  done  th ro ugh  commun icat i o n .  You can ' t  step out  of the 
context that def ines commun icat ion by commun i ca t i ng ;  i t  w i l l  lead on ly to tr iv i a l  permutat ions with i n  

the same  consensus ,  repeated l y  va l i dat ing the same rea l i ty. I n stead ,  we  n e e d  a creat ive conversat ion 
(f rom the Lat i n  "to tu rn around together" ) that m i g ht l ead  to new consensus and  hence to new rea l i ­

t i  es ,  bu t  wh i c h  i s  n o t  itse l f  a process o f  commun i cat i o n .  I s a y  someth i n g  y o u  don 't unde rsta nd and  we 
beg i n  t u r n i n g  a round  together :  " 0 0  you mean t h i s  or t h i s ? "  " No ,  I mean  thus  and such . . .  " O u r i n g  t h i s  
nont r i v i a l  p rocess we  grad u a l l y  app rox i mate t he  poss i b i l i ty of com m u n i ca t i o n ,  wh i c h  w i l l  fo l I ow as 

a t r i v i a l  necessa ry conseq uence  once we 've constructed a new consensus  a nd  woven togethe r  i n  a 

new context . Commun i cati on ,  as a doma i n  of sta b i l i z ed ,  nonc reat ive re l a t i ons ,  can  occu r  o n l y  afte r the 

creat ive ( bu t  non-commun icat ive )  conversat i o n  that  makes  i t  poss i b l e :  c ommun i cat i on  i s  a lways non­
creat ive and  creat iv i ty i s  a lways non-commun icat ive .  Conversat i o n ,  the  pa ra d i gm  for  a l l  g ene rat ive 

phenomena ,  the  prerequ i s i te for a l l  c reat iv i ty, req u i res  a two-way c hanne l  of i nteract i o n .  That does­

n 't g u a rantee c reat iv i ty, but without i t  there wi l l  be  no  conversat i on  at a l l ,  and  creat iv i ty wi l l  be  d i m i n­
i s hed  accord i n g l y. That's why the worst th i n g  we can  say about  the mass med i a  is that they can  on l y  
c ommun icate :  at a t ime when  creat ive conversat i ons  a re essent i a l  on  a mass ive sca l e  for h uman  d i g ­

n ity a nd  s u rv iva l ,  o u r  soci ety i s  dom i nated by a centra l i zed ,  one-way, mass a ud i ence  c ommun i cat ion 
system that can on l y  speak to a wor ld that i s  a l ready unde rstood to be the wor l d ,  can  on ly  add ress 

p ro b l ems  a l ready understood to be prob l ems ,  can  on ly f u rn i s h  mode ls of behav ior  that a re compat i b l e  

w i t h  the wor l d  a s  i t  i s  a l ready perce ived b y  most p e o p l e  most of t h e  t ime  . 

• • •  

Embrac i ng  the eth ica l and po l i t i ca l  respon s i b i l ity imp l i c i t  i n  the i r  project, G a l l oway and 
Rab i n owitz set out  to create the most fu l l y  h uman ized ,  most access i b l e ,  l east i nt im i dat i ng  yet  most pow­

e rf u l  i nformat i on  env i ronment they cou l d  des i gn-one  that was opt im ized to c u l t ivate c reat ive conver­

sat i ons  and to support autonomous rea l ity commun it i es .  From the beg i n n i ng ,  they saw the des i gn  of 
E l ectron i c  Cafe as  metades i gn-they wou l d  c reate a structure that a l l owed its users the g reatest pos­
s i b l e  freedom to design and contro l the i r  own i nformat ion  env i ronments, to construct t he i r  own rea l i t i es .  

S u ch  a system wou l d  have to i nc l ude as  many modes  of c ommun i cat ion  as  poss i b l e  to s u pport the max­

i m u m  r i c hness ,  var i ety, and textu re of cu l t u ra l  express i on ;  at the same t ime ,  i t  wou l d  have to fac i l i tate 
the most natu ra l and s imp l e  forms of h uman  i nteract i o n ,  req u i r i n g  of the user no  spec i a l  know ledge  or 
sk i l l s ;  f i n a l ly, i t  wou ld  have to operate as  a " p u b l i c  u t i l i ty"  whose term i n a l s  were a l l  in p u b l i c  p l aces 

so that persona l  equ i pment wou l d  not be req u i red and  tra n sact i ons  cou ld  be  anonymous-the  i nfo r­
mat ion  env i ronment  as commons rathe r  than commod i ty, equa l ly access i b l e  to everyone  . 

• • •  



Art is a process of exp l orat i on  and  i n q u i ry. Its s ubj ect is human  potent i a l  for  a esthet ic  pe rcep­

t i o n .  I t  asks ,  How can  we be d i fferent? What i s  othe r7 As eve ryone knows, trad i t i o na l  fo rms of po s i n g  
t ho se  q uest ions and  seek i ng  t ho se  answers a re no l o nge r  adequate .  We  app roach the m i l l e n n i u m  with 
a pa rt i c u l a r  sense of o u r  fa l l i b i l i ty a s  a c i v i l i zat ion ,  ou r  morta l i ty as a spec ies ,  o u r  respons i b i l i ty a s  a 
gene rat i on-and ,  a l a s ,  the  i nadequacy of o u r  cu l t u ra l ly l i m i ted imag i nat i ons  i n  the face of prod i g i ou s  
cha l l e nge .  T he  t r i umph  of M o b i l e  I mage 's h e r o i c  enterpr ise i s  that i t  reconst i tutes a rt th ro ugh  i n st ru­
ments app ropr iate to our  c i rc umstance ,  demonstrat i ng  the means by wh ich we may i ndeed l ea rn  to cre­

ate on  the same sca l e  a s  we can  destroy. 

(All quotes are from interviews with the author.) 
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A r s  E l e c t r o n i c a  8 6  

A C o n t e m p l a t i o n  o f  
D a n g e r o u s  G a m e s 

Th i s  pe rformance is not of Caba ret Vo lta i re 's u s u a l  gen re .  Th i s  performance is espec i a l l y  
des i g ned  f o r  t h e  A r s  E l ectron i ca  Fest iva l t o  use  Caba ret Vo lta i re .  Mo re amb i ent e l ements o f  both sound  

and  v i s i o n  comb i n e  to  u l t imate ly present an  a u d i o-vi s u a l  presentat i on  of a new l a nguage .  I t  wi l l  d raw 
e l ements from the  theatre/rock  perfo rmance/f i l m i c  a nd ,  most impo rtant ,  te l ev i s u a l  l a nguage .  The 

g rou p's approach to both sound and the i r  d eve l o p i n g  v i s u a l  a rt has  a lways been bas i ca l ly the same .  

Pr i ma r i l y  to remove the restr ict i ons  of "techn i c a l  standa rd s "  from the i r  a rt i s t i c  cons i de rat ions ,  the i r  use 
of the very l atest computer techno l ogy to gene rate sound  i s  to them on ly of equa l  i mpo rta nce to the i r  
u se  o f  c h e a p  a u d i o  cassette recorders .  Both have q u a l i t i e s  o f  s o u n d  that a r e  o f  u s e  and  i nte rest t o  the 

group .  I t  i s  that i nt r i ns i c  and i nd i v i d ua l  q u a l ity that i s  the i r  base of cho ice .  They app ly  the same 
approach to the i r  v i s ua l  " se l ect ion"  process ,  and  t h i s  perfo rmance wi l l  demonstrate t h i s  app roach .  

The g roup  cons ider  that  a l l  commerc i a l  standa rds  a re app ropr i ate for the i r  app ropr iat i on .  As 

part of the performance, they a l so exp l o re your a b i l i t i e s  to receive and reta i n  i nformat ion by u s i n g  m u l ­

t i p l e  screens and  p roject ions ,  the refore u s i n g  t h e  space o f  t h e  Brucknerhaus  t o  t h e  fu l l est exte nt . . .  
The re l a t i onsh i p  between the m u l t i p l e  images  with i n  the space wi l l  cause  each v iewer to have a u n i q u e  
and  persona l  i nte rp retat ion  o f  t h e  performance .  Th i s  use  of m u l t i p l e  i mages  causes v i ewers t o  app l y  

the i r  own "ed i t i n g "  o f  i nformat i on ,  therefore req u i r i n g  them to esta b l i s h  the i r  own story va l ues ,  th i s  
creat i n g  a pe rsona l  understand i ng/re lat i o n sh i p  w i t h  t h e  pe rformers '  mater i a l .  

Caba ret Vo lta i re wi l l  a l so i n c l u d e  t h e  phys i c a l  s o u n d s  o f  techno l ogy. T h e  s o u n d  o f  data b e i n g  
pr i nted . . .  t h e  sounds o f  f i l m  proj ectors mechan i ca l ly i n  mot ion  . . .  pass i n g  rad i o  waves th rough  the 
Brucknerhaus  b u i l d i ng  . . .  i ntercepted te lecommun i cat i ons  both  open  and  "secu re . "  

A l l  these med ia  a re o p e n  t o  i nterrupt i ons ,  i n c l u s i o n ,  u se  and  m i suse ( a s  i s  t h e  r e a l  modern 
wor ld  of commu n i cat ion ) .  the i nformat ion  to be d i storted and  man i p u lated through  the a rt i sts' percep­
t i o n  to c reate the i r  own t ruth ,  i nto wh ich the v iewer/a u d i e nce can app ly  the i r  own percept ion/truth .  



Cabaret Vo lta i re Ars E lectron ica  Statement 

In Genera l  

Da  not b e l i eve otherw ise ! . 

Mach i nes  make ou r  c u l t u ra l  rea l i ty-ou r  "shared"  wor ld of soc i a l  representat i o n  . . .  A l l  "other  
wor l d s "  are a bstract and  empty . . .  A l l  othe r  rea l i t i es  a re ug ly  (even rea l i sts take th i s  v i ew) .  

The power of aud i o-vi s u a l  tec hno l ogy, compared to othe r  med i a ,  l i es  i n  i ts a b i l i ty to g ive mo re 

i nformat ion  as bas i c  form . . .  I nformat i o n ,  howeve r, is not truth no r  even rea l i ty. C u l t u ra l ly " u se i s  

truth"-ou r  use of a med i u m  structu res o u r  wo r l d  and ou r  ident ity . . .  And so ,  " revea l s "  h ow we a re 
used .  

D u r  soc i a l  m i nd i s  a u d i o-vi s u a l  images  and  sou ndtracks .  

"Te l ev i s i o n :  a dev ice by which one  i s  kept at a d i stance from the event one i s  witness i n g . "  
T h u s  w e  a re brought n e a r  b u t  stretched o u t  i n  a v o i d  o f  pa i nfu l long i n g  f o r  w h  at we cannot  reach . 

Safe but  tormented .  

Wh at an  object for the soc i a l  m i n d ! . . .  a n  i ntang i b l e  manmade d ream- image  danc i n g  to the 
pu l s e  of des i re and the sequence  of l o n g i n g .  Why da  we use ou r  d ream-mach i ne  i n  th i s  way? . . .  Pay i ng  

techno l ogy the p h i l osophe r's f ee  as ,  u nde r  the pressu re o f  monstrous des i re and bewi l d e red  by the l i es 

of men ,  we pu rsue  the temptat i ons  of the dreams that money has bought . 

Why, when we d ream ,  can we be l i eve that we a re a l ive, but when we are awake we fear  that 

we a re dy ing? ( D ream i ng  is ,  by the way, a means of preserv ing  s l eep by suspend i n g  act ion i n  imag i n a ry 

events . )  

I n  Parti cu la r  

DADA . . .  D l d  impu re syph i l i t i c  s i re o f  ou r  orphaned bastardy . . .  A l l  that we i n he r i t  f r am  you r  

impove r i shed  gamb l e r 's r u i n  i s  you r  o l d  pocketkn ife "Cut-Up"-to wh i c h  we have  attached  a n  e l ec­

tro n i c  b l a de  and  the tattoo of contempora ry rhythm .  
Cut -u p 's assem b l a g e  syntax mo r pho l ogy app l i e s equa l l y t o  image s ,  wo r d s  a n d  s o u nd s . 

It d i s i nteg rates rece ived order  and  deranges  hab i tua l categor ies of l ocat i on  and  c l ass i f i cat i o n .  With the 

resu l tant "cu l t u ra l  fragments" i t  constructs a synthet i c  and synaesthet ic  cont i n u um  that  i s  not l i nea r  

p rog ress ive na rrat ive but autonomaus  forma l  structu re-a structure whose  ma i n  mode  i s  contrast and  

a na l ogy operated as  c r i t i q u e .  Dada and  S u rrea l i sm bequeath co l l age  and  assemb l a ge  as  med i ums  
whose f o rma l  q u a l i t i es  are exact ly su ited to match i ng  modern u rban exper ience . . .  The s e l f-contra­

d i ct ion of c i ty l i fe with its c u l t u ra l  d i sa rray and d i s u n i ty that i s  by nature i n capab l e  of s i n g l e  cons i stent 
form. A l l  fo rma l  dev ices ( rhythm ,  d u ra t i on ,  repet i t i on ,  d i stort i on ,  i nvers i on ,  erasure, etc . )  a re emp l oyed 
on  both "found "  and "gene rated" e l ements .  These e l ements a re deg raded and synthes i zed  in an 

abstract fo rma l  structure that possesses express ive cont i nu ity without i nvo lv i ng  i ts e l f  in a dep i ct i on  

that  l i m its freedom by  conf i n i n g  express i on  to the na rrative and i l l ustrat i o na l  demands  of a dom i nant 

i deo l ogy. I n  cut- up  the freedom of the act of comp i l at ion  transcends the comp i l ed  mate r i a l  . . .  Ba r r i e rs 

a re braken down, the forg otten reca l l ed and  the u nknown apprehended .  Aud io -v i s u a l  cut -up i s  a 

metapho r  for the d ream i n g  soc i a l  m i nd . . .  Da we awake as we change the q u a l i ty of the  d ream? Yet 

a dream of be i ng  awa ke may st i l l  g ive sharp  p l easu re to a l l ev i ate d u l l  p a i n ,  reach the g e n u i n e  by way 

of parody and speak same truth in its i rony. 

Ends .  
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S t a t e m e n t a b o u t A r t 
a n d  Te c h n o l o g y  

Du r  use  of too l s  i s  wh at separates u s  from the rest of the a n ima l s .  D u r  soph i st i cat ion  with var­

i o u s  forms of tech no logy (from the kn ife to the atom i c  bomb) def i nes  us  as  "c iv i l i z ed"  creatu res .  

The a rt i st has a lways def ined h i s  too l s  as  pa rt of the c reat ive process . Pa i n t i ngs  a re steeped 

i n  co lo r  theo ry, the  texture of the pa i nted s u rface ,  and  the tact i l ity of the pa i n t  i tse l f ,  as  much  as  with 
the s u bj ect be ing pa i nted. Mus ic  i s  written with the sound of an  orchestra o r  the a b i l i t i es  of the record­

ing stud i o  i n  m i n d ,  with the merger of compos i t i o na l  form and  mus i c a l  "content" res u l t i ng  i n  a work of 
a rt .  

I t  i s  not su rpr i s i ng ,  then ,  to th i n k  of the cha rcoa l used for cave d rawi ngs ,  the penc i l ,  o r  the 
p iano as  the advanced a rt ist ic techno l ogy of i ts t ime .  

The  so-ca l i ed state-of-the-art "computer" and  v i deo  techno l ogy of the med i a  a rt i st i s  n oth i n g  

mo re advanced t h a n  t h e  o i l  a n d  canvas o f  today. A s  w i t h  pa i n t i ng ,  t h e  use  of too l s  a l one i s  n ot e n o u g h .  
Too l s  u s e d  without v i s i on ,  or techno l ogy u t i l i zed " f o r  i t s  own  sake , "  i s  as  bo r i n g  a s  an  i n competent ly 

p l ayed Mozart sonata. But very often the use  of " new" tech no l og i e s  has  forced the i deas  out  of a rt­
mak i n g ,  l eav i ng  an empty she l l  of e l ectron i c s .  

Fo r  me ,  v i deo  techno logy i s  the natu ra l extens i o n  of a creat ive t hough t  process wh i ch  ana l yzes 
and "ed i ts" i nformati on .  I n  my case the i nfo rmat ion i s  forma l i zed as  non-na rrat ive o r  a bstract sto r i e s .  

The v i s ua l  mot i fs ,  comb ined w i t h  an  ove ra l l  conceptu a l  structure ,  adhe re to a l o g i c a l  deve l o pment .  

wh ich i n  tu rn  "makes sense , "  as much as  more trad i t i o na l  na rrat ive does ,  to the a ud i ence .  
Th i s  l eve l  o f  commun i cat ion has been l a c k i ng  for the most part i n  " a rt and  tech no l ogy" pro­

j ects ,  which have tended to shroud the a rt i st, and h is o r  her too l s ,  in myste ry. 
Nam June  Pa i k  c l a ims  to make tec hno l ogy r i d i c u l o u s .  I make techno l ogy h uman .  

23 comb i nes work o f  Mark He l l a s ,  Cynd i  L ee ,  Ma ry Per i l l o ,  John  Sanbo r n ,  Ma ry E l l e n  Strom ,  

a nd  P i e rce Tu rner  i n  a l ive performance at A r s  E l ectro n i ca i n  J u n e  1 986 .  The gene ra l  t heme  of the pro­
j ect w i l l  i nvo lve the prob l em of the i n d i v i d ua l  try i n g  to make order out of chaos, and of exp l a i n i n g  the 

i n exp l i c ab l e .  Dea l i ng with day-to-day exper i ence ,  we expect to a rr ive at no  spec i f i c  answe rs,  but  more 

e l egant q uest i ons .  
The work  i s  a comb inat ion o f :  text ( d i s p l ayed ,  spaken ,  and sung ) .  l i ve mus i ca l  so l o s  ( p l ayed 

a l o n g  with prerecorded mus ic ) .  prerecorded v ideo ( dea l i n g  with treated dance segments, a n i mated com­
puter g raph i c s ,  and d i g i ta l  v ideo effects as  premontaged mate r i a l  for m i x i n g  with l i ve cameras ) .  l i ve 
v i deo  m ix i ng  and effects ( i nvo lv ing the use of a remate v ideo camera ) .  and l i ve dance and perfo rmance .  

The pre recorded tape wi l l  be a comp l ex montage of both s imp le  and  soph i st i cated v i deo  tech­
n o l og i es ,  a l l  cente red around v i sua l i z i n g  a c o l l ect ion  of metapho rs ,  wh i ch  i l l u m i nate the co l l a bo rators ' 

ve rs i ons  of rea l i ty. 



We wi l l  use  dood l es as s i g natures of the s ix  co l l a bo rato rs, ref lex ive patte rns a s  a utob io ­

g raph i c a l  i ntrod uct i o n .  Dood l e  categor i es  wi l l  ref lect the concerns of the a rt i sts :  movement  dood l e s ,  
mus i c  dood l es ,  v i deo  dood l e s .  A re  there cross-references between dood l e  forms ( e . g .  draw i ng  dood l e s  
and  movement  dood l e s ) ,  a nd  h ow descr i pt ive a re these unconsc ious forms? Another  repeat i n g  image  
i s  that of a d i g i ta l ly created ,  s l owly t u rn i n g  room with l a rge p i cture w indows, e a c h  revea l i ng d i fferent 

th i n g s  outs ide the w i ndow. The whole i mage  i s  to be used as a set p iece with mus i ca l  sett i n g  and as 
a backdrop for foreg round dance movement as  we i l  as  a trans i t i on between  var i ous  scenes .  

A second  w i ndow image  uses  the v ideo screen to cut a ho l e  to the outs i de  wor l d ,  revea l i n g  
dance outs i d e  t h e  theatre .  T h i s  dance  i s  a n  examp l e  o f  a l i m itat ions work, wh ich  i s  def i ned  b y  its pre­
set l i m i ts .  Maps are another g raph i c  too ! .  One  i s  a map of the s ix  co l l a borators' a ncestors '  m i g rat i on  

to the US o  O u r  v i ew of the map  zooms i nto the i n d iv i d ua l s ,  f l ash i ng  upon persona l  i ntersect i o ns .  
The f i n a l  ste p of t h i s  mapp i ng  i s  a se t  of l i nes and standard "map"  symbo l s ,  wh i c h  s l ow ly  

g rows towns ,  c i t i es ,  a nd  a topography; revea l i ng itse l f  to be a pa lm-reade r's map of a hand .  
Cont i n u i ng th roughout 23 are a ser ies  of Mac i ntosh-created a n i mat i ons  done  by Joseph  

Pr ieboy. One  i s  c a l l e d  the " Dance  Ana l yz i n g  Mach i n e "-a sat i re on a rt and  techno l ogy projects wh i c h  

uses  the dance  tech n i q u e s  of the cho reographers as  a bas i s  f o r  t h i s  l ow-reso l u t i on  a n ima t i o n .  
A maj o r  dance  sequence  i s  the  "ca r  crash test, " w i t h  t he  dancers str iped and n u mbered i n  a 

pseudo " c rash -test" env i ronment .  A l a rge-sca l e  v ideo a l terat ion on l i ve dance wi l l  i nteract with on ­

stage dance  commentary, l ook i ng  fo r  mean i n g  i n  s imp l e  movement, u s i n g  sc i ent i f i c  d i stance  and  t ime  

markers to accentuate t ime  and  d i sta nce a l te rat i on ,  and r e l a y  an  intens i ty o f  fee l i ng .  

An assemb lage  o f  soc i a l ly c omp l ex word games i s  d i s p l ayed thru an  a n imated Sc rabb l e-type 
game .  Speak i ng  the q u est ions  and some answers of this puzz le  are the a rt i sts, whose assoc ia t i on  to 

the r idd l e  g ive its c l u e s  i m pact .  The i m poss i b l e  task of g i v i ng  one-word an swers to the myste r i es  of l i fe 

he re i s  made com i ca l ly s imp l e .  

Th i s  i s  comb i ned with a skewed game o f  mu s i c a l  cha i rs .  I n  t h i s  compet it ive vers i o n  of t h e  

game (wh  i c h  re l ates to the compet i t iveness of t h e  a rt wor l d ,  t h e  reject i on  o f  t h e  creat ive l i fe ,  the  fee l ­

i n g s  of a l i e nat ion  and be i ng  " I eft out , "  l os i ng  contro l ) . each p l ayer conveys a d i fferent a rt i s t i c  response 
when he  o r  she  i s  e l i m i nated .  

One  cha racter i s  a n  i nventor who pretends to make u p  wh at i s  commonp lace ;  he  re i nvents h i s  

d a i l y  act iv i t i es ,  how t o  wa l k , h o w  t o  cook ,  h o w  t o  eat, as i f  he  never saw a c u p ,  d i s h ,  o r  p l ate .  T h e  back­

g round for th i s  segment  i s  a com i c  m i x  of d i scover ies  ( both rea l and made up )  wh ich  is i nterru pted by 

l i ve camera c l ose-ups of the cha racte r's i nvent i ons .  

A Pa i ntbox a n i mat ion  wi l l  be created to p lay  w i th  images of  the s i x  co l l abo rators; tak i ng  them 
back and  forth th rough  d i ffe rent ag es  opens  a sequence of c h i l dren 's q uest ions about l i fe .  These ques­

t i ons  seem to have an swers that on l y  ex ist  for us  i n  a part i c u l a r  t ime ,  age ,  and p i  ace .  The Ouante l  

pa i ntbox work w i l l  be done  i n  c o l l a bo rat i on  with Tom Lesser. 

Wasted t ime  i s  another  theme we address ,  as d i rect ly re lated to the a ud i ence .  I n corporat i n g  

footage recorded ear l i e r, ou ts i d e  the Brucknerhaus ,  characters a r e  seen gett i ng  t i ckets and  vo i c i n g  pre­

concept ions  of the eve n i n g 's work, and  d e l iver ing i n stant revi ews of the program i n  prog ress .  

We take  the i dea  beh i n d  a R u be Go l d berg mach i ne  and app l y  i t  to a l a rge r  r ange  of cond i t i ons .  

Movement  becomes  co l o r, becomes  sound ,  becomes  p i c t u re .  Based on  the subconsc i ous  confu s i o n  o f  

th ree  and  red  and  F-sharp ,  the concept of "hea r i ng  b l u e "-based on "Sc r i ab i n "  co l o r  f i e l d  tests , psy­

cho l og i c a l  and 10 tests . 

The f i n a l  work w i l l  be a comp lex  montage of both s imp l e  and soph i st i cated tech n i q ues  and  

tech no l o g i es ,  a l l  centered a round  v i sua l i z i n g  a co l l ect ion of metaphors wh ich  i l l u m i nate the c o l l a bora­

tors ' vers i o n s  of rea l i ty. 
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Te r m i n a l  A r t 

The thes i s  under ly i ng  th i s  exh i b i t i on  can  be form u l ated i n  two q uest i ons .  The f i rst one :  Can the 
tech no l og i e s  that have deve l oped ra p i d l y  ove r the past th ree decades be ca r r i e rs of a rt i s t i c  p rocesses? 

Second ly :  Wi l l  a n  i nte r l ac i ng  of the va r i ous  tech no l og i e s  be fea s i b l e  that cou l d  foste r any a rt i s t i c  
processes and products? 

In the sho rt h i story of the L i n z  Ars E l ectro n i ca s i nce 1 979 ,  the f i rst q u est ion has come up aga i n  

and aga i n  and  has t o  be  ra i sed anew cons i de r i n g  a cont i n u i ng and  st i l l  expand i n g  tech no l o g i c a l  deve l ­

opment produc i n g  new car r ie r  techno log i es  yea r by year. I t  a l s o  has  to be ra i sed for the pu rpose of con ­

t i n uous  revi ew, of a constant ver i f icat i on  of a rt i st i c  resu l t s .  
The second quest i on ,  a im i ng at an  i nter l a c i n g  of the i n d i v i d ua l  systems ,  i s  new. I t  i s  o u r  spe­

c ia l  concern and the concern of th i s  exh i b i t i o n ,  wh ich can ,  however, not supp ly a n  answer. I t  wi l l  con­

t inue to be o u r  concern unt i l the end of the e i g ht i es  and  even beyond then .  Mo re later  on .  

The Tit le 

Term i n a l s  a re fam i l i a r  to us as p l ace  of a rr iva l a nd  depa rtu re .  A term i n a l  i s  a lso that downtown 

fac i l i ty on our way to o r  from an  a i rport .  In so me  way the term i n a l  (from the Lat i n  terminalis) a lways 
re l ates to an  end ,  a n  extreme .  Th i s  i s  a l so the med i co-b i o l o g i c a l  i m p l i cat i on  of the term : c l ose  to,  l ead­

i n g  to death .  There i s  the tech no l og i ca l  imp l i cat ion  of the word terminal, as  a po i n t  of connect i on  of an  
e l ectr ic c i rcu i t .  And most  recent ly i t  has come to s i g n i fy that dev i ce  that enab les  the use r  of a computer 

to feed i n struct i ons  i nto it and to rece i ve i nformat ion  from i t .  
For o u r  pu rposes ,  we may def ine the term i n a l  as  a n  app l i a nce for  transm itt i n g  and/or rece iv­

ing messages ,  s i g na l s .  The m i crophone ,  for i n sta nce ,  i s  a tran sm i s s i o n  term i n a l ;  the TV set a recept i on  
term i n a l .  Some term i na l s ,  l i ke the te l ephone ,  may even  be used both  for  transm itt i n g  and  rece i v i ng .  
Th i s  i s  a prom i se  made  w i th  the advent of techno l ogy but not q u i te kep t  yet. 

As to a rt :  connected to the term terminal, the creat i on  of v i s u a l  forms, of i mages ,  the produc­
t i  on  of images-or the i r  de l et ion ;  the g raph i c  prod uct . the c reat ive process ,  the  resu l t  of v i s i b l e ,  often 
verba l ,  and frequent ly even th ree-d imens i ona l poss i b i l i t i e s  of exchange ,  c ommun icat ion  through eyes, 
dep i ct ive i nte rpretat ion ( never so l ut i on )  of the wor ld , v i s i b l e  and i nv i s i b l e  spaces, i nvent ion  and expe-



r i ence  i n  the coord i nate system of v i s i b i l i ty. Art-age-o ld  and contempora ry, never  one-d i mens i o na l ,  
n eve r  on l y  one stenc i l ,  n eve r  a d i ctate of sty l e .  Art i s  a form and  express i o n  of e ne rgy i n  the v i s ua l  
s phe re .  Magne t i c  f i e l d  of the v i s ua l .  Art: the  v i sua l  a nd  i t s  reception by the obse rver  whose  eyes, i n  
t h e  words o f  Wi l l i  B aume i ster, a re t h e  "outpost o f  h i s  m i n d . "  

Te rm i n a l  a rt i s  b y  no  means  a computer term i na l  on l y  a nd  i s  presented i n  o u r  exh i b i t i o n  i n  a 
mo re comprehens ive manne r. What is i mportant . fundamenta l even,  apa rt from the  techn i ca l ,  most ly 
e l ectron i c  dev ice ,  i s  the act ion  of the pa rt i c i pat ing human be ing :  it fac i l i tates the i nteract ion  wh i ch  i s  

the  pu rpose of t h i s  exh i b i t i o n .  

The Art Concept o f  the  Exh ib i t ion  

I t  seems to be i nev ita b l e  that once aga i n  the a rt concept i s  be i ng  cha l l enged .  And the concept 
of the exh i b i t i on ,  too .  I f ,  i n  the  cou rse  of a med i ca l  check-u p of a pat i ent ,  the  computer  d i scovers the 

foc us  of a d i sease that was not to be detected with the naked eye or by pa l pat i o n ,  i ts f i n d i n g  w i l l  be 

accepted by the pat ient (and h is re l at ives ) .  because it serves the purpose of d i a gnos i s  and  know ledge .  

N o  one  wi l l  quest i on  the concept of med i c i ne  be i ng  expanded as it has  been .  Th i s  i s  n ot so i n  the w ide  
sphe re of the a rts . He re too ,  n ume rous  new, mode rn  man ifestat ions of e l ectro n i c ,  techno l og i ca l ,  a nd  

med i a  a rt se rve the p u rpose of know ledge .  But  we  a re u sed  to i nqu i r i n g  i mmed ia te l y  i nto the i r  mean ­
i n g .  And th i s  persona l  dec i s i o n  i s  precond i t i oned  by  a mu lt i tude o f  facto rs ,  such  as  educa t i o n ,  att i tudes 

and  b e l i efs, sta nda rds  of compar i son ,  and  others .  
What i s  the a rt concept under ly i ng  o u r  exh i b it ion? I t  i s  the a im  of "Term i n a l  Art"  to p resent  to  

its v i s itors predom i nant ly  i nteract ive systems of e l ectron i cs  and the i r  app l i cat ion  and deve l opment by 

a rt i sts ,  to take them i nto l a borato r i e s  of e l ectron i c  and d i g ita l a rt where they may sha re i n  the creat ive 

process .  The exh i b i t i on  i s  ded i cated to the c reat ive process of contemporary e l ectro n i c  a rt rathe r  than 

to a f ixed product .  The term art i s  he re be i ng  used as a work ing  concept to set off v i s u a l ,  c reat ive work 
aga i nst othe r  forms of work .  I t  i s  meant to i n c l u de  the forms of an  expanded a rt and an expanded con­

cept of a rt .  In th i s  context, we m i g ht a l s o  speak of a "Gesta lt  techno logy" compr i s i n g  ma rg i n a l  a reas  

of a rt such  as  des ign ,  a rc h i tecture ,  eco-techno l ogy, as we i l  as acoust ic events, v i sua l  sc i ent i f i c  state­

ments, and v i s ua l  documentat i on . 1  
L i ke other concepts o f  h u m a n  exp lo rat i on ,  the concept o f  a rt i s  n ot a stat i c  o n e ;  i t  i s  s ubj ect to 

change  due to an  expand i n g  spat i a l  s i t uat ion  in the expe r ience and unde rsta nd i n g  of mac ro- and m i c ro­

cosm,  due to a revo l ut i ona ry deve l opment of video carr i ers and v ideo med i a ,  due to chang i ng  soc i a l  

structures of the At l a nt i c -Pac i f i c  post- i n d ustr i a l  soc i ety, and o the r  facto rs .  

Each v is i tor  to the exh i b i t i on  w i l l  dec ide h imse l f  o r  herse l f  whethe r  and  to what extent a work 
of Gesta l t  techno l ogy st i m u l ates h im o r  he r  to a new, h i therto u nknown expe r i ence ,  compe l s  h im o r  her 

to formu l ate new def i n i t i ons ,  and ,  poss i b ly, leads h im  or her  f rom i rr itat i on  to a new app roach .  Th is  pe r­

sona l  dec i s i on  is at the same t ime  a n  i mportant l ea rn i ng  process towa rds s u rviva l i n  o u r  present age ,  

confronted w i th  sudden  soc i a l ,  c u l t u ra l ,  med ia-techno l og ica l change .  

More than  two decades afte r i t  was formu l ated, the ana lys i s  by the Canad i an  Ma rsh a l l  

McLuhan  rema i n s  va l i d :  t h e  n ew med i a  and  techno log ies  "const i tute enormous  c o l l ect ive operat ions  
car r i ed  out on the body of soc i ety without  ant i sept ic  preca ut ions .  I f  these ope rat i ons  a re i n ev ita b l e ,  a n  

i nfect i on  du r i ng  such  an  operat ion mu st be expected. I f  a new tech no logy i s  u sed  to ope rate on  soc i ­
ety, i t  i s  not  the i m med iate s i te of the su rge ry that i s  most  concerned .  The sore o r  cu t  i s  a naesthet i zed .  

The ent i re system ,  howeve r, i s  be i n g  changed . "  

I n  t h i s  pe r i od  of change  " t he re  i s  no  examp le  o f  any consc ious adaptat i on  of the va r i ous  fac­
tors of i nd iv id u a l  and soc i a l  l i fe to the new expans ions apart from the t im i d  effo rts of a rt i sts ,  more o r  

l ess  i n c i denta l l y. " 2 
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The Other Trad it ion 

Aware of the superf i c i a l  a rt of the a rt t rade  prete nd i n g  to be i n  command of the Zeitgeist, we 

had  better remember  a d i ffe rent trad i t i o n .  I deas ,  ach i evements ,  names l i ke Wa lter  G rop i us ,  li3sz 1 6  

Moho l y-Nagy, E I  L i ss i tzky, and many  others sta nd for  i t  i n  o u r  centu ry. The extent to wh i c h  th i s  d i ffer­
ent  tra d i t i on  was over l a i d  by the t ime immed iate ly  before ,  d u r i n g ,  and afte r the war becomes ev ident  

i n  the l ack  of d i a l ect ics with i n  the a rt of the m i d - e i g ht i e s .  Art i n  G e rmany, for i n stance ,  i s  s umma r i zed 
as  be ing expres s i o n i st. a comp lete ly one-s i ded  v iew not  at a l l  ref l ect i n g  the h i stor ica l " na t i ona l  cha r­

acte L "  

The present deve l opment o f  des i gn  techno l ogy cannot be j udged  without h i stor i c a l  knowl edge .  
Thus  a l so the " e l ectran i c  screen , "  to be dea l t  with later  on ,  wi l l  rema i n  an  a l i e n  e l ement  with i n  soc i ­

e ty  a nd  the p r i vate ,  i nd iv idua l sphere of l i fe u n l ess t he re i s  an  act ive ,  c reat ive ,  ana l yt i c a l  i nteract i on  of  

the a rt i st .  Th i s  soc i a l  i nteract ion of the a rt ist  i s  d i ffi c u l t  to exp l a i n  i n  a democracy for va r i ous  reasons .  
The many and  f undamenta l  effects of  the ma rket do  not fac i l i tate a consensus .  An a rt i st can ha rd ly  
have a ny effect o n  soci ety without format ive forces .  

The Bauhaus  was to be such a format ive fo rce  i n  the 20th  centu ry. I t  had been  conce ived by 

Wa l te r  G rop i u s  a s  a "p ioneer i ng  schoo l , "  not with the pu rpose of p ropagat i ng  a ce rta i n  sty l e ,  system,  
o r  dogma but of exert i ng  an  active i nf l uence  on des ign .  Bazon B rock po i nted out  recent l y  that  i n  sp i te  

and  even because of a l l  fa l s i f icat ions i n  the recept i on  of the Bauhaus ,  the  Bauhaus concept and  teach­

ing have rema i ned  of top i ca l  i nterest: " From product des ign v i a  soc i odes i gn  to commun i cat ion  des i g n ,  
t h i s  i s  a deve l opment necess i tated a l o n g  t h e  l i nes of G rop i u s  b y  n ew techno l og i e s  and  t he i r  soc i a l  con­
sequences .  "3  

Moho ly-Nagy certa i n l y  i s  a key f i g u re among  the Bauhaus  a rt i sts, i f  we th i nk  of the "other  tra­

d i t i o n , "  as I c a l l  i t ,  and th is i s  a lso the h i story of des i g n  techno l ogy. Many aspects of h i s  work, p i ctor­

i a l ,  g raph i c ,  three-d imens i ona l ,  ma i n ly, however, h i s  f i l m  and wr itten work, po i n t  to our t ime .  The 
space-t ime cont i n uum deve l oped and ana lyzed by h i m  i s  a majo r  concern of contempora ry d i g ita l a rt .  

I n  assess i ng  contempora ry des i gn  techno l ogy, i t  wou l d  be foo l i s h  and  dangerous  to do wi thout  
the mode l s  of th i n k i ng ,  the f i nd i ngs ,  the concepts offered to u s  by the other  trad i t i on  i n  t h i s  centu ry. 
N otwithsta nd i n g  the d i sastraus consequences  of two wor ld  wars ,  there is such  a trad i t i o n  even if it i s  

h i d den  and  ousted fram presentat ion i n  schoo l s  and  museums .  
I n  the  f i ft ies a younge r  generat i o n  of a rt i sts ,  wr i ters ,  and  pa i nters asserts i t s e l f  i n  E u rope ,  

mak i ng  v i go rous  use o f  the techno l og i ca l  poss i b i l i t i e s .  To name  a few :  the scenographe r  and  med ia  
theo r i st Jacques  Po l l ed ;  N i co l a s  Schöffe r, who with h i s  l i g ht and  sound  sc u l ptu res  i ntrod uces  the con ­
cept of cybernet i cs  i nto a rt; Frank  M a l i na ,  who apa rt f rom h i s  L um idyne system fu rn i s hes  a sc i ent i f i c  

foundat i on  to the d i scuss ion  i n  the maga z i n e  Leonardo, founded by h im ;  Wo l f  Voste l l ,  mak i ng  h i s  f i rst 
e l ectro n i c  deco l l/age b l u rs thraugh  TV d i stort i o n  and e l ectro-acoust i c  objects; Nam J u n e  Pa i k , who 

has c o l l a borated i n  the stu d i o  for e l ectro n i c  mu s i c  of the West Ge rman  Rad i o  Co l ogne  s i nce 1 958 .  At 
the same t ime  Max Bense pub l i shes h i s  s c i e nt i f i c ,  o ne  m i g ht a l so say tech no l og i c a l ,  aesthet i cs  in the 

Fede ra l  R e p ub l i c  of Ge rmany. He  and h i s  g r oup  were l i ke a g i oba i  b roadcast ing se rv i ce  of i nformat i o n  
aesthet i c s .  Bense  po i nted out that any c i v i l i zat i o n  has  a c ommun i ca t i on  between  i ts  tec h n i c a l  and  i t s  

aesthet i c  rea l ity a im i ng at an  exchange ,  l i ke a system of c ommun i ca t i ng  t ubes .  I n  1 957 Bense  wrote 
in the preface of his Aesthetica 111, which  he  ded i cated to Max B i l l :  "We have now i nvaded the sphe re 
of aesthet ic  e l ements, aesthet ic atom i sm ,  that d ea l s  with s i g n a l s ,  s i g n s ,  funct i o n s ,  shapes ,  c e l l s ,  

mod u l i ,  frames ,  a rrays, structures, ' o p e n '  and  ' c l osed '  systems .  T h e  advance o f  t h e  stat i st i c  a nd  

m i c rocosm i c  today comb ines  a t  l east method i c a l l y  aesthet i cs  and  phys i c s  . . .  I n  i ts  re l a t i on  t o  c i v i ­
l i zat i o n  the s cheme  o f  aesthet ic commu n i ca t i on  p roves to be a scheme both of i nformat i on  and  o f  
amusement . " 4  



Aga i n :  the  f i ft i es  fu rn i shed  us not on l y  with the k idney tab le and other nove l t i e s  but a l s o  with 
the e l ectro n i c  screen .  Put d i fferent ly, young  a rt i sts d i scovered the rada r  screen of that t ime  to be  the 
mate r i a l  of techno l ogy. That system of commun icat ing tubes ,  of wh ich  Bense had spoken ,  started to 
transform the fou ndat ions of a rt i s t i c  c reat ion and des i gn .  

Ecotechno logy 

Together  with the i n c l u s i o n  of tech n i c a l -techno l og i ca l  mater i a l s  and i nstruments ,  a rt i sts at  the 

end  of the f i ft i es  a l so wanted to open u p  a new space of natu re .  Nature no  l onge r  to be unde rstood as  
"st i l l i i fe"  and  mode l ,  but  i n  i t s  e l ementa l capac i ty. Th i s  i s  where Gesta lt  tech no l ogy  opens  u p  m i c ro­

and  macrocosm i c  spheres .  I t  i s  not techno l ogy per se that i s  taken up and expanded by the a rt i s ts .  

D i a l ect ic  re l a t i ons  between techno l ogy and e l ementa l  nature ,  the ene rgy  forces of wide 
spaces l i ke heaven ,  sea ,  a i r, desert ,  sta rt to d eve l op .  The age of the fi rst sate l l i tes c i rc l i ng our  p l a net 

engende rs a new awa reness for a new def i n i t i o n  of ou r  apprec iat ion of nature .  Th i s  a l s o  has been  a 
conce rn of Ars E l ectro n i ca from its ve ry beg i n n i ng .  I want to po i nt to presentat ions  l i ke that of Sky Art 

1 980 and  1 982 i n  L i n z .  Concerned with the ter r i f i c  consequences of techno l ogy i n novat i on  on the one  

hand  and  the th reat to o u r  env i ronment  on the other, I want t o  ra ise the i s sue  of "ecotechno l ogy. " 
Ecotechno l ogy means app l i cat ion  of i n struments ,  mate r i a l s ,  p rocesses of techno l ogy i n  such  a way that 

it t ru l y  ha rmon izes with nature ,  with the hab itat of p l ant, a n ima l ,  man ,  a l so  with the wider zones of o u r  

eco l o g i c a l  h ome ,  i ndeed ,  w i t h  t h e  ent i re g l obe and t h e  cosm i c  space. A concrete examp l e  o f  ecotech­

no l ogy i s  the  use of l i g ht as  a sou rce of ene rgy, photovo ltage ,  which ,  l i ke other tec hno l og i e s  of o u r  
t i m e ,  effects t h e  trans i t i on  from t h e  mechan i c a l  p r i n c i p l e  (steam turb ine )  t o  t h e  e l ectro n i c  p r i nc i p l e .  To 

use  l i g ht a s  a creat ive med i u m  or to i nterp ret it as such came more natura l ly to o l d e r  c i v i l i zat i ons  than  

i t  does  to u s o  I f  we str i p  such  concept i ons  of the i r  myth i ca l  and re l i g i o u s  content .  we f i nd  them 
abso l ute l y  u p-to-date .  They po in t  to the com i n g ,  feas i b l e ,  and perhaps i nev ita b l e  so la r  age .  

T h i s  a pparent ly takes  u s  away f rom a rt .  and i n  ou r  case from term i n a l  a rt .  The p i cto r i a l  a rt o f  

o u r  20th centu ry conta i n s  not on l y  a wea l th of express iv i ty, of i nd iv i d u a l  man ifestat i on ,  but  a l so a 
wea l th of mean i n g  i n  the va r i ous  mode l s  of wor ld  percept i on .  Most re l evant a re the Bauhaus  l ectures 

by Pa u l  K lee ,  t h i s  eco-art ist  par  exce l l ence .  

What i s  needed today i s  the i n corporat i on  of the techno log ies  i nto ou r  app rec ia t i on  of the 

wor l d ,  the  assessment of these tech no l o g i es i n  t he i r  re lat ion to the l aws , the man i festat i ons ,  the ene r­

get ic  forces of the wor l d  i n  and  a round  u s o  Th i s  cou l d  be the top i c  for anothe r  exh i b i t i o n-prov ided  o u r  

exh i b i t i o n  h a l l s  a re n o t  on l y  ded i cated to h i sto ry, t o  t h e  serv ice performances o f  o u r  g a l l e r i e s .  Te rm i n a l  
a rt a s  i t  i s  presented i n  the Brucknerhaus  at A r s  E l ectron i ca  86 c a n  b e  b u t  a trans i t i on ,  t h e  sketch of an  

exh i b i t i o n ,  a wo rk  i n  progress .  I do  b e l i eve, however, t ha t  i t  i s  revea l i ng to present Ge sta l t  techno l ogy 

i n  process ,  in statu nascendi. Everyone  concerned knows of the restr ict i ons ,  the l i m i ts set to the for­

mat i on  of an i ntens i f i ed ,  i nter laced strategy of a rt .  F i nanc i a l  and i nstrumenta l shortc om i ngs  are obv i ­
ous .  Persona l  fa i l u re i s  a lways i n c l uded .  Neverthe l ess ,  the Amer ican Wi l l i am  I .  Thompson ,  founde r  of 

the L i n d i sfarne Assoc ia t i on  ( 1 972 ) .  writes, in h i s  book on The Pacific Shift "The reporters of the t rans ­

format i on  a re ca l l ed a rt i sts . " 5  The commun i cat ive system of the fou rth cu l tu re eco l ogy, i n  the words  o f  

Thompson ,  i s  the e l ectron i c  system .  Th i s  j u st i f ies  any attempt at present i n g  i t .  rud i m enta ry as  i t  may 

be .  

E l ectron i c  a rt conveys a not ion  of rea l i ty, natu re ,  space ,  and our ex i stence i n  these wh i ch  d i f­

fers abso l ute l y  and q u a l i tat ive ly  from the trad i t i ona l .  Art has a lways i nterpreted natu re .  Nature thus  
became  c u l tu re ,  h i story th rough a rt and  i t s  representati ons .  Actua l l y, it sta nds to  reason  that the po l a r­

i sat ion  of o u r  percept i on  of nature from the m i c roscop ica l ly m i nute to the most d i stant cosm ic  sphe re 
effected i n  t h i s  20th centu ry has  a l so b ro ught a change to ou r  d i mens ions of i nterpreta t i on .  



At the t u rn of the centu ry, sc ience and  a rt embraced the m i c ro-wor l d s .  When a rt i sts i nt roduced 

the a bstract as  the conc rete i nto the i r  creat ive work and  theory, i n  the f i rst decade of o u r  century, the 
m i c ro-wor lds  of nature entered a rt ist ic  creat i o n .  

A t  the same  t ime ,  to q uote Fe l i x  Ph i l i p p  I n go l d ,  " a  revo l ut i ona ry change  of parad i gms "  hap­
pened ,  wh ich  he  summar i zed as fo l I ows: "The te l l u r i c  consc i o u sness gave way to the p l anetary one ;  
man ,  who, by means of h i s  d i r i g i b l e  f l y i ng  mach i ne ,  c o u l d  now take off  from the ground and  stay and  

move about free l y  i n  the a i r, a l l  o f  a sudden  found h i mse l f  i n  an  act ive but a l so eccentr i c a l l y  re lat iv i s ­
t i c  re la t ion  to the un iverse, to space and t ime . " 6  

Energy becomes t h e  carr i e r  i n  t h e  cont i n u um  of space and  t ime  wh i c h  n ow enters p i cto r i a l  a rt .  

( See  the ear ly  I ta l i an and Russ i an  futu r i sm . )  The concept of ene rgy i s  probab l y  the common rat i o na l e  
of the spheres of natu ra l  and a rt ist ic  p henomena .  I n  a l engthy conversat i on I had w i t h  He i n z  Mack ,  t h e  

f o rme r  Zero a rt i st . we  d i scussed t he  foca l concept of ene rgy. I wan t  to q uote h i m  i n  su pport o f  my own 
v i ew: 

Modem art actually is an expression of energy. This may be psychical energy, vital energy, as 

it is in expressionism. It may aiso be visual energy, the energy of a colour, for instance . . .  The artistic 

idea is at the same time mental energy, and undoubtedly it is the most expressive of all mental ener­

gies. The crisis of mental energy is the cause of all the other crises. Today we lack vital energy, we lack 

the mental energy of imagination, we lack the energy of enthusiasm. The consequences thereot, com­

monly ca lied energy crises, are actually secondary. Unfortunately, the secondary crises are thought to 

be the primary ones. This is not the way to salve the problems. 

This inner, cosmic constellation of our existence of which the artistic existence appears to be 

a bright star is at the same time an immense system of energies of inconceivable abundance. We are 

not lost within this cosmic "supply of energies, " provided our mental and spiritual energies remain 

active. Thus it is not foolhardy if we dare to send our imaginations into the open space of future, to 

invest our hopes where they may turn into reality, that is, in the age in which we live and in the age 

that  we are approaching 7 

Attempt ing  a synops i s  of what was a ch i eved i n  a ra p i d  deve l opment with i n  f ive years between  

1 966  and 1 970  i n  t he  f i e l d  of i nteract ion  of a rt and  tech no l ogy and  wh a t  has  become  the foundat ion  o f  
contempora ry Gesta l t  tech no l ogy, we  may  say  t ha t  the new med i a  have expanded  o u r  awa reness  and  

consc iousness .  The  new med ia ,  cybernet ic  methods ,  compute r-contro l l ed processes and  objects ,  i nter­
med i a  theatre, l aser, ho l ography, and others, have been used l i ke the "o rgans"  of an  expanded con­
sc i ousness .  The concept of an  organ-expand i n g  tech no l ogy was re l ated to spat i a l  d e s i g n .  S pace in the­

o ry and pract ice has become an essent i a l  d i mens i o n .  This i s  why th i s  d i sc u s s i o n  must be re lated to 

env i ronment a rt .  Here i s  where the idea of ecotechno l ogy o r i g i nated . 

At a t ime when e l ectron i c  med i a  l i ke te l ev i s i o n  mere ly  act as c r i t i cs ,  a rt i s  ca l l ed to use  these 
med ia as a c reat ive potent i a l  Art i sts wi l l  succeed i f  they l i n k  the med ia  immed i ate ly  to the i r  ra nge  of  
expe r i ence .  I n  th i s  way they wi l l  use the eco l og i c a l  opportun ity i n  e l u c i da t i ng  the s i g n i f i cance of re la ­

t i ons  between the orga n i sm and the env i ronment .  The eco l o g i c a l  opport un ity of a rt must not be m i s­
taken for a " g reen a rt" mak ing  s imp l e  use  of natura l  mate r i a l s .  

Eco logy happens i n  t he  i nterre l a t i on  o f  s paces  of vary i ng  s i z e s .  S i nce contempora ry a rt ha s  
opened u p  m i cro and  macro spaces t o  be exper ienced by  man ,  the  eco l og i c a l  structures o f  a rt a l s o  have 

entered ve ry comp lex re lat ionsh i ps .  
Art i sts are d i s s i dents of estab l i s hed ,  ru sty expe r i ences .  They a re ,  however, the best of a l l i es 

to anyone seek ing to expe r ience the open space of nature and  the spaces of h uman  consc i ousness  yet 
to be opened up .  In them,  the rea l and the imag i na ry space are at wa r. The i r  v i s i o n  serves to f i l te r  the 



rea l space .  An expanded f i e l d  of med i a  may a i so se rve th i s  v i s i on .  Art i sts were the f i rst to make use  
o f  the revo l ut i ona ry med i u m  of re l i ef p r i n t i ng ,  as the woodcut, e . g . ,  f i ve  h u nd red yea rs ago .  They  were 

aware then, and are today, that the pr int med i um  ( I i ke the e l ectron i c  med i a  today) wou l d  immed iate ly  
serve to propagate po l i t i ca l  power. They ava i l ed themse lves of the med i um  for the i r  v i s ion  and  thus  
a l so for the v i s i on  of the beho l de r. 

Th i s  ho l d s  t rue for today. The a rt ist  can make use of the expa nded tech no l ogy of o u r  days by 

connect i ng  it to h i s  or h e r  v i s i o n ,  that i s ,  to a fundamenta l ly h uman,  fratern i z i n g  exper i ence .  

Notes 

1 .  I want to recall my having presented the concept of expanded art in Linz almost two decades aga at the 
University Week on "New Forms of Art" (Getober 1967, at the Arbeiterkammer). The lecture was entitled 
"Expanded Arts-the New Definition of the Limits of Art Today" and was accompanied by four films. In 1970 I 
published the book Expansion of the Arts (pubi. by Rowohlts Deutsche Enzyklopädie). In my paper for the 
catalogue of Ars Electronica 1984 (p. 145) I have intraduced and outlined the concept of "Gestalt technology. " 

2. Marshall McLuhan, Understanding Media (New York, 1964). 

3. Bazon Brack, "The Reality of the Mind-What Is Design in the Age of the MicrachljJ? from the Bauhaus 
Concept to Communicative Design, " pub/. by Richard Kriesehe in: Artificial lntelligence in the Arts, No. 1 
"Brainwork" (Graz, 1985). 

4. Max Bense, Aesthetics and Civilization (aesthetica 111) (Baden-Baden, 1958j, p. 1 1 . 

5. William I. Thompson, The Pacific Shift (San Francisco, 1984). 

6. Felix Philipp Ingold, Literature and Aviation (Frankfurt, 1980), p. 15. 

7. "Kunstreport" 1/80 (Berlin), p. 1 1; the complete text is to be found under the heading.· Heinz Mack Kunst als 
Ausdruck von Energie (Art as Expression of Energy). 
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A r s  E l e c t r o n i c a  8 6  

P r o p o s i t i o n s  o n  t h e  D a r k  A g e  
o f  Te l e v i s i o n  

The Cu lture Crit ic as Back Al ley Aborti on ist 

Certa i n  determ i n i ng terms of cr i t i c i sm  seem to be recu r r i n g  i n  p u b l i c  d i scuss i on  and  i n  expert 

c i rc l e s ,  the i r  ma i n  j ust if icat i on  seeming to be the fre q uency with wh i ch  they are be i ng  used .  Among 
those te rms a re :  the  med i um  i s  the message ;  tota l e l ectro n i c  s im u l a t i on ;  te l ev i s i on  i l l i teracy; and  

recent ly c u l t u re cr i t ics have  deve loped these  catchwords i nto a n  a l l - embrac i n g  systemat ic  structure 
termed "we amuse ourse lves to death . "  

I t  i s  a remarkab l e  fact, a t  l east i n  t h e  Federa l R e p u b l i c  o f  G e rma ny, that c u l ture cr i t i q u e  o f  t h i s  

k i nd  i s  be i ng  sp read by  the very soc i a l  g roups  t ha t ,  at the same t ime ,  ma i nta i n  t ha t  on l y  a dec i s ive 
expans i on  of the media ma rket can safegua rd the free and u n i n h i b i ted deve l opment of c i t i zens .  I s  the re 

any other rep ly  to th is  amb i gu ity than the statement  that l i terates com p l a i n  about  te l ev i s i o n  but spend  
most of the i r  even i ngs i n  front of the i r  sets? 

Fi rst Proposit ion 

Never before has there been a per iod in  h i story when the sens i b i l i zat i o n  of wide g roups  of the 
popu l at i on  to prob lems of tech no l og i ca l  evo l ut i o n ,  d estruct i on  of the env i ronment ,  soc i a l  conf l i cts ,  

a rmaments races ,  mach i ne-ru led med i c i n e  was g reate r than today McLuhan  h i mse lf ,  who had deve l ­
o ped  the form u l a  o f  "the med i um i s  t h e  message , "  i l l u strated the  connect ion  between  sens i b i l i za t ion  
of the pop u l at i o n  and the expans ion  of the med ia  with many examp l e s  (e . g .  oppos i t i on  to the war i n  
V ietnam ) . By no  means has the c l a i med i l l i teracy of TV consume rs made them commi t  g reater fo l l i e s  

than d i d  the p ra i sed l i te racy of c l ass ica l l y  educated Cen t r a l  E u ropeans  at the beg i n n i n g  of o u r  centu ry. 
The th i n g s  educated e l ites of Western E u rope sa i d  about  God  and  the wor ld  at the beg i n n i ng of and  
du r i n g  Wor l d  Wa r I can eas i ly be made out  as  i nexp l i ca b l e  nonsense  even  by the average  TV consumer  

of o u r  days .  The reproach of TV i l l i teracy obv i o u s l y  d i s rega rds  the fac t  tha t  c u l tu ra l  tech n i q u es i n  t he  
e l ectron i c  age  a re and have  to be d i fferent f rom those of the age  of book c u l tu re .  Those  new c u l tu ra l  
techn i q ues  have been caused b y  the changed forms o f  percept i o n  a n d  acq u i s i t i o n .  



Second Propos iti on 

Te lev i s i o n  aesthet i cs ,  p r ima r i l y  a n  aesthet ics of recept ion  and not so much of p roduct i o n ,  has  

l e d  to an  i n c rease of the popu l a t i on 's ave rage capac i ty to ref lect i n images .  I n  fact. the pr i macy of the 
word in  commun i cat ive re lat ions has  been  e l i m i nated; th i s ,  however, i n  n o  way imp l i e s  a dec rease  of 

cogn i t ive capac i t ies .  Because of the natu ra l modes of fu nct i o n i ng  of Du r  "wor ld  image appa ratu s , "  i t  i s  

eas i l y  poss i b l e  to sat i sfy the h i g hest demands  on Du r  j u dgement i n  images and  with the deve l o pment 

of g rammars for the image  l a nguages .  

Thi rd Proposit ion 

I t  has  become a fas h i o n  to ma i nta i n  that the TV consumer is u nab l e  to eva l uate co rrect ly, i . e .  

c r i t i ca l ly, t h e  c l a im  t o  rea l i ty o f  t h e  m a s s  o f  e l ectron i c  images .  The wor l d  o f  images  i s  s a i d  to have 

become i ndependent; i t  has  no  cor re l at i n g  facts i n  the rea l wor ld ;  the s i g n s  have become sepa rated 

from wh at they were meant to exp l a i n .  A tota l s imu lat ion of a wor ld of images  l i ke t h i s ,  ex i s t i n g  in D u r  

m i nds  on l y, i s  s u pposed t o  l ead  t o  a l o ss  o f  rea l i ty, t h e  effects o f  wh i c h  wi l l  u nde rm i n e  a nd  f i na l ly 

destroy the structures of soc i ety. J udgements l i ke these a re eas i l y  recogn i z ab l e  as h e l p l e ss  gestu res 

of rej ect i o n .  They resemb l e  Dur i n s t i n ct ive gestures to avert those occ ur rences of rea l ity that we can 

no  l onge r  i dent i fy d i rect ly with D u r  natu ra l o rgans of percept i on .  
J ust as  we have l ea rnt to account  for  impercept i b l e  rad i o  waves, rad i oact ive rad i a t i o n ,  etc .  as  

" rea l "  components of D u r  l i ves ,  we w i l l  a l so  l e a rn to i dent i fy image s imu l at i ons  by adequate med ia t i on  

as  noth i n g  but a d i fferent man ifestat ion  of the one rea l i ty; for those  cond i t i ons  of human l i fe  o n  wh i c h  

we do  no t .  at the moment, have  any i n f l u ence ,  are neverthe l ess r ea l  and no t  on l y  drea m l i ke ,  fantast ic ,  

o r  psychopath i ca l ly d i sto rted .  
These d i mens i ons  of D u r  l i fe have h i therto b e e n  addressed i n  the hypothet i ca l  st ructure of a 

d iv i ne  r u l e r  of the wor l d  or as fate . O n  the leve l  of human percept ion ,  one  t r i ed  to f i n d  a n  equa t i on  to 

the structure of a ru l i n g  d e ity by, e . g . ,  form i n g  the topos of parad ise .  The tota l s im u l a t i on  of wor l ds  of 
i mages i n  the e l ectro n i c  age  today i s  of e q ua l  s i g n if i cance to that of the " heaven l y  Je rusa l em "  for 

med i eva l l ay and  sc i ent i f i c  theo l ogy. 

The q uest ion now i s ,  what do we have to accept as rea l ,  as a power beyond D u r  i nf l u e nce and  

reach?  Because i t  i s  h i g h ly i mprobab l e  that we m i ght aga i n  ident ify a d iv i n e  creator of the  wor l d .  We 

expe r ience the tota l e l ectro n i c  s im u l a t i on  as  sham ;  neverthe l ess ,  i t  is  not at any  i n d i v i d u a l 's d i sc ret i o n .  

Eve ryth i n g  a round  us seems to be formed by mere convent ions ,  and yet we cannot change  t hem at ran­

dom. I n  tota l e l ectron i c  s im u la t i on  we appea l  to the a l l eged ly  u n l im ited power of Dur m i n d .  Th is s imu ­

l a t i o n  presents us  with what has  b ee n  l ong  s i nce known i n  sc i e nce-f i c t i on  l i terature as  the 

Weckglasgehirne and  has  been attract i ng  and d i sgust ing us at the same t ime .  Not on ly s c i e nce-f ict i on  

writers but a l s o  experts of va r i o us  d i s c i p l i n es  are d i scuss i n g  the quest i on  of the ex i s tence  of a n  imma­

ter ia l  sp i r i t  beyond Dur  phys i c a l  ex istence .  The eva l uat ion of tota l s imu l a t i on  depends on  the an swer 

to th i s  q uest i o n .  R i g ht now, we may be reassu red by the answer that it i s  n ot the dead but  the l i v i ng  

who d ream about  parad i s e .  
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P o m p i n o  P r o j e c t 

Te levis ion Parti ci pation 

E u rope i s  cha l l enged to part i c i pate l 

The game "Hote l  Pomp i no "  was deve l oped as a consequence of a l i ve te l ev i s i o n  project by Van 
Gogh  TV i n  o rder  to commun i cate even more d i rect ly with the spectator, who becomes a part i c i pant  

i n stead of j u st a spectator. Part i c i pat ion  can  be accomp l i shed  by persona l  appearance i n  the program ,  
ove r  te l ephone ,  over v ideo-te lephone or  th ro ugh  the ma i l box .  

D i rect Te lev is ion Democracy 

The spectator can become a part i c i pant  with a cab l e  o r  a sate l l i te d i s h  to rece ive the 3sat 

broadcast .  Video phones have been i n sta l l e d  th roughout E u rope by Ponton,  a l l ow i ng  the spectators to 

switch on as  commentators o r  j u ry members .  Computer  use rs can send in wr itten text with e l ectro n i c  

m a i l over t e l e phone  l i nes .  

I- The Stage  
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The act ion takes pi ace on d i ffe rent stages .  

1 .  The b l u e  box 

2. The l ive stage 
3 .  The tab l e  
4 .  The network 

In the b l u e  box, the cand idate m ust o r i en t  h i mse l f  in a d i g i ta l  wor l d .  On the l ive stage  i t  i s  

m a i n ly a matter of unmed iated, persona l  tasks t ha t  are adapted to g iven t hemes  and  s u rround i n g s .  The  
use r  must master deta i led and active tasks i n  the m i c ro- and  macro-spheres t ha t  are set out  on  t he  
ta b l e .  The connect ion between va r ious  p i  aces  i n  the wor l d  i s  a c h i eved w i t h  the network (te l ephone ,  
v i deo  phone ,  m a i l box, news t icker ) .  

Winn ing  = Broadcast Time 

On  any one day, n umerous cand i dates wi l l  p lay aga i nst each other. The cand i date m ust react 

with i n  a comp l ex structu re of part i c i pat ion ,  fo l l ow ing  r u l e s  that are spec i f i c  to the game and the j u ry. 
Po i nts a re p l ayed for. 0 to 6 po i nts can be acq u i red for a g iven j u ry and game s i tuat i o n .  At the end ,  the 
person with the most po i nts w ins .  The f i rst p r i ze  i s  free broadcast t ime  o n  the next day. The broadcast 
t ime won var ies from 5 to 1 5  m i n utes .  The cand i date can  do as  he wishes d u r i n g  th i s  t ime and  may 
even make use  of the techn i ca l  fac i l i t i es  of the  stu d i o .  The loser i s  swa l l owed by a computer-a n i mat­
ed  waste-d i s posa l  unit and his part i c i pati o n ,  for the t ime  be i ng ,  i s  at an  end .  

The Game with  the  Imaginary Worlds 

The c l ass i c  goa l of every game i s  w i n n i n g ,  l o s i n g ,  a nd  enterta i n i n g .  I n  add i t ion ,  the  part i c i ­
pan ts  of Hote l Pomp i no  exper ience da i l y  s i t uat i ons  i n  imag i n a ry game and  p i ct u re worl d s .  And that 's  
a l so a reason for the subjective aspect of the game .  



A New E loquence i n  a Pub l i c  Space 

Van Gogh TV wants to offer the spectator an  opportun ity to go  beyond the s imp l e  c ho i c e  

between  favo r i te shows.  P l ay  s i tuat ions  a re ava i l a b l e  where he can  express h imse l f  i n  a u n i q u e  way 

with images  and sound .  With th is opportun i ty, Van Gogh TV sees the opportun ity for  a new peop l e 's a rt 
that seeks renewa l th ro ugh  the p u b l i c  med i a .  

Van Gogh  T V  cons i de rs as  i t s  ma i n  object ive t o  ass i st t h e  spectator t o  overcome h i s  ro l e  a s  
man i p u l ated commod ity of the med i a ,  who cyn ica l l y ca l c u l ate how i nformat ion can  be made pa la ta b l e  

i n  o rder  t o  s e i l  p a i d  commerc i a l  advert i sement  - t h e  rea l bas i s  for ex istence o f  t h e  med i a .  

The f unc t i on  of the med i a  i s  to act a s  a buffer fo r  a soc i a l  po l i t i c  t ha t  no  l o nge r  answers for i t s  

ac t i ons .  I n stead the spectato r i s  g iven the i nformat ion  a l most i n  t ime ,  but  actua l ly too l ate to react .  The 

spectator becomes  an  a l i b i ,  because he  knew everyth i ng  but d i d  not  do anyth i n g .  Te lev i s i on  i s  a means 

for contro l l i n g  and  i n f l u e n c i n g  the peop l e  us i ng  the t r i n i ty of hypnos i s ,  compu l so ry consumpt ion  and 

bad consc i ence .  
The moment that  a l l  b e i n g  and  str i v i ng  i s  recogn ized as  sense l ess i s  the t ime  to tu rn on  the 

te l ev i s i o n  ( f rom D r. B .  H e i de rsberger ) .  

H otel Pomp ino  

The l ead  acto rs :  
The cand i date = Hote l  g uest 

The moderator = Pomp i no s  spec i a l  hote l  serv ice 

The j u ry = Hote l  management ,  hote l recept ion  

The tech n i c i a n s  = Video i n sta l l e rs, hote l  detectives 

Try to image  the fo l l ow i n g :  

The cand i dates enter  t h e  a rena  and  from t h e n  on they a re hote l  guests w i t h  t h e  spec i a l  tas k  
of g o i n g  ( o r  trave l i ng )  t h ro u gh  the rooms .  They  compete with one anothe r  f o r  po i nts and  t ime .  They  trav­
el from the basement th ro ugh  a l l  the f l oa rs up to the topmost f loa r. 

The structure of the rooms is part i a l l y  d i g ita l  and part i a l l y rea l .  The tasks a re determ ined  by the 
pa rt i cu l a r  structure of the space and  a re comp lete ly dependent on the wh ims  of the hote l  personne l .  An 

examp l e  i s  the abuse room, where the one who can be the most abus ive wou l d  win the most po i nts - if 

not for the fact that the j u ry's pac i f i st  days a re ove r and it has no pat ience for abuse and d i sgrace .  To 

th i s  extent, the tasks a re a l so means  of forc i n g  the hote l guests to adapt to the po l i t i ca l ,  econom i c ,  and  

soc i a l  c l i mate o f  the hote l o r, on the othe r  hand ,  to  cha l l enge o r  change  the preva i l i n g  structure .  

The Jury - The Judgement 

I n  the stu d i o  afte r each game sequence ,  the j u ry a l l ots the po i nts and  is a b l e  to free l y  express 
its o p i n i o n  - wh i l e  o n  a i r. After that the v i deo-phone j u ry does the same and  f i na l l y the p u b l i c  i s  g iven 

a n  opport un ity to assess the proceed i n g s .  I t  wi l l  become d i ffi c u l t  to  keep u p  the j o u rney th rough  a l l  44 

hote l rooms ! 

Chance, Luck. and Gastronomy 

To be more p rec i se ,  everyth i n g  i s  orchestrated from th i s  room ,  i . e . ,  everyth i n g  perce iva b l e  or 

that can  be done by the g uests .  H e re the hote l  guest has to come to terms with the req u i rements that 

such a game of chance b r i ngs  with i t .  Somet imes th ings get a b i t  topsy-tu rvy i n  the hote l .  The l i g hts 

m igh t  even a l l  fa i l  s udden ly, but  the techn i c a l  staff g ua rantees an ente rta i n i n g  1 00 m i n utes each day. 
For a week there w i l l  be da i l y  reports from the hote l with da i l y  chang i ng  themes in order to g ive a many­

faceted v i ew of th i s  spec i a l  Pomp i n o  hote l .  Of cou rse the profess iona l  d ress of the hote l personne l  wi l l  
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change  to s u i t the theme.  The same goes for the i n ne r  deco r  of the hote l and  the d ress of the guests .  

I n  short :  the guests wi l l  be hounded ,  abused ,  cha l l e nged ,  and  i n s p i red .  At the Hote l  Pomp i no  
t he  g uest i s  customer, k i ng ,  farmer, beggar, and  supe rsta r. The g ue st has  the c hance  t o  c l imb  ( natu ra l ­

Iy  w i t h  the e l evator) and can ,  i n  the best ca se ,  go  to the Pomp i n o  heaven .  
True ,  u p  t o  now nobody's been a b l e  t o  do it ,  s o :  A l l e s  L i n z ! 

Pomp ino  World 

The above-ment ioned concept of p l ay  i s  based o n  extraterr i to r i a l  med i a  p h i l osophy. There i s  
E u rope ,  there i s  L i n z ,  there i s  t h e  Hote l  Pomp i n o  that s h i n e s  i t s  e l oquence  over t h e  who l e  o f  E u rope .  

But even someth i n g  that  sounds so s imp le  has  a trapdoor  ( a l  ready g iv i ng  c l ues :  pay attent ion i n  room 

5 1 ) . But  that 's how one gets i nto Pomp ino  wo r l d ,  and the Hote l  Pomp i no  broadcasts on ly i n  unmed i at­

ed connect ion with Pomp ino  wor l d .  To be more prec i se ,  the  Hotel Pomp i n o  broadcasts over and beyond 
i tse l f .  The g uests have the best chance to get i nto this world by trave l i ng th ro ugh  the rooms and w i l l  

b e  ever more strong ly  d rawn t o  the Pomp i n o  sphe re o f  ex i stence .  F o r  t h e  spectato rs ,  i t  i s  more com­

p l i cated and req u i res more f ree p l ay. The Pomp inos  l ead  the g uests on  t he i r  j o u rney th rough the rooms 
and  the Pomp i no  wor l d .  

Pompinos and  the New Tourism 

You are the hote l gu ides ,  the tou r i sts ,  the po l i t i c i ans ,  the psycho l o g i sts ,  the j okers ;  and  you 

have therewith a mu l t i p l i c i ty of a reas i n  wh i ch  to work and  a n  i n t imate re lat i o n s h i p  to the g uests .  The 
exc i tement of us ing a game to break i nto a new wor ld  i s  i m mense ,  and  many othe r  games  wi l l  be i n f l u ­

enced by th i s  exc itement .  The  Pomp ino  wor l d  i s  d i fferent .  I t  w i l l  i nf l u ence a nd  open u p  poss i b i l i t i es  f o r  
a l l  t imes ,  and  i t  wi l l  b e  d i ffi c u l t  f o r  many  to f i n d  the i r  way  back to E u rope .  On  the othe r  hand ,  the cross­

reg i o na l  cooperat i on  on a techn i ca l  l eve l  with i n  E u rope i s  eas i e r  and  i nteract ive .  The i n f l u ence i s  pa l ­

pab l e ,  o l d-wor l d i s h ,  h i stor ica l l y s i g n i f i cant , and  i ntent i ona l .  

Europe 1 992 

But Eu rope wi l i l e a rn and profit from the feedback it rece ives from the Pomp i no  wo r ld  i n hab i ­

tants ,  where prev ious ly  on l y  an e l ite fragment  of i t s  i n hab i ta nts have  been  a b l e  t o  b r ea k  through  t o  new 
shores .  Du r i n g  the journey, the g uest wi l l  exper ience a new rea l i ty, and  wi l l  be confronted with h i s  

i n c u l cated att i tudes when he h a s  t o  adj ust t o  new s i tuat i ons  i n  t h e  hote l .  T h e  sense  o f  t i m e  wi l l  b e  
sh ifted ,  as  with a n y  vacat i on  trave l .  So fa r, so good .  T h e  i ntegr i ty o f  t h e  p l ayer  wi l l  o n l y  i n  t h e  la te r  

phases of the game .  Because of the r itu a l  of the game there wi l l  be the appearance of norma l i ty, and 
the g uest wi l l  appear so much the more benevo l ent i n  new spheres .  Every room w i l l  y ie ld  new expe r i ­
ence ,  perspect ive ,  and knowl edge .  That i s  the  way to Pomp i n o  wor l d .  

At  the end ,  when  he/she ceases  to ask  j u st wh at Pomp i nos  a re ,  then she/he i s  on cou rse and  

may say " I  was  Pomp ino"  (from Prof. M .  Hentz ) .  

The Live TV Concept 

The interconnected interplay of technical and creative potential is what  interactivity is ( f rom 
S .  Va nasco ) .  

S i nce the " perfo rmance expe r i ence , "  i t  i s  a centra l tenet of med ia  a rt that the means of i nter­
act iv i ty be used to i nvest igate new spheres .  The f l u ctuat ion  of a l l  t h i ngs  that n o  l o nge r  show them­

se lves as such ,  as  f l uctuat i n g  appearances ,  a re to be reproduced i n  new ways . The work  p rocess  wi l l  
a g a i n  b e  a n  important part of a rt ist ic  work. The democracy o f  techno l ogy w i l l  retu rn  to the scree n .  

V ideo a n d  computer images wi l l  be projected that a r e  pert i nen t  t o  t h e  themes a nd  act ion  o f  t h e  game .  



Te levis ion Art and  Med ia  E loquence 

The ma in art i st i c  i nterest of Van Gogh TV i s  to f i nd  a new TV l a nguage ,  one however that does 
not l ose  i ts sense of ongo i n g  process .  

Exper imentat ion Is  the H i ghest Law 

A change i n  the work i s  the i nc rea s i n g  cooperat ion of other  a rt i st i c  d i sc i p l i n es  with each pro­

j ect . Teams ,  cons ist ing of i nternat i o na l  a rt i sts, work with themes that a re re lated to the med i u m  of 

te l ev i s i o n .  J ust those c l a s s i c a l  a rt i s t i c  d i s c i p l i nes  (d rama,  set ,  and costume  image ry )  m u st d eve l o p  
the i r  own  l a nguages .  W i t h  the l ive cha racter and  t h e  correspond i ng  acce l e rat ion  i n  of the  sequence of 

events, techno l ogy becomes the most c r i t i ca l part of the broadcast. Live broadcasts a l ways have to 

count  on  breakdowns and h i tches ,  a nd  t h i s  shou l d  be l ooked upon as an essent i a l  pa rt of each broad­

cast .  O n  the other hand, the new TV l a nguage  must be understood by the TV a ud i e nce .  We unde rsta nd 

th i s  l anguage as be i ng  sound  and  p i cture s i m u l taneous ly  and therefore an  a rt i s t i c  a nswer to the mod­
ern wor l d .  

L ive i s  a rt .  

Ponton European Media Art Lab. Hamburg-Vienna 

The S ituat ion 

The pu rpose of E u ropean  c u l t u re shou ld  not  be to def i ne a soc i ety that i dent i f i es  i t se l f  on l y  i n  
econom i c  terms .  I t  m ust go  beyond t h i s  and i n i t i ate a d i a l ogue  between  the  i n d i v i d u a l  spheres  

of soc i ety to i n s p i re a v i s i o na ry app roach to cu l ture .  
The restra i nts of econom i c  necess ity demand a part i cu l a r  percept ion  of rea l i ty. The med ia a re 

no l o nge r  i ntermed i a r i e s  but rathe r  means that a re su bord i n ated to the econom i c  sphere .  

Econom i c  success a s  the u l t i mate c u l tu ra l  va l u e ,  j ust if icat ion and  sou rce of mean i n g  for every 

soc i eta l t ransact i o n .  
Du r i n g  the search for o u r  own  perfeet enterta i nment, there i s  noth i n g  mo re enterta i n i n g  than 

meet i ng  somebody e lse who i s  see k i ng  h is  own enterta i nment .  

Impe l l ed by a pr i meva l i n s t i n ct, h uman ity created an a rt i f i c i a l  model  - once ca l l ed G od -
and lost the be l i ef i n  s i m u lated rea l  t ime .  Th i s  p l ay of h uman ity is orchestrated on the s u rface 

of the screen ,  where h uman ity's i nterna I image i n  its funct i ons  (space and t ime )  i s  made 

obso l ete .  

L ived rea l ity becomes u n bea rab l y  s l ow and bor ing i n  face of the acce l e rated s i m u l a t i on  of rea l ­

i t y  as  i t  appears o n  the sc re en .  The prob l em beg i ns  when  peop l e  attempt to keep pace  with 

the ve loc i ty of the mov i n g  image .  Loss of mode l s  and va l ues, loss of be l i ef and i d ent i ty - the 

resu l t  i s  uno r i ented cons u m pt i o n .  

D u r  Consequences  

D u r  Dwn Workshop 
The Med ia  Art Lab as  an  i ndependent workshop, p lann ing ,  product ion ,  and broadcast i ng  stat i on .  

Econom i c  Apparatus 

With the deve l opment  of a n  econom i c  appa ratus we've made i t  poss i b l e  to meet  the need to 

be mob i l e  and f l ex i b l e .  

Exemp l a ry Mode l  o f  Work 

Fo l l owi ng  team - and  i n d i v i d u a l -o r i ented work mode l s ,  new forms of work and jobs a re be i ng  
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deve l o ped  that cou nteract the usua l tendency towa rds excess ive spec i a l i zat i on .  A cent ra l ly 

coord i nated Europe-wide ent i ty for cooperat ive product iv i ty. 

Researc h i n g  the L ive-Broadcast Mode l  

Fre e i n g  the med i um  from i t s  i s o l a t i o n  and  c hang i n g  i t  i nto a p rovocat ive and  rea l i sed v i s i o n ­
rea l t ime  te levi s i o n .  E l ectron i c  and h umane  i nteract iv i ty; l i ve TV at three d i fferent leve l s :  1 ,  

prod uct i on  team; 2 ,  l ive stage ;  3 ,  a u d i ence .  

Advanced I nterface Between Avant-Ga rde  and  I n d u stry 
A contact and meeting pi ace for these extremes as a common attempt at i nsp i red exper imentat ion .  
A deve l o pment shop where ha rdwa re and  prod ucts of i n d ustr i a l  soc i ety a re made access i b l e  

f o r  goa l -o r i ented projects o f  an  a rt i s t i c  natu re .  

Test i ng  techno l ogy to i ts  l i m i ts .  

The Commentary 

Present ly, the Med ia  Art Lab cons i de rs its essent i a l  task to pose the c ha l l e nge  of med i a  i n  

order t o  def ine o u r  soc i a l  and cu l tu re pos i t i on  a s  a rt i sts a n d  t o  b e  a b l e  t o  transform a rt i s t i c  

i deas  i nto pract i ce .  
The Med ia  Art Lab cons iders i tse l f  n ot on ly  a p l ace  for research ,  but  a l so  a log i ca l  connect i o n  

t o  commerce and i ndustry. T he  Med i a  Art L ab  wi l l  se rve as  a l i n k  t h a t  i n s p i res  t h e  enterta i n ­
men t  monopoly ( p resent ly d i ctated by  prof i t  and  a dm i n i strat ive mach i ne ry ) .  

Med ia Art Lab ' s  work extends from loca l  a nd  l abo ratory- re l ated research i n  e l ectro n i c  b ranch­
es  to mob i l e  research that  leads to the farthest  reaches of the p l a net .  

Med ia Art La b ' s  work extends from the estab l i s hment  of broadcast mode ls  for TV and  rad i o  to 

rea l i z a b l e  l i ve shows ove r sate l l i te .  
Med ia Art Lab's work extends f rom the t ra i n i n g  of i nterested amate u rs and  students to coop­

e rat ive work with experts f rom the most d iverse a reas  of spec i a l i zat i on .  
Van Gogh TV Art Lab  is t he  fi rst laboratory i n  Eu rope - comp lete ly organ i zed and r un  by  a rt i sts -
that has  a l ready been pract i ca l l y  proved s i nce 1 986 .  

At  the Med ia  Art Lab ,  a rt i sts o f  a new gene rat i on  a re at work .  

WWW vgtvcom, VGTV 0-27277 Seevetal, Gluesingerstr. 40c, T++49-40-769 70542. 

Mai!. info@vgtvcom 
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II N o b o d y 1 5  S a f e " 

L IVE TV ART by sate l l i te d i rect ly to the househo ld  and back. Te l ev i s i on  i n  the hands  of a rt i sts 

on  channe l s  3sat and FS 2. 

Na i l ed  G uts 

NGOOl 

Live programmes  a re the b lood  of te l ev i s i on .  I f  a broadcast i ng stat i on  suffers a l o ss  of b l ood ,  

i t  wi l l  become a mere s u pp l i e r  for the gogg l e-box o r  some aud iov isua l  home d i sco .  Te l ev i s i o n  i s  never  
more th r i l l i ng ,  ne rve-rack i ng ,  and  spec i f i c  than  i n  l ive programmes .  You chew your  f i n ge rna i l s  to the 

bone ,  you want to go  u p  the wa l l s ,  get hope less ly  p l astered, p i ck  up  the te l ephone ang r i l y, rave ,  hope 
to f i n a l l y  get th rough with your  ca l l ,  sw i tch  over  aga i n  and aga i n  beca use  you s imp ly  can 't stand  the 

th r i l l  of be ing  there aga in  for the f i na l e .  
The refo re, those prev i ous l y  recorded and t r immed g ame  shows with the i r  anonymous  stu d i o  

a ud i ences a r e  a l l  t h e  mo re d amnab l e .  N o  TV  j u i ce i s  stream i n g  over t h e  screen .  Game  shows a re ru l ed 

by safety, o rder, and  boredom.  N obody exceeds the t ime l i m i t, nobody ta l ks  smut  i n  the heat of the stu­
d io l i g h t i ng ,  nobody has  to react to m i shaps ,  nobody runs out of cr isps and  beer. 

STWST-TV has  t h i s  b l ood  i n  its ve i n s  and STWST-TV is b l oodth i rsty 

D u r  a rt i st i c  u nde rsta nd i n g  of the med i u m  is based on the actua l  cha racter of the matter of te l e ­
v i s i o n .  I f  the med i um  i s  seen f rom t h i s  po i n t  of v i ew, i n  the foreground the re  i s  the endeavo u r  to trace 

the root ,  the o r i g i n  of the matter of te l ev i s i on ,  namely rea l - t ime transm i s s i o n .  The l i ve pe rfo rmance  is 

I the med i u m 's l  a utonomous  q u a l i ty. The refo re ,  ou r  overa l l  a im i s  to broadcast l i ve . The te l ev i s i o n  cam­
e ra  i s  the on l y  camera tha t  can s im u l taneous l y  record, transm it ,  and copy the p i ctu re .  E l ectro n i c  p i c ­

t u re ,  sound ,  and  data process i n g  perm i t  u s  to des i gn  and transport a t  the same t ime .  

Sports Set  the Examp le  

Spo rts a re rea l  events t ha t  happen  spontaneous ly; the i r  course cannot be predete rm i ned  and ,  

most o f  a l l ,  t h ey  a re happen i ng  now. The constants a re t he  i n struments, the  too l s  o f  the network u n i t .  

The compos i t ion deve l ops  i n  the cou rse of the performance .  Th i ngs, facts are confronted with each 
other, d i a l ogues ,  ta l k s ,  statements set s ide by s i de ,  and suspense deve l ops-sports effect. The expe­

r ience i s  s ubject to a wide ra nge  of o b l i g i ngness ,  boredom, and thr i l l .  The rhythm i s  determ i n ed  by its 
own dynam ies ,  with both loose moments and  tense ,  thr i l l i ng s i tuat ions be i ng  g iven equa l  j u st i ce .  

(Y) 
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The sound  makes the mus i c .  The sound  makes you r  b l ood  run th ro ugh  you r  ve i n s .  Tu rn you r  TV 

up to max i mum  vo l ume ,  so that the boom in the set f i l l s  the ent i re raom (wh i c h  has  been  da rkened ,  of 

cou rse) React to the p i ctures and get in contact with u s o  I g nore a ny othe r  changes  i n  you r  apa rtment .  

En joy te l ev i s i o n ,  as te l ev i s i on  shou ld be .  

STWST-TV i s  l i ve te l ev i s i o n ,  without a fa l se  bottom ,  and  i t  i s  d i rect .  I took a r i de  with the pret­
ty mus i c ,  and now I'm buzz ing to you stra i gh t  from h e l l .  

I nstinct TV 

N ot a f i n i shed ,  ready( -made )  p i ece  of work, but  a process on the bas i s  of d i a l og u e s .  Work i n  

prog ress-a commun i cat ion scu l pture .  T h e  patte rns used correspond t o  t h e  spec i f i c  l a n guage  formu l a  
deve l oped b y  Stadtwerkstatt TV. T h e  subject i s  i n st i nct, spec i a l  process i n g-not smooth i n g  b u t  rough­

en ing and i n tens i fy i ng ,  u ncove r i n g .  Nobody knows what the othe r  one  i s  do ing and  yet they a re a l l  con­
nected with each other. The autonomy of the i n d i v i d ua l  promotes the fundamenta l  emanc i pat ion of the 

i n d i v i d ua l  vo i c e .  Art as a deve l opment a id  to f i n d i n g  one 's speec h .  

I nstant TV 

The TV set is the powder  and we pou r  water i nto it; or rathe r, the  TV set is the water and we 

m i x  i t  with o u r  powder. 

Reacti on-Acti on  TV 

The menu  offe red :  q u ick ,  spontaneous ,  domest ic ,  raw, and  pu re .  Whatever the v i ewer b r i ngs  

i n  i s  taken  u p  i mmed i ate ly  and i ncorporated i nto the i n d i v i d ua l  l eve l s  of the stu d i o .  Act i o n ,  p i ctu res ,  
sound ,  and text react and act i n  and with  each other. TV takes p lace i n  the stu d i o  and  i n  the househo l ds  
s i m u l taneous ly. N etwork un i t :  apartment-rece iver-te l ephone-st ud i o-tra nsm i tter. Of cou rse ,  you can  

phone i n  o r  get ca l l e d .  

Catastrophe TV 

The n umber  one scene of catastraphes is the  TV screen .  L i ke  eve ryth i n g  e l s e ,  catastrophes can 

on ly be determ i n ed by human j udgement .  I r r itat i o n  s hou l d  be prov ided by TV i n  order  to re l at iv i ze con­
cept ions of va l u e .  The enjoyment of catastrophes and  catastroph i c  p l ea su re s hou l d  not be  l eft at l i be r­

ty. Man 's i n nate d r ive for destruct ion and a n n i h i l a t i on  i s  be i ng  specu lated w i th .  

"Stu d i o  Obertreffl ing"-A Live TV Art Project 

There Is War on TV 

The m i l i tary tra i n i ng v i l l age  at Obe rtreff l i n g ,  wh i ch  resemb l es  a town i n  a movi e set, i s  the 

l ocat ion of the act ion and of the TV stud i o .  H e re we f ind the app ropr iate env i ronment  for our project. 

a rea l background  for the execut ion of our s u bj ect .  This t ra i n i n g  g round ,  a n  i d ea l  test f i e l d ,  represents 
a rea l s imu l a t i on  a rea and i s  confronted with the v i rt ua l  space of the med i u m .  The v i l l a g e  accommo­

dates a f i e l d  of tens ion fram i n s i de  to outs i de ,  from houses  and  streets .  The s ubject i s  dea l t  with 
ch rono l og i ca l ly, in fou r  b l ocks .  The structure i s  that of trad i t i o na l  d rama :  the  q u iet and the tens ion  



before the sto rm, the e rupt i on ,  the  s u rv i vors and the v ict ims ,  the dance o n  the vo l cano .  For the p roject 

to go  we i l ,  i t  i s  necessary to i nvo lve the Austr ian Federa l  Army to ca rry ou t  i nd i v i d ua l  tasks .  
Fu rthermore ,  the  s ubject req u i re s  cooperat ion with the f i re br igade ,  a m bu lance  se rv i ce ,  and  othe r  d i s ­
aster re l i ef o rgan izat i ons .  The fest iva l a u d i ence wi l l  be taken t o  t h e  l ocat ion  b y  b u s  to be prov i ded  by 

the Federa l Army spec i f i ca l l y  for t h i s  occa s i o n .  Part i c i pat i ng  a rt i sts in the fest iva l and g uests w i l l  be 
i nco rporated in the programme .  An event ta nk i ng  p lace  in s i tu ,  in the stud i o  and in the househo l d .  

Nobody Is Safe 

i s  l i ke TV, tak i n g  p i  ace at severa l l eve l s  of action at the same t ime .  I t  psyc h i ca l ly and mate r i a l ­
I y  i nvest i gates t he  phenomenon  of contro l l ed l i fe .  O u r  cons iderat ions we re  focused o n  t he  mea n i ng o f  

t he  s ubj ect i n  re lat ion t o  h uman  ex istence and  t he  everyday l i fe connected w i t h  i t .  A h i g h  degree of q ua l ­

ity o f  l i fe prod uces a h i g h  deg ree  of contro l over potent ia l  i nterference factors . Today we a re faced with 

a h i g h ly deve loped c u l t u re of secu r i ty systems ,  wh ich  have ,  i n  the meant ime ,  acq u i red  strong dynam i c s  

o f  the i r  own . They  have  even  come to  i n s p i re fea r and uncerta i nty i n  the s imp l e -m i nded .  We wan t  t o  
know how peop l e  have the i r  l ives unde r  contra I d ay  by  day  and how t hey  dea l  w i t h  t he i r  ex istence .  The  
ma i nta i n i ng of va l u e  concept ions (what to protect and what fram)  assoc i ated w i t h  t h i s ,  on l y  appa rent ly  

resu l ts i n  a network to sta b i l i ze  ex istence .  U l t i mate ly, however, the network shows parano i d  cracks ,  so  
that  n obody can fee l  safe . The tendency towa rds contra l ,  wh ich i s  a p r ima ry factor of s u rviva l for many, 
is revea led  as  a tra p .  Reason teaches us that we can not know what wi l l  happen next . 

NG003-The Br idge 

" Nobody I s  Safe" i s  n ot a reservo i r  for Peter Rapp 's " Hoppa l a "  show. Of c o u rse ,  there mu st be 

g l oat i n g ,  but :  i f  i t  doesn 't k i l l  u s ,  i t  wi l l  j u st make us  stronger. Funda menta l s  of fa i th  and  strategy. I f  

someth i n g  goes wrong ,  n o  u np rofess i o na l i sm  wi l l  g r i n  i nto you r  l i v i ng room .  I f  someth i n g  goes wrong ,  
the re won 't be much  brood i n g  a bout  i t ,  i n stead we  wi l l  a c t  l i ke l i g htn i n g  to make u se  of the e rror i n  t he  

system .  We a re no t  he re to f a ce  facts but  to c hange  t hem .  Eve ryth i ng  c h a l ked u p  as  e rror by  outs i d e rs ,  

for us  i s  a new mo lecu l e  wh i ch  se ts  a m utat i on  i n  mot i on that  makes u s  immune .  Catastrophes d o  not  
occu r  to make u s  u neasy and  destray u s o  Catastrophes occu r  i n  o rde r  to tes t  and  to strengthen u s o  

STWST-TV i s  n o t  afra i d  of any  test .  STWST-TV i nv ites yo u  t o  be  tested .  L oo k  o ut . honey, c o s  

I ' m  u s i n g  techno l ogy. 
Scenes  of act i o n :  on, u n de r  and bes i de  the VOEST b r i dge  near the L i nz/U rfa h r  motorway i nter­

sect i o n  on  the bank of the Dan ube .  An i nte rsect i on  between l e i s u re and work .  Above , the motorway 
crosses the a rea .  Unde r  i t ,  t he re i s  a l e i s u re fac i l i ty for tarmac c u r l i n g .  Paths for wa l kers ,  cyc l i sts ,  j og ­

g e rs ,  a nd  dog owne rs  a l so r un  th ro ugh  th i s  a rea and  beyond ,  a l ong the  r i ve r  b a n k  to the recreat i o n  

a rea .  
A pub l i c  space ,  wh i ch  h o l d s  a l ot and  i nvolves severa l leve l s  wh i c h ,  i n  o u r  op i n i on ,  are cha r­

acte r i st i c .  These represent o u r  d ramat i c  reference po i nts by the i r  phys i c a l  ex i stence .  

H e roes of  Our  Time 

S u rv ivors :  they know they have chosen  the r ight  way to spend  the i r  everyday l i ves and  t he i r  

l e i s ure t ime ,  usefu l l y. T hey  demonstrate exemp l a ry behav i ou r  i n  every s ituat ion-as sma l l -sca l e  cap i ­

ta l i sts ,  macrob iot i cs ,  m i l i tant cyc l i sts ,  sexu a l  partners ,  consc i o us  consumers .  

The su rv ivor i mpresses h i s  fe l l ow be ings by h i s  behav i ou r, att i tude ,  and  the cou rage of h i s  con ­

v i c t i ons .  H e  has h i mse lf ,  h i s  l i fe ,  h i s  env i ronment  we i l  under  contro l .  I n secu r i ty i s  fore i g n  to h i s  natu re .  
Ln 
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I n  any  conf l i ct s i tuat i on ,  the su rv ivor resorts to a reservo i r  of r u l e s  and say i ngs :  " I f  you want 
to succeed ,  you mu st stop at noth i n g , "  "Man  i s  wh at h e  eats , "  "The woman 's p l a ce  i s  in the home . "  
T h e  s imp l e ,  stra i g htforwa rd formu l a  g ives h i m  strength a n d  secu r i ty. 

The s u rv ivor  cons ide rs h i mse l f  p r ima r i l y  a man  of pract i ce ,  and  not of theory. H i s  own expe r i ­
ence  conf i rms  h i s  way of  act i n g .  Where others a re d r iven by u nfavo u ra b l e  c i rc umstances and  mate r i a l  

comp u l s i o ns ,  the  " r i ght way man ifests itse l f  i n  the  f l e sh  and  b l ood "  f o r  the  s u rv ivor. H e  desp i ses any  

fo rm of ex i s tence  othe r  than h i s  own ,  towers a bove the g rey masses  by h i s  own se l f-created "Se l f . "  
Thus ,  h e  represents t he  i nterest i ng image of a n  imag i n a ry pe rsona l i ty. 

The act i on  deve lops l i ve before the eyes and  ea rs of the TV v iewer-a comp l ex d i scou rse o n  
the s u bject becomes v i s i b l e .  Seve ra l a utonomous  l eve l s  of a c t i o n  operate s i m u l taneous ly, be i ng  i nter­
l i nked a nd  i nev ita b l y  re lated to each other. 

Above, t he re is the moto rway-the ordered a nd  reg u l ated system of road traff i c .  It is the dra­
mat i c  symbo l  of the  rat i ona l  l eve l-the leve l  of the head ,  so to speak .  What makes the traff i c  move? 

A pop u l a r, controvers i a l  subject , where i nd iv i d u a l  f reedom and  l i m itat i ons  a re s u bj ect to strong contro l  

a nd  se lf-contro l .  Th is  i s  exact ly what we want to process ,  a rt i s t i ca l ly. Here ,  the movement and  mot ion 

of peop l e ,  there ,  the  suspens ion br idge .  And as  cars  c an 't f l y, the  br idge a cts as  a crutc h .  
Unde r  the  br idge-the l eve l o f  dr ives .  An open  y e t  covered space ,  s i m i l a r  to a ha l l .  T h e  tarmac 

c u r l i n g  r i nk i s  the  scene of act i o n ,  the stee l  br idge construct i on  with its mob i l e  work p l atfo rms repre­

sents the  gr id .  Th i s  space i s  an  i ntermed i ate stop for  those d r iven by l e i s u re act iv i t ies and  those dr i ­
ven f rom home.  U nderwor l d .  

Bes i de  the  br idge ,  the re  a re meadows, a f l ood  a rea ,  t he  wate r  d am ,  and  the cyc l e  path .  A c iv ­

i l i z ed ,  m ixed form of d iffe rent l e i s u re a reas .  The  green meadow, g rowth ,  l etha rgy. A story book i dy l l .  
A sma l l  house ,  r i gh t  i n  the centre ,  an  i ntact wor ld  i n  t h e  meadow land .  

There o u r  te lev i s i on  fam i ly i s  accommodated-a l iv i n g  r oom fu l l  o f  representat ives o f  a l l  a g  es  

and  sexes .  A cozy even i ng  spent chatt i ng ,  eat i n g ,  d r i n k i n g ,  watc h i n g  te l evi s i o n .  A ref l ex ive l oop  over  
o u r  c u rrent programme,  access i b l e  for eve ryone  by phone .  Man i p u l ated p i eces of i nformat i o n  on  the 

screen s t i r  u p  con f l i cts. 
Outs i de ,  a debate i s  ta k i ng  p lace at the same t ime .  I nv i ted g uests who are conv inced of the 

max im s  of the i r  own l ives exp l a i n  the i r  own s u rv iva l strateg i e s .  Detached ,  saturated,  and  ma rked by 
see ing  th ro ugh  t h i ngs .  Peop l e  who know how to have the i r  l i ves unde r  contro l .  A suggest ive d i sas ­

semb ly  of the i r  po i nts of v iew takes p l ace-not i n  o rde r  to degrade these peop l e ,  but  i n  order  to v i su ­

a l i ze  the  funct i o n i n g  of such se l f- imposed o r  l e a rned contro l mechan i sms i n  the cou rse of mak i ng  the 
i n secu r i ty v i s i b l e .  

A g r o u p  of soc i a l  desperados have made  themse lves  at home .  We  s u pp l y  t h em  with a l c o ho l ,  

prov i de  a refr i g e rator, f i rewood,  a nd  a trash  conta i n e r. T h ey  can  a l so be reached b y  phone-a soc i a l  
scu l pt u re .  

For the p u rposes of i n j u st i ce  we  a l s o  esta b l i s h  a V I P  l o u nge .  The bes t  p i  ace for  noncommi tta l 
obse rvat i o n s  and  comments .  F i rst c l  ass ,  fu l l  s e rv ice-no phone  c a l l s  for them .  I n  the  cou rse of t ime ,  

a n  i n d ependent  force from outs i de  comes  to act o n  the overa l l  s i t u a t i o n ,  a l te r i ng  i t .  I t  beg i n s  on  a sma l l  

sca l e  a n d  g a i n s  d i sastrous  proport i ons .  I n  a po i nted form,  t h i s  i s  the mater i a l  i l l u strat i o n  o f  a process 
of pe rmanent  change .  Noth i n g  i s  at rest .  The c lock i s  a water bag .  Deconstruct i on  and  re-creat i o n .  

Stadtwerkstatt TV  spec i f ies  subj ects, prov i des  provocat i o n ,  a nd  encou rages a n  i nteract ive TV 
event; the  v iewer is req uested to supp l y  contr i bu t i ons  i n  the form of opt ica l  or acoust i c  statements .  The 

v iewer's contr i bu t i on  i s  immed iate ly taken up ,  i n se rted ,  a nd  brought  i nto context with b l ended- i n  p i c ­

tures a nd  sounds .  I n  do i ng  so ,  the med i u m  goes  beyond p u re representat ion and  becomes a m u lt i p l e  
means  of c ommun i cat i on .  T h i n g s ,  facts a re confronted w i t h  each  other ;  d i a l o g ues ,  ta l ks ,  statements 
added-a d i a l ect ic  s imu ltaneousness .  



The v i ewer can re lease processes by means of h i s  te l ephone keypad without even hav i n g  to 
comment  on  them-just by pres s i n g  a button .  The v i ewer assumes respons i b i l i ty. The TV p i ctu re of the 

real act i o n  space i s  set aga i n stjmade  eq ua l  to the v i rt ua l  space of the v ideo game .  

A system i s  created and  l eft to i t se l f .  Eve ryone i s  a potenti a l  perpetrato r. A b i p o l a r  d e c i s i o n  

process i s  s e t  i n  mot ion ,  b y  means  o f  a rope-p u l l i n g  tech n i q ue .  Two d i fferent phone  n umbe rs can  be 
d i a l ed .  S i m p l e  maj or i ty wi l l  the reby prevent a process with ser ious consequences ,  o r  i n i t i ate i t .  

N G  002 

Th i s  t ime ,  l egenda ry i nteract ive te l ev i s i on  sha l l  f i n a l ly come i nto its own a g a i n .  I nteract ive 

te lev i s i o n ,  as  a p l ayg round  for media a rt i sts, med ia p h i l osophers ,  med i a  theoret i c i a n s ,  and med i a  c r it­

ics, i s  a g hetto l e ad i n g  to i ncestuous  boredom .  I nteract ive te lev is ion makes sense and i s  fun o n l y  i f  
med ia consume rs i nteract .  Expe r i ences  made in  Eu rope a re frustrat ing beca use-except fo r  sound pop­

u l a r  i nst i nct comp l a i n i ng of the TV fee-the on l y  peop le  to p i ck  up  the i r  phones ,  faxes ,  o r  computers 

a re those who def i ne  themse lves  as med i a  XYZs. 
In Amer i ca ,  however, the i nteract ive te lephone ,  fax, o r  computer i s  used j ust a s  ea s i l y  a s  g u n s  

a re p u l l e d  out  i n  i n n umera b l e  Western mov i es .  I nv i tat ions t o  j o i n  u s  f o r  a bott l e  of wh i sky o r  p rophe­

c i es of ete rna l  h e l l f i re were the refore made pr imar i l y  by peop l e  who t ry  to get th ro ugh ,  every day, to 
the "Wu r l i tz e r" show in our part of the wor l d :  c h i l d ren ,  j i l ted l overs, psychopaths ,  re l i g i o u s  fanat i cs ,  
barkeepers ,  and  the spotty-faced teenagers f rom the ne i ghbou rhood . With such  i nteract iv i sts, mo re 

happens  i n  ha l f  a n  hou r  than i n  any  med i a  d i scourse around here .  S i nce  "De r  Go l d e n e  Schuss "  (The 
Go l d e n  S hot) ,  Ge rman-speak i ng  t e l ev i s i o n  has  been provi d i ng noth i n g  but pse udodemocrat i c  and 

pseudo i nteract ive te l ev i s i o n .  STWST-TV i s  not made up  of med ia  art i sts but of c u l t u re l a bou re rs who 

make i nteract ive te l ev i s i o n .  STWST-TV shoots with l i ve am mun i t ion and has  a h igh h i t  rate .  

I shot a man i n  Reno ,  j u st to watch h im d i e .  

As Wei l  as Here and  Now 

Psycho-m i ndgames ,  heavy secu r i ty, ca r  wash and a n g l i ng ,  fus i l at i on  of a t ree ,  computer  grants ,  

c l i mate tapes ,  pr ivate v i s i ts ,  horses ,  asses ,  rock ' n '  ro l l ,  head-mounted camera ,  G rand  Pr ix  Ars 

E l ectron i ca ,  c o l l i s i o ns  of m i nd and  matte r, acc i dents ,  dynam ite dog,  mounta i n  c l i mbe r, a utoerot i c ,  suc­

cessfu l  b u s i ness peop le ,  gun l overs ,  s i g n a l  rocket, sa lvage d iver, radar  traps ,  speed reduct ion ,  twi n s ,  

s now g u n ,  dew, the l a st h ay  ha rvest .  

Through the camera lens to the c h i p  ac ross the f ie ld of e l ectron i c s ,  by c ab l e  i nto the p i ctu re 

m ixe r  and  th rough the TBC to the s i g n a l  amp l i f i e r, to go on v ia  the coax i a l  cab l e  to the parabo l i c  anten­

na ,  i nto the a i r  i nto the parabo l i c  rece iver, th rough the switch desk to the rad i o  re l ay  l i ne ,  over the 

meadows and  f ie lds and ac ross the border  to Ma inz to the u p l i n k  i nto the orb i t  to the sate l l i tes ,  from 
the sate l l i tes to the rece i v i ng  d ish of the cab l e  operator, through va ri ous  p l aces of e q u i pment  i nto the 

copper  l i n es  beneath the streets, i nto the househo l ds  to the tuners i n  the v ideo-cassette recorders ,  i nto 

the antenna cab l e  to the RF b u sh i n g  of the TV set, th rough  d i odes and res i stors to the p i ct u re tube ,  from 

the p i ct u re tube to the ret i na ,  v ia  ne rves i nto the bra i n  and from there i nto the b l ood .  Te l ev i s i on  mu st 
g et u nde r  you r  s k i n .  
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For concept and direction, Stadtwerkstatt TV notes: 

Thomas Lehner, Georg Ritter, Wolfgang Lehner, Reinhard Jod. 

Realization of the project: 

Houchang Allahyari, Reinhard Anderle, Petra Anlanger, Norbert Artner, Andreas Baumgartner, 

Dominque Beivi, Gerhard Blöchl, Heinz Brandner, Baronesse Lana Maria von Dimwald Seebach, Peter 

Donke, Gustav Dornetshuber, Wolf gang Dorninger, Selam Ebead, Martina Ebner, Joachim Eckl, Fina 

Eßlinger, Andreas Feichtnei, Markus Fischer, Bernhard Frankfurter, Karl Freilinger, Willibald 

Fuchshumer, Charles Fürth, Stefan Gassner, Hannah Gehart, Caro Geier, Erwin Graf. Dr. Kar! Hafner, 

Peter Hauenschild, Kurt Hennrich, Laurenz Hofstadler, Petra Jeup, Gabi Kepplinger, Gerhard Kohlmair, 

Silvia Lapp/� Dominik Lepuschitz, Inge Maria Limbach, Georg Lindorfer, Erwin Loidl, Christian Meixner, 

Didi Neidhart, Gerhard Neulinger, Bob o Kane, Gertrude Plöchl, Günther Rainer, Peter and Paul 

Reinthaler, Paul Riedl, Elke Rittenschober, Ruth Ritter, Simon Ritter, Helmut Rozmann, Robert 

Rudelstorfer, Herbert Schager, Valerie Schager, Brigitte Schober, A lf Schwarzlmüller, Peter Sommerfeld, 

Wolfgang Amadeus Steinmetz, Markus Tremel, Nancy Tuffy, Martin Vlk, Mark Vojca, Gotthard Wagner, 

Max Zellinger, Rainer Zendron, Monika Zoufal. 

Thanks to: 

ORF Landesstudio OÖ. ,  3sat, Ars Electronica, Bundesministerium für Landesverteidigung, 

Bundesministerium für Unterricht und Kunst, Landesregierung Oberösterreich, Stadt L inz, 

Bundespolizei L inz, Sony, Communication Systems, Schweizer und Pilger, Kapsch, Bergbahnen 

Hinterstoder, Amiga, Commodore, Offenes Kulturhaus Linz, Elektro Ransmayr, Fischer Film. 

As  weil as: 

Markus Binder, Ing. Gernot Gökier, Gottfried Hattinger, Mag. Jürgen Meindl, Dr. Christine Schöpf. 

Günter Stockinger, Dr. Ernst Strouhal, Mag. Martin Sturm, Dr. Herbert Timmermann, Mag. Gitti Vasicek. 

Chronology: 

7986 Superweisende Installation, Ars Electronica Linz 

Nebenraum, Österreichische Filmtage Wels 

7 987 Hauptplatz- TV-Konzert, Ars Electronica Linz 

Hotelvision, Österreichische Filmtage Wels 

7989 Automaten- TV, live on 3sat, Ars Electronica Linz 

7990 L ive in Buffalo/NY, on Public Access Cable- TV 

799 7  Out of Control-Niemand ist sich seiner sicher, live on 3sat and FS 2, Ars Electronica Linz 

7 992 Project in preparation for Cleveland/Ohio and Lower Austria. 
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"Ca rtes i a n  Chaos"  i s  an i nteract ive i nsta l l a t ion by Peter We i be l  a nd  Bob O ' Kane .  Th i s  i n sta l - 0 

l a t i on  is the second of a se r i e s  dea l i n g  with the idea of persona l  or g roup i nteract i on  i n  a v i rtu a l  wor l d .  a:J 
-

The concept i nvo lves a d i rect i nteract i on  of the v i ewer with h i s/her own image ,  as we i l  as with the Q) 
images  of the other peop l e  i n  the space .  The "trad i t i ona l "  concept in v i rt ua l  rea l ity is one  of a person ..0 
dea l i n g  with images  and  objects from a v i rt ua l  or imag i na ry war ld .  I n  "Ca rtes ian  Chaos , " the  person 
i nteracts with images from the rea l wor ld ,  spec i f i ca l ly, the images of the peop le shar ing the "space"  

with h i m/he r. A l so ,  the i nterface i s  a rea l ,  act ive dev i ce ,  not someth i ng  a s  pass ive  as  a data  g l ove o r  
v i rt ua l  wand as  i n  other systems .  The person dea l s  w i th  an  interface wh i ch  i s  a d i rect representat i on  

of the image  w i t h  rea l tact i l e  feedback .  
The " rea l "  space i s  def i ned by the v i ewpo int  of a v ideo camera .  Th is  image  i s  read i n  and  d i g ­

i t i zed by  a S i l i c on  G raph i cs  320VGX computer. 

The i nteract i on  is t h ro ugh  a sho rt wooden p l atform (2 . 5m x 2 .0m x 2cm )  covered with 50 squa re 

wooden t i l e s .  Attached to the bottom of the t i l es a re sensors wh ich measu re how much  the t i l e  bends  

unde r  the we ight  of the v i ewer( s l .  These measu rements a re read i n  by a n  exte rna l  computer  with an  

A/D converter. These  n umbe rs are then  transfe rred to  t he  S i l i con G raph i c s  computer  v i a  se r i a l  connec­

t i  on  between  the two mach i ne s .  The computer  then app l i es the measurements as  forces wh i ch  affect 

a set of imag i n a ry sp r i ngs .  The sp r i ngs ,  c a l c u l ated us i ng  phys i ca l l aws, transm i t  the forces th ro ughout  

the g r i d .  The image  from the rea l  wor ld  i s  then texture-mapped onto the s u rface of th i s  g r i d .  The f i n a l  
effect i s  that .  when  the v i ewer wa l ks ac ross o r  j umps  on these t i l es , the image  o n  the screen (v ideo 

proj ect i o n )  i s  deformed-perspect ive be i ng  ca l c u l ated f rom the farce used to bend the wooden  t i l e .  

T h e  v i  ewer wi l l  deform a projected image  of h i mse l f  a n d  other peop le i n  the v i ewer space b y  stepp i n g  
a round .  Wh at the u se r s  a re i nteract i n g  w i t h  i s  an  image of t he  space and  of themse lves as  observers 

( in rea l t ime ) .  wh i ch  they can  deform by chang i ng  their pos it ion on the p l atform and  a l s o  by the i r  sty l e  
of movi ng  (fast . s l ow, l a rge  steps ,  heavy o r  l i ght  steps, etc l .  I n  fact, t he  computer creates a s im u l a t i on  

of the image  as  i f  the sc reen  were  of rubber. The or ig i n  of the perspect ive d i stort i on  i s  d i rect ly re l ated 

to the v i ewers '  pos i t i on  on  the f l oa r. 
What makes t h i s  p i ece  d iffe rent from other  v i rtua l rea l i ty s imu l ators is that it g ives the use r :  

I :  A d i rect and  rea l -t i me  feedback  of the v i rt ua l  object . (You fee l  the wood bend i n g . )  

11: A rea l i st i c  image  o f  t h e  use r 's env i ronment  i nstead o f  an  i c o n i c  o r  symbo l i c  representat ion of the 

"space .  

Wh at makes th is  p iece d i fferent from the "Tang i b l e  Image " :  

T h e  v i ewer i s  i nteract i n g  with t h e  p i ece j u st b y  h i s/her presence on t h e  f l oa r, wh i l e  i n  t h e  "Ta n g i b l e  
Im a g e "  t h e  person must act ive l y  touch  t h e  rubber  screen .  

1 1 :  The i nsta l l a t i on  o f  the "Ta n g i b l e  I mage"  had the i nte rface ou ts i de  o f  the v i ew of the camera ,  wh i l e  

i n  "Ca rte s i a n  Chaos"  t h e  f l o a r  i s  d i rect ly centered i n  the space o f  the v i deo .  
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I n t e r a c t i v e  E v o l u t i o n  

The most fasc i nat i ng and comp lex ent i t ies i n  o u r  wor ld  a re sti l l  those that have occu rred natu­

ra l ly. L ife itse l f ,  the human m i nd ,  l anguage ,  and  many other phenomena have a l l  emerged from natura l 

b i o l og i ca l  processes without the presence of a pu rposefu l des i gne r. 
Many of these same natura l processes can be perfo rmed i n  s im u l a t i on  on computers . As more 

and  more powerf u l  computers cont i n ue  to be b u i l t ,  we can expect many i nt r i g u i n g  and  com p l ex a rt i f i ­
c i a l  resu lts to eme rge f rom these s imu la t i ons .  Whethe r  the eme rg i ng v i rt u a l  ent i t i es  wi l l  q u a l i fy for the 

category of " l i fe "  o r  not i s  subject to debate, but i n  e i ther  ca se  these s i m u l ated l i fe l i ke processes g ive 
u s  new methods for the creat ion  of comp l ex ity. In so me  ways, l i ke l i fe i tse l f ,  the comp l ex i ty a r i s i n g  

f r om these  s i m u l at ions can su rpass wh  at we are capa­

b l e  of des i g n i n g  wi th  trad i t i ona l  too l s  o r  even unde r­

sta nd i n g .  

Much  of my  work i nvo lves t h e  s im u la t i on  o f  a 
spec i f i c  natura l process : evo l ut i on .  Evo l ut i on  cons i sts of 

a s imp l e  cyc l e .  The most "f i t" ent i t ies i n  a popu l a t i on  

s u rv ive and  rep roduce .  The res u l t i n g  offsp r i n g  a re 
cop ies  or comb i nat ions of the i r  parents but often with 
ra ndom a l terat i ons  or mutat ions .  Some offsp r i ng  may be 

i mprovements o n  the i r  parents ,  and as on l y  the most f i t  
of each new gene rat ion of offspr ing cont i n u e  to repro­

duce, the pop u l at ion  as a who l e  can s l ow ly  imp rove. 
In s i m u lat ion ,  f i tness can be prov ided i nterac­

t ive ly by a h uman  observer at each step of the cyc l e-
Karl Sims: Genetic Images 

those that are se l ected as be i ng  most aesthet ica l ly i nterest i n g  s u rv ive and  reproduce .  Images ,  v i rt ua l  
wor lds ,  or even  an imat ions can be i nteract ive ly  evo lved i n  t h i s  way w i th  the use r  impos i ng  s u rv iva l  c r i ­

te r ia  i n  a god l i ke manner. Th i s  i s  a method for creat i ng  and  exp l o r i n g  comp l ex i ty that  does not req u i re 
h uman  unde rsta nd i ng  of the spec i f i c  processes i nvo lved .  

Fragments o f  computer code  a re the ch romosomes t ha t  desc r i be  the g rowth process of these 

v i rtu a l  ent i t i es .  The computer code,  l i ke D NA, i s  the  genotype ,  and the v i rt ua l  res u l t , l i ke a n  organ i sm ,  
i s  the  phenotype .  

A " genet i c  l anguage"  i s  def ined wh i c h  i s  composed of a set o f  p r im it ive mathemat i ca l  f u nc­
t ions that can be assemb led i nto comp l ete genet i c  g rowth i n struct i o n s .  M utat i ons  a l ter  these coded 

i n struct i ons  and can somet imes cause new funct ions  and parameters to be i n c l uded ,  potent i a l l y  
i ncreas i n g  t h e  resu l t i ng  l eve l o f  comp l ex ity. 

A nea r l y  i n f in ite n umber of genet i c  codes and cor respond i ng  resu lts a re poss i b l e ,  and these 

evo l u t i ona ry s i m u lat ions can essent i a l l y " i nvent" new types of equat ions and  methods for generat ing 
images o r  other v i rtua l  ent i t ies .  

Th i s  i s  an  unusua l  c o l l a borat i on  between h u mans  and  mach i ne :  the  h u mans  supp ly  dec i s i o ns  
of v i s ua l  aesthet ics ,  and t he  computer s upp l i e s  the mathemat i ca l a b i l i ty for gene rat i ng ,  mat i n g ,  and 
m utat ing comp l ex v i rtua l ent i t ies .  The use r  i s  not req u i red  to unde rsta nd the techn i c a l  equat ions  

i nvo lved . The computer can on l y  expe r iment  at ra ndom with no  sense of aesthet i cs-but t h i s  comb i ­
nat ion  of human and mach i n e  a b i l i t i es  perm its the c reat i on  of resu lts that ne i t he r  of the two cou ld  pro­
duce a l o ne .  
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S i m u l a t i o n  R o o m  

S imu lat ion Room-Mosaic  01 Mob i l e  Data Sound-A Wa lkable D ata Bank  
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Two rooms ,  a rea l room and  its computer mode l .  Equ i pped with a nav igat i o n  a i d  ( p r ivate eye) � 
and  a pos i t i on  f i n d i n g  system (space tra c k i n g l ,  the v i s itor moves i n  a sound  data b a n k  wh i ch  constant-

I y  restructures itse lf t h ro ugh  the imp l emented se lf-orga n i zat i o n .  The v i s i tor  acts l i kewise in the rea l 

room as i n  the v i rtua l mode l  and  c reates a rea l - t ime compos i t i on  and its v i s u a l i zat i o n  with the a i d  of a 
senso r, by means  of wh i c h  h e  sets off the mob i l e  sound data .  

The open data bank conta i n s  pe rsona l  state­
ments of a sound natu re wh i ch  i ncessant ly  change 

and  actu a l i ze the i r  compos i t i on  fo l l ow i n g  e l ectron i c  

and  posta l announcements ,  e . g .  i n pu t  v i a  I nternet .  

Every sound f i l e ,  which i s  c l ea r l y  recogn i z ab l e  by its 

add ressee ,  i s  stored in the data bank ,  a na lysed i n  

accordance with sound  cha racte r i s t i cs  wh i ch  a re 
b i n a ry coded .  The sound  f i l e  rece ives a rea l -space as  

we i l  as  a system- i nterna I a l l ocat i o n .  Of cou rse ,  i t  can 

be found loca l l y at any  t ime but ,  at the same t ime ,  i s  

a part of two dynam i c  systems :  

1 .  T he  s e l f-o rga n i zat i o n .  The  s o u n d  d ata be come  
mob i l e  e l ements i n  r e a l  s p a ce  and  the i r  e q u iva l e nt i n  v i rtua l  space On account  of the i r  c ha racter i s t i cs ,  

se lf-s i m i l a r  g roups form and  the chaot i c  behav iour  of the ent i re system i s  determ i ned  by means of s im -

p l e ,  imp l emented ru l e s .  
2 .  The i nteract i o n .  The behav i o u r  of the en t i re system reacts t o  the movements of the  a ctor  i n  the  sound  

chamber. 

Eve ry statement, be i n g  a pe rsona l acoust ic  express i on  of the sende r  with a n  i n d i v i d u a l  sound  

structure ,  fo rms a mosa i c  p i ece  of compos i t i on  wh ich  i s  produced by  a v i s i tor i n  t he  rea l space .  The  

rea l - t ime compos i t i on  res u l t i n g  f rom t h i s  (w i th  the va r i ab l es :  d u rat ion ,  vo l ume ,  d i rect i ons ,  setup of the 

sound p i eces) i s  the d i rect ly percept i b l e  resu l t  of phys i ca l  act ion with i n  a v i rtua l  space produced by 

computers and the i nfo rmat ion stored and  adm i n i strated there .  
smdk i s  a project which d id not  eme rge  as  a res u l t of one i n d iv i d ua l  a rt i st 's pe rsona l ity o r  
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g e n i u s  force of i mag inat ion .  A se l f-dynam i c s  deve l o p i n g  d u r i n g  the prod uct ion  process and  a r i s i n g  from 

the res i sta nces (confrontat ions of oppos i n g  cogn i t i o n  poss i b i l i t i e s  proffered by s c i ent i sts and a rt i sts ) 
eme rges ,  form u l ates the ru l es  beh i nd  the work .  These l ead  to a funct i o na l  mode l  wh i ch  i s  emp i r i c a l l y  

expe r i e nced ,  pe rsona l ly transformed,  and usea b l e  by  the v i s i to r. 
Computer  sc ient ists and a rt i sts p roduced a framework for a m u l t i tude of i n d iv i d ua l exper iences 

that  a re non-ca l c u l a b l e  and non- reprod u c i b l e  by a v i s i to r, e q ua l l y, with the a id  of eff i c i ent .  mechan i ca l  

da ta  p rocess i n g .  The  se l f-organ i zat ion o f  the system ,  the d i rect i nteract iv i ty of a rea l  r oom w i th  i t s  syn­
thet i c ,  s i m u l ated mode l ,  the rea l - t ime compos i t i on  of acoust i c  fore i g n  mate r i a l  and i ts fragmentat i o n ,  

the  cont i n u a l  v i s ua l izat ion of comput ing  ope rat i ons ,  a nd  the openness of the ent i re system ove r net­
works exte rna l l y, form a chaot i c a l l y  structu red comp l ex i ty that cannot be overcome by the  v i s i to r  in its 

ent i rety. As a resu l t. eve ry v i s itor deve lops  i n d i v i d u a l  o r i e ntat i on  routes with i n  a " I i v i n g "  v i rt ua l  o rgan­
i sm .  

KR+cF-Knowbotic Research 

Which  pe rcept i b l e  form ca l l s  for a mathemat i ca l fo rm u l a ,  a n  abstract t hought ,  an emot i on ,  

a memo ry, the ene rgy beh ind  a conf l i ct. when the methods  of p u re l i ng u ist i c  descr ip t ion  are no t  s uff i ­
c i e n t  to convey and  conserve? 

KRtcF uses informat ion systems ,  c ommun i cat i on  n etwo rks' knowl edge stores and f i l e s  in o rder  

to pu t  them together  aga i n  as such ,  sp l i t  a nd  ana lysed :  
Computers speak the i r  own sou rce c ode  ( Sprachprogramm, 1 99 1 ) .  med i a  texts f r om  l ive zapped 

TV programmes a re red uced to the i r  l i n gu i s t i c  a nd  acoust i c  su bsta nce ,  at  the same t ime  be ing ref l ect­

ed p h i l osoph i ca l ly and in terms of sound and presented as  a l ive concert (ping Operation pong, with 
F r i ed r i c h  K i tt l e r, 1 992) . documented rea l i ty ( Medienbilderj i s  forma l l y  reduced by d i g i ta l  man i p u l a t i on  
a nd  i s  i conograph i ca l l y  ana lysed (Archive, 1 99n language  g ramma l og u es ,  go-commands  f rom com­
me rc i a l  data  n etworks sat i r i ze the i r  i nformat ion  va l u e  a nd  react  i n  a g l ass  da ta room to a mode l  a rea  
of gest i c  i n st ruct ions prov ided by a v is i tor  ( hypervirus, 1 992 ) .  

Those involved in the smdk project are, besides the three principal members: Christian Hübler 

(concept, realization), Alexander Tuchacek (real-time composition), and Yvonne Wilhelm (visualization), 

George Fleischmann (self-organization, camp lex systems), Detlev Schwabe (data bank and system 

management), Michael Hoch (sound analyses, private eye), Will Bauer (space tracking), Tobias Pfeil 

(data brooking), Rajele Jain and Udo Zyber (technical installation). 
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I n t e r a c t i v e  P l a n t G r o w i n g  

Conceptual  and  Aesthetic Aspects 

The rate of growth deserves to be studied as a necessary preliminary to the theoretical study 

of form, and organic form itself is found, mathematically speaking, to be a function of time. . . We 

might call the form of an organism an event in space-time, and not merely a configuration in space. 

0' Arcy Thompson ,  On Growth and Form, Cambr idge Un ivers ity Press ,  1 942 

Interactive Plant Growing is an i nsta l l a t i o n  
t ha t  dea l s  w i t h  t he  pr i n c i p l es of v i rt u a l  p l a nt g rowth 

and the rea l -t ime  mod i f i cat ion of these th ree-d imen ­

s i ona l  p l a nts i n  t h e  v i rt ua l  space o f  a 3 -D  g raph i c s  com­
puter ( S i l i con G raph i cs ) .  Mod i f i cat i ons  of these " a rt i f i ­
c i a l ly l i v i ng  p l ant organ i sms"  a re based o n  deve l op­

ment and evo l ut i on  over t ime .  The a rt i f i c i a l  g rowth of 
program-based p l ants i s  a n  express i on  of the des i re to 

d i scover p r i n c i p l es of deve lopment  and  g rowth in rea l 

l i fe ,  pr i n c i p l e s  trad i t iona l l y  def ined by the t ransforma­

t i ons  and morphogenes is  of ce rta i n  organ i sms .  

Interactive Plant Growing connects the  rea l - t ime g rowi ng o f  v i rt ua l  p l a nts i n  the th ree-d ime n ­
s i o n a l  s p a c e  of the computer  to rea l l i v i n g  p l a nts ,  wh i c h  can be touched o r  a pproached b y  h u m a n  

v i ewe rs . 

Human-P lant I nteraction  

By tou ch i n g  rea l  p l a nts o r  mov ing  the i r  hands  toward t hem ,  human  v i ewers can  i n f l u ence a nd  

contro l i n  rea l t ime  the v i rt u a l  g rowth of 25  o r  more program-based p l ants ,  wh i c h  a re s i m u l ta neous l y  
d i s p l ayed on  a v ideo s c r een  i n  front of the v i ewers .  By  form i n g  a sens it ive i nteract ion  w i t h  the rea l 

p l a nts , the  v i ewers a l s o  become part of the i n sta l lat i on .  They dec ide how th i s  i nteract i on  i s  conducted 

and  how g rowth wi l l  take p lace on the scree n .  

T h e  d i stance modu l a t i ons  o f  t h e  v i ewers' hands d i rect ly affect t h e  appearance o f  t h e  v i rtu a l  

p l ants ,  determ i n i n g  whethe r  they a re ferns ,  mosses ,  trees, v i nes ,  or a c l eans i ng  p l a n t  ( " k i l l e r  p l a nt " ) .  

By send i n g  d i ffe rent da ta  va l ues  to the i nte rface ,  wh ich  connects the p l a nts and  the grow i n g  

program ,  the appearance  of the v i rtu a l  p l a nts can be mod i f ied and va r i ed .  T he  v iewers can  contro l t he  
s i ze of the v i rt ua l  p l a nts ,  d i rect the i r  rotat i o n ,  mod ify the i r  shapes ,  change  the co l o u r, a nd  contro l new 

pos i t i ons  of the same type of p l ant .  
Each v i rt ua l  p l a nt spec ies  has  at l east s i x  d i fferent var iat ions ,  but gene ra l ly there a re mo re 

poss i b i l i t i e s  than j ust 25 va r i a t i ons  of f ive p l a nts , s i nce the s i ze ,  rotat i o n ,  c o l o u r, a nd  trans l a t i on  can  

be mod i f i ed  for each type of p l a nt as  we i l .  
A l l  va r i a t i ons  u l t imate ly  depend on  the v i ewers' sens i t iv i t ies i n  f i n d i n g  the d i ffe rent l eve l s  of 

a pproxi mat ion  d i sta nces ,  because they a re respons i b l e  for the d i fferent events d u r i n g  g rowth .  
S i nce i t  t akes  some t ime  for the v i ewer  to d i scover t he  d i fferent leve l s  needed  for modu l a t i n g  

the v i rtua l  p l a nts ,  he  o r  she  wi l l  deve l op  a h i g h e r  sens i t iv ity t o  and awa reness o f  rea l  p l a nts .  
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Programming 

I n  Interactive Plant Growing a rt i f i c i a l  p l a nts ,  p rogrammed  by 

Lau rent  M ignonneau  and Chr i sta Sommerer  on a S i l i con  G raph i c s  com­

puter, g row i n  a v i rtua l  three-d imens i ona l  space .  

Th i s  v i rt ua l  g rowi ng i s  based on a l go r i thms deve l oped spec i f i ­

ca l l y  for  the d i fferent morpho l og i ca l  cha racter i s t i cs  i n  rea l p l a n t  d i ffer­

ent iat i o n .  Vi rt ua l  g rowing i s  not based on the same p r i n c i p l e s  a s  rea l 

g rowi ng ,  but  the appearance of movement  and  d i fferent i a t i on  and  

determ i n i sm du r i n g  th i s  deve lopment process i s  s i m i l a r. 

A new method of d i fferent iat ion was deve loped for the program .  It features spec i a l  ra ndom i z ­
i n g  pa rameters ,  wh i ch  a re used as "a rt i f i c i a l  g rowth and  d i fferent iat ion reg u l ato rs . "  These ra ndom i z ­

i n g  parameters d eterm i ne  the morpho l ogy of the orga n i sms  by contro l l i ng the i r  va r i a t i ons  i n  form . 

Th i s  l eads  us to d i fferent botan i c a l  g rowth forms .  P l a nts l i ke ferns ,  v i nes ,  or mosses change  
t he i r  appearance depend i ng  on de f i ned  ra ndom i z i n g  va r i a b l es for  s i ze ,  l e ngth ,  rotat i o n ,  trans l a t i on ,  

ang l e ,  and  co l o u r. Th i s  i dea o f  advanced ra ndom i z i n g  cou l d  be compa red by a n a l ogy to the concept o f  

" random wa l k . "  

T he  l i m i ts o f  random i z i ng  cou l d  be v i ewed as  dete rm i na t i on ,  wh i l e  t h e  h u man -p l a nt ra ndom i z ­

i n g  i tse l f  can  be v iewed as d i fferent i a t i on .  

Techn ique  

Techn i c a l l y  speak i ng ,  the e l ectr i c a l  potent i a l  d i fference o r  vo l tage between h umans  and  p l a nts 
is measu red through the l iv i ng  p l a nts .  Th i s  vo l tage d i ffe rence var ies  depend i ng  on  the hand -p l ant d i s­

tance ,  and  the sens i b i l i ty of the p l ant  ra nges from 0 to a bout  70 cm i n  space ,  depend i ng  on the s i ze  

a nd  morpho l ogy of the  rea l p l a nt .  
A spec i a l  protoco l  ( i nterface prog ra m )  between  computer and  converter  makes s u re that each 

data va l u e  coming from each p l a nt i s  i nterpreted i n  synch ro n i zed rea l t ime by the g rowi ng  program d u r­

i n g  the drawing of the v i rtua l p l ants .  
Al l  data va l ues (de r ived from the v i ewer-p l an t  i nteract i o n )  are now i nterpreted a s  va r i ab l e s  i n  

t h e  g rowi ng  program .  Each va l u e  i s  respons i b l e  f o r  spec i f i c  grow i ng  events :  c h ang i n g  rotat i on ,  sca l i n g ,  
t ra n s l at i on ,  locat ion ,  o r  co l o u r. 

I nsta l lati on Space 

I n  the da rk 12 x 6-meter i n sta l l a t i on  space ,  f ive d i fferent rea l p l a nts a re p laced on  f ive wood­

e n  co l umns  i n  front of a h igh reso l ut ion  4 x 3 -meter  v ideo project ion  screen .  A l l  p l a nts a re connected 

by a n  i nterface to a 3-D S i l i con G raph i cs  computer, wh ich sends its data s i g n a l s  from the screen to a 
h i g h  reso l ut i on  RGB  v ideo data projector (80 kHz , 650 Lux ) .  Th i s  data projector sends the g row ing  p i c ­

tu res to the p roject ion sc reen  i n  rea l t ime  . 

Feedback 

From the feedback of the v i rt ua l  g rowth on  the screen ,  the  v i ewers c an  react  to these events 
and contro l and mod ify the g rowing  process .  F ive o r  mo re peop l e  can i nteract at the same t ime  with 
the f ive rea l p l a nts i n  the i n sta l l at i on  space .  A l l  events depend  exc l u s ive ly  o n  the h u man -p l a nt i nter­
act i o n .  
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A u d i e n c e P a r t i c i p a t i o n 

CINEMATRIXTM 

The patented C I N EMATR IXTM I nteract ive Enterta i nment Systems g ives each  pe rson i n  an a u d i ­

e n c e  t h e  rea l - t ime capa b i l ity to i nteract w i t h  i mages on a screen a n d  thus  p l a y  games  together, answer 
q uest i o ns ,  c reate patte rns ,  a nd  make dec i s i o ns  about adventures i n  a c o l l ect ive v i rt ua l  wo r l d .  Th i s  

i nvent ion g rew from the  i n n ovat ive wor ld  of computer g raph ics  a l ong with advances  i n  computer  ha rd ­
ware  enab l i ng  new forms of i nteract iv i ty to a r i se .  We propose a un i que  expe r i ence  for  L i n z ,  to set up  

the expe r i ence  o utdoors for a sta n d i n g  crowd. We a l so i ntend to  push the bounda r i es  of what  i s  pos ­
s i b l e  i n  the expe r i ence  i t se l f .  N ecessa r i l y, the games have  been  fa i r l y  s imp le  u p  u nt i l now. We th i n k  
that i t  i s  poss i b l e  f o r  g roups  t o  i nteract and  cooperate t o  create forms u s i n g  genet i c  a l go r i t hms .  L i n z  i s  
t h e  perfect p l a c e  t o  t ry t h i s  out .  

Commun ication with Humans  

Commun i cat ion  i s  u n pred i cta b l e  at the best o f  t imes .  The  mo re  peop le  you t r y  to commun i cate 

with j u st accentuates the poss i b i l i t i e s  for m i sunderstand i ng  and confu s i o n .  Hav i ng  a few ca l i b rat i n g  

exerc i ses  at the beg i n n i n g  h e l ps peop l e  to know that t he  system i s  work i ng  and  t ha t  t hey  are be i n g  rep­

resented .  Before g i v i n g  exp l a nat i ons ,  i t  i s  i mporta nt for the aud ience to expe r iment  with the wands ,  

wh i ch  can p roduce  some fun  s u rp r i ses .  Then the group can be asked to show one  co l o r  and  they  can 

see i t  u p  on  the scre en .  When the g roup  changes the co lo r  they a re  showi ng ,  i t  changes  co rrespond­

ing ly  on  the screen .  The pa rt i c i pa nts can  then  be d iv ided i nto g roups a nd  reprod uce  the exerc i se  to get 

an  even better i dea of where the i r  pos i t i on  i s  on the screen and to get a fee l i n g  for  the system when 
i t 's work i n g .  

U s i n g  pass ive ref l ectors a s  a n  i nterface a l l ows the freedom of no  w i res  a n d  immed i ate feed­

back .  Peop l e  can  respond without comp l i cated button -push i ng  or the mov i n g  of l evers .  I t  h e l ps for  

peop le to have a fam i l i a r i ty w i th  the  concept of the game and for the goa l  to be s i m p l e .  Large crowds 
do not want to l i sten to a l ot of ru l e s .  The games need to be v isua l ly u nde rsta n dab l e  with the r i gh t  

m i x  of act i on  and  cha l l en ge .  

Hardware and  Software Cha l l enges 

For the o r i g i n a l  a u d i ence  pa rt i c i pat i on  event at S I G G RAPH ' 9 1 , we on l y  had f ive months to  

i nvent the system and  get i t  work i n g .  Many  q uest ions had to get  answered and  many p rob l ems  had to  
be so lved .  The f i rst b i g  q u est ion  was i nte rface .  How was the aud i ence  go i ng  to send  a s i gna l  to the 

computer i n  a cost-effect ive ,  safe way7 F l ash l i ghts wou ld  be too expen s ive;  wi r ing each seat was out  
of the q u est i o n .  How about  ref l ec t i ng  l i g ht? The resu l t i ng  dev ice of c omb i n ed " Ref lex i te"  on a pa int  

st i ck i s  referred to as  a "wand . "  The req u i rements for des ign ing any game with th i s  system beg i n  with  

the constra i nts of the ref lect ive dev i ce .  Locat ing the p l ayers i s  a b i g  techn i c a l  c h a l l e nge .  The red o r  

g reen  ref l ected l i ght  s i g n a l  needs  to be p i cked up  by  v i deo  cameras and  commun i cated to the comput­
e r, wh i c h  dec i phe rs the i nformat i on  accord i n g  to the game or  task on the screen .  To d i fferent i ate each 
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person 's s i g na l  i s  a top pr io r i ty; each person needs  to be represented .  The camera sees a mass  of s pots 

that need to be d i fferent i ated by the computer. Form i n g  a seat i n g  cha rt i s  one way to part i a l l y  def i n e  
where e a c h  person i s o  There a r e  add i t i ona l  cons i de ra t i ons  of extra movement ,  ref lected l i gh t  objects i n  

t h e  room .  The so l ut ion i s  i n  softwa re .  The past three yea rs o f  deve lopment  have made i t  poss i b l e  to 

get away from seat ing charts when needed .  Th is new method w i l l  debut  i n  L inz for Ars E l ectron i c a ,  

known fo r  be i ng  on  t he  cutt i ng  edge  o f  a rt and  techno l ogy. 

Each ven ue  has its spec i f i cat ions and  i d i osyncra s i es .  Bas i c  photog raph i c  p r i n c i p l e s  app l y. A 
w ide -a n g l e  l e n s  on the camera can see more if it has  a g reater  d i stance .  Cameras  and  l i g hts need to 
be l i nked to power with red, g reen ,  b lue ,  and  sync g o i n g  i nto the r ight ports i n  the computer. I t  i s  i m po r­

tant that each pe rson be represented. 

The Games 

I t  i s  i m po rtant to estab l i sh  that peop l e  a re hav i n g  rea l -t i me  i nput as  descr i bed i n  the int roduc­

t ion .  Each game requ i res a sma l l  exp l anat i o n .  We try to emphas i ze  games where peop le  work togethe r  
e ithe r  i n  teams o r  with t h e  ent i re group .  O n e  two-team g a m e  h a s  a " padd l e "  on  each s i d e  o f  t h e  sc reen  

to h it a conference l ogo or whatever i s  appropr i ate f o r  the event .  G reen makes the team's padd l e  move 
up and red makes i t  go down . I f  one s ide sees that the i r  padd l e  needs to move up, they start to show 

the green s ide of the i r  ref lector to the cameras and l i g hts .  I f  eve ryone  on the i r  s ide showed g reen ,  the 

padd l e  goes u p  too far, so people need to moderate the s i g n a l  by a few peop l e  showing red o r  putt i n g  

the i r  padd l e  down . These dec i s i ons  have t o  be made  q u i c k l y  and  become i ntu i t ive ,  prod uc i n g  a state o f  

f l ow, wh i ch  ends  u p  be i n g  very exc i t i ng .  New va r ia t ions  o f  t h i s  game a re be i ng  c reated cont i n u a l l y. T he  

rotat i n g  cu  be i s  a n  exerc i se  that req u i res t h e  ent i re a u d i ence  t o  cooperate .  A m u l t i co l o red c u  be i s  rotat­

ed on  two axes, each contro l l ed by one-ha l f  of the aud i ence .  Red rotates the cube  one way and g reen  

rotates i t  the oppos ite way. The  tr ick i s  to stop the cube  w i t h  the b l u e  s i de  showi n g .  I t  i s  a d i ff i c u l t  prob­
lem, but an  a u d i ence that i s  wa rmed up  can q u i ck l y  maneuver  the cube i nto the req u i red pos i t i on .  F l y i ng  
an  a i rp l a ne  req u i res very f i ne  sk i l l s  from the ent i re g roup  of pa rt i c i pants .  O ne  s i de  contro l s  p i t ch ,  t he  

othe r  yaw. Th i s  game has been  u ndergD i ng  rewrites to make i t  more exc i t i ng  for g roups  to p l ay. 
The feedback on these games has g iven us  i deas  to keep in m i n d  when deve l op i n g  new games .  

Peop l e  rea l ly need to  know where t hey  a re  and  how t he i r  ref l e ctor re l ates to the act i on .  Ask i ng  q ues­

t i ons  with b i n a ry dec i s ions  may prod uce answers, but  that process does not exc i te  the c rowd u n l e ss  
t hey  a re rea l ly i nterested i n  the subject matte r and  i t  i s  a compet i t i o n .  Somet imes  g roups d i v i ded  up  

i nto compet i ng  teams  can ge t  very exc ited by true/fa l se  q uest ions ,  because  they  can see i n stant 
resu l ts .  

Games that req u i re part i c i pants to let  go  of exactness and  make i ntu i t ive dec i s i ons  seem to put  

peop l e  i n  touch with each othe r  i n  a d i fferent way, to go  beyond  the u sua l l i nea r  mode of th i n k i n g .  That  

cou ld  be one  of the reasons so many peop le got exc i ted .  The C I N EMATR IXTh1 system prov ides the oppor­

tun i ty for peop l e  to work togethe r  i n  a way never before poss i b l e .  I t  i s  st i l l  a young techno l ogy ready 

for new ideas .  So  me peop le have po i nted out  that the re m igh t  be a poss i b i l ity for peop le to use  th is in 

a way to contro l  others when they got i n  an  exc ited state .  S i nce  the ent i re exper ience i s  focused on 
persona l  cho i ce ,  we th i n k  th i s  i s  not l i ke ly, but  we do  own the patent for the US, the EC ,  Japan,  and 
seve ra l othe r  cou ntr ies .  I t  i s  Du r  i ntent ion that the techno l ogy be used for peop le to have fun  and  to 

deve l op  cooperat ion i n  the process. The genet i c  a l go r i thm c o l l a bo rat ive expe r ience i s  new for  Ars 
E l e ctron i c a .  The g roup wi l l  get to make cho ices about the c o l l ect ive creat i on  of a n  organ i sm .  When each 

cho i ce  i s  made ,  the crowd wi l l  see the resu l ts i n stant ly. Mo re than  one  segment can be worked o n  at a 
t ime  and  the resu l ts wi l l  happen q u i ck ly. Th i s  i s  new; we don 't know exact ly what wi l l  happen or how 
many other new th i ngs wi l l  be i nvented i n  the meant i me .  That 's what the cutt i n g  edge i s  a l l  about .  
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H o r i z o n t a l R a d i o -
2 4  H o u r s L i v e  

a station of a subnetwork 
acts as the gateway to 

the entire network 

standard telephone lines to 
control the audio mixer in the 

rauter station 

link-ups with various different 
bandwidths 

high-quality radio lines between 
the main stations '  

transmission lines-reception lines 

4-way router via MfDl-contra/fed 
audio mixers, stations can determine 
fram a remate location which signals 

are to be fed to them 

additional link-up 
(ISDN or telephone) 

rauters are high-performance 
interfaces, and not 

dramaturgical centers 

Horizonta l Rad io :  Communication  as a Cybernetic System 

Hor i zonta l Rad i o  is a te l emat i c  rad i o  network project . I t  takes p l ace  s im u l taneous l y  at  d i ffer­

ent  l ocat i ons ,  in d i fferent med i a ,  and o n  d i fferent freq uenc ies .  
The sta rt i ng  po i n t  i s  the  a na l o g ue  cab l e  and broadcast ing network of the EBU  ( E u ropean 

B roadcast i n g  Un i on ) ,  wh i ch  se rves as  a p r ima ry te lemat ic sphere of act ion for ho r i zonta l  rad i o .  
S u pe r imposed t o  th i s  network i s  t h e  I nternet wh i c h  se rves as a med i u m  o f  access and  d i st r i bu t i on  

beyond the b roadcast i ng  ra nge  of the pa rt i c i pat ing rad i o  stat ions ,  

EBU: the European Broadcasting Union is an organisation of public broadcasting corporations. 

(Canadian and Australian broadcasters, as weil as New Public Radio [USA] are associated members.) 

The confrontat i ons  and i nteract i ons  between the va r ious med ia  ant ipodes ( d i st r i b u t i on  and  

i nteract i o n ,  a na l ogue  and  d i g ita l med i a ,  synch rony and asynch rony) c reate a hypermed i a  n etwork 

wh i c h  l i n ks the i ntersect i ons ,  and thus forms an  i nteract ive data amb ience ,  The i ntersect i ons  become 
the scenes of l ive pe rformances wh i c h  somet imes i nvo lve the generat ion  of soundscapes .  A "v i rt ua l  

stage "  man i fests itse l f ,  wh i c h  i s  based  on  i nte racti on and te lepresence,  and  on  wh i ch  the pa rt i c i pat­

ing a rt i sts can meet for 24 hou rs .  

Beyond  i t s  f unc t i on  a s  a med i u m  of broadcast i ng ,  rad i o  tu rns i nto an  i n st rument and  too l  of an  
a rt i st i c  act iv i ty wh i ch  i s  no t  concerned w i t h  s imp l y  open i ng  up  l i nes and pass i n g  o n  what  was rece ived .  

I n stead ,  loca l  a rt ist ic  events a re i n f l u enced th rough a permanent exchange between  the stat i o ns .  The 
a u d i ence i s  rea l ,  but its presence on ly v i rtua l .  At any t ime ,  a member of the a ud i ence  can switch s i des  

and  i nterven e  act ive ly  i n  the a rt i st i c  process ,  

Ho r i zonta l  Rad io forms pa rt of the process of confront ing the soc i a l  and  a rt i s t i c  i m p l i ca t i ons  of 

new med ia  techno l og i e s .  
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The differentiation between sender and recipient, naming and interpreting, and politics and 

the general public disappears in the reality of telecommunication and information networks. 

Praduction, collection, distribution, and supervision (in the sense of surveillance) coincide in the net­

work hypermedium. However, the potential equality of sender and recipient, and the possibility of 

switching between the two rales, will not become socially relevant until the social context of such 

operations, and the referential system determined by them, will change. 

N etwork Des ign :  Configurati ons of Comm u n i cati on  

Bas i ca l ly, a project l i ke Hor i zonta l Rad i o  i s  o rchestrated th rough  the conf i g u rat ion  of l i nes  and  
channe l s ,  gateways and i nterfaces ,  and by  determ i n i n g  f requency ra nges and  access r i g hts .  

The bas i c  idea i s  to create a med i a  st ructu re wh i ch  i s  as  heterogeneous  as  poss i b l e .  I t  i s  s u p­
posed to funct ion as an expe r imenta l  set- up  with i n  the f i e l d  of tens ion  gene rated by the va r i ous  cha r­

a cter i s t i cs  of transm iss i on  and commun i ca t i on .  Th i s  f i e l d  i s  a l s o  a res u l t  of the fr ict i o n a l  re l a t i on  
between  the i sosynchronous character o f  rad i o  and  the asynchronous  propert ies of d i g i ta l da ta  net­

works ,  wh i ch  a re dependent on the i r  context and  on  the type of access ( e . g .  on -demand ,  ra ndom 

access ,  cach i n g ) .  
The  strategy t o  ensu re that part i c i pat ion i s  a s  s imp l e  and  as  widespread as  poss i b l e  i s  d iver­

s i f i cat i o n .  

Hor i zonta l  Rad io :  I nstead o f  represent i ng  a vert i ca l  h i e ra rchy o f  s e n d e r  and  rec i p i ent .  i t  creates 
a p l atform for the exchange of transm i s s i ons .  

Transmission: mechanism by which power is transmitted fram engine to  axle. Transmit: allow 

to pass thraugh, be a medium for, serve to communicate. 

The i nd i v i d ua l  rad io  stat i on  can determ i n e  i ts ro l e  in the network by mak i n g  its own se l ect ion 

of a rt i sts .  

Reg iona l  Subnetworks: The Backbone of Horizontal  Rad io  

The  reg i o na l  subnetworks represent a structure o f  techno l o g i ca l ly soph i st i cated bases .  They 
se rve as  dock ing stat ions ,  at which part i c i pants can  eas i l y  connect themse lves to the network .  These 

dock i ng  stat i ons  a re respons i b l e  for pass i n g  on ,  d i str i b u t i ng ,  and rout i ng  the i nformat i on  c i rc u l at i n g  i n  
t h e  network .  

A rauter is used when regional and superregional networks are connected. It is responsible for 

linking the various stations and for distributing information correctly. 

The reg i ona l  subnetworks not on l y  se rve as geog raph i c a l  b r i dges ,  but a l s o  as gateways 
between d iffe rent media and freq uenc i es .  As a consequence ,  they c reate the precond i t i o ns  for  the 
des i red decentra l i sed structure, i n  wh ich  the i n d i v i d u a l  stat i on  does not have to b u i l d  u p  l i n ks to a l l  

other stat i ons  i n  order t o  b e  connected t o  t hem .  
The fo l l ow ing  dev i ces a re  emp l oyed as ca r r i e r  med i a :  
• ana l ogue  modu l at ion l i nes fo r  t he  transm i ss i o n  of h i -f i  a u d i o  s i g na l s  (ste reo/mono ) .  
• SDN and  sta nda rd te lephone l i nes with co rres pond i n g  freq uency ra nge  reduct ions  ( 7  kHz ;  3 . 4  kHz ) .  
• data transm i ss i on  l i nes i n  the shape of I S D N  o r  sta nda rd te lephone l i ne s  for the remote access to 
mus i c a l  computer  equ i pment (e .g .  for the pu rpose of rea l -t i me sound  i n sta l l a t i ons ) .  



• the I nternet as a cac h i n g  se rver, a nd  as a med i um  of commun i cat ion ,  i nteract i o n ,  and  d i st r i bu t i on  a s  

we i l  as  a stage  fo r  conferences (te l n et , ftp, i rc ,  www, soc i a l  netbrowser, mbone ) ,  
• transponders o n  EUTELSAT I I - F4 for the f l ow of s i gna l s  between Eu ropean stat i ons ,  and  on  I NTELSAT 

for the overseas connect i o n ,  
• VHF, MW, and  Sw. 

The res u l t i n g  d i fferences in sound  q u a l i ty serve as  an  a rt i st ic too l ,  and prov ide  a means  of o r i ­

en ta t i on  as  rega rds  the geog raph i ca l  a reas  and  med ia  covered by Ho r i zonta l Rad i o .  D i fferences  i n  
sound  turn i nto " soundscape  s i g natu res , "  wh i ch  he l p  us to i dent ify senders acoust ica l ly. 

Here is an example of how it could work. There could be a common starting point (a theme 7 a 

text? a concept? a picture? a theory?) that  is the same for everyone to start from. Then, receiving things 

from the others would add to our own thought and actions. We could ourselves add to it or choose to 

leave it as it is for broadcasting here. And the listener would sense the distance (both geographical 

and cultural) throughout the hours or the whole day, in that the audio content would evolve through the 

cultural filtering and the technical filtering. 

Joce lyn  Robe rt (CAN ) 

Such  a n etwo rk env i ronment  imp l i e s  a n  a rt i st i c  concept ion that pi aces l e ss  emphas i s  on p r i ­
ma ry product i o n  and  mo re on  d i a l o g i c  d i st r i bu t i on  and adm i n i strat ion .  

M i g ration :  The Pri nc i pa l  Theme of the Project 

(f Lat. migrare-to move from one place to another) Migration-permanent emigration or 

immigration of individuals or groups from one population into a similar population. 

Under certain circumstances, isolation can produce new subspecies, or, after a langer period, 

new species in their own right. A migration in which no settlement occurs is referred to as passage 

(permigration). A special form of migration is constituted by an invasion. 

On the one  hand ,  m i g rat i on  can  be seen  as a metaphor  for a chang i ng  soc i ety and  the t ra n s i ­
t i o n  to a c u l t u re of te l e commun icat ion  and  te l epresence ,  i n  wh i c h  t h e  "act o f  popu l a t i ng  tra n sm i s s i o n  

and  t ransport t imes  wi l l  r e p l a ce  the a c t  of popu l at i ng  trad i t i ona l  hab itats " (Vi r i l i o ) .  O n  the othe r, i t  sym­
b o l i se s  the m i g ra t i on  of i n d i v i d u a l s ,  th e i r  i d eas ,  and  the i r  soc io -cu l t u ra l  parad i gms  and  i d en t i t i e s .  

The  meta pho r  becomes  t he  j o u rney, t he  pe rm i g ra t i on ,  wh i ch  se rves as  the  structu ra l  p r i n c i p l e  of the  

a rt i s t i c  act iv i t i e s  i n  the  net ,  a nd  as  a mode l  of organ i s i n g  pe rmanent  data f l ow. 

The i nformat i on  e ntered i nto the  network passes through  
• va r i o us  l eve l s  ( agg regate states )  of i t s  techno l og i ca l  reproduct ion i n  the var i ous  med i a ,  
• va r i o us  l eve l s  of i nteract ive and  a rt i s t i c  process i ng  and man i p u l at i ng ,  
• the geog raph i c a l  area covered by the pa rt i c i pat ing med i a .  

Conferences and  Commun ication  I nterva ls :  The  Timetab le  o f  the  Network 

The structure of the network i s  open ,  and the part i c i pat ing med i a  show d ivergent tempora l  

cha racte r i s t i cs .  These c ha racte r i s t i cs  man ifest themse lves not on ly  i n  d i fferent fo rms of access to 

i nformat i on ,  but  a l so in d i fferent methods of recept ion  and interacti on .  Th i s  structu ra l  openness  a nd  
tempo ra l  d ivergence i m p l y  a f o rm  of o rgan i sat ion  wh ich  i s  utte r ly d i ffe rent from trad i t i ona l  broadcast­

ing schemes .  I t  a bandons  l o ng -term advance p l a nn i n g ,  and i s  based on commun i cat ion i nte rva l s .  The 
cent res  of act iv i ty with i n  the system ( i ts cent res  of g rav ity) sh i ft a l ong ce rta i n  themat i c  g u i de l i ne s  ( i . e .  
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correspondences ) .  The morpho l og i ca l  and  tempora l  pa ramete rs of the soc i a l  env i ronment  c reated by 

commun icat ion  are the refore u nstab l e ,  and  the env i ronment  i ts e l f  i s  f l u i d .  

Ho r i zonta l Rad i o :  a per iod o f  2 4  h o u rs ,  d u r i n g  wh i c h  stat i ons  
• l og  i n  for a ce rta i n  t ime ,  
• repeated ly make b r i e f  intervent ions ,  
• rema i n  o n - l i n e  for the who le  t ime .  

The te rm "conference"  was  i ntroduced to denote commun i cat i on  with i n  t h i s  t empo ra l  orga n i ­

sat ion structu re .  T he  conference top ics a r e  d eterm i ned  by  the pa rt i c i pa t i n g  rad i o  stat i ons .  When  a sta­

t i on  b r i ngs  up a subject, i t  becomes the conference host and the tempora ry centre of the network. The 

centre se rves as  a meeti ng p lace ,  at wh ich  act ions  can be focussed on  ce rta i n  reg i o n s  of the net .  

Part i c i pants reg i ster for certa i n  conference top ics ,  have p r ivate d i scuss i ons  with i n  the orga n i ­
sat i o na l  framework o f  a conference ,  i ntervene  i n  pane l  d i sc u s s i o n s ,  o r  s i mp l y  l i sten .  

The G lobal  I nformation Machine 

Ho r i zonta l Rad io  must be seen as a fu rther  deve l opment  of ea r l i e r  s i m u l taneous  te l emat ic  pro­

j ects of the '90s. Espec i a l ly important in th is context a re the p roj ects Chipradio (92) ,  Realtime (93 )
' 

and 
State of Transition (94) , which were rea l i sed for TRAN S IT  and the O R F- KUNSTRAD I O .  These p rojects 

took a network of s imu l taneous  l i ve performances as  a start i n g  po i nt and then  used var i ous  means of 
commun i cat ion  ( rad io ,  te l ev i s i o n ,  te l ephone ,  data networks) in order  to exp l o re the commun i cat ive 

potent i a l  of mass med i a .  Spec i a l  emphas i s  was p l aced o n  strateg i e s  to reconc i l e  the req u i rements of 

l i n ea r, one-way med ia ,  with the d i ametr ica l l y  opposed req u i rements of open  commun i cat ion  networks .  
Hor i zonta l Rad io exp l i c i t ly  refers to the per iod of the p i onee rs of te l ecommun i cat ion a rt .  In 

Austr i a ,  th is was rough l y  the t ime between  1 979  and  1 986 .  I t  i s  i ndeed no  c o i nc i dence ,  that a rt i sts l i ke 

Robert Ad r i an  X (Vi enna )  and Art Poo l  ( B udapest )  part i c i pate i n  t h i s  proj ect, beca use  they a re norma l ly 
assoc i ated with exact ly  that per iod .  Art Poo l  pa rt i c i pated i n  the f i rst t e l e commun i cat i on  p roject to l i n k  
a rt i sts i n  Western a n d  Eastern Eu rope ( Telefonmusik, 1 983 ) .  I t  w a s  i n i t i ated b y  Robe rt Adr ian  X ,  who 

a l so rea l i sed a ser ies of other projects. 

The refo re, Hor i zonta l Rad i o  not only ref l ects the techno l o g i c a l  d eve lopment  and chang i ng  
cha racter ist ics of t he  med ia ,  but a l so the po l i t i ca l changes .  Today, the s i t ua t i on  i s  s uch  t ha t  rad i o  sta­

t i ons  in Russ i a  and H u nga ry a re ab l e  to contr ibute to a te l e commun i cat i on  p roj ect that i n co rporates 

more than j u st the transm i ss i on  of te l ephone  mus i c ,  whereas in Sa rajevo and so me  other p l aces pe r­
haps not much  has changed i n  th i s  respect . 

The 24-hour sched u l e  i s  a consc i o u s  refe rence to another  project , wh i c h  was rea l i sed at the 

Ars E l ectron i ca  i n  1 982 :  Die Welt in 24 Stunden (The Warld In 24 Hours). I ts  topic was the pos i t i on  of 
a rt i s t i c  product ion with i n  a sphere of act i on  that forms pa rt of the med i a-a sphe re of act ion wh ich i s  

to a l a rge extent pre-set and pre-structu red b y  i t s  i nt r i n s i c  appa ratus .  The project was  deve loped and  
d i rected by Robert Adr i an  X, and i t s  character i s  st i l l  exemp l a ry. I ts  "med i at i sed  s i t ua t i o n "  l i n ked a rt i sts 
in 1 6  c i t i es  and th ree cont i nents for 24 hou rs (cf. R e i n ha rd B ra u n  i n :  Medien. Kunst. Passagen. 2/94). Die 

Welt in 24 Stunden was the most comprehens ive and  amb i t i o us  a rt proj ect that had ever been rea l i sed 
i n  l ow tech ,  i . e .  i n  the i nternat i ona l  te lephone network .  F i rst of a l l ,  an  i nternat i o na l  n etwork of a rt i sts 

and g roups had to be formed, wh ich  a l l  had to s ubm i t  contr i bu t i ons  via s l ow scan TV, fax, computer  
ma i l box/conference ,  and te lephone ,  o r  shou ld  at l east use  one  of these med ia .  At l o ca l  noont i me ,  the 

i n d i v i d ua l  stat ions  were ca l l ed  from L i n z .  The pro ject started at 1 2 .00 C ET, o n  Septembe r  27 ,  fo l l owed 
the sun around the g l obe ,  and ended on September  28 ,  a g a i n  at  1 2 .00 C ET. 



The initial situation, and the way the project was carried out by installing and continuously 

operating numerous devices for the transmission of data, both already indicate that "Die Welt in 24 

Stunden " was not conceptualised to produce objects or results which could be considered works of art 

(e. g. art faxes). Its objective was to create and to continue dialogic exchange as such, i. e. to establish 

special relations between the participants, and thereby produce communicative events. In a certain 

sense, the composition of the project  already constitutes the work itself . . .  The subject of a project 

like "Die Welt in 24 Stunden " is the global "information machine, " a term coined by Richard Kriesche. 

Tra ns l ated from Re i n h a rd B ra u n ,  Medien. Kunst. Passagen, 2/94 

In 1 995 ,  the req u est of a rt i tse l f  has  become more u rgent. The g l oba l  i nfo rmat ion mach i n e  

rema i n s  t h e  most s i g n i f i cant  t h e m e  o f  p roj ects l i ke Hor i zonta l Rad io .  

l inz :  The Network Mon itor and  Cach ing Server of  Horizonta l Rad io  

L i n z  i s  no t  the centre of the network .  A l t hough  many  network l i nes may i ntersect here ,  t he re  

i s  no  centra l d i rectorate p u l l i n g  the st r i n gs  beh i nd  the a rt ist ic  activit i e s .  The network components o n  

the rad i o  and  data l eve l a re conf i g u red i n  s u ch  a way that access from outs ide  i s  poss i b l e .  I f  a stat i o n  
estab l i s hes  a connect ion  w i t h  L i n z ,  i t  i s  i n  contro l  of t he  l i nes and o f  t he  a ud i o  c hanne l  m i x .  I n  the O RF 's 

stu d i o  i n  L i n z ,  Ho r i zonta l  R ad i o  is represented as a mu l t imed ia  network mon i tor  i n  the  shape of a n  
i nsta l l at i on  d i sp l ay i ng  t h e  pos i t i ons  and  act iv i t i es  o f  t h e  i nd i v i dua l  stat i ons .  T h e  empha s i s  i s  n o t  on  t h e  

product ion o f  data c u rrents ,  but  on  watc h i n g  and  i nterpret i ng  them. E l ectron i c/te l emat i c  space i s  n ot 
exp l o red by cove r i n g  d i sta nces ,  but  by open i n g  u p  transm iss i on  chan ne l s  and  freq uenc i e s .  

T he  g r i d  of l i nes  i n s c r i b ed  i nto t h i s  s pa ce  def ines on ly  one aspect o f  i t s  potent i a l ,  b u t  no t  its 

shape and d i mens i ons  ( i ts ra nge ) .  I ts d i mens i on s  a re determ ined by ev idence  and  c o i n c i dence ,  and  a re 

therefore dependent  on the parameters of t ime .  Wherever commun icat i o n  ta kes p l a c e ,  the re  i s  a spa ­

t i a l  j u nct i o n ,  the  coo rd i nates a n d  vectors of wh i ch  a re recorded and represented i n  t he  i n sta l l at i o n .  

I t  i s  n o t  t h e  contents of commun i cat ion  that a re on d i sp l ay, b u t  t h e  context u nde r  wh i c h  commun i ca ­

t i  on  was sta rted ,  and  the dynam i c ,  u n sta b l e  re l at ions between centres of act iv i ty. These centres se rve 
as  meet ing p l aces ,  determ i n e  the broadcast i n g  scheme of the part i c i pat i ng  rad i o  stat i o n s ,  and  become  

so-ca l i ed " i n i t-po i nts" f o r  the events i n  the I nternet .  

The traces of data c u rrents and the i r  p rod ucers a re rendered as  acoust i c  "mapp i n g s "  in rea l  
space i n  the foye r of the O R F's stud i o  i n  L i n z  (th i s  process i s  ana logous to the method of "texture map­

p i ng"  i n  compute r  g raph i c s ) .  Thus ,  the  d i fferent transm iss ion  speeds and freq uenc i e s ,  the  spat i a l  pa ra ­

meters of the v i rtua l  da ta  rea l i ty between  va r i o us  geograph i c  l ocat ions ,  tu rn i nto acoust i c  cha racte r i s ­

t i cs  of the soundscape created by the i n sta l l at i on  i n  L i nz .  

I n  add i t i on ,  L i n z  p l ays the ro l e  of a tempora ry cach i ng  server for the p u rpose of synchro n i s i n g  

the i n d i v i d ua l  stat i ons .  
Cove r i n g  geog raph i c a l  d i stances by way of e l ectromagnet ic t ra n sm i s s i o n  has  obscu red the 

i dent ity of d i stant p l aces ,  because  that i dent i ty i s  based on d iv i s i on .  The parad i gms  of the i ndustr i a l  

revo l ut i on  govern t h e  one-way med i u m  rad i o .  Its e l ectron i c  space i s  st i l l  r i g i d l y  ( i sosynchronous ly )  

l i n ked with the tempora l  ax i s .  The use  of d i g i ta l  commun i cat ion techno l ogy res u l ts i n  a l oss of tempo­

ra l cont i n u i ty typ i c a l  for m u l t i d i rect i o na l  networks . Synch ron i sat ion does not take p l a ce  i n  l i nea r, pe r i ­

od i c  i m p u l ses ,  but  whenever co rrespondence occu rs .  

Th i s  d ivergence actu a l ly prevents transpa rent trans i t i ons  between the pa ra l l e l  rea l i t i es  estab­

l i s hed  by the two d i ffe rent types of med i a .  The i n sta l l a t ion i n  L i nz ,  however, creates osmot ic i n terfaces 

between  them .  The act of t ransm itt i ng  data to the other s i de  l eaves traces that a re s i m i l a r  to the after­
g l ow on  the f l uorescent screen of a cathode ray tube .  



Horizontal Radio-24 hours live 

On the frequencies of 22 radio stations in Africa, Australia, Canada, Europe, the USA, in the Internet, 

and at  the network intersections in A thens, Belgrade, Berlin, Bologna, Bolzano, Budapest, Denver, 

Helsinki, Innsbruck, Jerusalem, Unz, London, Madrid, Montreal, Moscow, Munich, Naples, New York, 

Quebec, Rome, San Manno, Sarajevo, Sydney, Stockholm, Tel A viv, Vancouver. 

From June 22, 72. 00 hrs, to June 23, 72. 00 hrs. 

A co-production between the Ars Acustica experts of the EBU (the European Broadcasting Union) and 

TRANSIT-the ORF's regional studios in Tyrol and Upper Austria, ORF KUNSTRADIO (the ORF's radio 

art programme), Ars Electronica 95, and Kapsch AG. 

Planning and Coordination: 

Gerfried Stocker-x-space. 

Heidi Grundmann-ORF KUNSTRADIO 



A r s  E l e c t r o n i c a  9 6  

W h a t 's T h a t S u p p o s e d  t o  B e ,  
W h a t 's P r o g r a m ?  

Rea l i ty i s n 't bygone ;  to me ,  i t  seems to be h i dden  i n  the he re-a nd-now. So what 's the po i n t  of 
a rearview m i rror, wh i ch  def i nes  per se  "what l i es  beh i nd  u S , "  regard less of wh ich  gear we ' re i n ,  D r ive 

o r  Reve rse-and not even a hasty change  of cou rse l ets us  move forwa rd . 

And why "towa rds " ?  " I n  the Rea rv iew M i rror :  The Rea l i ty" wou l d  be wrang ,  s i n ce  by no means  
does rea l ity p resent itse l f  so c l ea r ly, not even  i n  retraspect ( regarded i n  the past, peer i n g  i nto the past ) .  

At best ,  the way to get there can be sought i n  the m i rrar. "Obj ects may be c loser than  they appea r ! " i s  

a warn i n g  sens ib ly posted on  the rearv iew m i r­
rors of some Ame r ican cars .  And that m i ght  be i t ,  

what fasc i nates us ,  wh at the "Amer ican"  i n  u s  

wou l d  l i ke so very much  t o  see .  Poss i b l y, t h e  

automob i l e  transfers us  i nto a n  e ne rget i c  f o rm  o f  

non-cons ist i ng ,  pur i ty on  an  expe r imenta l  b a s i s .  

I f  everyth i ng  i s  foreve r and eve rywhere ,  then  i t  
must, at the same t ime ,  be very c l ose .  

But we a re no t  yet so c l ose  to t h i s  " state of l i g ht "  

as  we imag ine  i n  o u r  d reams .  I n  a n  overzea l ous ­

ness  appraach i ng  re l i g i o u s  fe rvo r, we hope  tha t  a 
new age  has  actua l ly dawned ,  one  that enab l e s  us to l i n k  prox im i ty and d i stance and  to expe r i ence  

rea l ity i n  a never-end i n g  s i m u lta ne i ty. But  the newness of the s imu ltane i ty rema i n s ,  i n  o u r  heads  as  i n  
o u r  form u l a s ,  vague  and  i mmature .  So  we f l ee  to def i n i t i ons  and metapho rs of t ran s i t i o n ,  creat i n g  a 

" l i q u i d  age "-of emergent  f l u i d i ty, amo rphousness ,  and a d i sso l ut ion of mater i a l .  We dwe i l  p rec i se l y  

upon  t h i s  mate r i a l i ty, d i storted i nto an  i dea l i zed quas i -nosta l g i a .  Wistf u l l y, we gaze  i nto the rearv i ew 
m i rro r at o u r  own mate r i a l  make-up ,  o u r  trad i t i ona l ,  h i stor ica l l y  coherent context and  sea rch  without  

any o r i entat i on  for an  a ctu a l ity we be l i eve we have l ost. 
There seems to be no other way to exp l a i n  our me l ancho ly  contemp la t i on  of i r a n ,  the most con­

c rete of a l l  mater i a l s  fas h i oned by the human hand .  When I K EA se i l s  i ran  spoons with the prav i so  that  

they may poss i b l y  decay ( r ust ) .  then  we have found  the ev idence we seek .  When an  a do l escent o r i ­
en ted  toward d i so r i entat i on  cons i de rs t h i s  spoon to be an  examp l e  o f  coo l  I n d u str i a l  Des i gn  and  buys  

it ,  then i t  can  be no wonder  that  magaz i nes  l i ke Wired sty l i ze former " Ludd i tes" i nto "cybernauts . "  

I n  my day, at l east , i t  was st i l l  t h e  Myth o f  Ev i l  that was attached t o  i ra n  (B/ade Runner). 

Understa ndab ly, we "demograph i ca l l y  i n s i g n i f i cant Gene rat ion X d i nosa u rs , "  obsessed with ha rdwa re ,  
demanded access to the means  of product i o n .  Autonomy by means of unexp l a i ned cond i t i o ns  of own-
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e rsh i p  and  a l i enat ing the " ev i l "  mate r i a l  to a new pu rpose were both o u r  max ims  a nd  d reams .  Mo re 

i mpressed than i nf l uenced by the ear ly  He roes of the I n d u st r i a l  C u l ture (Throbb i ng  C r i s t l e ,  SRU ,  we fe i t  
both  compass i on  fo r  the stee lworkers and i dent i f i cat ion  with the i r  access  to h a rdware ,  as  we i l  as  fas ­

c i  nat ion  for the immed i acy and  d i rectness of the product ion mach i ne ry. Th i s  was p rec i se l y  the back­

g round  from wh i ch  Conta i ned  came i nto be i n g .  A cong l ome rat ion  of adventu rous  i deas ,  ca rved out with 
pass ionate obsess ion i n  the heart of a stee lworks (VOEST A l p i ne ) .  most ly due to me  but never borne 

forward by me a l one .  For 54 months ,  th i s  construct i on  of man  and  mate r i a l  (with cons i de ra b l e  wear and 
tear  on  both)  g rew rampant l i ke a ma l i g nant  tumor at a l ocat ion wh ich  I ,  bou rgeo i s  j u n i o r  h i g h  schoo l  

boy that I was,  took to be at a max imum d i stance trom my fam i l y  home and  my o r i g i n s ,  and  the p lace 

where l i fe cou ld be fe i t  most d i rect ly. 

Thus ,  the rea rv i ew m i rror a l so se rves a tota l ly bana l  funct ion ,  a reco l l ect ion  and  a cons i de ra ­
t i  o n  of the poss i b l e  powers o f  th i s  ma l i g nancy :  there can ha rd l y  have  been another  p l ace l i ke t h i s  one ,  

i n  wh i ch  the confrontat i on  of i n dustr i a l  a rt i sts ( f rom the b u i l d e rs of mach i nes  to the constructors of i de ­
o l og i e s )  with the background  to wh ich  they 

refer red was a more d i rect one .  Noth i n g  
d ragged t h e  pet it  bourgeo i s  roots s o  ruth l e ss l y  

out  of ea rthy sensua l i ty and i nto the l i ght .  
N owhere e l se  i s  i t  so d e l i g htfu l to r ummage 

th rough  th i ngs  a s  they a l ready are w i thout  u l te­

r ior cons i derat i ons  rega rd i ng prob l ems  of a rt­
i n  one  room ,  an e l k's head na i l ed  to the wa l l ,  a 

s o uve n i r  of geog ra p h i c a l  a r rogance  (mas s  
tou r i sm ) .  i nvokes a presumpt ion o f  taste, t h e  f,t.'� . ' :" 
c u l t u ra l  l ives and  do ings  of go-kart racers and  

, '. " 
. ':. 1 >1 / ,  

dog tra i ners suggests a degree o f  c i v i l i zat i o n .  Where e l s e  a r e  the g i ddy ce remon i e s  o f  a wo r l d  wh i ch  

so open ly  c e l eb rates both  itse l f  and the c i rc umstance of i t s  dem i se-the  extreme  romant i c i sm  of a 
"back  to c u l tu re"  that has l ong  ex i sted on l y  on the deathbeds of the museums? 

That's why the " rearv i ew m i rror" is very s imp l e  to construct ! 
F r i ends a re i nv ited and set out ,  u n p rotected ,  for a per iod of 1 0  days ,  to expose themse lves to 

the l oca l ity and  to react with the i r  va r i ous  means  and  strateg i e s  to that wh i c h  they f i nd .  There by, the 
work of the men of stee l  and that of the c h i l d ren  of the c i ty of stee l  are ca l l ed i nto account .  j u st as  the 

fee l i n g  of stra ngeness wh ich  a r i ses out of the i mposs i b i l ity of a n  unde rsta nd i n g  of l i fe without a rt .  
(The resu lts a re presented i n  a sma l l  se r i es  of presentat i ons ,  a n  exh i b i t i o n ,  a round  of d i scus ­

s ions  and a v ideo ser i es . ) *  

<the re i s  no such th i ng  as parad i se> 

Hermann Atz l i nger 

The prod uct itse l f  does not stand i n  the foreg round  but  rathe r  the fasc i na t i on  of those va r i ab l e s  wh i ch  
make i t  poss i b l e .  

Tina Auer 

P lay ing for its own sake, pu rsued i n  the d ivers i ty of mate r i a l s  and  med i a ;  to newly def i ne  the s i g n i f i ­

cance  of cond i t i ons  by means of m i n ima l  c hanges; ce rta i n  s i tuat ions  i n  connect i on  with a newly con­
strued context occas iona l ly resu l t  i n  a ha rmon i o u s  re lat i o n sh i p  wh i ch  opens  our  eyes to bea uty; func­

t i o n i n g  i n  and  of themse lves ,  they masterfu l ly d efy rat i ona l  st ructures and  pe rm i t  u s  to see that wh ich 

had  been fam i l i a r  and prosa i c  i n  a rad i an t  new l i g ht .  

*(Projects are on  www.aec.at) 



Sam Au inger  

G rew u p  whe re the cou ntry meets the c ity . . the monastery ( S t .  F lo r i a n )  he re ,  the  i n d u stry (VOEST) 
there . . .  i n  st i l l -funct i o n i n g  t rad i t i o n  . . .  the re was mus ic ( B ruckne r's orga n )  i n  the c h u rch  and  a rad i o  
at h ome  . . .  b l i ndfo l ded ,  we  p l ayed "wh  i c h  ca r's com i n '  up  t h e  mounta i n ? "  . . .  a VW Beet le  was  easy 
. . .  a n  i ron p i p e  to make no i s e ,  my favor ite toy ( . . .  ) then I was i n a band  and  t h i ngs  sta rted to get 
Eng l i sh . . .  we a l most never sounded good . . .  I wanna be more ser ious ,  I wanna  get ove r the "tra l l a  

tra l l a "  . . .  t h e n  . . .  I nvo lvement with compos i t i o n ,  psychoacoust ics and s o u n d  des i g n  . . .  mot ion  makes 
sound . . .  spaces and mater i a l s  have a sound  . . .  my heart beats a rhythm . . .  I wanna  get c loser  to 

my dreams . . .  

Nico las  Anatol  Bag insky 

Bag i n s ky's mach i nes ,  the  a rt i f i c i a l i ty of l abo rator ies i s  a rt i st i c a l l y  treated .  H e  takes up a q u est ion  i n her­

ited from the t rad i t i on  of s c i e nt i sts and mechan i ca l  eng i nee rs-what d i st i n g u i shes  h uman  be i ngs?­

and he  responds  as  an  a rt i st .  H uman  be i n g s  a re not perfect ly ca l c u l ab l e  creatures ,  and h uman i ty beg i n s  

a t  that p o i n t  where a n  i n d i v i d u a l  wrest l e s  w i t h  t h i s  quest ion o f  what i s  h uman .  Bag i n s ky d oe s  so by 

g i v i ng  express i on  to stra nge  and  awkwa rd customs by means of the mot i o n  of mach i nes .  

Todd B la i r  

Todd B l a i r's work has  evolved f r om extens ive co l l aborative work with a rt i sts concentrat i ng  i n  mach i ne ,  
performance ,  and  sound  a rt .  H e  uses va r i ous  i nd ustr i a l  techno log ies  t o  exp l o re ou r  re lat ionsh i p  to cu l tu r­

a l ly i n her ited i n dustr i a l  processes .  Chang i ng  techno log ies ,  sh ift ing percept ions ,  and the i n c l i nat ion for 
i ndustry to retoo l  has y i e l ded  abundant sou rce mater i a l s  for the projects . By focus i ng  on the transforma­

t ion of these rema i ns ,  he  has q uest ioned our standard re lat ionsh i p  to the i n dust r ia l  env i ronment .  

Tim Boykett 

Ti m Boykett i s ,  amongst many t h i n g s ,  a mathemat i c i an ,  and is i nterested fundamenta l l y  i n  emergent  

structu re .  Whether  it 's i n  g roups  of peop le ,  co l l ect ions of ax ioms ,  or i n terconnected e l ectromechan i ca l  

systems ,  the emergent  ( and  usua l l y  u n expected) co l l ect ive propert ies a re h i s  conce rn .  C o l l a borat ive 

work natura l ly forms a major pa rt of h is effo rts ,  though the prod uct-based success of th is c o l l a bo rat i on  

i s  immater i a l ;  the emergent cha racter of the group work i n  the absence of " management  sc i ence"  i s  
paramount .  Wa rn i n g :  0 0  NOT COLLABORATE ! 

Brass Band  of VOEST-ALPIN E  L inz 

Even before 1 950 ,  co-workers i n  the former VOEST got together to p lay mus ic  i n  the i r  spare t ime .  That 

year, the VOEST Works B rass  Band was forma l l y  founded and today th is i mpress ive B l a so rchester 
i n c l udes app rox i mate l y  55  mus i c i a n s .  P lay ing i n  march i ng  format ion  and wea r i ng  the trad i t i o na l  fest ive 

costume of m i n i n g  and meta l workers, the  group has performed at a wide va r i ety of events i n c l u d i n g  

off i c i a l  state v i s its ,  j u b i l ees ,  company ce l ebrat ions ,  and open-a i r  conce rts ,  at wh i ch  t h e se  o utsta nd­

i ng ly  tra i n ed  mus i c i a n s  never fa i l  to w i n  the hearts of the i r  l i steners .  

Denise Caruso 

A longt ime ana lyst and  observer  of the i n d u str ies of d i g i ta l techno logy and i nteract ive med i a ,  Den i se 

Caruso wr ites the D i g i ta l  Commerce  c o l umn  for the New York Times and  is execut ive producer  of 
Spot l i g ht .  an execut ive conference for the i nteract ive med ia  i ndustry. Caruso has  served on the board 

of d i rectors of the E l ectro n i c  Front i e r  Foundat ion ,  and was e l ected to the boa rd of the I n st itute for 

Alternat ive Jo u rna l i sm in 1 995 .  She ho l d s  a BA i n  Eng l i sh from Ca l iforn i a  Po lytechn i c  State Un ivers i ty 
i n  San L u i s  Ob i spo ,  Ca l i forn i a ,  a nd  l ives and  works i n  San Franc isco .  
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Tatjana  D i denko 

Tat j a  na D i d en ko has  been a mus i co l og i st and  te l ev i s i o n  prod uce r  for Russ i an  State TV Moscow s i nce 

1 990 .  He r  o utsta nd i ng  prod uct ions have been s hown i n  f i l m  and  med ia  a rt fest iva l s  i nternat i o n a l ly. Her  

unse l f i s h  p roduct ion ass i stance to Russ ian a rt i sts ,  a nd  to a rt i sts from around the wor ld  when they v is i t  
Moscow, i s  l e g enda ry. She  i s  a member  of the  New Screen Techno l ogy Assoc iat i o n .  I n  1 995  she  was 
the Rus s i a n  TV producer  for Checkpo int  95 ,  a l i ve te l ev i s i o n  event between New York, M oscow, and  

L i n z  for the Ars E l ectron i ca .  

John Duncan  

John  Duncan 's most recent work i n c l udes "The  C rack l i n g , "  r e l eased  on Trente O i seaux  ( Ge rmanyl .  com­

posed with Max Spr i nger, made at the Stanford L inear  Acce l e rator Center  ( S LAC)  for su batom i c  part i ­

c l e  resea rch  i n  Stanford, Ca l iforn i a ;  " I cons , "  a se r i e s  of 4-meter- h i g h  macro-c l oseup  photographs  of the 
vag i nas  of s i x  women shot i n  i nfrared b l ack-a nd-wh ite f i l m ,  with accompany i ng  b rush  d raw i ngs  of the 

photog ra p h i c  i mages d rawn i n  h i s  b l ood ;  and  The R u u d . E . M emor i a l  C ho i r/Psychonaut, a n  event  for 30-

vo ice  c ho i r, re l eased as  a 7 '  c l ea r-v iny l  EP ( USA) .  

Chip F lynn 

Peop l e hater i s  a co l l a borat ive performance coa l i t i o n  started by Ch ip F lyn n .  The g roup  creates env i ron­

ments where the  d i st i nct ions  between mach i nes ,  ca rn i va l s ,  a nd  monsters break down . We a re l eft 

somewhere i n  the shadows between dream and  n i g htmare .  Th rough a team of tec hn i c i ans ,  seek i ng  

red i rected a m usement .  Peop l ehater engages u s  i n  pe rfo rmances  l i kened to a mechan i ca l  p u ppet show 

from he l l .  

L .  A .  G ladsjs 

Rea rv i ew M i rro r on Techno l ogy 

As we speed towards an  u nknown future ,  t h i s  program of f i l m s  l ooks back at prev i ous  forms of i n d us­

t r i a l  c u l tu re .  Perhaps with i n  these documents ,  c u l l e d  from the a rch ives of Commun i st ,  Naz i ,  and  cap i ­
ta l i st soc ie t i es ,  there a re c l u es to re imag i n i ng D u r  re l a t i o n s h i p  to techno l ogy. I n  add i t ion  to t h i s  h i stor­
i c a l  pe rspect ive ,  the program i n c l udes g l i mpses of new parad i gms  offe red by a rt i sts and othe r  v i s i on ­

a r i es  expe r iment i ng  w i th  poss i b l e  forms tha t  t h i s  re lat i o n s h i p  may take  i n  the  future .  

Brett Go ldstone  

Brett Go l dstone 's demyst i f i cat ion o f  how mechan i c a l  power  sou rces wo rk  has  d rawn h i m  away from 
trad i t i o na l  a p p l i cat ions of k i net ic  e l ements such as  enterta i nment  and spectac l e ,  and has i mbued  the 

works with an u nder ly ing po l i t i ca l  and soc i a l  s i g n i f i cance .  He i s  s howi ng  in E u rope for the f i rst t ime  at 
Rea rv i ew M i rror to Rea l i ty. H i s  aesthet ic i nte rests are focused on  produ c i n g  e l ectr ic motors, steam 

eng i nes ,  and water tu rb i nes  that a re p r ima ry scu l pt u res .  These p i eces are a lso power sou rces  for 
i n sta l l at i ons  of seconda ry k i net i c  s cu l ptures .  

Matt Heckert 

San  Fra n c i sco-based sound a rt i st Matt Heckert's Mechan i c a l  Sound  Orchestra i s  an ensemb l e  of k i n et­

ic mach i nes ,  conce ived and fabr i cated to gene rate sounds  that s u rpass reg u l a r  orchestra l i nstruments 

i n  v i s u a l  dynam ics  and acoust ic  a b i l i ty. The MSO c reates a theatr i c a l  event th rough  a range  of i n stru­
ments and  compos i t ions that i nco rpo rate the spec i f i cat i on  of its performance s i te .  I n  its i n strumenta­

t ion from the  rhythm ic  sect i on  to a str i ng  pa rt and v i rtuoso s o l o i sts ,  the MSO reaches its goal of a k i n et­
ic sound  scu l ptu re .  



Rudo l f  He idebreeht 

1 To rema i n  h uman  / 2 To try not to fa l l  for  O N E ' S  OWN tr icks / 3 A young  a rt ist  once  came  to P i casso  
and  asked h i m :  " M r. P i casso ,  h ow can one  u nde rsta nd a rt? " And P icasso responded by pos i ng  a q ues­
t i  on  i n  retu rn : " H ow can  one  unde rsta nd the s i n g i n g  of a b i rd?"  / 4 "You  must l ove h uman i ty; on ly  in  
t h i s  way can h u man ity be unde rstood .  You may not regard anyone as too abj ect. no  one  as  too hatef u l  
. . .  "-Georg Büchne r, L en z  / 5 " Dy i ng  i s  someth i n g  terr i b l e ,  t h e  gods themse lves have  orda i n ed  i t  so .  

S i nce ,  i f  dy i ng  were  someth i n g  wonderfu l ,  the  gods  themse lves wou l d  d i e . "-Sappho  / 6 " I  get  o l d e r  

and  l ea rn a s  I do  so .  "-So ion  of Athens  

Er ik  Hob i jn  

Pa ras i tes l ive and  feed on other p l ants and a n ima l s .  Techno-Paras i tes use whatever techn i c a l  systems or  

apparatuses they can f i nd  as  hosts ,  d rawing on  the i r  output, the i r  energy supp l i es  and  cyc l e s  to procre­
ate and  g row. A Techno-Paras i te can be a s imp l e  o r  a comp lex system that i s  attent ive and  adapts to its 

host's structure where its i nvent ive stru gg l e  for s u rv iva l  causes techn i ca l  d i s rupt ions .  Techno-Paras i tes 

suck  other mach i nes  empty, d i s r upt the i r  c i rc u i ts ,  effect power cuts, d i sab l e  them,  destroy them .  

Kathy Rae Huffmann 

Kathy Rae H uffman  i s  a free l ance  c u rator, networker, and med ia  art c r i t i c .  S i nc e  1 99 1 , H uffman  has  

been  based i n  E u rope .  S he  c o l l a borates with H I LU S  i ntermed i a l e  Proje ktfo rsch u ng ,Vi e n na ,  whe re he r  

c o l l ect ion of a rt i sts' v i deotapes and  he r  l i b ra ry o n  med ia  a rt a r e  ava i l a b l e  for research u se .  H uffman  
conducts s em i na rs and  workshops ,  and  l ectures on  a rt v ideo ,  i nteractive TV, and  t h e  h i story of a rt i sts 
and  tech no l ogy. He r  research i nto the theory and  pract ices su rround i n g  Cybe r- i n t imacy has been  pre­

sented as  a l ectu re pe rformance  i nternat i o na l l y. 

Laura K ikauka 

One  non -b i og raph i c a l -sty l e  m i n i b l u rb about  La u ra K i kauka ,  (se lf-defi ned )  technonymph & prof i -basher :  
I am  a c o l l ect-a h o l i c  and  can usua l ly be found  p l ay i ng  i n  the entropy of my cont i n uou s l y  g rowi n g  i nven­

to ry of pe rtu rb i ng  objects .  I often c l a im  that I am  not search i ng  for  them,  but they f i nd  me  . . .  l i ke a 

magnet attracts ce rta i n  meta l s .  My pass i onate i nte rests l i e  in the wor ld  of e l ectron i c s  a nd  mechan i cs 

(wh i ch  i n c l u de  computer  interfa c i n g ,  c i rc u it des i g n ,  aud i o ,  v ideo ,  ho log raphy, p l ast ics ,  a nd  we l d i n g )  . 

even though  I seem to be have been born i n  a pa rty d ress I ? !  

Mare 9 

The cap i ta l i st system wi l l  cont i n ue  i n  its feve r i sh  attempt (fever = s i gn  of s i ckness )  to rescue the "free 
ma rket economy" from its process of se l f-destruct i on .  The winners a re those who a re s e l l i n g  u s  eco­

nom i c  and  c u rrency u n i ons  and  a l l  k inds of other nonsense, who don't want to g ive us  any  t ime to t h i n k  

i t  over, wh i ch  i s  why  t hey  a re constant ly te l l i n g  us  what t o  do and wh  at t o  stop do i n g .  Whoever doesn 't 

f i t  i n ,  or doesn 't want to f i t  i n ,  gets a taste of a l m i g hty cap i ta l i sm .  Whoever doesn 't pe rform g ets noth­

ing o r  constant ly less .  D eath to standa rds  (and to cap i ta l ) !  

David Mo ises 

I t  has to do  with mach i nes  and  p l ayth i n g s  and  mach i nes that p l ay; and i t  has to do with the p l ayfu l  

app roach to p i eces of eq u i pment .  s ee i ng  them ,  wh at they can do and  how they  funct i on  ( o r  don 'tl 

Mach i nes  ca rry out act ions ;  they have a u se r/operator with whom they const i tute a u n it .  For  examp l e ,  
d oe s  s omeone  p l a y i n g  Jo j o  on  v i d eo  see the fundamenta l structu re o f  th i s  toy/t h i s  mach i n e 7  The p l ay­

e r  p l ays and the Jojo answers in i ts spec i a l  mechan i ca l  JoJo l anguage .  Th i s  l a nguage  is the mach i ne  

i tse l f .  



G ordon Monahan 

G ordon Monahan 's works fo r  p i ano ,  l o udspeakers ,  v i deo ,  and  k i net i c  sc u l ptu re span  va r i o us  gen res  

f r om avant-ga rde concert mus i c  to m u l t imed i a  i nsta l l a t i on  and  sound a rt .  J ohn  Cage once sa i d ,  "At  the 

p iano ,  Go rdon  Monahan produces sounds  we haven 't hea rd before . "  C u rrent ly h i s  ma in  foc u s  i s  ca l l e d  
M u l t i p l e  Mach i n e  Matr ix, a system of computer-contro l l e d  k i n e t i c  i n struments made  f r om  e l ectro n i c  

s u r p l u s  and  i ndustr ia l  trash .  M M M  i s  a network of mus i c a l  ma c h i n e  pe rformers that a r e  capab l e  o f  

mov i ng  comp l ex l ayers o f  acoust ica l l y  p roduced s o u n d  i n  space .  

M ath ias  Moser 

I b e l i eve that 90% of Du r  words serve to ve i l  the  truth . One  poss i b i l i ty to d raw neare r  to i t  i s  the  l i ght ,  
whereby the q uest ion ar i ses of whethe r  every form of l i gh t  scans on l y  the ref l ect i on  of s u rfaces for  
t ruth .  

Li nda  N i lsson 

L inda N i l s son  has been exp lo r i ng  mate r i a l s ,  expe r iment i ng  and  p lay ing with the i r  funct i o ns .  Th is  con­

frontat i on  with scu l pture and sound l ed  he r  to deve l op  movi ng  sound  scu l ptu re .  The essent i a l  aspect 
of he r  work i s  the i nventi on of space/a p i  ace  which ref l ects back on that form of research and  the 

eme rg i n g  room i n sta l l a t ions .  

Fritz Ostermeier  

I 'm not i nterested i n  whether  mus i c/a rt/theory i s  of re l evance .  Who's speak i ng?  Who even has  the 
ne rve to t ry  to pa lm off on me as  re l evant h i s  freak i s h  psycho l og i c a l  d i scharges .  Fuck  off, re l evant 

th i n kers ! Fuck off, re l evant a rt i sts ! And you can take the thousands of re l evant ly creat ive l i tt l e  ha lf­

assed h obby dabb l ers r ight a l ong with you .  Anyone who doesn 't have some obsess i ons  to show can 
stay the h e l l  away from me. 

Mart in  Reiter 

No-p l a ce  for a rt, i n  which a th i ck-wa l l ed  su bterra nean  comp l ex i s  e qu i pped th rough  a n  I nternet add ress 
with wh at i s  cu rrent ly the maxi mum poss i b l e  speed capac i ty. The ancho r  i s  cast ,  l ay ing i t  r i gh t  on the 

l i ne with a concrete b lock ,  wh i ch  i n  its na rrow i nte r i o r  represents a concentrated ga l l e ry s i tuat i o n .  With 
the  exh i b i t i on  "Art and Acti on , "  the no -p i  ace  becomes the nat i o na l  ga l l e ry. Wh at has  a l ways been 

i m po rtant ,  then and now, i s  the part i c i pa t i on  of so many a rt i sts and  creat ive peop l e  from Austr ia  and  
a b road ,  the d i rect cu ltu ra l  exchange and  f l ow of i nformat ion wh i ch  ca me  about and  happened  because  

of t h i s  b u i l d i n g .  

D i e  Romantiker 

Dance mus ic  to hear  and see .  The g ua rantee of a successfu l event .  We i l  known i n  the dance mus i c  

scene  for 1 0  years .  With heart, mus i c i a n sh i p ,  a nd  the joy of perform i n g ,  The Romant i c s  prov i de  fo r  
good  t imes  and  aud i ence enjoyment at a l l  types of affa i rs and  events w i t h  a mus i c a l  ra i nbow i n c l ud­

ing sta ndards ,  Austr ian and German pop c l a s s i cs ,  o l d i e s ,  h i ts from the 50s ,  60s ,  and  70s  a s  we i l  as  
today's sounds .  Cu rrent CD :  He i ss  w i e  Feue r  M PA 1 20 1  

Herbert Sc hager  

" Everyth i n g  he re i s  the  nast iest sa rcasm ,  everyth i n g  he re i s  i n nocent ly  c h i l d l i ke ;  eve ryth i n g  g nashes 
a nd  bares its fangs ,  wh is t l es  and sho uts with g lee .  U nvarn i shed  s i tuat i on  reports from the outs ide  
wor ld  a re j o i ned by encoded commun i ques  from i nte r i o r  rea lms  hous ing  monstros i t i es  a rduous ly  kept 



i n  check .  It i s  a p r ima l l y  c ompu l s ive and  yet c u l t i ca l ly system i zed occurrence . "  S i n ce  I see myse l f  rathe r  
a s  a pa i nter  a n d  l e s s  a s  a conceptua l  o r  i nsta l l a t ion  o r  a n y  other k ind o f  a rt i st, w h  at I wou l d  rea l l y  l i ke 
to da is put  on a sma l l  exh i b i t i on  ent i t l ed  " G u a rd i a n  of the P i ctu res . "  

leo Schatzl 

See i ng  a lot i s  i nterest i n g  

Manue l  Sch i lcher  

"The  funct ion  o f  memory i s  the p rotect i on  of i mpress ions ,  remembrance's a i m  i s  the i r  decompos i t i o n .  

Memory i s  essent i a l l y  conse rvat ive, remembrance i s  destruct ive . Consc i ousness o r i g i nates i n stead o f  
the t r ace  of remembrance .  Becom i n g  consc i ous  and l eav i ng  beh i nd  a trace of memory for  the same  sys­

tem are i ncompat i b l e  with each other. Remnants of remembrance a re often strongest and l o ngest- l ived 

when the occur rence which l eft them beh i nd  has never entered one 's awa reness . "  ( G i l l e s  D e l e uze )  

Franz Se lbst 

D i g ita l a nd  ana l o g  mach i n e  i n  no context 

Suzanne Stephanac 

After res um i n g  he r  free l ance  wr i t i ng  career  for three years , Stephanac retu rned to Macwor l d  i n  the  fa l l  

o f  1 994 i n  o rder  t o  l a u nch  Macwor l d  O n l i ne ,  a serv ice that res ides on  the Wor ld  Wide  Web ( http :// 
www.macwor l d . com )  and  Amer ica O n l i n e  ( keyword : macwor l d )  As ed i tor of Macwor l d  O n l i n e  s he  man ­

ag es the content ,  techno l ogy, and ,  at l east to date, t he  bus i ness s i d e s  of the new venture ,  re l i s h i n g  t he  

c haos  and  potent i a l  i n h e rent i n  such  a n  endeavor. Stephanac i s  a fac u l ty membe r  w i t h  the Stanford 

Profess i ona l  P u b l i s h i n g  Cou rse l ectu r i ng  on web pub l i s h i n g .  

Gordon W 

As a fa nat i c  ex-monk ,  pe rformance i ntervent i o n i st, and faund i ng  neo i st, Go rdon W i s  feared with i n  

To ronto's subcu l tu re .  W's "One  Wor l d  C u i s i n e "  i s  renowned i n  f i lm  product ion  c i rc l e s  for  extravagant 

cate r i n g .  (w. Shatner :  " Best cate r i ng  I 've ever had on the Enterpr ise .  S i mp ly  out  of t h i s  wor l d . "  And 

J e rry Lew is  on  W's J e rry Lew is  e rsatz lamb made f rom g l uten :  "You r  meat was so tender, i t  was a pa rty 

in my mouth . " )  In h i s  Ber l i n  i r r i ta i nment  concou rses ,  Go rdon W wou l d  l i ke to se rve up a new vers i o n  of 
the b i odyna m i c  c u i s i n e  taught  by Rudo l f  Ste i n e r. 

Dor is  We ichse lbaumer  

So  what  i s  i t  about  anyway? / Make i t  u p  a s  you  go .  / Search ( pathet i c ) .  Confus i on  (a lways ) .  / > What 

i s  YOUR rea l i ty ? / games (>foo l  yo u rse l f ! )  / N OT gett i ng  STUCK AT ALL the wrang p l aces .  / Co u l d  you 

be se r i ous? --------------------/We a l l  know better. But you knew that. 

Jim Whiti ng 

J im Whit i n g 's pneumat i c  mechan i ca l  i nsta l l at i ons  i l l u strate the rud imenta ry phys i ca l  propert i es  of tech­

no l ogy. H i s  rea n i mated wash tubs ,  d r i v i ng  bedrooms, and rov ing  overcoats represent the natura l  exten­

s i o n  of the b i omechan i ca l  wor ld to the ex ist ing structu ra l  mechan i ca l  wor l d .  H i s  se lf-descr ibed musc l e  

techno l ogy (a  se l f-constructed cy l i nde r  cons i st i ng  o f  f i re hose )  para l l e i s  t he  human- l i ke endeavors of h i s  

creat ions .  A s  advancements i n  techno l ogy cha l l enge t h e  cu rrent re lat i onsh i p  we  have t o  mach i n e s ,  h i s  

work rem i nds  us  that we  mode l  techno l og i ca l  ach i evements on our  own h uman  systems .  



Kathr in  Wi lkes 

Kath r i n  Wi l kes '  work exam i nes the adopt i on  and s u bsequent c reat ive abu se of techno l ogy and new 

med i a  i n  the rea l m  of mach i n e ,  m i xed med i a ,  a nd  pe rformance  a rt .  U s i n g  documentat i on  together with 
demonstrat ion  as  a p l atfo rm,  she  i nvest i gates the re imag i n g  of i n d ustr i a l  c u l ture by va r i ous  a rt i sts .  By 

j uxtapos i ng  work i n  progress with e l ements d rawn from everyday l i fe ,  a retrospect ive v i ew of our con­

nect i o n  to techno l ogy emerges .  

Liz Young 

With i n  my work  I transform the aud i ence 's pe rcept i on  of the fam i l i a r  and  expected by a l te r i ng  the work 
to ref lect a c r i t i ca l  approach to our cu l t u ra l  pa rad i gms .  Th i s  transfo rmat ion occurs with the use of 
mate r i a l s  and p rocesses that a re often contra ry. I n cong ru i ty d raws out the i rony of the work and the 

e l ements of l i v i ng  a re recontextua l i zed to demonstrate the absu rd i ty of modern-day l i v i n g .  Th i s  cyn ica l 
approach to the nature of ou r  l i ves is howeve r not without the recogn i t i o n  of the power of h uman  d i g ­

n i ty. Perhaps th i s  att i tude unde rscores the bas i c  re la t i o n sh i p  we have  to the comed i c  traged i es  t ha t  a re 

omn i present i n  o u r  l ives . 

Erwin  Zeppezauer 

The appa ratus as  a t ime storage dev ice conc ret i zes moments snatched from the stream of t ime .  

Moments whose emergence i nto the foreg round  beg ins  i n  one 's head a re projected o utwa rd i n  the p ic ­

ture o r  through  i t .  

Bertho ld  Zette lmeier 

S u rrou nded by h i gh-tech prostheses ,  the human be ing sta nds before h i s  own body, its ways of func­
t i o n i n g  and its f l aws. The fu rther  he  searches ,  the c l eare r  i t  becomes that an  u n known i s  at the con­

tro l s .  B ra i n  funct ion processes a re more comp l ex than any AI .  I f  the soc i a l l y determ i n at ive parameters 
speed and  i nformat ion quant ity a re ra i sed ,  however, speed and  the comp l i a nce  with it i g no re the m i nd 

i n  favo r of contro l  by i n st i nct . St im u l u s  react i on  mechan i sms  appea r, set u p  i nterfaces mark i ng  the bor­
de rs of the wi l l  and serv ing as  the basis for art ist ic c reat i on .  

Alex Zu l jev ic 

Over and  over  aga i n ,  we a re stunned by the fo l l ow i ng  l i nes from Hege l 's Phenomenology of the Spirit 

"The phases of h uman ex istence a re not phases of happ i ness ,  the  phases of happ i ness a re l i ke empty 
pages with i n  i t . "  He i n r i ch  H imm l e r  i n c i s ive ly  formu l ated h i s  i dea  of " f i n a l  v i ctory " :  "We have no more 

teach i n g s  to offe r to the Untermenschen; a l l  they need  to know i s  one  s i m p l e  l i tt l e  l esson  and  the traf­
fic s i g n s  so they can keep out of the way of o u r  Me rcedes . "  A l l  that rema i n  for us  is to res i st any form 
of abso l ut i sm and to fight a l l  those who wou l d  impose the i r  wi l l  upon  us, so that the tender  coat ing of 

fert i l ity never tears .  

The project Rückspiegel zur Realität (Rearview Mirror to Reality) is sponsored by BMWVK; O. OE. 

Kultur; Linz Kultur, V-A Stahl, ACE Auto & Scrap, S. F 
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I ntroduction 

I n  prev ious  act i ons  the body has  pe rformed wi th  techno logy attached ( the Th i rd Hand-actu­
ated with EMG s i g na l s ) .  tech no l ogy i n se rted (the Stomach Scu l ptu re-a se l f- i l l u m i na t i ng ,  sound -em it­

t i n g ,  open i ng/c l o s i n g ,  exte nd i n g  and retract i ng  mechan i sm operat i ng  in the stomach cav ity) and N et­

connected (the body becom i n g  accessed and remote ly activated by peop l e  in other  p l aces ) .  The body 

has been augmented ,  i nvaded ,  and  now becomes a hast-not on ly  for  techno l ogy, but  a lso for remote 

agents .  J ust as  the I nternet p rov i des  extens ive and i nteractive ways of d i sp l ay i n g ,  l i n k i n g ,  and retr i ev­

i n g  i nformat i on  and i mages ,  i t  may now a l low unexpected ways of access i n g ,  i nterfa c i n g ,  and u p l oad­

i n g  the body i tse l f .  And i n stead of see ing  the I nternet as  a means of f u l f i l l i n g  outmoded metaphys i c a l  

d e s i res  o f  d i sembod i ment ,  i t  offe rs on  the contra ry powerfu l  i n d i v i d ua l  a nd  c o l l ect ive strateg i e s  for  p ro­

ject ing body presence and extrud i n g  body awareness .  The I nternet does  not hasten the d i sappea rance  
of the body  and  the d i s so l u t i on  of the se l f-rather  i t  gene rates new c o l l ect ive phys i c a l  coup l i n gs  a nd  

a te l emat ic  sca l i n g  of s u bject iv i ty. S u ch  a body's authent ic i ty wi l l  not  be due  to the cohe rence  of its 

i n d iv i d ua l i ty but rathe r  to i ts m u l t i p l i c i ty of co l l a borat i ng  agents .  What becomes i mportant i s  not me re­
I y  the body's i d ent i ty, but  i ts connect iv i ty-not its mob i l i ty o r  l ocat i on ,  but  its i nterface . 

Surface and  Se lf: The Shedd ing  of Sk in  

As a s u rface ,  s k i n  was once the beg i n n i n g  of the wor l d  and s i m u l taneous l y  the bounda ry of the 

se l f .  But  now stretched ,  p i e rced ,  and  penetrated by techno l ogy, the sk i n  i s  no  l anger  the smooth and 

sensuous  s u rface of a s i te  o r  a screen .  Sk i n  no l ange r  s i g n i f i es  c l osu re .  The ru ptu re of s u rface and  s k i n  

mean s  the e ra s u re of i n n e r  and  outer. An a rtwork h a s  been  i nse rted i ns i de  the body. T he  Stomach  
Scu l ptu re-constructed fo r the F i fth Austra l i an  Scu l ptu re Tri enna l e  i n  M e l bou rne ,  whose theme was  

s i te-spec i f i c  work-was i nse rted 40 cm i nto the stomach cavity. Not a s  a prosthet ic i m p l an t  but  a s  a n  

aesthet ic  add i t i on .  The body becomes h o l l ow-not t h e  BWO b u t  rathe r  a body w i t h  a rt .  T h e  b o dy  i s  

expe r ienced as  h o l l ow, w i t h  no  mean i ng fu l  d i st i nct ions  between p u b l i c ,  p r ivate ,  and  phys i o l og i c a l  

spaces .  The h o l l ow body  becomes a hast ,  n o t  f o r  a se l f  but  s imp l y  fo r  a scu l ptu re .  As i nte rface ,  t h e  

s k i n  i s  obso l ete .  The s i g n i f i cance  of the cyber may  we i l  res i d e  i n  t h e  a c t  of the b o dy  shedd i n g  i t s  s k i n .  
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The c l ot h i n g  of the  body with membranes a nd  embedd i n g  i n  them of a l te rnate sensory and  i n put/out­
put dev ices  creates the poss i b i l i ty of more i n t imate a nd  enhanced i nteract iv i ty. S ubj ect ive ly, the body 
exper i ences  i tse l f  as a more extruded system,  rathe r  than a n  e n c l osed structure .  The se lf  becomes s it­

uated beyond the sk i n .  I t  i s  part ly through t h i s  extrus i o n  that the body becomes empty. But t h i s  empt i ­

ness  i s  not th ra ugh  a lack but f ram the extru s i o n  and  exte n s i o n  of i ts capa b i l i t i es ,  i ts new sensory 

antennae  and  its i ncreas i n g l y  remote funct i o n i n g  

Fracta l F lesh 

Cons i de r  a body that can extrude its awa reness and act ion  i nto other bod i es  o r  b i ts  of bod i es  

i n  othe r  p i  aces .  An a lternate operat i ona l  ent i ty that i s  spat i a l l y  d i st r i buted but e l ectra n i c a l l y  connect­
ed. A movement that you i n i t i ate in Me l bourne wou l d  be d i s p l aced and man i fested in a n other  body i n  

Rotte rdam .  A sh i ft i n g ,  s l i d i ng awa reness that i s  ne i t he r  " a l l  he re "  i n  t h i s  body n o r  " a l l  there"  i n  those 

bod i e s .  Th i s  i s  not  about a fragmented body but a mu l t i p l i c ity of bod ies and  pa rts of bod i e s  prampt ing 

and  remote ly  g u i d i n g  each other. Th i s  i s  not about  master- s l ave contra I mechan i sms  but  feedback l oops 

of a l te rnate awa reness, agency, and of sp l i t  phys i o l o g i e s .  I mag i n e  one  s ide of you r  body be ing remote­
I y  g u i ded  wh i l st the other  s i de  cou l d  co l l a bo rate with a l oca l agency. You watch a part of your body 

move but you have ne i ther  i n i t i ated i t  nor a re you contract i n g  your musc l e s  to praduce i t .  Imag i n e  the 

consequences and advantages of be i ng  a s p l i t  body with vo l tage - i n ,  i n d u c i n g  the behav i o u r  of a remote 

agent ,  and vo l tage-out of you r  body to contro l pe r i phe ra l  dev i ces .  This wou l d  be a more comp lex  and 

i nterest i n g  body-not s imp l y  a s i n g l e  ent i ty with one agency but  one that wou l d  be a host for a m u lt i ­
p l i c i ty of remote and  a l i e n  agents-of d i fferent phys i o l o g i e s  and  i n  va ryi ng  l ocat i ons .  Ce rta i n l y  there 

may be  j ust if i cat i o n ,  i n  some s i tuat ions and for pa rt i c u l a r  act ions ,  to te l e-operate a h uman  arm rathe r  

than  a rabot man i p u lator-for i f  the task  i s  to be pe rfo rmed i n  a non-hazardous locat i on ,  then i t  m i g ht 

be a n  advantage  to use a remote human a rm-as it wou l d  be attached to another  arm and  a mob i l e ,  
i n te l l i g e nt body. Cons ide r  a task b eg u n  b y  a b ody  i n  one  p i  ace ,  comp l eted b y  another  b ody  i n  a nother  
p i  ace .  O r  the t ransm iss ion  and  cond i t i o n i n g  of a s k i l l .  The body not as  a s i te of i n sc r i pt i on  but  a s  a 

med i u m  for the man ifestat ion of remote agents .  Th i s  phys i ca l ly s p l i t  body may have one  a rm gestu r i n g  

i nvo l u nta r i l y  ( r emote ly actuated by  an unknown agent ) .  wh i l st the  o the r  arm i s  enhanced by  an  

exoske l eton prasthes i s  t o  perform w i t h  exq u i s i te sk i l l  a nd  w i t h  extreme  speed .  A body  capab l e  of i n co r­
porat i n g  movement  that fram moment to moment  wou l d  be a p u re mechan i c  mot ion pe rformed with 

ne i ther memory no r  des i re . 

Stimbod 

Wh at makes  th i s  poss i b l e  i s  a touch-screen musc l e  st i m u l at i on  system .  A method  has  been  
deve l o ped  tha t  enab l es the body's movements to be  p rog rammed by tou ch i n g  the musc l e  s i t es  on  the  
computer  mode l .  O range f l esh  maps the poss i b l e  st i m u l at i o n  s i tes  wh i l e  red f l esh  i n d i cates the actu­

ated musc l e( s ) .  The  sequence of mot ions can be rep l ayed cont i n uous l y  with its loop funct i o n .  As we i l  

a s  c ho reog raphy b y  press i ng ,  i t  i s  poss i b l e  t o  paste sequences  togethe r  from a l i bra ry of gesture i cons .  
The system a l l ows st imu la t i on  of the programmed movement for  ana lys i s  and  eva l uat ion  before trans­
m i s s i o n  to actuate the body .  At a l ower sti mu l a t i on  l eve l  i t  i s  a body prampt ing system.  At a h i g he r  

st i m u l at i o n  l e ve l  i t  i s  a body actuat ion  system .  Th i s  i s  n ot a bou t  remote contro l of the body, b u t  rathe r  
construct i n g  bod i e s  with sp l i t  phys i o l og i es ,  operat i n g  w i t h  mu l t i p l e  agency. Was i t  Wittge nste i n  who  
a s ked  wh at wou l d  rema i n  i f ,  i n  ra i s i n g  you r  a rm ,  you cou l d  remove the  i ntent i on  of ra i s i n g  i t ?  O rd i na r i l y, 
you wou l d  assoc i ate i ntent i on  with act ion (except ,  pe rhaps ,  i n  a n  i n s t i n ct ive mot ion-or if you have a 
patho l o g i c a l  cond i t i on  l i ke Pa rk i nson 's d i sease ) .  With  St i mbod ,  t hough ,  that i ntent i on  wou l d  be trans-



m itted from another body e l sewhere .  There wou l d  be act ions without expectat i o n s .  A two-way te l e ­

S t imbod system wou l d  c reate a possessed a nd  possess i ng  body-a sp l i t  phys i o l ogy  to c o l l a bo rate a nd  
pe rform tasks remote l y  i n i t i ated and  l o ca l l y  comp l eted-at t h e  s ame  t ime  i n  the o n e  phys i o l ogy . 

Extreme Absence and the Exper ience of the Al ien  

Such  a St imbod wou l d  be  h o l l ow body, a hos t  body  fo r  t he  project i on  a nd  pe rformance  of 

remote agents .  G l ove Anaesthes i a  and  A l i e n  Hand a re patho log i ca l  cond i t i ons  i n  wh ich the pat i ent  
exper iences  parts of the i r  body as  not  there ,  as  not the i r  own ,  as not unde r  the i r  own contro l-an 

a bsence of phys i o l ogy on the one hand and  an  absence of agency on 

the othe r. I n  a St imbod not on l y  wou l d  i t  possess a s p l i t phys i o l ogy  but  

i t  wou l d  exper ience parts of i t se l f  a s  a utomated ,  a bsent ,  a nd  a l i e n .  
The p rob l em  wou l d  no  l onge r  be possess i n g  a s p l i t pe rsona l i ty, b u t  

rathe r  a s p l i t  phys i ca l i ty. I n  o u r  P laton i c ,  Ca rte s i a n ,  a nd  F re ud i a n  pasts 
these m ig ht have been cons ide red path o l og i c a l  and in o u r  Fouca u l d i a n  
present w e  focus on  i nscr ipt ion a n d  contro l  o f  t h e  body. Bu t  i n  the  te r­

ra i n  of cyber-comp l ex ity that we now i n  hab i t ,  the  i n a deq uacy a nd  the  
obso l escence of the ego-agent-d r iven b i o l og i ca l  body cannot be  mo re 

a pparent .  A t rans i t i on  from psycho-body to cyber-system becomes 
necessary to funct i on  effect ive ly and  i ntu i t i ve ly  i n  remote spaees ,  
speeded-up  s i t uat i ons ,  and comp lex techno l og i e a l  te r ra i n s .  Du r i ng  a 

Sexua l ity and  Med i c i n e  Sem ina r  in M e l bou rne ,  Sandy  Stone  asked me  

what wou l d  be t h e  cyber-sexua l  imp l i cat ions  of the St i m bod system?  

N ot hav i ng  t hough t  abou t  i t  before, I t r i e d  to exp l a i n  what i t  m ig h t  be  

l i ke .  I f  I was i n  Me l bou rne and Sandy  was  i n  N ew York ,  my touch i n g  

my chest wou l d  prompt he r  t o  caress h e r  breast .  Someone observi ng he r  there wou l d  see  i t  a s  a n  act 
of se l f-g rat i f i cat i on ,  a s  a mastu rbatory act .  She  wou l d  know, though ,  that he r  hand was remote l y  a nd  

perhaps even d i v i n e l y  g u i ded ! G iven taet i l e  and  force-feedback ,  I wou l d  f e e l  my t o u c h  v i a  another  per ­

son from another  p i  ace as  a secondary and  add i t i ona l  sensat i on .  Or, by fee l i ng my ehest  I can  a l so fee l  
h e r  breast .  An i nt imacy th ro ugh  i nterface ,  a n  i nt i macy without prox im i ty. Remember that St i mbod i s  not 

mere ly a sensat ion of touch  but a n  actuat i o n  system .  Can a body co pe with expe r i enees  of extreme  
a bsence  and  a l i e n  act ion without  becom i n g  overcome b y  outmoded metaphys i c a l  fears a nd  obsess i o n s  

of i n d i v i d ua l i ty and  free agency7 A St imbod wou l d  t h u s  need  t o  expe r i ence i t s  actua l ity n e i t h e r  a l l - p re ­

sent- i n -th i s-body, no r  a l l -present- i n-that-body, but part ly-here and p rojected-part l y-the re .  An ope ra­

t i o na l  system of spat i a l l y d i st r i buted but e l ectron i e a l l y  i nterfaced c l u sters of bod ies ebb i n g  and  f l ow­

i n g  in awa reness ,  a ugmented by a l te rnate and a l i e n  agency . 

P ing  Body I Proto-Paras ite 

In 1 995 for Te l e po l i s ,  peop l e  at the Pomp idou  Centre (Par i s )
' 

the Med i a  Lab ( H e l s i n k i ) , and the 

Doo rs of Percept i on  conference (Amsterdam )  were ab l e  to remote ly  access and  aetuate th i s  body i n  
Luxembou rg ,  us i ng  the touch-sereen - i nterfaced musc l e  st imu lat i o n  system .  I S D N  P i ctu rete l  l i n ks 

a l l owed the body to see the face of the pe rson who was moving it wh i l st the  p rog rammers c o u l d  

observe the i r  remote choreogra phy. A l though  p eop l e  thought they were mere ly  aet iva t i ng  t h e  body's 

l i mbs ,  they were i nadve rtent ly compos i ng  the sounds that were heard and  the images  of the body they 

were see i ng-for  the body had  senso rs ,  e l ectrodes ,  and  transducers on  its legs ,  arms ,  and  head  that  

t r i gge red samp led  body s i g n a l s  a nd  sounds and  that a l so made the body a v i deo  swi tcher  a nd  m ixe r. 



And a l though peop le  in other p l aces were perform i n g  with the R H S  of the body, it cou l d  respond by actu­

at i n g  its Th i rd Hand, voltage-out from e l ectrodes pos i t i oned on  its abdom i na l  and LHS leg musc l es .  Th i s  
s p l i t  body t h en  was  man ifest i ng  a comb inat ion  of i nvo l u ntary-remote ly g u i ded ,  i mp rov i sed ,  and  EMG  

(mus c l e - i n it iated)  motor mot ions .  I n  P i ng  Body-an I nternet-actuated and u p l oaded pe rformance ,  per­

formed f i rst for D i g ital Aesthet ics i n  Sydney, but a l s o  for D EAF in Rotte rdam in 1 996-i nstead of the 
body be ing prompted by other bod ies i n  othe r  p i  aces ,  I nternet act iv i ty i tse l f  c ho reographs  and compos­
es  the performance .  Random p i ng i ng  to over 30  g l oba l  I nternet doma i ns  prod uces va l ues  from 0 to 2 ,000 

m i l l i s econds that a re mapped to the de l to i d ,  b iceps ,  f l exors ,  hamstr i ng ,  and ca lf musc l e s :  0 to 60 vo l ts 

i n i t i a t i ng  i nvo l untary movements .  The movements of the body a re amp l i f i ed ,  with a M I D I  i nterface mea­

s u r i n g  pos i t i on ,  prox im i ty, and bend i ng  ang le  of l imbs .  Activated by I nternet data ,  the body i s  u p l oaded 

as  i nfo and  images  to a website to be v i ewed by other peop l e  e l sewhere. The body i s  te l emat ica l ly 
sca l e d  u p ,  st i m u l ated, and stretched by reverberat i n g  s i g n a l s  of a n  i nf l ated spat i a l  a nd  e l ectr i c a l  sys­

t em .  The u s ua l  re l at ionsh i p  with the I nternet is f l i p ped-i nstead of the I nternet be i n g  constructed by 

the i n put  from peop le ,  the I nternet constructs the act iv i ty of o ne  body. The body becomes a nexus for 

I nternet act iv i ty-its act iv ity a stat ist ica l construct of computer  networks .  

Paras ite: Event tor Invaded and Invo lunta ry Body 

A custom i zed search eng i ne  has been constructed that scans ,  se l ects , and d i s p l ays images  to 
the body-wh i ch  functi ons in an  i nteract ive v i deo  f i e l d .  Ana lyses of the J PEG f i l e s  prov i de  data that is 
mapped  to the body via the musc l e  st i mu l a t i on  system .  There i s  opt i c a l  and e l ect r i ca l  i n put i nto the 

body. The images  that you see are the images  that move you .  

Cons i de r  the body's v i s i on ,  a ugmented and  ad justed to a pa ra l l e l  v i rtu a l i ty t ha t  i n creases i n  
i ntens i ty to  compensate fo r  the twi l i g ht of the rea l wor l d .  Imag i ne  the search  e n g i n e  se l ect i ng  i mages  

of t he  body of f  the WWW, construct i ng  a metabody that i n  t u rn moves the phys i c a l  body. 
R ep resentat i ons  of the body actuate the body's phys i o l ogy. The resu l t i n g  mot ion i s  m i rrored i n  a VR M L  

space  a t  t h e  pe rformance s i te a n d  a l s o  u p l oaded t o  a W e b  s i te  as  potent i a l  a nd  recu rs i ve sou rce 

image s  for body reactivat i on .  Rea lAud io sound  i s  i n se rted i nto samp led body s i g n a l s  a nd  sounds gen­

e rated by pressu re ,  prox im i ty, f lex ion ,  and  acce l erometer  sensors .  The body's phys i c a l ity p rov ides feed­
back  loops of i nteractive neu rons ,  ne rve end i ngs ,  musc l e s ,  t ransducers ,  and  Th i rd Hand mecha n i sm .  

The  system e l ectron i ca l l y  extends t h e  body's opt i c a l  a nd  ope rat i o na l  parameters beyond t h e  cyborg 
a u g mentat i on  of its Th i rd Hand and othe r  pe r i phe ra l  dev i ces .  The p rosthes i s  of the Th i rd Hand i s  coun ­

te rpo i nted by  the p rosthes i s  of the search eng i ne  softwa re code .  P l u gged i n ,  the body becomes a pa r­
a s i te  s u sta i ned by an extended ,  exte rna l and  v i rtua l ne rvous system . Paras i te was f i rst pe rformed for 
V i rtu a l  Wor l d  O rchestra i n  G l asgow. I t  has a l so been presented for The Stud i o  for  C reat ive I n q u i ry, 
Ca rneg i e  M e l l on U n ivers ity at the Wood Street G a l l e r i e s  in P i tts bu rgh ,  and for Fest iva l At l a nt i co  i n  

L i s bon  . 

Phantom Bod ies  and Col lective Strateg ies  

Prev i ous l y  connect ion and commun i cat i on  with othe r  bod ies  on  the I nternet was  on l y  textua l ,  

w i th  a n  acute absence of phys i ca l  presence .  T h i s  was not t h e  expe r i ence  o f  authent i c  evo lved absence 
that res u l ts i n  an  effect ive ly operat i ng  body i n  the rea l word-absence of the body on  the I nternet i s  
a n  a bsence  of i nadequacy, that i s  an  i nadequacy of app ropr i ate feedback l oops .  As we  ha rd-wi re more 

h i g h-f i d e l ity image ,  sound ,  tact i l e  and force-feedback  sensat ion  between bod ies ,  we beg i n  to gene rate 
powe rf u l  phantom presences-not phantom as  in phantasmagor i ca l ,  but  phantom as  in phantom l i m b  
sensat i on .  T h e  sensat ion o f  t h e  remote body sucked  o nto you r  s k i n  a n d  ne rve end i ngs ,  c o l l aps i ng  the 



psycho l og i c a l and  spat i a l  d i sta nce between  bod ies  on the Net .  J ust as i n  the expe r i ence  of a phantom 

l i m b  with the amputee ,  bod i e s  wi l l  gene rate phantom partners, not because  of a l ack ,  but  a s  a n  extend ­

i n g  and  enhanc i ng  add i t i on  to the i r  phys i o l ogy. You r  a u ra wi l l  no t  be  you r  own . I t  wi l l  o n l y  be th ro ugh  
t h e  construct ion  o f  phantoms t h a t  the equ iva l e nt o f  o u r  evo lved absence wi l l  be exper i enced ,  as  we  

funct i o n  i n c reas i n g l y  powerfu l l y  and  w i t h  s peed  and i ntu i t i on  (a  successfu l body operates a utomat i ­
ca l l y ) .  Bod i e s  must now perform i n  techno-terra i n s  and  data structures beyond the human sca l e  where 

i ntent i on  a nd  act ion co l l a pse i nto acce l e rated responses .  Bod ies  act ing without expectat i o n ,  p rod u c i n g  
movements without memory. Can  a body a c t  without emot ion? Must a body cont i n uou s l y  aff i rm  i ts 

emot i ona l ,  soc i a l ,  a nd  b i o l o g i c a l  status q u o? O r  perhaps wh at i s  necessary i s  e l ectro n i c  e rasu re with 

new i nt i mate ,  i nterna l i zed i nte rfaces to a l low for the des ign of a body with more adequate i n puts a nd  
outputs f o r  pe rformance and  awa reness a ugmented by  search eng i nes .  I mag i ne  a body  remapped a nd  

reconf i gu red-not i n  g e ne t i c  memory but rathe r  i n  e l ectron i c  c i rc u itry. Wh at o f  a body  t h a t  i s  i n t imate ly  

i nterfaced to the WWW-and that i s  st i rred and i s  sta rt l ed  by d i sta nt wh i spers and  remote prompt­
i n g s  of othe r  bod i es  in othe r  pi aces? A body that i s  i nformed by sp iders ,  knowbots, and  phantoms . 

Operationa l l nternet/ Inte l l i gent System 

Cons i de r  the I nternet structured so that i t  wou l d  sca n ,  se l ect, and switch automat ica l l y  i nter­

fac i n g  c l u sters of on- l i ne bod i e s  in rea l t ime  (the s i ze and expert i se of the c l u sters se l ected for  the task  

to be pe rfo rmed ) .  Can  a body  cope w i t h  the m u l t i p l i c i ty of agents-a f l u i d  and  f l owi ng  awa reness  that 

d ims and  i ntens i f i es  a s  agents are connected and d i scon nected7 Awa reness and  agency wou l d  be 

sh i fted and  sha red i n  a n  e l ectro n i c  space of d i st r ibuted i nte l l i gence .  The I nternet becomes not mere l y  

a means  of i nformat i on  tra n sm i s s i o n ,  but  a mode of transduct ion-affect i ng  phys i ca l  act i on  between  
bod i e s .  E l ectron i c  space  as  a rea l m  of act i o n ,  rathe r  t han  i nformat ion .  Imag i n e  a body  t ha t  i s  open  and  

awa re, i nvaded ,  a ugmented ,  and  w i t h  extended operat i on .  Cons i de r  a body  whose  awa reness  i s  extrud­

ed by s u rrogate robots i n  s i tuat ions and  spaces where no body cou l d  g o .  These mach i nes  with a rrays 

of sensors ,  man i p u l ators ,  and hybr id  l ocomot ion  wou l d  exponent i a l l y m u l t i p l y  the operat i o na l  poss i b i l ­

i t i es-sca l i ng u p  t h e  s u bt l ety, speed ,  and  comp l ex i ty o f  h u m a n  act i on .  Perhaps w h  at i t  m e a n s  t o  b e  
h u m a n  i s  a b o u t  n o t  reta i n i n g  o u r  h uman i ty . 
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Ed itor's Note 

Documents from the Ch i cano State Depa rtment Arch ives are made  ava i l a b l e  unde r  the 1 999 

Freedom of I nformat ion I n i t iat ive .  However, any mate r i a l  deemed sens i t ive and/or c l ass i f i ed  has  been 

d e l eted by depa rtment censors pr ior to p u b l i c  access; these m i s s i n g  texts a re i n d i cated by a n otat i on  

i n  the document  (M I SS ING ) .  
Add i t i ona l ly, on- l i n e  censors may  have  a l tered o r  d e l eted contents of e-ma i l  at t h e  t ime  of 

transm i s s i o n .  I am extreme ly  so rry. I hope you l ea rn  to read between  the l i ne s .  
The  f i rst vers ion  o f  these f i l e s  was  o r i g i n a l l y  p ub l i s hed  by  Artspace books  i n  l ate '96 u nde r  t he  

t i t l e  " F r i e nd l y  Cann i ba l s . "  Th i s  vers i on  i s  s u bsta nt i a l l y  mo re  desc r i pt ive a nd  accu rate .  

1 Dear  Varnp i ra 99, l a  unica,  l a  pr irnigen ia  

I ' m  hav i ng  an i dent i ty c r i s i s  i n  front of my l owri d e r  " Chevy 69" l a ptop-the  warst i n  months .  

I 'm l i sten i n g  to the last a lbum of Jesus  and Ma ry Cha i n ,  sc ratch & m ixed with c l a s s i c a l  ra nche ras ;  and 
a l l  my ca l ave ra cand les  a re l i t .  45 at l east .  I ' m  down , l oca . . .  I n  fact ,  I 'm j u st a bout  to d e l ete myse lf  
tram the I nfobanco de i  Ch i cano State Department I nterneta ( C SD l l .  and  p l ease ,  th is t ime,  don 't be so 

na ive as  to ask  me  CENSORED7  
I ' m  send i ng you these  l a st e-ma i l s  w i thou t  any  c l e a r  p u rpose estet ico-po l i t i co ,  and  I don 't 

expect you to a nswer a l l  of them .  (You probab l y  have to take care of othe r  ethno-cyborgs i n  c r i s i s . )  
You ' l I  see that they, tao (my e-ma i l s  no t  the ethnocyborgs ,  mat i zo l .  suffe r f r om  a se r i o u s  c r i s i s  of l i ter­

a ry i dent i ty. I ask myse l f  #3 and I ask  you (ar whoever YOU may be at th i s  po i n t  in t ime )  
A re  t hese  texts fragments of same cyber-cho l o  s c i - f i  poem i n  sea r ch  of fo rm ,  o r  p i eces of an  

e l l i pt i c  l ove l ette r? ( l 1's imposs i b l e-& i l l ega l--to be " d i rec! " nowadays . . .  ) Are t hey  exce rpts from 

same perfo rmance scr ipt i n -progress ,  o r  are they pa rts of a h i g h ly c l a ss i f i ed  document  that C ENSORED? 
For the moment, a l l  I can te l l  you i s  that same of the i r  content  may be  i l l ega l .  But  I don 't ca re 

anymore .  Me va l e .  In fact, by the t ime you down l oad  them ,  they m i g ht very we i l  have been censored ,  

ed i ted ,  o r  s l i g ht ly  a l tered .  S i nce no one be l i eves i n  object iv i ty o r  i ntegr i ty nowadays ,  there i s  a s l i g ht 
poss i b i l i ty that CENSORED .  Bes ides  I wou l d  hate to fa l l  in the  trap of a master  na rrat ive C ENSORED  

but  I wou l d  l ove to fa l l  b a c k  i n  y o u r  a rms  . . .  y e s ,  I know tha!'s i m poss i b l e ,  vam p i ra .  



3 It's 1 999 i n  Ameri KKKa 

"Ham-e-rr i c a , "  accord i n g  to my nephew (Gene rat ion M EX rockero ,  E I  R i ca rd i aco ) ,  "the nat ion 

of techno-hatred and  u n necessary d i spute s . "  H e  read somewhere that " Cyberspace i s  dead . "  As one  
M I T  cyberm i l i t i a  l eade r  dec l a red i n  1 997 ,  "No l onge r  a pr iv i l eged ,  white-free zone ,  n o r  the v i rt ua l  shop ­

p i n g  ma l l  i t  was su pposed to become-it l ooks too  much l i ke the outs i de  wo r l d  n ow. " Wh i ch  means  i t  

i s  now ent i re l y  contro l l ed by the C S D I .  Mean i n g ,  i t 's brown,  cu l t i -mu l t i , p ro le ta r i a n  & rowdy, & its l i n ­
g u a  f ra n ca ,  aga rrate mu j e r, e s  c o l l o q u i a l  Spang l i s h ,  mast i cado a s i  b i e n  cybe r sab rossso  

<http ://ca l i ente/ 1 00% ho rnyf i cado/> 
CENSORED  

me mue ro ,  

s in  t i  me  mue ro ,  
s i go  m u r i endo-me l enta -mente 

m i  mente l en ta/osahana  

ante  l a  tr i ste panta l l a  de  m i  Mac  947 -HPX. 
CENSORED  my neon coff i n  . . .  i nsta l ado  "aq u i "  (whatever th is means) en  e l  c i berespac i o  estata l 
y e l  anon i mato l i tera r i o  pregu nto-te : Is it poss i b l e  to d i e  in cybe rspace 0 de p l a no  a l uc i no? 

Cou ld you attend my f une ra l ?  Wou l d  you? 
00 you st i l l  r emember  the touch and  temperature of my copper s k i n ?  

Remember  pre-d i g i ta l  commun i ca t i on ,  j a i n ita? 

Las ca r i c i a s  amb i d i estras ,  los besos en e l  esf inter, bo l e ro dance ,  a s i ,  b i e n  pegad itos ,  rum & 
coke ,  for g ranted l a u g hter, b l a c k  l eather  y . 

C ENSORED .  
Tu p i e l ,  1 0  n uestro, 1 0  i ntr i n s i c a l ly o u rs? 

4 Tepoztecard iente. 

To g i ve you some po l i t i c a l  background ,  i n  case you don 't have access to the othe r  N eta mem­
o ry f i l es :  We, aca en  e l  no rte ,  have e ntered a postdemocrat ic era :  We now l ive i n  a wor ld  without  the­

o ry; s i n  estructu ras n i  conte n i d o .  The nat ion/state i s  pure ly  a metafi cc ion  n osta l g i ca ;  the  borders & c l i ­
mate f l uctuate as  I wr i te .  I t 's t h e  end  of t h e  wor l d-and t h e  wo rd-as we  know i t .  C amb i o .  NAFTA was 

a b l ast, l oca ,  a t r i nat i o na l  pachanga wh i ch  ended up  i n  a tr i  l i ng ua l  braw l .  N ow everyone  i s  h u ng  over 

and no  one  remembers exact ly what happened .  Camb io .  Que que suced i o  exactamente? 

The Sa l i n as  c l a n  is in j a i l  with Da rryl Gates (ex-ch i ef of the LAPD ) .  Ga rc i a  Abrego (capo of the 
G u l f Carte l ) .  and  the Are l l a n o  brethren (f rom the Tij uana carte l ) .  Camb io .  

Ske l etons keep appea r i ng  i n  key  s i t e s  throughout Mexamer i ca .  La m i g ra y l a  D EA were  the  

sp i n a l  cord of the who l e  ope rat i o n .  Camb io .  

You knew. Deep i n s i de  we a l l  knew. Camb io .  

Ex i l ed i n  Bos n i a  a l ong  with ex-co l l eague  He lmut " s i n  fronteras "  Koh l ,  B i l l y C l i nton spends h i s  

l o ne l y  hou rs p l ay i ng  " Stand by Me "  on  the tenor  sax .  Camb io .  

Patr i c i o  Buchanan  ( R emember  that  p i nche orate/car sa l esman/s i deshow i mpresa r i o  gone  ha rd­
r ight te l evange l i sta? )  i s  now a happy d i ctato r- i n-exi l e  somewhere i n  Johannesbu rg o r  M i ss i s s i pp i . 

Chases h i s  young  b l a ck  se rvants a round  the ga rden (By the way, B l acks i n  South Afr i ca ,  l i ke the i r  con­

tempora r i e s  i n  the B ronx ,  South Cent ra l  Los Ange les ,  Wash i ngton ,  D C . ,  a nd  At l a nta ,  have ga i ned con­
t ro l  of the i r  c i t ies ,  but  th is  matter be l o ngs  to another ch ron i c l e ) .  

Aayyyyy ! !  Th i s  u n bea ra b l e  pa i n  i n  my test i c l es  CENSORED .  



Another  day without you ,  397 d i a s  s i n  q u e  me mue rdas  la carne ,  ca raj o ! S i n  q u e  me c l aves tus  
co l m i l l o s  en  e l  pecho . . .  y enc ima ,  my i n a b i l i ty to wr i te  s i m p l e  t h i n gs  CENSORED  

An ad sudden ly appears on t h e  sc reen :  

QU E R I D O  C IUDADAND TRANSFRONTER IZO :  
YOUR  G LOBAL DES I RES  ARE DUR  I M M E D IATE NEEDS ,  & V ICE  VERSA .  PLEASE CHOOSE  FROM 
TH E FOLLOWI NG  MENU :  

I BM  . . .  I N S  . . .  VHS . . .  SOL  . . .  PR I  . . .  N B C  . . .  PMS  . . .  D H L  . . .  LWH . . .  R I P  . . .  PBS . . .  

6 Today. 

I ' m  t i red of ex/chang i ng  ident i t ies  i n  the net .  I n  the  past e i g ht hou rs ,  I 've been a man ,  a woman  
and  a s/he .  I 've been  b l a ck ,  As i an ,  M ixteco ,  Ge rman ,  and  a m u l t i -hybr id  rep l i cant .  I 've been 1 0  years 
o l d ,  20 ,  42 & 65 .  I 've spoken 7 broken l a nguages .  I need a break rea l bad. I j u st want to be myse l f  for  

a few m i n utes .  

11  La desmodernidad 1 0  abarca todo: 

u ntra n s l ata b le  l o ne l i ness ,  

cu l t u ra l  empt iness ,  
po l i t i c a l  vert igo ,  

sexua l  despa i r, 

postco l o n i a l  S&M,  

synthet i c  p l easures ,  

mu l t i centr ic  aesthet ics ,  
u n c l ass i f i ab l e  weathe r . . I N  LOUPE 

Por 1 0  tanto vamp i ra ,  the n i ght i s  c l ea r l y  the p i  ace to be ,  s i n  fronte ras  n i  contornos ,  a safe 

p l a ce  for  techno-warfare & u n l i m ited enterta i nment .  At n i g ht ,  I l ove you much ,  much more, espec i a l l y 
when my l i fe 's i n  danger and my tongue ,  my cob ra tongue ,  m i  l e n g ua  po l uta ,  d i s o l uta ,  is out  of contro l ,  
c o m o  a hor ita . 

. . . at n i g ht, the m i l i t i as  roam the streets of my c i ty, a c i ty without  l i m its or a name ,  without  a 

recogn i z ab l e  government, c ity counc i l ,  or po l i c e  depa rtment; without  c h u rches  or ca fes; without  a rc h i ­
tectura l coherence or a s en se  o f  s e l f  . 

. . . no loca ,  I ' m  not ta l k i ng  about Los Ange l e s  or D a l l a s .  I ' m  ta l k i n g  about  myse lf ,  my i n ne r  
c i ty, l a  mega l o po l i s  de m i  conc i enc i a .  " He re , "  words l i ke " a l ternat ive , "  "pe r i phe ra l , "  a nd  "ma rg i n a l "  
l ost the i r  m e a n i n g  and mora l  we i g ht l o n g  ago .  ( S H I T !  I ACC I D ENTALLY D ELETED A PARAGRAPH ! )  

1 7  CENSORED 

but a l l  we have l eft i s  sex; e i t he r  cyber-sex, without a body; 0 sea anon imo ,  s i n  facc iones ,  s i n  
i dent i dad  ( " s i n "  en  i ng l es e q u a l s  pecado remember? ) ;  sexo robot ico without emot i ona l  o r  b i o l og i c a l  

repercuss i ons ;  0 b i e n ,  e l  sexo deport ivo, aerob ico ,  i nt rascendente ,  do l oroso,  extremo ,  impersona l ,  y s i n  
propos ito a l g uno ,  en  la ca l l e  bajo l a  n i e b l a  0 en l a  m i sma  morg ue .  And  t h e  more anonymous ,  detached ,  

and we i rd ,  the better CENSORED so death as  a h igh sp i r i tu a l  goa l  i s  tempora r i l y  unatta i nab l e .  D eath is  
a l ready k i tsch ,  c u l tu ra popu l a r, tr iv ia redundante ,  p u ro ma i nstream .  But then ,  from a pu re l y  psycho l og i ­
ca l  pe rspect ive I s ee  no other way ou t  of he re .  M e  captas,  co razon? Por 1 0  tanto, s i  me  q u i e res  ayu­
dar (eef-yuh -guant-too-j e l p-meel ,  borrame ! borrame l l  Tu rn on  the camera and  shoot me ! !  



1 8  I n  the past 1 0  m inutes 

I 've d e l eted more than ha l f  of the texts (the best parts)
' 

so when you re-read t h i s  document  

( i f  you can  retr i eve i t  of cou rse ) ,  i t  w i l l  appea r  to be i n comp lete .  But after a l l ,  a re n 't we a l l  i n c omp l ete 
and  f ragmented anyway? Aren 't we a l l  j u st me re res i dues  of wh at WB once were? d rafts of wh at we 
thought  one day we wou l d  be? Vamp i ra ,  excuse my post-Mex ican rrrrrrrrrrrrrrrrrrrrrromant i c i sm  pe ro 

s i e nto l a  imper i osa neces idad de N D LVLFVL; DCM M LLL LLDLD ;  LL; LLLWU U G H B H DCB"WEOOJ K  N VS ;  
M M K D KJJDCDN  A I ,mm A(ODOPmc l kco kv i u b k l l l l hdgg MMMMMMMM M M M M M M M e  mue ro .  

J a i n a ,  d o nde  a nda s ?  En  q u e  mapa ?  En  q u e  frecuenc ia?  
Are  you l ost i n  the cyberbar r io?  ARE  YOU? 

Were you? Are  you somewhere i ns i de  t h i s  3-D chat room? Where exact ly? 
Beh i nd  the l eopa rd-s k i n  sofa where the cyborg-cho l a  i s  masturbat i ng7  I s  she front i n g  fo r  you 
th is t ime?  
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A r s  E l e c t r o n i c a  9 7  

H u m a n i s t i c  I n t e l l i g e n c e 

One of the fundamental eontrasts between free democratie societies and totalitarian systems 

is that the totalitarian government (or other organization) relies on seereey for the regime but high sur­

veillanee and disclosure for all other groups, whereas in the eivie eulture of liberal demoeraey, the posi­

tion is approximately the reverse. 

S i mon  Oavies (pe rta i n i ng  to the mass ive 1 987 Austra l i a n  campa i g n  aga i nst a nat i o n a l  10 card )  

I ntroduction 

I n c reased su rve i l l ance  i s  often p resented as  a " s o l ut i o n "  to i n c reased c r ime ,  i n stead of so lv­

ing the prob l em at its source, such as by m i t i ga t i ng  loss of commun ity connectedness .  
U rban  v io lence ,  and o the r  forms of c r ime ,  have  made i t  necessary, i n  some peop l e 's op i n i on ,  to  

d ramat i ca l l y esca late the use of measu res  such  as  s u rve i l l a n ce .  These measu res ,  wh i ch  are b rough t  on  
by  l a rge  organ i zat ions ,  threaten the ex istence of a f ree  and  democrat ic  soc i ety. 

Overt l y  v io l ent c r imes in New York C i ty, for examp l e ,  have appeared to be l e ss  frequent ,  but  

much of th i s  has been accomp l i shed thro ugh  the ro l l i n g  back of c iv i l l i b e rt i e s .  Random searches ,  "no­

knock"  entry, and ,  most notab l y, i ncreased s u rve i l l a nce ,  have ushe red i n  a new wo r l d  o rder  of " I aw and  

order. "  
The recent pro l i ferat ion of v ideo s u rve i l l a nce  cameras ,  i nterconnected with h i g h  speed com­

puters and centra l  databases i s  movi ng u s  toward a h i g h-speed " s u rve i l l a nce  supe rh i g hway. " Cameras  
a re used th roughout  ent i re c it ies  ( such as  L iverpoo l  and  Ba l t imore )  to mon itor c i t i z ens  i n  a l l  p u b l i c  
a reas .  

Wi th  o the r  forms o f  one-s ided s u rve i l l a nce  such  as  f i n ge rp r i n t i ng  of we l fa re rec i p i e nts and  
see-through -c l oth i ng  cameras for "secu r i n g  b u i l d i n g s  f rom emp l oyee theft" and  "for po l i ce  to covert ly 
mon i to r  crowds fo r weapons"  ( N owhere  to H i d e  by Joe Constance ,  <http :// www. i ng e rso l l ­
ra nd . com/compa i r/octnov96/ radar .htm>L a rch itects o f  t h e  " s u rve i l l a nce  supe rh i ghway" p rom i s e  us  a 
future of reduced c r ime ,  wh i l e  at the same t ime  construct for us a future of red uced accounta b i l i ty for 
themse lves .  



The c i ty has become a f r i ghte n i ng pi ace ,  and drast i c  " so l ut ions" 
a re stepped u p  to meet i n  e q u i l i b r i um  with the " d rast ic prob l ems . "  A goa l 

of my work i s  to cha l l e nge  both s i des  of th i s  eq u i l i b r i um ,  wh ich  appear to 
feed o n  one a nother. 

It is a rg uab l y  t rue  that orga n i zat ions  that use tota l i ta r i an  v ideo 
s u rve i l l a nce tend to have fewer overt l y  v i o l ent  cr imes .  What I mean by 

tota l i ta r i a n  v ideo s u rve i l l a n ce  i s  that the v ideo s i g na l  i s  observab l e  by on l y  
a se l ect g roup ,  and  tha t  accounta b i l i ty i s  d e n i ed th rough  restr i ct ions on the  

c o l l ec t i on  of v i deo  by othe rs .  

A Maf ia - run  gam b l i ng cas i no  m i g ht be the most  extreme examp l e  
of a tota l i ta r i an  v i deo  s u rve i l l a nce env i ronment ( e . g .  that the cas i no  wants 

to know everyth i n g  about  everyone  but revea l  noth i n g  about i tse l f ) .  In such 
an  o rg a n i zat i on  one  wou l d  not expect  to f i nd  any  overt phys i ca l  v io lence 
but the re st i l l  m i g ht be occas i o na l  " d i sa ppearances"  of those not favorab l e  

t o  t he  o rgan i zat i o n .  

Many  depa rtment stores a l s o  use  v i deo  su rve i l l a nce extens ive ly, 

yet p ro h i b i t  others from u s i n g  cameras  i n  the i r  estab l i shments .  A goa l of 
my work i s  to prov i de  a tech no l o g i c a l  framework to cha l l enge such restr ic­

t ions .  A top-down Panopt i con- l i ke s u rve i l l a nce  h i e ra rchy tends to make 
Je remy Bentham 's p h i l osophy a se l f-fu l f i l l i n g  one .  The sense of commun i ­

t y  t ha t  once ex i sted ,  whethe r  i n  the fo rm of c l ose-kn i t  commun i t ies or t he  

My 1970 effort at building a personal 
information space, which culminated 

in this apparatus of 1980. 

more mode rn " n e i g h bo u rhood watc h "  ( e . g .  trust in othe r  members of the comm u n ity) . has been  

rep l a ced  by abso l ute t r us t  i n  governments ,  l a rge  co rporat ions ,  o r  other unseen  au tho r i t i e s ,  a na l ogous  
to the u n seen  g ua rd i n  Bentham 's watchtower. 

An impo rtant goa l  of my work i s  to set forth a foundat ion that I ca l l  " H uman i st i c  I nte l l i g ence "  
( H . I . )  a s  a bas i s  for the ex istent i a l  p r i nc i p l e  of se l f-determ inat ion and mastery over o u r  own  dest i ny, a s  

we i l  a s  the h uman i st i c  not i on  of se l f-actua l i zat i o n .  

" H u man i st i c  I n te l l i g ence "  d i ffers f r om  Art if i c i a l  I n te l l i gence i n  the sen se  t ha t  the goa l  i s  t o  

" become"  i n te l l i g ent . th ro u gh  prostheses of sorts ,  rather t han  be rep laced o r  d i senf ranch ised by i n te l ­
l i gent mach i nes .  T h u s  H . I .  c h a l l e nges  t h e  not ion o f  env i ronmenta l  inte l l i g ence  and  u b i q u i tous s u rve i l ­

l a nce .  Rather  than " smart rooms , "  " smart f l oo rs , "  "smart c e i l i n gs , "  "smart to i l ets , "  " sma rt l i g ht switch­
es ,"  etc . ,  H . I .  puts forth the not ion of " smart peop l e . "  

An importa nt goa l  of H . I .  i s  to take  a f i rst step towa rd a foremost p r i n c i p l e  of the 

E n l i g htenment, that of the d i g n ity of the i nd i v i d ua l .  Th is  i s  accomp l i shed th rough a p rosthet ic transfor-
mat i on  of the body i nto a sove re i gn  space .  

Past and  Present Works 

I constructed a se r i es  of ref l ect i o n i st and d i ffu s i on i st ( Ref l ecti o n i sm  and D i ffu s i o n i sm :  new 
tact i cs  for deconstruct i n g  the v i deo  S u rve i l l a nce  Superh i ghway ( 1 978-1 996 ) .  by Steve Mann ,  1 996 )  
perfo rmance p i eces i n  o rde r  to cha l l enge  the not ion of  tota l i ta r i an  surve i l l a nce ,  a s  we i l  as  cha l l e nge  

and  appropr i ate the not i o n  o f  h i g h e r  and  unq uest ionab le  author i ty, 
H e re I desc r i be  exper i ments and  pe rfo rmances that I have conducted and  pu rpose ly taken to 

the extreme  in o rde r  to ( a )  i l l u strate a po i n t  and  ( b )  expe r ience react ions and  observat i ons  f i rst hand .  I t  

i s  not l i ke l y  that the average  reade r  wou l d  go  to these extremes but some more s u bt l e  var iat i ons  of 

these expe r iments and pe rfo rmances may st i l l  be  used to prov ide  s im i l a r  i n s i g ht o r  react ions .  
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My Manager: External izat ion of the Locus of Control 

By "externa l i zat i on  of the locus  of contro l , "  I am  refe r r i ng  to the phenomenon  you expe r i ence  

when ,  for examp le ,  you ' re stand i ng  at a department store c u stomer  se rv i ce  counte r. The c l erk has  the 

power of va r i ous  support med ia ,  and m i g ht .  for examp l e ,  defer  h is  o r  h e r  j u dgment (o r  pretend to defer 

h is  o r  he r  j u dgment) to an  exte rna l ent i ty such  as  a te l ephone  (osten s i b l y  that of another  ent i ty at the 
othe r  end of the commun i cat ions cha n ne l ) . a computer  sc reen ,  o r  other form of med ia  to wh ich  you do 

not sha re the pr iv i l ege  of access .  I n  th i s  sense ,  the c l e rk  may, i f  d e s i red ,  abso lve h i mse l f/herse l f  f rom 

respon s i b i l i ty for h i s/her own act i ons .  
Centra l i zed comput i ng ,  i n  part i c u l a r, has  ushe red i n  a n ew e ra of t h i s  form of exte rna l i zat i o n .  

A depa rtment store c l erk may  te l l  us ,  perhaps u ntruthfu l ly, t h a t  " I  cannot process you r  retu rn ;  the c om ­

pu t e r  won't  l et m e . "  Often the  c l erk d oe s  h ave  t h e  
a b i l i ty to f u l f i l l  the request. but  chooses vo l u ntar i ­

I y  to be s u bject to ( o r  to appea r  to be subj ect to )  a 

h i g h e r  and  u n q uest i o nab l e  a uthor ity. Thus  the cus ­
tomer  i s  p l aced i n  an  i nfe r i o r  pos i t i on  of not know­

i n g  whethe r  the c l e rk is act i n g  on  h i s/her  own wi l l ,  
o r  t h e  wi l l  o f  a h i g h e r  autho r i ty that i s  not s u bject 
to q uest ion  by you ,  the customer. 

Th i s  tact i c  i s  often the pract ice of used-car  
sa les  representat ives who m i g ht. for examp l e ,  say, 

'Td rea l l y  l i ke to g i ve you the ca r  for $2 ,000 ,  but  l e t  

me  check  with my manager, "  and then d i sappear  i nto a back room for a few m i n utes ,  have a c up  of cof­
fee ,  a l l  a l o ne ,  and then emerge to dec l a re "My manage r  won 't let me  s e i l  i t  to you for that low . . .  " 

One  of my performance p i eces ,  ent i t l ed  My Manage r  was a ref l ect i o n i st pe rformance p i ece  i n  
wh i ch  I attempted t o  prov ide myse l f  with t h e  s a m e  k i n d  o f  s u pport i nfrastructu re .  T h i s  was ach i eved 
th ro ugh  construct ion of va r i ous  forms of a pe rsona l  i nformat ion space compr i s i n g  a computer in a back­

pack ,  connected to a d i sp l ay s i tuated over one  or both eyes 1  with a rad i o  te l etype i nterface to a remote 

"manage r. 
I n  t h i s  way, I carr ied with me,  i n  my c l o th i n g ,  a s uppo rt i nfrastructu re that made it amb i g uou s  

as  to whethe r  my thoughts and s u ch  were my own ,  o r  t ho se  of a remote ent i ty. 

My apparatus d i ffered s i gn i f i cant ly  from a two-way vo i ce  rad i o ,  where it is c l ea r l y  apparent  to 
a nyone e l s e  when the un i t  i s  be i ng  used .  Later, the l a ptop computers that evo lved in the 1 980s st i l l  
fa i l ed  t o  prov i de  the amb i gu ity and unce rta i nty o f  m y  ea r l i e r  appa ratus .  

My Manager  was my attempt to retu rn  to the E n l i g htenment. and  dec l a re the sove re i gnty of 
the i n d i v i d ua l ,  through the i l l u s i on  of its s ubvers i o n .  In the sp i r i t  of the s i tuat i o n i st trad i t i on ,  I have cre­

ated a detou rnement of my own subvers i o n .  

Painful  D isconnect 

I n  a f u rther embod iment  of the My Manage r  pe rformance ,  a remote agent  of my choos i n g  may 

a lso prov i de  remote contro l of my body, i n  the  Ste l a rc sense ,  so that I can  fu rther  s u bvert myse l f  to an 
a utho r i ty that acts i n  my own i nterest yet i s  i n access i b l e  to ,  and unquest i o nab l e  by ,  others .  

I may a i so choose to be g iven a n  " e l ectr i ca l  co rrect ive s i g n a l "  ( th ro ugh  a h i gh -vo l tage step -up  

transformer connected to my garment-based computer )  shou l d  I become  d i sconnected f rom the  
I nternet .  Thus ,  i f  I am asked  to step i nto a n  e l evator o r  the l i ke ,  I can  honest ly r ep l y  t ha t  t h i s  wou l d  

i nf l i ct g reat pa i n  o n  me .  



I n  that sense someone who forced me  to enter an env i ronment i n  wh i ch  I m i g ht l o s e  rad i o  con ­
tact with potent i a l  outs i d e  accounta b i l ity wou l d  be comm itt i ng  an  act  wh i c h  i s  e qu i va l en t  to tortu re ,  

As tortu re i s  v i ewed as  a human r i g hts v i o l at i on ,  the goa l  of th i s  pe rformance  p i e ce  i s  to sug ­

gest t ha t  d i sconnect iv i ty, aga i nst one 's w i l l ,  s h o u l d  a l so be v i ewed as a h uman  r i g hts v i o l a t i o n ,  

Pa i nfu l D i sconnect makes  rea l  the  not ion  t ha t  den i a l  of the r ight to se lf-s u rve i l l a n ce  by f r i e nds  
and  fa m i ly i s  e q u iva lent  to poss i b l e  torture o r  o the r  m i streatment . 

Necessif icat ion 

Because of the l o ng-term adaptat i on  process wh ich I have undergone i n  t he  u se  of th is  a ppa­

ratus l e , g ,  that I have worn i t  fo r many years ) .  I have come to re ly on it to see proper ly, and thus i n  so me  

sense ,  i t  has  become  a v i s ua l  prosthet ic dev i ce  I Eudaemon ic  Eye, <http :// wearca m . o rg/c h i 9 7 . htm l> ) .  

Fu rther  toward mak ing  i t  abso l u te ly  essent i a l  that  I wear  the dev ice ,  i t  a l so s e rves as  a pe r­
sona l status mon itor, e . g .  a hea l th mon i tor  of so rts ,  and therefore, i n  some sense ,  a s k i n g  me  to remove 

i t  is a f i rst step toward not on l y  p l a c i n g  me  in danger  of t r i pp i ng  o r  fa l l i n g l e . g .  i nj u ry )  but a l s o  a sk i n g  
me to put my l i fe i n  dange r  th ro ugh  the absence  of a hea l t h  mon itor t ha t  m i g ht othe rw i s e  b r i n g  med ­

i c a l  a i d  s hou l d  my hea rt show ear l y  s i g n s  of i n c i p i ent ma l fu nct i on  or the l i ke .  

The Persona l Safety Device 

HJ prov ides a fu rther  fra mework for  persona l  safety by act ing as  a protect ive a nd  defens ive 

agent .  For examp l e ,  I am  ab le  to a nnounce  my locat ion to one o r  more peop le  of my choos i n g ,  e i the r  
a utomat i ca l ly through  a G PS-ready rad i ote l etype i nterface ,  o r  th rough  a d i rect i n pu t  dev i ce  le . g .  a 

se r i es  of pushbutton switches  i ntegrated i nto my be l t  or c l oth i n g ) .  

Va r i ous  sensory appa ratus I h ave  i n co rpo rated i nto c l oth i ng  measure both m e  a nd  my env i ron ­

ment .  These sensors i nc l ude  a 24 .360 GHz  rada r  set ,  a 1 O . 250G Hz rada r  set ,  v i deo  came ras ,  m i cro­

phones ,  i nfrared v is ion system ,  a s  we i l  as  a var i ety of sensors that measu re q u a nt i t i e s  u pon  my own 

body, such as  my hea rt rate I ECG ) .  footstep rate Itransducers i n  my shoes ) .  etc . I nte l l i g e n t  s i g n a l  pro­

cess i ng  may be used to construct a n  a utomated persona l  safety system .  The i n p uts f rom the va r i o us  

sensors fo rm a featu re vector t ha t  may be processed by  the  c i rc u its I 've b u i l t  i nto my c l ot h i n g  l e . g .  

1 33MHz  586  processor r u n n i n g  u nde r  the L i n ux  2 . 0  operat i ng  system, a l ong  w i t h  va r i o u s  spec i a l  p u r­
pose DSP  ha rdwa re,  TMS320 se r i e s  processors ,  etc . ) .  

As an  examp l e  of how i nte l l i g en t  s i g n a l  process i ng  can be u sed  as  a protect ive ent i ty, cons i d ­

e r  what  happens  when one  i s  a pproached by a n  assa i l ant w ie l d i n g  a sawn-off shotg u n  a nd  demand i ng  

cash .  I n  such  a s i tuat i o n ,  the v i ct im 's hea rt rate i s  apt to i ncrease bu t  w i t h  an  i n exp l  i c a b l e  decrease i n  

footstep rate l ow i ng  to the assa i l a nt's request t ha t  the v ict i m stop and hand  ove r a wa l l et o r  the l i ke ) .  

Cons i de r  a q uot ient  of hea rt rate d iv i ded by  footstep rate . Dne cou l d  ea s i l y  imag i ne  how th i s  

q uot i ent, t aken  ove r  a ce rta i n  t ime  w i ndow, cou l d  prov ide a r ough  i nd i ca t i on  of d i st ress .  I n  actu a l  fact, 

I 've been deve l op i n g  more advanced i n te l l i gent  s i g na l  process i ng  a l gor i thms ,  wh i c h  i n c l u de ,  for exam­

p ie ,  s i tuat i o na l  awareness .  

E lectr ic  Feel Sens ing :  Synthet ic Synesthesia of  Sixth and Seventh Senses 

Anothe r  examp l e  of i n te l l i g en t  s i gna l  process i ng  compr ises a rada r  system wh ich  I have  b u i l t 

i nto my c l oth i ng ,  to prov ide  me  with the a b i l ity to "fee i "  if someone sneaks u p  b e h i n d  me .  The rada r  

system estab l i shes  a fa r-f i e l d  e l ectromagnet i c  wave patte rn whose demodu l ated Dopp l e r  output i s  
processed and  u s e d  to dr ive v i b rotact i l e  transduce rs connected t o  my  body I n  t h i s  way, when  someone 
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sneaks  u p  beh i nd  me ,  I can fee l  them " press i n g "  aga i nst my body, even though  they are st i l l  some d i s­

tance  away The closer they get .  the stronge r  I feel them " press i n g "  aga i nst my body. At 20 o r  30 

meters ,  the fee l i ng i s  very fa i nt. wh i l e  at 1 0  meters ,  the  fee l i n g  i s  stronge r, and as  they app roach  with­

i n  stabb i n g  d i stance, the fee l i ng i s  much stronge r, to the po i n t  of be i ng  d i ff i c u l t  to i g nore 

Th is k ind of user- i nterface i s  i ntu i t ive ,  becau se  i t  i s  mapped i n  a manne r  that esta b l i s hes  a 

one -to-one co rrespondence with me and  my env i r onment .  When someone sneaks u p  beh i nd  me from 

the  l eft, for examp le ,  I can fee l  them " press i n g "  aga i nst the l eft s ide of my back ,  and  l i kewi se to the 

r i g ht .  
Systems of  th i s  nature prov ide  me  with add i t i ona l  senses  ( such  as  rada r, sonar, etc . )  beyond 

the  no rma l f ive senses .  However, to be pe rcept i b l e ,  I map the add i t i ona l  senses onto the u s ua l  f ive 
senses ,  a mapp i ng that I ca l l  " synthet i c  synesth e s i a . "  

F u rthe rmore, t h e  mapp ing  n eed  n o t  be one-to-one .  F o r  examp l e ,  I often map  t h e  rada r  system 
i nto m ore than one of my f ive senses. One such mapp i n g  I tend to favor uses the radar to a l s o  switch 

in a rear- I ook i ng  v ideo camera .  
I n te l l i gent s igna l  process i ng  may, i n  fact .  be used to se l ect the deg ree to wh i ch  the rear- I ook­

i ng camera i s  m ixed i n ,  rathe r  than mere ly  switc h i n g  i t  i n .  For examp l e ,  I des igned a radar system hav­

i n g  both the i n -phase and the quadratu re components .  Thus  the s i g na l s  may be processed to determ i n e  
whether  objects are movi ng toward me o r  away from me .  Obj ects movi ng  towa rd me  from beh i n d  a re 

of pa rt i c u l a r  i nterest, because most objects that a re beh i n d  me ( such  as the g round ,  parked cars ,  sta­
t i o na ry objects) a re movi ng away from me  in a re lat ive sense .  

The port ion of  the Dopp le r  spectr um  co rrespond i ng  to objects a pproa ch i n g  me  may be i nte­

g rated to a rr ive at a sa l i ency i ndex.  Th i s  sa l i ency i ndex i s  s i m i l a r  to the prev i ous l y  desc r i bed 
hea rtrate/step rate quot ient  i n  the sense that both  of these sa l i ency i n d i ces  attem pt to i n d i cate to me  
o r  my process i n g  agent t h e  degree o f  atte nt ion  that s hou l d  be pa i d  to s ome  othe r  i nstrument o f  s i t ua ­

t i ona l  awa reness .  

I n  the case of the radar  system ,  the sa l i ency i ndex may be used to contro l a v i deo  m ixer  that  
co ntro l s  the deg ree to wh ich my attent ion  i s  focused o n  my rear- I ook i ng  camera .  The image  from the 

rea r- I ook i ng  camera i s  presented to my eye ups i d e-down and  backwards ( e . g .  the camera i s  mounted 
u p s i d e -down and  a c i rc u i t  i s  used to f l ip  each  raster of v ideo from l eft to r i g ht ) .  so that i t  appears to 

me  as  though  the rays of l i g ht from beh i n d  me  a re pass i n g  th ro ugh  the back of my head ,  th ro u gh  my 

ret i n a ,  and then through  the opt i ca l  center of my eye .  Th is  prov i des  a system wh i c h  obeys the t rue l aws 

of p roj ect ive geometry, and redef ines  the eye as  a dev i ce  that capt u res  a penc i l  of l i g ht rays from a s i n ­
g l e  p o i nt i n  space ,  a nd  mere ly  proj ects t h i s  penc i l  o f  rays onto a s i n g l e  image  p l a ne .  I v i ew t h i s  image  
p l a n e  upon  the m i n iatu re computer screen I h ave  b u i l t i nto my eyeg lasses .  

With the rada r's v i sua l  sa l i ency i ndex i n  the contro l l oop ,  the rays  of l i gh t  f rom beh i nd  me  may 

be modu l ated i n  b r ightness ,  to correspond with the amount of attent ion that the process i n g  agent  

b e l i eves that they mer i t .  

SafetvNet 

Once a d i stress s i gna l  is detected ( by i n te l l i g en t  s i g na l - process i n g  agents or manua l ly by 

myse l f ) .  a commun icat ions channe l  may be opened to f r i ends  and  re lat ives who have been prev i o u s l y  

entered on  my persona l safety l i st .  Th i s  c ommun i cat i ons  c hanne l  i n c l udes  l i ve v i deo  and  othe r  env i ­
r o nmen ta l  i nformat ion ,  wh i c h  i s  transm i tted and  recorded at remote l ocat i ons  i n  va r i ous  count r ies  
around the wor ld ,  so that  it can not be destroyed by a potent i a l  assa i l a nt .  

Rather than not ify po l i ce  or othe r  author i t i es ,  wh ich c o u l d  resu l t  in a h i g h  degree of fa l se  
a l a rms ,  the system not i f ies members of my SafetyNet-a network of f r i ends and  re l at ives l ook i ng  out  



for one  anothe r's safety. Th i s  a pproach to persona l  safety may be comb ined with a h i g h  deg ree  of con ­
stant connect iv i ty w i t h  othe rs such  as  a rad i ote l etype U N IX "ta l k" window open at a l l  t imes ,  v i deo  con ­

ferenc i n g  f r om a f i rst-person pe rspect ive ( e . g .  f r om a wearab l e  v i deo  camera )  open at a l l  t i mes ,  etc .  
Such a form of pe rsona l  safety dev ice may a i so p rotect one from po l i ce  bruta l i ty and va r i o u s  

othe r  f o rms  of human  r i g hts v i o l at i ons .  

Subvers ion  of  Panopt icon with  Wearab le  Wireless Webcam 

O rd i n a ry camera s  have become much  sma l l e r  now, thanks 

to the m i n i a tu r i zat ion affo rded by modern  techno l ogy. However, 
they st i l l  s ha re a common attr i bute with the i r  predecessors ,  name­

Iy that i t  i s  i m med iate l y  appa rent to anyone when the camera i s  

be i ng  used ,  because  one  must b r i ng  i t  u p  to one 's eye, and  l ook  

through  i t ,  etc . ,  and  t h i s  usage  pattern i s  l i ke l y  to put an  assa i l ant 
o r  the l i ke i nto an  ang ry mode of thought .  For examp l e ,  i n  a s i tua­

t i on  i nvo l v i ng  po l i c e  bruta l i ty, po l i ce  may attempt to forb id photog­
raphy o r  the l i ke ,  o r  may attempt to i nt i m i date those engaged in 

the pract ice of document i ng  a n  atroc i ty. 
Anothe r  wea kness of c u rrent camera techno l ogy is that 

the storage  of i mages o r  v i deo  i s  l o ca l ,  so that those comm itt i ng  

the atroc i ty may se i ze  the  storage  med i a  ( f i l m ,  v i deocassette, f l ash  

memory, f l oppy d i s k ,  o r  the  l i ke ) .  c l a im i n g  that they need i t  fo r 

"ev i dence , "  when i n  fact t he i r  w i sh  m i ght  be that it be destroyed .  
I esta b l i shed a " persona l  imag i n g "  ( "Wearab l e  Comput i ng :  

A F i rst Step Towa rd Persona l lmag i n g , "  IEEE Computer, vo l .  30 ,  no .  2 , <http :// computer. o rg/pubs/com­
puter/ 1  997/0297toc. htm l»  framework for obta i n i ng v ideo f rom a f i rst-person perspect ive . T h i s  v i deo  

i s  part of my pe r sona l  i nformat i on  space ,  and  therefore access i b l e  to  othe rs v ia  a w i r e l e ss  l i n k  to the 

I nternet .  Th i s  means  that anyone with access to the I nternet can v iew the i mages ,  and  the reby take a n  
act ive ro l e  i n  ma k i n g  s u re that there a re m u l t i p l e  cop ies  o f  t h e  images i n  va r i ous  count r i es  a r o u n d  t h e  

wor l d ,  so  t h a t  a n  assa i l ant ,  o r  a v i o l ator  of h uman  r i ghts ,  c ou l d  n o t  destroy t h e  image s .  Even b y  p l ac ­

i n g  me  unde r  d u ress ,  the  i mages  cou l d  not be destroyed ,  because  I have chosen to not know how many 
cop ies  of each p i cture o r  v i deo  sequence  there are ,  o r  i n  wh ich  countr i es  they  are m i r rored ,  a rc h ived ,  

and  backed u p .  
A p r i n c i p l e  o f  tota l i ta r i an  v i d e o  s u rve i l l a nce i s  that on l y  t h e  g ua rds  have access to the p r i v i ­

l eged vantage po in t  affo rded by v ideo cameras .  An impo rtant goa l  of my performance p i ece  was to  

make the s i t uat i on  app rox imate ly  the reve rse ,  that  i s ,  my "persona l  imag ing"  system was a f i rst s tep 

towa rd s u bvert i n g  tota l i ta r i a n  s u rve i l l a nce  by mak i ng  some v ideo (at l east m ine )  ava i l a b l e  to everyone .  
I l a t e r  constructed l a rge r  commun i t i es  of i nd i v i d ua l s  wea r ing cameras i n  o rde r  to make  m u l t i ­

p l e  image  streams ava i l a b l e  to l a rge  n umbers of i nd i v i d ua l s .  

Recent l y, w i t h  the advent of the Wor l d  Wide Web ,  I have s imp ly  t u r ned  my appa ratus i nto a 

"WebCam , "  resu l t i ng  i n  a f u rther  s imp l i f i cat ion  of its use ,  and  a further s ubvers i o n  of Panopt i con .  

My  camera (WearCam,  sho rt for  weara b l e  camera )  i s  s i tuated i n  such  a way that i t  i s  n ot pos ­

s i b l e  for a n  assa i l a nt to determ i n e  whethe r  o r  not an  image  i s  be i ng  captured at any g i ven  t ime .  Th i s  

i s  accomp l i s hed  through  hav i ng  the camera worn i n  an  a lways-active mode ,  so that  i t  i n  fact  funct i ons  

as  a v i sua l  prosthet ic of so rts .  
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Maybe Camera 

I may a i so choose that the remote accounta b i l ity affo rded by my SafetyNet be of o r i g i n  

u n known t o  m e ,  s o  that i f  I am asked "Are y o u  record i n g  me? " ,  I m i ght  be  a b l e  t o  say that I honest ly  

do  not know. Th i s  den i a l  of accountab i l i ty, for tak i ng  p i ct u res  i n  estab l i s hments where photography i s  

p ro h i b i ted ,  was  exp lored through  a performance p i ece c a l l e d  F i r i n g  Squad .  

Fo r  F i r i n g  Squad ,  I constructed a n umbe r  of "Maybe Came ras . "  

Fu rthermore, when  cha l l enged by  representat ives of the s u rve i l l a nce  supe rh i g hway, we s imp l y  
dec l a red :  t hese  a re un i forms-standard i s sue  f r om D u r  Manage r-wh i c h  we a re req u i red  to  wear 

wh i l e  runn ing er rands on company t ime .  

Second Bra in  as Persona l  D ia ry without Contempt 01  Court 

I n  many ways , I rega rd my r i g ,  togethe r  with its pe rsona l  i nfor­

mat ion  space, as  a second bra i n-as a t rue p rosthet ic  dev i ce .  

Thus ,  even i n  s i t uat ions  i n  wh ich I do  make a consc i o u s  dec i s i o n  

to record an image  or v i deo  of some act iv i ty, I may w ish  t ha t  t h i s  record­

ing be entered i nto a persona l  d i a ry of so rts which i s  on ly access i b l e  to 
" m e . "  (The def i n i t ion of "me" may i n c l u de  that wh i c h  fa l l s  with i n  my 

newly def ined corporea l  boundary, wh i ch  m i g ht i n c l u de ,  for examp l e ,  
othe r  members o f  my  SafetyNet . ) 

Peop l e  have often fe i t  uneasy entrust i n g  to my second b ra i n  ce r­

ta i n  persona l  p i eces of i nformat i on ,  fea r i ng  that even if I made my best 

effo rts to keep th is i nformat ion in conf i dence ,  i t  c o u l d  be compromised 

th ro ugh  a subpoena .  
Even i f  I were to protect it w i th  o rd i n a ry enc rypt i on ,  i ts secu r i ty 

may st i l l  be comprom ised through the process of tortu re or othe r  forms of 

d u ress .  
I n  t he  same way that o u r  f i rst b ra i n  i s  p rotected by the 

Const i tu t ion  (the F ifth ) f rom contempt of cou rt for refu s i n g  to an swer ( se lf­

i nc r i m i nateL I des i red to estab l i s h  a means of p rotect i ng  the "second 
b ra i n "  f rom se l f - i nc r im i nat i on .  

My so l ut ion was  to encrypt i t  w i t h  a key  tha t  I do  not know 

myself .  Thus I may encrypt mater ia l s  with p u b l i c  keys of other members of my SafetyNet .  In th is way, 

my SafetyNet cou l d  recogn i ze  when I am unde r  d u ress ,  a nd  thus  my i n a b i l i ty to access my second bra i n  
wou l d  not be seen i n  contempt o f  whatever d u ress I m i g ht be p l aced  unde r. 

lile Through the Screen: A Window to the Future 

Many importa nt q uest ions were ra i sed  by these performance p i eces  and the new i nvent i ons  

upon  wh ich  they were rea l i zed .  
For examp le ,  My Manager  prov ided a form of pe rsona l  em powerment  b rought forth by the a b i l ­

ity t o  take a so l i d  sta nce a n d  defer a n y  quest i o n i n g  o f  my wi l l  t o  a ( poss i b l y  f i ct i t i ous )  h i g h e r  a n d  
u nq uesti onab l e  author ity, j u st as  representat ives o f  esta b l i s hments often do .  H owever, there i s  a l so the 
danger that th is cou l d  be abused,  for examp l e ,  a s  a means of contro l l i ng o r  e n s l av i ng  peop l e .  

I n  part i cu l a r, t h e  exp l o rat ion o f  t h e  remote ly contro l l ed body ra i ses  n o t  on l y  t h e  q uest ion of 
poss i b l e  ens l avement by a h i g he r  author i ty that is not actu a l ly act i ng  in the best i nterest of the i n d i -



v i dua l  wea r i ng  the appa ratus of contra l ,  but  a l so some ser ious  q uesti ons  a bout  the l ocus  of respons i ­
b i l i ty for one 's acts .  As we move  toward a future o f  networked persona l i n format ion  spaces ,  we wi l l  
need to t h i n k  ca refu l l y  a bout  how these wor lds  a re constructed. 

The goa l of h uman i s t i c  i nte l l i g ence ,  that of prav i d i ng  the i nd iv i d u a l  with a n  i ncreased deg ree  
of se l f-dete rm i nat ion  a nd  mastery over h i s  o r  he r  own dest i ny, wi l l  have  to compete aga i n st the goa l s  
of ut i l i tar i a n i sm ,  and the des i re mere l y  to i n c rease workp lace product iv i ty and  make peop l e  mo re use­

f u l  to soc i ety. 

Wi l l  we see a futu re of "cyborg s , "  as  "puppets" on a v i rtua l  str i n g ,  i mpr i soned in t h e i r  work­
c e l l s ,  car ry i n g  out  the o rde rs of a n  omn i potent boss, or wi l l  we see a hea l thy commun i ty of free se lf­
actu a l i zed c i t i zens  l ook i ng  out  for  each othe r's safety and we l l -be ing7 

Th i s  i s  the q uest ion  that we mu st ca refu l ly cons ider  as  ou r  "corporea l  bounda ry" wi l l  no  l o nge r  
end at the f l e sh ,  b u t .  rather, wi l l  extend  and  d i ffuse i nto the ethe r. 

Notes 

, .  I referred to this invention as a "personal computer, " though, in recent years, that  term has come to mean a 
desktop computer Thus my apparatus has, over the years, been called a "humanistic computer, " "existential 
computer, " "eudaemonic computer, " "wearable computer, " or the like. 

I owe much to those around me, who have influenced my thinking.· Rosalind Picard, Hiroshi Ishii, Krzysztof 
Wodiczko, William MitcheII, Obed Torres, Thad Starner, Olivier Faugeras, Kent Nickerson, Simon Haykin, and many 
others. I would also like to thank Chris Oodge for reading this essay and making some important suggestions. 
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M u s i c  P l a y s I m a g e s x I m a g e s 
P l a y M u s i c  

The i dea  for th i s  co l l a borative pe rfo rmance has  its o r i -

� 

g i n s  i n  Tos h i o  Iwa i 's i n sta l l at ion "P iano-as Image  Med i a "  c re­

ated at the ZKM, Ka r l s ruhe ,  Ge rmany, i n  1 995 .  Conce ived upon 
o Iwa i 's return to Japan when he met Ryu i c h i  Sakamoto ,  Mu s i c  

� P lays I mages  x I mages P lay Mus i c  is a m u l t imed i a  conce rt that 

� uses the system of Iwa i 's p i ano  p i ece and v i s ua l i zes i n  rea l t ime  

a mus i c a l  pe rformance by  Sakamoto. Over the cou rse of a yea r, 

Iwa i ,  who l ives i n  Tokyo, often co rresponded by e-ma i l  with 
Sakamoto, who l i ves i n  New Yo rk. Du r i ng  the i r  co rrespondence ,  

the concept for  the co l l a borat i on  expanded ra p i d ly, deve l o p i n g  
fram the s imp l e  i d e a  o f  "Sakamoto p l a y i n g  Iwa i 's ' P i a no-as 
Image Med i a , ' " to a performance that l i n ks ,  i n  va r i o us  ways, 

mus i c a l  sounds  with v i sua l  images .  The resu l t  of the c o l l a bora­
t ion was more than a " nove l comb i nat ion of mus i c  and  image . "  

Many  e l ements i nc l u d i n g  t h e  actua l  presence o f  Sakamoto/lwa i ,  
t h e  mach i ne ry that i s  ca l l ed  t h e  p iano ,  t h e  acoust i c  s o u n d s  pro­
duced by the p i ano ,  and the v i rtua l  images gene rated fram com­

puters were l i nked and deve loped i n  var i ous  ways . From the  feedback produced ,  a rad i ca l ly new space 
of mus i c a l i ty-v i s u a l i ty was created . I n  add i t i on ,  the  pe rfo rmance was t ransm i tted ove r the I nternet and 

re l ayed wor ldwi de .  Th i s  expe r iment, the f i rst of its k i nd ,  was an  attempt to ut i l i ze the i nteract ive med i ­
um  of the I nternet .  Peop l e  on the other s i de  of the I nternet we re  a b l e  to p l ay the p i ano  by remote con ­
tro l a nd  i n  t u r n  Sa kamoto had a sess ion w i t h  t he i r  p l ay i n g .  

T h e  Set-up o f  t h e  Stage 

Two concert g rand p ianos a re p l aced on  the sta ge .  A sem i -transpa rent screen 8 meters in  
h e i g ht and  1 0  meters i n  w idth i s  suspended a bove them.  The l i ds  of both p ianos a re removed and  the i r  

i n te r io rs a n d  keyboards c l ea r l y  i l l um i nated .  T h e  screen i s  i r rad i ated with a bea ut ifu l shade  o f  b l u e .  A 
b l ack  and  wh ite v ideo camera is p laced on each of the p i anos  i n  order to f i l m  the movements of the 
pe rfo rmer's f i n ge rs and the p iano  keys .  The v i deo  cameras  praject e n l a rged  images  of each p iano key­

boa rd o nto the screen on e i ther  s i de  of the p i anos .  Severa l computers a re set up on a l o ng  na rraw tab l e  
p l a c e d  on  the r i g h t  s i d e  o f  t h e  stage .  



The Content of the Performance 

1 .  Sakamoto does not i n i t i a l l y appea r  on  the stage .  Amidst the  s i l ence ,  the  p i ano  beg  i n s  to p l ay  
on  i t s  own w i t hou t  a p l ayer. An i mage  of Sakamoto p l ay i ng  t he  p i ano  g rad u a l ly comes  i nto v i ew on  t he  
sc reen  to the s i d e  of the p i a no .  Sakamoto 's image  s l owly d i sappea rs as the mu s i c  ends .  

2 .  Sakamoto appears on  the l eft s i d e  of the stage .  He beg i n s  to p l ay the sma l l  keyboa rd p l aced 

there .  As he  p l ays th i s  keyboard ,  the p iano sta rts to p l ay. A fa int  l i ght  g radua l l y  ema nates f ram the 

p iano .  At a ce rta i n  po i nt ,  Sakamoto stops p l ay i n g .  However, the l a st mus ica l  ph rase repeats i ts e l f  a uto­

mat i c a l ly, s l ow ly  fad i n g  out .  

3 .  Sakamoto p l ays the p i a no  d i rect ly . The l i ght  images that v i sua l ly represent each note of the 

mus i c a l  p i ece beg i n  to r i se  from with i n  the p i a no .  The images capture not on l y  the t im i n g  of the  notes ,  

but every aspect of the mus ic ,  i n c l u d i n g  the  l ength of the notes and the i r  vo l ume .  They a re represent­

ed in a way that the eye can recogn i z e .  

4 .  D u r i n g  Sakamoto's pe rformance ,  Iwa i  g rad u a l ly mod if ies t he  image .  The l i g hts ,  wh i c h  cor­

respond to each  note of the p i ece ,  a re transformed over t ime in var i ous  ways. They do not me re l y  r i se  

fram with i n  the  p i ano  and  fade i nto t h i n  a i r. They rad i ate f ram the center  of the screen out  i n  a l l  d i rec­

t ions o r  revo lve i n  a wh i r l i n g  patte rn ,  eventu a l ly d i sappear ing  i nto a vortex .  The metamorphoses of the 
pro jected images i n f l u ence Sakamoto's p l ay i n g  as  he  watches the va r i ous  transformat i ons .  

5 .  The image-obj ects, composed of 88 e l ements-the same  numbe r  as  the n umbe r  of keys  on  

a p i a no-appear  on the cente r  of the scre en .  Each of the e l ements co i nc i des  with the  keys of the  p i ano ,  
and  the objects a re cont i n u a l l y transfo rmed accord i ng  to Sakamoto's p i ano  perfo rmance .  

6 .  C l i c k i n g  a computer  mouse ,  Iwa i  p l aces dots of l i g ht onto the screen .  Whenever  the dots  o f  

l i gh t  fa l l  on the  p i ano ,  the p i ano  beg i n s  to p l ay. The dots o f  l i g ht then  rebound  to t h e i r  o r i g i n a l  pos i ­

t i o n ,  str i k i n g  the keyboard at f ixed i nterva l s .  Depend i ng  on where  the dots  of l i gh t  a re p l aced ,  t he  p i tch  

of the  notes and  the patte rns of repet i t i on  change .  The number of dots of l i g h t  a re i nc reased .  The  dots  
of l i gh t  bounc ing  f ram the p iano a re a l l  s h i fted back and forth f rom l eft to r i ght .  The  who l e  mus i c a l  

sca l e  c h a nge s  accord i n g  t o  h ow t he  dots of l i g h t  a re moved .  T he  dots o f  l i ght  a re tra n sformed i nto rays 

and then po lygona l  f i g u res .  

7 .  The v i deo  camera f i lm s  Sakamoto's ent i re body. The  computer captu res the image  i n  rea l 

t ime .  Sakamoto's s i l h ouette i s  p i xe l i zed and  then prajected onto the screen above the p i a no .  When 
Sakamoto moves and the image  of h i s  body ove r laps w i th  the p iano ,  the p i ano  p l ays When Sakamoto 

moves towa rd o r  away fram the camera ,  o r  when a c l ose-up image of h i s  hands  i s  proj ected ,  the sound  

i s  changed dynam i ca l ly . The i mages  of Sakamoto's hands and body a re  wh at p l ays the mach i ne  c a l l e d  
t h e  p i a no .  Iwa i imp l ements fu rthe r  mod i f i cat ions  by  zoom ing  i n  on a nd  ratat i ng  Sakamoto's image  on  the 

screen ,  there by s l owly mod i fy i ng  the sound .  Sakamoto cont inues to move h is  body wh i l e  l ook i ng  o n .  

8 .  A chessboard - l i ke g r i d  appea rs on  the  screen and beg i n s  t o  rotate .  Sakamoto and  Iwa i take 

tu rns  p l a c i n g  g l ow ing  dots of l i g h t  onto the gr id ,  the reby creati ng a repet i t i on  of sho rt me l o d i c  patterns .  

As the  mus ic  i s  c reated th ra ugh  t h i s  c o l l a borat i on ,  Iwa i  transposes the mus ica l  patte rn ,  c h ang i n g  the 
octave and  a l te r i ng  the sounds and  the i mages .  Sakamoto cont inues to c reate new patte rns .  F i n a l ly, 

with the comp l eted mus i c a l  ph rases as a backdrop ,  Sakamoto improv ises on the p i a no .  Iwa i cont i n ues  

to mod i fy the performance p i ece .  



9 .  The mus i c  p l ayed by Sakamoto i s  tu rned i nto a n  image .  The i mage  that sp r i ngs  from the f i rst 

p i a no  a nd  l ands  on  the second p i ano  creates a pa rabo l a  in i ts fa l l .  The second p i a no  p l ays accord i n g  to 
t h i s  i mage .  The f i g u re of Sakamoto perfo rm i n g  on the f i rst p i a no  is proj ected next to the second p i ano  

w i t h  a d e l ay t ha t  co i n c i des  w i t h  the imaged  mus i c  a rr i v i ng  at the second  p i a no .  I t  appea rs as  i f  there 

a re two Sakamotos p lay ing the two d i ffe rent p i a nos .  

1 0 . The short mus i ca l  ph rase pe rformed by Sakamoto and  the resu l t i ng  i mage  l oop  between 

the two p ianos ,  repeat i n g  aga in and aga in .  Sakamoto cont i n u e s  to add mo re sounds to the loop .  The 

repeat i n g  images and sounds ,  f lowing forth l i ke a wate rfa l l  between the two p i anos ,  g row i n  l ayered 

r i chness  and comp l exity. 

Original performance: 

Planning by Shin-iehiro Ikebe 

Produeed by Art Tower Mito, Mito, Japan 

Sound Engineering by Akira Shimura [Star Teeh Ine} 

Supported by lAMAS, NTT InterCommunieation Center, 

Yamaha co. ltd , JVC Ine., Human Media Ine., Kab Ine. 

Documented by TV-MAN UNION Ine. 

Internet broadeasting by Naolumi Takenaka, 

Kouiehiro Eta, Internet 7996 World Exposition Japan 

Translated trom the Japanese by Dana O'Neill 
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G r o u n d T r u t h  

Recent  g l oba l deve l o pments conf i rm the super i o r  performance of the Amer i can  way of l i fe .  The  
Gu l f  war and the co l l a pse of c ommun i st Ru s s i a ,  the soa r i n g  performance of the U S  Stock  Ma rket, the  

l ead ing  US  ro l e  a s  peacemaker  i n  the M i d d l e  East  and the Ba l kans a re examp l es ,  not to ment i on  the 

recent h e l p i n g  hands  of b rothe r l y  f i n anc i a l  u nde rwr i t i ng for deva l ued  As i an  c u rrenc i e s .  I t  i s  no  c o i n c i ­

d e n ce  t h a t  e conom i c  we l l - b e i n g  at home i s  pa ra l l e l ed by  f i n a n c i a l  outreach t o  t ho se  l e ss  fort unate 

a broad .  Amer ica i s  home to the tech no l o g i c a l  and  i n dustr i a l  shepherds for the wor l d 's free ma rket f l ock .  
The g l oba l  p resence  of the I nternet and  sate l l i te commun icat ions systems i s  enab l i ng  d i st r i buted a nd  

remote c u l tu res to j o i n  the  fo l d ,  to s u bsc r i be  t o  Amer ica 's extended fam i ly. 

The ca retakers of t h i s  "good wi l l  web" recogn i ze the need to keep i t  free l y  access i b l e  to a l l  
members ,  a n d  secu re .  The Amer i can  rec i pe for  f i nanc i a l  and po l i t ica l secu r i ty i s  o n e  o f  l ong - ra nge  

i nvestment .  I n st ruments a re be i n g  i nvented and  i nsta l l ed  today which wi l l  return benef its to the i r  mak­

e rs for years to come .  It i s  o n l y  natu ra l for l e ss  fortu nate cu l tu res to bond with the systems  that h e l p  

t h e m  g e t  back o n  the i r  feet .  Today there i s  a n  i nvestment para l l e l  between  pr ivate sector " g l oba l  shep ­

he rd"  causes and  a b u l l i s h  s tock  ma rket on  the one  hand ,  and the i ncreased Cong ress i o na l  fund i n g  for  
m i l i ta ry i nformat ion  systems on  the other. G overnment agenc ies that once sh ied away from defense 

f u nd i n g  are now embrac i n g  the c l imate change toward defense a l l ocat ions of taxpayer d o l l a rs .  The 

Advanced Resea rch  Projects Agency (ARPAl .  wh ich  funded the CAVE(tm ) 1  and  other computer  i nter­

faces ,  was recent ly p romoted from ARPA to OARPA with the b l ess ings of Congress ( the " 0 "  i s  for  
" Oefense " ) .  The Nat i o n a l  Center  for S upercomput i ng  App l i cat ions (NCSAl .  Amer i ca 's l ead i ng-edge s i te 

for h i gh -perfo rmance s c i e nt i f i c  comput i ng  and  I nternet 2, recent ly estab l i shed a contract off i ce  for  0 0 0  
Mod (Oepa rtment  o f  Oefense Modern i za t i on )  p rojects. And  i nst itut ions o f  H i g h e r  Learn i n g ,  i n c l u d i n g  

M IT, UC  Berke l ey, U of M i ch i g a n ,  and  U of I I l i n o i s ,  have recent ly formed research consort i a  with 

Lockheed-Mart i n ,  Rockwe I l  I nternat i ona l ,  a nd  other m i l i tary systems i nteg rators .  These consort i a  a re 

sponsored by the ARL  (Army Resea rch  Laboratory) Fede rated Laborator ies  program .  
S i nce the G u l f war the Armed Se rv i ces  have been  i n cubat ing a modern i d ent i ty t o  r e p l a c e  t h e  

ro l e  t h ey  abo rted i n  V ietnam .  US  a rmed  forces a re t h e  l o g i c a l  g l oba l  defenders o f  o u r  2 1  st-centu ry 
technodemocracy. Th i s  reb i rth is cap i ta l i zed by a fund i ng  strategy whereby p ub l i c  mon i es  a re d ivested 

from l egacy m i l i ta ry ha rdware and  softwa re .  I n stead,  tax do l l a rs a re i nvested i n  " D u a l  Use" tech n o l o­

g i e s ,  mod u l a r, l i g htwe i g ht ,  a nd  d i st r i buted ,  with commerc i a l  i nte l lectua l  property r i g hts that a re n ot 

u s u rped by m i l ita ry R & O .  D u a l  Use doctr i n e  ensu res that m i l i tary techno l ogy a l s o  meets the needs  of 

c i v i l i a n  i n d u stry. US  consumers ,  under the p rotective i nvestments of the pr ivate sector, wi l l  reap the 

benef i ts of techno l o g i e s  deve loped i n i t i a l l y  for  m i l i tary app l i cat ions .  These techno l og i es wi l l  be even­

tua l ly transformed into home  app l i ances  o r  other attract ive commod i t i es .  I n  t h i s  way Congress ma i n ­

ta i n s  I nvestment  Equ i l i b r i um  between  m i l i ta ry and c iv i l i a n  economies .  D u a l  U s e  i s  a str i k i n g  examp l e  
of t h e  tact i ca l  merger  of t h e  ma rketp l ace  and  t h e  batt lef i e l d .  
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Cons i de r  extend i n g  th i s  scenar io  to the fund i n g  

o f  a rt i st i c  projects. I n  May  1 998 DARPA p u b l i shed  a 

Program So l i c itat i on for praposa l s  to deve l op  a Command 

Post  of the Futu re ICPOF ) .  The DARPA CPOF BAA I B road 

Agency Annou ncement )  advances a v i s i on  of a n  extended 
cyber-commander, VR-empowered, sens i n g ,  comprehend­

i ng ,  and  respond i ng  to  i n stanta neous cond i t i ons  on  the  
batt l ef i e l d .  Th i s  capa b i l i ty i s  known as  " Batt l ef i e l d  

V i s ua l i zat i on "  I BV) .  To ach i eve a seam l ess BV w i l l  req u i re 

cogn it ive eng i nee r i ng  of sensors ,  transm itte rs ,  a nd  i nfor­
mat i on  d i s p l ays such as computer g raph i cs and  comput­

e r-gene rated sound .  Cogn it ive eng i nee r i n g  descr ibes  the 
c rossover  fram soft i nte l l i gence to wet i n te l l i gence  I f ram 

a rt i f i c i a l  to b i o l og i ca l  i nformat i on  process i n g ) .  I f  DARPA 

i s  reach i n g  its R&D aud ience ,  then content prav ide rs ,  
even a rt i sts, wi l l  recogn ize t h i s  opport un i ty to l eave t he i r  c reat ive mark  i n  h i story wh i l e  se rv i ng  the i r  

country. The CPOF BAA ant i c i pates the rea l m  o f  a rt i s t i c  poss i b i l i t i e s .  O n  page f ive t h e  BAA suggests 

"deve l o p i n g  genera l  pr i n c i p l e s  of v i s ua l i zat ion  fram p r i n c i p l e s  of h uman  percept i on  and expe r i ence  i n  

g raph i c  a rt ,  advert i s i n g ,  news broadcast i n g ,  story te l l i n g and  ente rta i nment . "  C i n ematography, a n ima ­

t i on ,  computer games ,  and  l ocat ion-based enterta i n ment may p rove worthy o f  D u a l  Use .  V i s i ona ry 
a rt i sts cou l d  l everage Dua l  Use to accommodate the decency- i n-fu n d i n g  req u i rement  of the N EA 

I N at i ona l  Endowment of the Arts ) .  Decency- i n-fu nd i n g  was prescr ibed by Cong ress a nd  recent ly u phe l d  

by  the US Supreme Court .  T he  quest i o nab l e  mo ra l ity of a rt f u nded  by  taxpayer do l l a rs has  praven a sore 
po in t  for ce rta i n  Amer i can  const i tuenc i e s .  The  mora l ity of p u b l i c  fund i n g  for  m i l i ta ry projects ,  howev­

e r, and the fundamenta l decency of defense- re l ated research a re beyond q uest i o n .  
An a rt i st i c  perspect ive i s  important f o r  the s o l ut i on  of c omp l e x  representat i o na l  p rob l ems .  

Representat i o na l  sk i l l  i s  necessary to c l a r i fy the d i s p l ay of excess ive amounts of i nformat i o n .  
Suppo rted b y  m i l itary fu nd i n g ,  a rt i st i c  tec h n i q ues cou l d  const i tute a Rep resentat i o na l  Str ike Force t o  

ma i nta i n  I nformat ion Dom i nance th raugh  Knowledge Management .  I n  t ime-c r i t i ca l  maneuvers and  i n  

tra i n i n g ,  representat ion  too l s  m i g ht i n c l u de  l i ve performance  to demonstrate the coord i nat i on  o f  a n  
ensemb le  o f  assets a n d  dev ices .  A l ive perfo rmance b y  an  i n structor d emonstrat i n g  a hypothet i ca l  v i r­
tuoso commander  i n  act ion m i g ht be descr ibed as a l i tera l " theater  of wa L "  

Literacy a n d  Technology 

When we speak of technology we often focus on tools and techniques. They are easier to refer 

to, due to the conventional ways of making references by turning to namable objects and well-defined 

methodologies. However, the primary inquiry of technology is in forming questions, generating cases, 

and creating problems that may not fit into existing paradigms. It is this aspect of technology that  

makes i t  an open discourse in a broader context in wh ich scientific and engineering practices can be 

revisited. Technology incJudes "illiterate " practitioners ' inventions as weil as theories. For example the 

people who invented the compass were illiterate, meaning tha t  in the practice domain of a compass as 

a tool, they were not scientists. The word "illiterate " is applied to people here. Lets note the term also 

applies to the practice for which descriptive language is not yet available. When the practice is inde­

scribable, we are illiterate to the need for the solutions to the problems. When we are illiterate to such 

problems, we call them ill-defined problems. Bringing ill-defined problems to well-defined problems is 

a beginning of an involvement with technology, and this necessarily involves our linguistic practices. 



The Insta l lati on 

i s  a sem i -a utomated i n sta l l a t ion  and  a rea l - t ime performance i n  d i st r ibuted v i rt ua l  rea l i ty. I t  
demonstrates the app l i cat i on  of v i sua l  a nd  a ud itory representat ions i n  a mu l t i -moda l dec i s i on-mak i ng  

env i ronment .  The env i ronment  i s  a dynam i c  m u l t i -agent s im u l at ion .  Mu l t i p l e  workstat i ons  prov ide  v i s u ­
a l .  a ud i to ry, and  tact i l e  i nterfaces .  Movement  sensors a l l ow an observe r to sched u l e  state changes  i n  

system components .  G e st u re-based i nteract ive que r i e s  may  be performed .  State changes  a utomat i c a l ­

Iy  propagate from one reg i o n  to a nother. V i sua l i zat ion and son if icat ion2 o f  c u rrent states of n ume r i c a l  
s im u la t i ons  determ i n e  the d i s p l ay. 

Ground Truth s i m u l ates  t he  

immuta b i l ity of econom ics  a s  combat . I n  t he  
Ground Truth s im u l ator, E conomy  i s  at wa r  

w i t h  Unce rta i nty I nfo rmat i on  m u st be reduced 

to gene rate p rof i t .  Ma rket s ha re mu st be 
red uced to refresh  the sou rce  of raw i nforma­

t ion .  Pa rt i c i pants may choose s ides ,  and  vote 
for Prosper i ty o r  for Unce rta i nty. The core s im ­
u l a t i on  i s  composed of s c i e nt i f i c  and  m i l ita ry 

softwa re d r i v i ng  a n  econom i c  s i m u l a t i on ,  acted upon by observers from a d i st r ibuted workstat ion  a rray. 

Each wo rkstat ion  i s  a Tact i ca l  O pe rat i ons  Center (TOC )  where part i c i pa nts expe r iment with m i l i ta ry 

s imu l a t i ons  and  nume r i c a l  mode l s  of unce rta i nty. Batt les  a re fought i n  econom i c  a renas  u s i n g  m i l ita ry 

force, f i n anc i a l  i n struments, a nd  med i a  webcasts .  TOCs a l l ow part i c i pa nts to se l ect m i l i ta ry cou rses of 

act i on ,  to make f i nanc i a l  i nvestments ,  to ed i t  and webcast mu l t imed ia ,  a nd  to negot i ate unce rta i nty i n  
a phys i ca l l y  based mode l  o f  resou rce de l ivery. 

The mu l t i p l e  mode l s  in Ground Truth a re a rra nged in three l ayers of rea l  estate .  Each layer  

v i s ua l i zes a system that commande rs contend with to orchestrate a combat m i s s i o n .  At the bottom i s  

the Batt l e f i e l d  o r  Ma rketp l ace  ter ra i n  layer. A t  t he  top  a re t he  C loud  C i t i e s  and  Facto r i e s ,  a resou rce  

renewa l and  repos i tory layer. Between them i s  the Uncerta i nty l ayer, a t u rb u l e nt f l ow f i e l d  tha t  can 

obscu re the terra i n  and  d ivert resou rces t ransm itted between the C loud  C i t i e s  and  the terra i n .  The l ay­

ers i nteract by exchan g i ng 3-D tokens that represent i nformati on quanta .  The tetra h edron is the i nfo r­
mat ion atom .  G eometr i c  bond i n g  of q uanta forms three c l asses of i nformat ion c u rrency :  med ia ,  m i l i ­

ta ry, a n d  econom i c  resou rce tokens .  R i g i d-body a n d  part i c l e  dynam ics  s im u late mass ,  ve loc i ty, a nd  

acce l e rat i on  o f  i nformat ion  q u a nta .  Cu rrency tokens a re affected by  g rav i ty and  s i m u l ated f l ow. They 

c o l l i d e  with othe r  cu r renc i e s  and with bond i n g  su rfaces .  Avata rs prov ide  a n  imme rs i ve v i ew for each 

TOC workstat ion ,  where pa rt i c i p a nts shephe rd the i nformat ion  i nto des i red re pos i to r i es .  Tokens a re 
expended i n  a batt l e  or i nvested i n  a C l o u d  C i ty to fort i fy the c iv i l i a n  economy. Cu rrenc i e s  descend from 

the C i t i e s  to the Te rra i n  in a Resou rce Ra i n fa l l  Cyc l e  of taxat i on-as-prec i p i tat i o n .  Batt l e s  a re executed 

u s i n g  FOX, a n  automated Cou rse-of-Act i o n  p l a nne r  that app l i es genet ic a l go r i thms to c a l c u l ate opt i ma l  

troop maneuvers .  T h e  Med i a  TOC transm its resou rces up  t o  t h e  c i t ies  i n  t h e  form of p u b l i c i ty, deter­
m i ned by the newsworth i ness  of the conf l i cts on the batt l ef i e l d .  

I nformation  and Uncerta i nty 

In m i l i ta ry doctr i ne ,  " g round  truth " is the techn i ca l  term for an e l u s ive state of comp l ete i nfor­

mat i o n .  It is the abso l ute knowl edge  of the momentary state of a batt l e .  G round  truth i s  unatta i n ab l e ,  

b u t  i t  d eterm i nes  wh i c h  pa rty be s t  meets i t s  objectives i n  a rmed conf l i ct .  I n  war, m i l i ta ry forces pe r i ­

od i ca l ly contend  with one  another, whereas  they immed iate ly and cont i n uous l y  contend w i th  unce r-
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ta i nty. At B e l l  Labs in 1 949, C l a ude  Shannon  demonstrated that i nformat ion  is the stat i s t i ca l measu re 

of u nce rta i nty i n  a commun i cat ions channe l . 3  Every c ommun i cat i on  i nvo lves a rat i o  of s i g n a l  to n o i s e .  

Mea n i n g  m ust be encoded t o  res i st decay unde r  th i s  rat i o .  The decay of a re l evant message i nto n o i s e  
i s  i n he rent to the entropy o f  transm i ss i on .  T he r e  a re many  forms of no i se ,  s ome  recogn i z ab l e ,  othe rs 

masque rad i n g  as content. Uncerta i nty a r i ses  when mean i n g  can not be d i st i n g u i shed  from no i se  i n  a 

c ommun icat i o n .  To the s i g n i f i cant degree that commun i cat i ons  a re req u i red to conduct a m i l i ta ry ope r­

a t i o n ,  unce rta i nty p l ays a ro l e  i n  the outcome .  Pred i c t i ons  have been  made  that o u r  c h i l d ren  wi l l  wage 

wa r i n  cybe rspace ,  but  i n  te rms of i nformat i on ,  no i s e ,  a n d  entropy, war i s  conducted i n  cyberspace now, 
today. Whethe r  the combatants a re so l d i e rs ,  or stock brokers ,  or news networks a nd  po l i t i c i a n s ,  g l ob ­

a l  t u rf i s  staked ,  defended ,  and  conquered i n  a b i n a ry-coded a l ph anumer i c  med i u m .  The d i g i ta l  med i ­
u m  i s  rega rded  a s  an a l most-phys i ca l  su bstrate for dec i s i o n-mak i n g .  I n  the ebb and  f l ow of the b i n a ry 
stre am ,  the forces that master uncerta i nty ca rry the day. 

To b r i ng  uncerta i nty with i n  grasp ,  m i l i ta ry s c i e nt i sts a nd  eng i n ee rs a re de s i g n i n g  system s  to 
a pproach g round  truth on  an  i n f i n ite a rc .  The mastery of unce rta i nty fo l l ows a path that can be l i kened  

to a c u rve app roach ing  bu t  never i ntersect i ng  i t s  asymptote .  As work i ng  tech no l ogy advances a l o n g  

t h i s  c u rve ,  a t ransformat ion o f  t h e  battl ef i e l d  i s  t a k i n g  p l a ce .  The mach  i n  es  t h a t  are dev ised t o  s e n se ,  
eva l uate ,  a nd  report ground truth a re becom i n g  a s u bst i tute batt l e f i e l d .  The mach i n e s  are becom i n g  a 

rep l acement  for the cond i t ions they a re des i gned  to measu re .  The phys i c a l  state of wa r i s  evo l v i n g  i nto 

a sta g i n g  ground for i nformati ona l  batt l e .  Compress ion  a l go r i t hms and  search e ng i nes  reduce geog ra ­

phy, forces ,  a n d  events t o  a pu re form of a synch ronous  message  cons i st i n g  of po i nters to prev i ous  mes ­
sages .  The new battl ef i e l d  re l i e s  upon tempora l  mechan i c s  for a rt i c u l at i on  i n  a cha i n  of refe rence 

wi thout  c l o s u re ,  the event  hor i zon for a recu rs i ve theater  of wa r. 

Med ium and  Content 

For resisting the description of an artist as "content provider: " when we wish certain content 

to be present we must prepare the condition from which the content could be accounted for. 

The term "medium " has specific implications associated with the technology, such as mass 

media, where the term presupposes a quality of being transparent and a premise to simply mediate 

with no interference. Through the observations of mass media practices we have learned tha t  the 

implication of such premises is no longer feasible for supporting any medium as an objective repre­

sentation tool for the world. Similarly, we wish to revisit whether any medium can be an objective tool 

for artistic expressions. Can a compositional idea be independent from the medium it predicts ? One 

might say it doesn 't matter what an artist uses to create a work of art as long as he or she gets the 

result. This premise may be compatible with the description of an artist as a content provider, often for 

an industrial demand. The role of an artist is reduced to the role of demonstrator for proving the utili­

ty of certain tools and software for commercial promotions. The conceptual ground for such premises, 

however, is irrelevant for practitioners and artists in a computation environment, particularly when one 

faces the machines that take nothing for granted beyond the specifications of their interna I states, 

inputs, and product set. The specifications of the machines are unique to the compositional problems. 

With the prevalence of multimedia, there is a similar concern in presenting a work of art using certain 

tools as objective tools for achieving certain effects. We wonder how much tools shape the final 

results, when we note how certain packaged products keep our students of art busy collecting data and 

sampling. Without eliminating the possibility of many tools, what  has to be examined and included in 

our discourse is the composability of, and with, the tools and conditions that  surround uso 

Tools leave a trace in works of art and this is not necessarily undesirable. It simply means the 

composability of the tools has to be taken into compositional criteria, and this is desirable. Thus we 



attribute the distinctions between "a composition for a medium " and "the composition of a medium. " 

For the former the composition assumes a well-defined medium for its presentation, for the latter the 

composition explicitly addresses the construction of its medium of presenta tion. The word "medium " 

is applicable in a wide range, from the substances appealing to our basic senses, to instruments, genre, 

and tonality. I do not intend to categorize different uses of the term. The discussion starts from the fol­

lowing two statements: 

1. A medium requires an observer's action for its presence to be witnessed. 

2. Let the action be a performance. 

A composition will involve the construction of a medium as a sphere circumscribing subsys­

tems and structures of action, by wh ich the systems will behave. With this task definition of composi­

tion, what do we mean by content? When we input content such as sound files or images and retrieve 

them it will be nothing more than utilizing technology of data storage and sampling. When we speak 

of dynamic models as subsystems and complex interaction we do not think of content in terms of what  

is to be input or provided. Content  is  not what  we put  into the composition, rather we prepare the sys­

tem and structure such that  content will be brought up by ways of representing systems behaviors. The 

systems behavior aga in is not the content-oriented goal itself. It is the product of complex interactions 

involving internat structures of the complex system in which the interaction takes place. 

Time-Criti ca l  Performance 

Phys i c a l  re lat iv i ty assu res  u s  that there must be a tempora l  gap between  " now" in  one  l oca­

t i on  and its report e l sewhere .  Tran sm i s s i o n s  of s i g na l s  cannot overcome th is  i n terva l .  A m i l i ta ry oper­

at ion occu rs ac ross a sequence of such  i nterva l s .  The commande r's i nt u i t i on  masters t ime by an t i c i ­
pat i ng  f u tu re  events, a s  i f  b r i n g i n g  a bout  the expected i n  advance of i t s  occur rence .  I n  the  case  of phys­

ica l  tra n sm i ss i ons ,  i nformat ion ove r l oad resu lts from the latency between  g round  truth and i nformat ion 

d i s p l ay. Th i s  i s  d u e  to the accounta b i l ity of the var i a b l e  n .  I f  a commander cou ld  be i n  n p laces at once ,  

where n > 1 ,  then i nterpretat i o n  a nd  dec i s i o n  wou l d  rece ive t ime ly  execut i o n .  H owever, i f  n = 1 ,  the 

commande r  acts i n  rea l t ime .  I n  m i l i ta ry doctr i n e  a commander  may subst itute n-t ime  execu t i on  with 
recurs ive t ime ,  in  the form of a Pr ior i t i zed I nformat ion Request WIR ) .  A P IR i s  a recurs ive q u e ry. I t  asks 

a b i g  q u est i o n ,  the  b i g  q uest ion i n  tu rn  asks  sma l l e r  q u est ions ,  and so on down the cha in  of command .  

Event u a l ly  the sma l l est a n swers report to b i g ge r  answers ,  and so on .  When enough  a nswers retu rn ,  

a dec i s i o n  i s  made at the top .  Bu t  there i s  ra re ly  enough  t ime du r i ng  batt l e  to comp l ete the  recu r s i on .  

Dec i s i o ns  a re made w i th  l ess  than comp l ete knowledge .  I n  p lace of knowledge ,  the  command i ng  off i ­
ce r  re l i e s  upon  i nformat i on  d i s p l ay. I nformat ion d i sp l ay  may be thought  of as  a representat i o n  of t ime 

as  know ledge .  But  th i s  knowl edge  i s  i m p l i c i t , a s  i t  i s  a representat ion of u ncerta i nty. The d i fference 

between  ava i l a b l e  i nformat i on  and  know ledge  req u i red for a dec i s i on  i s  the u n known q u a nt i ty i n  the 

d i s p l ay. 

I n  the  Ground Truth i nsta l l a t i on ,  u nce rta i nty is represented .  Th i s  unce rta i nty is the  asymptote 

of the research c u rve .  The m i l i ta ry term for the u ncerta i nty c u rve i s  S ituat i ona l  Awa reness .  

Pol iti ca l ldea ls  and The i r  App l i cat ion 

There i s  a h i story of a rt i sts who s tep  forward to support the cause  of batt l e ,  s uch  as  those who 

shou l de red a rms  aga i nst Fra nco i n  the Span i sh  C i v i l  Wa r. The re  i s  a l so a h i sto ry of a rt i st-act iv i sts 

opposed to wh at used to be ca l l ed the " m i l i tary- i ndustr i a l  comp lex . "  The acc l i mat izat i on  of a rt i sts to 

m i l i tary pract i ces  rem i nds  me  of an a necdote to l d  by a professor in a documentary f i l m  c l a s s .  The c l ass  



had j u st f i n i s hed screen i ng  The Battle of Anzio 

by Fra n k  Capra ( d i rector of Ws a Wonderful Life 

and  other f i l ms ) .  Anz io was part of the "Why 

We F i g ht" c i nema newsree l  ser ies ,  p roduced 

d u r i n g  Wor ld War 1 1  by the Department of 

Defense .  Va r i o us  Ho l lywood d i rectors produced 

i n sta l l ments i n  th i s  ser ies as part of the wa r 
effort. Na rrat i on  and raw footage were prov ided  
by the 0 0 0 .  Accord i n g  to  the sto ry, off i c i a l s  

were unhappy about an  apparent t ime  offset i n  
Cap ra 's work, between the na rrat i on  and  the 

s i l ent  newsree l  footage .  The t im ing  of the na rrat i o n ,  they protested, undu ly  emphas i zed the s o l d i e rs '  

d i ffi c u l t i es .  The resu l t s  were l ess  than i n s p i r i n g  to prospect ive so l d i ers .  Ca pra i s  sa i d  to have rep l i ed ,  

"You  d i d n 't expect me to make a mov ie  promot i ng  wa r, d i d  yo u ? "  

Th i s  research i s  supported b y  t h e  Army Resea rch  Labo ratory and  t h e  A rmy  I n te l l i gence  a n d  
Secu r ity Command v i a  t h e  Advanced and I nteract ive D i sp l ays Consort i um .  T he  Conso rt i um  i s  sponsored 

by the U . S .  Army Research Laboratory under  the Fede rated Labo rato ry Prog ram ,  Cooperat ive Agreement 

DAAL0 1 -96-2-0003. The vi ews and conc l u s i o ns  conta i ned i n  th i s  document a re those of the a uthors and  

s hou l d  not  be i nterpreted as represent i ng  the offi c i a l  po l i c i es ,  e i the r  expressed o r  i m p l i ed ,  of the Army 

Research Labo ratory o r  the U . S .  Gove rnment .  

Survivab i l ity 

We live in a society with the generally accepted definition of adaptation. 

( Lorenz ,  1 965) 

"Ada ptat ion"  i s  the process that mo l d s  the o rga n i sm  so that i t  f i ts its env i ronment  i n  a way 
ach i ev i ng  s u rv iva l .  As computer tech no l ogy i s  advanced enough  to update va r i o us  s im u l a t i ons  based 

upon comp lex  phenomena, the l og i ca l  processes based on  b i o l og i c a l  exp lanat i ons  o r  " rea l -wor l d "  
u nde rstand i ngs  come to the front l i ne of d i sc uss i ons .  S u bsequent ly, meta phors such  as  " env i ronmen­
ta l  f i t ness , "  " mutat ions , "  "memes , "  "adaptati o n , "  and  " s u rv iva l "  c ross  ove r  many d i sc i p l i nes .  Let 's not 

farget that metaphors a re often used for exp l a natory des i gnat ions .  The uses of metapho rs that a re 
heav i l y  dependent on exp l anatory powers often tend to be m i staken as presc r i p t i ons  for  the s u bse­
q uent thoughts .  The prod uct ion of a rt d i ffers from the product ion of exp l anat i ons ,  and  I cannot e l abo­
rate th i s  here .  However, as a composer I sta nd c l o se l y  by the fo l l ow ing  refe rence .  Not necessa r i l y  con­
trad i c t i ng  the preced ing  refe rence,  as  an  a l ternat ive ,  i n  the ear l y  1 960s Ross Ashby stated :  

There is  not  a single mental faculty ascribed to Man that is good in the absolute sense. If  any 

particular faculty is usually good, this is solely because our terrestrial environment is so lacking in vari­

ety that its usual form makes that faculty usually good. 

However absurd it appears to be, at least at first sight. this statement seems to contradict our 

common acceptance of nature as unpredictable in detail and uncontrollable by its nature. Note that the 

assertion that adaptability is "good" often shadows the examination of the condition under which cer­

tain adaptability is "good. " Further, the value association obscures the fact that  a generative process 

starts from the stipulation of constraints. The stipulation of constraints gains freedom and generative 

power. Performance may generate metaphor but is not constructed on explanation-based metaphor. 



In composing a medium, generating performance cases is preferred to explanations for examining the 

explainer's conditions under which the performance is genera ted. The criterion for composing a medi­

um is to create the conditions such that certain human capacities are facilitated, otherwise the partic­

ular capabilities to observe might not be attainable. In creating this condition, performability is more 

of our cancern than survivability. The art of a dreamer requires more than the adaptability for survival. 

One might have to refuse to survive under certain conditions in order to construct an alternative. 

"Survive ! "  advised he who has survived. He could be the dreamer's nightmare. 

Notes 

1 .  The CAVE is a room-sized, surround-sereen, projeetion-based interaetive virtual environment. The Ars 
Eleetroniea Museum has lieensed a CAVE from the University of !llinois. 

2. Sonifieation is the transformation of da ta into synthesized sound for purposes of observing that data. 

3. Shannon and Weaver, The Theory of Communieation (Urbana: University of lIIinois Press, 1959). 
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A r e  Vo u O n l i n e ? 
Presence and  Parti c i pat ion in Network Art 
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Even at the beg i n n i n g  of 1 997 a l ot of peop l e  had a strong  fee l i ng that t h i s  was go i n g  to be 

the Yea r  of Net  Art, and that after  a br ief s umme r  the a rt i sts wou l d  e i ther  have to go  and  l ook  for new 

cha l l enges ,  o r  t ry to exp l o it wh at wou l d  most probab l y  become accepta b l e  for a wider a ud i ence and 
therefore a l s o  become i ncreas i n g l y  i nteg rated i nto the "Ope rat i n g  System Art . "  So  l a st year, i nterest­

ed observers cou l d  witness and part i c i pate i n :  extended o n l i n e  d i scuss i ons  about  the tech no l o g i ca l  and 
a rt h i sto r ica l contexts f rom wh i ch  net a rt eme rged ;  b i cke r i ng  a bout  whethe r  i t  was pretent i ous ,  f un ny, 

o r  accu rate to speak of net .a rt, the dot becom i ng  the object of heated d ebate; i nternat i o na l  meet ings  

at wh ich  the futu re h i story of the net .a rt movement was determ i n ed and  deconst ructed .  The presence 

of some of the heroes and hero ines of the c l u ster of a rt i sts-who i n s i sted that they were ne ithe r  a 

movement no r  a group ,  ma i n l y  beca use nobody wanted to go down i n  the expected dem i se  of the 
net .a rt l abe l-at majo r  i nternat i ona l  a rt exh i b i t i ons  and  media a rt fest iva l s  was l o o ked at with co l l ec­
t ive pr ide and  i n d iv i dua l  envy. 

The d i scuss ions  about net .a rt (I s t i ck  with t h i s  l a b e l  for  the moment ,  mean i n g  espec i a l ly a k i nd  
of hyb r i d  WWW-S ituat i on i sm l  gave  us a n  i mportant b reak .  They made i t  poss i b l e  to d i st i n g u i s h  more 

c l ea r l y  between a rt on the net and a rt i n  the net .  Art on  the net uses  the I nternet a s  a d i str i bu t i on  med i ­
um ,  whethe r  i n  the form of  the  de r i ded  v i rtua l  g a l l e r i es ,  i . e .  d i s p lays of 2 -D a rtworks, photog raphs ,  
computer g raph i cs ,  etc . ,  that  i n  themse lves  bear  no  re l a t i on  to the I nternet ,  o r  i n  the fo rm of a chan  ne I 

for conceptua l  a rtworks, i n  wh ich  case the I nternet i s  a n  effect ive but potent i a l l y  rep l aceab l e  presen­
tat ion  too l .  Art i n  the net i s  germane to the med i u m  of the e l ectro n i c  networks :  i t  p l ays with the i r  pro­

toco l s  and techn i ca l  pecu l i a r i t i es ,  i t exp l o its the bugs and pushes  the potent i a l s  of softwa re and ha rd­
wa re-it i s  u nth i nkab l e  without its med i um ,  the I nternet .  At the same t ime ,  a rt in  the net shows a keen 

awareness not on l y  of the techno l og i ea l ,  but  a lso of soc i a l  a nd  c u l t u ra l  aspects of the I nternet, and 

p l ays on  them th rough hybr i d ,  i ntermed i a l  a rt i st i c  strateg i e s .  
I t  i s  obv ious that i n  a ,  p r imar i l y, l ate-modern i st c u l t u ra l  env i ronment ,  the  latter, mo re  pu r i st 

vers i o n  of network a rt was favou red by many. The statements of the . Net j u r i e s  of the Pr ix  Ars 

E l ectron i ca  have a l so, s i nce 1 995 ,  pa id  t r i bute to t h i s  u nde rstandab l e  b i a s .  O n l y  postmodern cyn i cs  
wou l d  have done  otherwise .  I t  has been a prob l em  for exh i b i t i o n  and  fest iva l c u rators, however, to pre­

sent th i s  k ind of work for an  aud i ence that ,  even g ranted that i t  m i g ht be  i nte rested in th is new a rt 
form, was se l dom i n i t i ated i nto its r i tua l s .  I say r i tu a l s  because much  of the exc i tement and  th r i l l  of 

network a rt has  been de r ived from the sense of be i n g  present at and  pa rt i c i pat ing i n  a n  event o r  
p rocess  that h i nges on the co-presence and  the cooperat i on  of severa l peop le .  I n  sho rt, f rom the sense 
of be i ng  o n l i n e-and th i s  not so much i n  the tec hn i c a l  sense  of hav i ng  access to a networked com­
puter, but as  a menta l i ty, a state of m i nd  that evo lves i n  peop le  who work and  " l ive" i n  a d i st r i buted 
e l ectron i c  env i ronment that i s  "charged" with fast and often n e rvous i nformat ion exchange-a state 

of m i n d  wh ich  i s  by no means germane on l y  to network a rt i sts . 
The worst th i ng  a c u rator can do i s  to make a l i st of hyper l i n ks to se l ected webs i tes ,  put  them 

on  the web pages of the festiva l o r  exh i b i t i on ,  not pay the a rt i sts a fee ( u s i ng the  a rgument  that the i r  



projects a re o n l i n e  and  thus  p u b l i c l y  ava i l a b l e  anywayl, and then put a se r i es  of o n l i n e  computers 
somewhe re in the exh i b i t i o n  where the a u d i ence can look at the proj ects-a nd s u rf the WWW free l y. 

The l atte r po i nt-tem porary free access to the I nternet-is  probab ly  the on l y  pos i t ive a spect of the 

set- up .  A va r i a t i on  to th is  worst-case scenar io  was the WWW part of the Documenta X a rt exh i b it i on  

i n  Kasse l/G e rmany i n  1 997 where the a rt i sts were  pa id ,  but the projects were  ru n n i n g  offl i n e  and  i n  a 
sad g rey-a nd-wh ite pseudo-off i ce .  00 t h i s  if you want to prevent yo u r  a u d i ence trom unde rsta nd i n g  

what netwo rk a rt m i g ht be about .  
The openX env i ronment  at the Ars E l ectron i ca Fest iva l 97 i n  L i n z  was a mo re c reat ive  and  more 

dar ing attem pt at dea l i ng with the d i ff i c u l t i e s  of present ing net art i n  a fest iva l s i tuat i o n .  I wi l l  f rom 

now on  use  the term " net a rt "  i n  the  broade r  sense ,  mean ing a rt pract i ces  based i n  the I nternet, f rom 
WWW-based p rojects and  l ive-a u d i o  exper i ments, to commun icat ion p rojects that u se  IRC ( I nternet 

re lay chat l ,  FTP ( f i l e  t ransfer p rotoco l l ,  Te l net, and other I nternet protoco l s .  Mo re than ten d i fferent 
o n l i ne projects were i nv i ted to work on  the mezza n i n e  of the L i n z  Des i gn  Center  d u r i n g  the fest iva l ,  and 

for a week over f i fty peop l e  spent long days and even i ngs  on the i r  i s l a nds  of ta b l e s  and  term i n a l s  in 

th is l oca l i sed a rch i pe l a go  of network c reat iv i ty. Many of the peop le i n  the d i fferent p rojects knew and 
had worked with one  another before and were now g iven the un i que  opportun ity of be i n g  a b l e  to do 

what  they a lways do i n  c l o se  phys i c a l  v i c i n i ty :  commun i cate, i nvest igate, wr i te ,  p rogramme ,  and  des ign  
i n  the net .  

openXwas the refore a n  a l most 1 : 1 representat ion  of the s ituat i on  i n  wh i c h  net a rt i s  be ing  c re­
ated every day. Art ists who somet imes  know each other i n  person, and somet i mes  do  not ,  work togeth­

e r  i n  sma l l e r  commu n i t i e s  wh i ch  ove r l ap  with other such commun i t i es .  Mo re commun i cat i on  and  cre­

at ive potent i a l  a re de r ived from the contacts between these groups,  mutua l  conta m i nat ion  and  tra ns­

format ion g u a ranteed .  In  pract i ce ,  th i s  concept worked on ly  i n  part .  The re-mapp i ng  of a t rans l oca l  

assemb lage  i n  a l oca l i sed sett i ng  showed both  advantages and d i sadvantages for  the a rt ists '  cooper­
at i o n .  Maybe d u e  to the un fa m i l i a r  opport un ity, certa i n l y  due  to a lack of t ime  d u r i n g  the sho rt f ive days 

of the fest iva l ,  much of the s i t uat i on 's potent i a l  cou l d  not be rea l i sed and the a rt i sts went away aga i n ,  

s l i ght l y  d i zzy and  confused l i ke afte r a ro l l e r-coaster r i de .  

Wh i l e  these a re i nt r i cac ies  of on/off- l i ne cooperat ion ,  a cruc i a l  p rob l em  of the presentat ion  of  

network a rt i s  the  re l a t i onsh i p  between  the a rt i sts o r  prod ucers, and the aud i e nce .  As h i nted before, 

how does one show the essent i a l  th r i l l  of o n l i ne a rt to a cu r i ous  outs i de r? Some of the openX part i c i ­
pa nts were  st i l l  u nde r  shock  f rom the i r  expe r i ence  at the Documenta X that  s umme r, where the Hybrid 

Workspace of the Ber l  i n  B i e n n a l e  had offered Kasse l 's Oranger ie  as a 1 OO-day med i a  c u l t u ra l  workshop 

for d i fferent i nternat i o na l  g roups .  The Hybrid Workspace i tse l f  was a f l ex i b l e ,  m u l t i -funct i o na l  wo rk ing 

env i ronment ,  a nd  most of the dozen o r  so workshops we re g reat successes with many good resu l ts .  

Yet ,  how do you dea l  with a thousand o r  mo re Documenta v i s itors who come i n  every day and  who want 
to see the a rt? In  Kasse l ,  i t  was very d i ffi c u l t  even to beg i n  to commun i cate to the  a u d i ence  what the 

workshops were about ,  g iven the sho rt attent ion span of the exhausted a rt show v i s i tors .  

U n l i ke the Hybrid Workspace, openX had a sma l l e r  and probab ly  more o n l i n e  a u d i ence ,  with 
many of the v i s i tors having t he i r  own, often extens ive expe r ience with the networks .  Yet, part i c i pa nts of 
both projects found  i t  d i ffi c u l t  to reco n c i l e  the wish to work together in the workshop ,  with the ne ces­

s i ty to represent that work to a l a rge r  aud i ence .  Some were better at th is than others ,  espec i a l l y  those 

who were dea l i n g  with campa i g n - l i ke themes and strateg i es .  But few were happy about the fact that 

the i r  processu a l  work was on  d i s p l ay as though it was a perfo rmance about the a rt ist  at work .  Wh at they 

no rma l ly do at the i r  te rm i n a l s  at home or  in the stud io  was not only changed q u ite s i g n i f i cant ly  through 

the sudden phys i ca l  v i c i n ity to the other a rt i sts, but was a l so exposed i n  a way that it norma l ly i s n 't .  

Rea l - l ife presence and  confrontat ion  i s  norma l l y  not someth ing  that comes i nto p l ay i n  net a rt, l a rge 

parts of the net be i ng  a meshwork of d i st r i buted pr ivate spaces, rather  than a pub l i c  space .  



A descr i pt ion of the d i fferent funct i ona l  l ayers of the e l ectron i c  networks can h e l p  to e l u c i date 

the i nvertedness of some of the cu rrent net-based a rt .  The fo l l ow ing  w i l l  be fam i l i a r  to readers ,  but  i n  

t imes  o f  e l ectron i c  commerce a n d  the Ub i qu i tous B uy-Button i t  seems impo rtant t o  reaff i rm t h e  d ivers i ­
t y  of too l s  for net-based creat iv ity. I n  t he  f i rst i n stance ,  the net i s  a commun i cat ion-scape whe re  v ia  a 

m u l t i tude of channe l s  (e-ma i l ,  newsg roups ,  ma i l i n g  l i sts, I RC ,  CUSeeMe ,  etc . )  conversat i ons  are go i n g  
on  between i n d iv i dua l s  and g roups o f  every s i z e ,  from two t o  severa l thousand .  L i ke any good  conver­

sat i o n ,  these get better the better the part i c i pants know each othe r. The i nternat i ona l  Xchange network 

of net-rad i o  enthus iasts i s  a good examp le  of such  a d i str i buted g roup  that b u i l ds  the i r  creative cooper­

at ion  i n  l i ve-a ud i o  stream ing ,  on the commun i cat ion  channe l s  that connect them .  The peop le  of Xchange 

and  others are thus  a l so exp lo r i ng  the net as a soundscape with part i c u l a r  q ua l i t i es  i n  data t ransm is ­
s ion ,  d e l ay, feedback, and open ,  d i st r ibuted c o l l a bo rat i ons .  Mo reover, they connect the network with a 

var i ety of othe r  f i e l ds. I n stead of defi n i ng a n  " a uthent ic"  p l ace  i n  the i r  a rt i st ic  work, they p l ay  i n  the 

transmed i a l  zone of med ia labs i n  d ifferent count r i es ,  ma i l i n g  l i sts ,  netcast ing and FM broadcast i ng ,  
c l u bs ,  magaz i nes ,  st ickers, etc . ,  i n  wh i ch  " rea l "  spaces  and  med i a  cont i n uou s ly ove r l ap  and f use .  

The use  of t he  spat i a l ,  perspect iva l metapho r  of the "scape"  may be m i s l ead i ng  a s  i t  may ca l l  
u p  the assoc ia t i on  of a euc l i d i a n ,  three-d imens i o na l  space wh i ch  encaps u l ates these d i fferent func­

t ions .  I n stead ,  one  must  remember  that  we a re ta l k i n g  about d i g ita l data be i ng  sent a round i n  a network 

i nfrastructure of computers, cab les ,  and w i r e l ess transm itters . The datascape of the net is a m u l t i ­

d i mens i ona l ,  con t i n uous l y  transform ing topo l ogy  rather  than  a l a ndscape w i t h  a ho r i zon .  I t  i s  worth 

ment i o n i n g  that there a re now an increas i n g  n umbe r  of stud i e s  and projects that t ry to desc r i be  o r  map  
th i s  datascape by means of dynam ic  3 -D structures c reated i n  VR M L  (Vi rt ua l  Rea l i ty Mode l i n g  

La nguage ) .  These projects rema i n ,  however, l i m i ted b y  t h e  three-d imens i o na l  framework .  Even when 

t h i s  three-d imens i ona l ity i s  upg raded with  hype r l i n ks and  morph i n g  shapes ,  i t  i s  st i l l  unab le  to capture 

the comp l ex i t i es  of the network topo l og i e s .  

A l though  t he  ne t  i s  an  expans ive and  heterogeneous  med i u m  for commun i cat ion  between  peo ­
p i e ,  i t  i s ,  i n  the  f i rst i n sta nce, a mach i n e-sca pe .  Computers a re connected to computers ,  exchang i n g  
l a r ge  c h u n ks o f  contro l  and coord i nat ion data at an  a l most u n i mag i n ab l e  rate . To g e t  a g l i m pse o f  t h e  

extent of mach i n e  commun i cat ion ,  j u st study the fu l l  Path i nformat ion  of any  e-ma i l  message :  a n  e l a b­
o rate se r i es  of I P  numbers ,  exact dates, and  i nformat ion about  softwa re and  encod i n g  p rotoco l s  wh i ch  

trave l s  with and  i s  accumu l ated by  any data  packet that  trave l s  ac ross the net .  Some recent  a rt pro­
jects deal with the parti c u l a r  aesthet ics of the mach i ne-scape ,  l i ke I/O/O 's Web Stalker wh i ch  scans  
the hype r l i n ks of WWW pages ,  d i sp l ays the i r  HTML  code as  the Sta l ke r  agent  ana lyses the pages ,  and  

maps  the hyper l i n k  structure i n  p l a i n  and evocat ive g r aphs ,  a l l ow i ng  a su rp r i s i ng  l ook  at the unde r s i de  
of the Web .  The degree to  wh  i ch  th i s  techno-topo l og ica l i nfrastructure of the net i s  i nvested with­

open  and d i s g u i sed-economic ,  po l i t i ca l ,  symbo l i c  power has been exposed cr i t i ca l l y  by Pau l  G a rr i n 's 
name. space project .  Yet, the more prec i se  such  p ro jects become i n  a techn i c a l  sense ,  the  more eso­

te r i c  they appear to those who don 't know how to read the c i phe rs and  l ette rs .  

Obv ious ly, the net i s  a l so an  image-scape ,  and the Wo r l d  Wide Web i s  its news-sta nd ,  a rt 
g a l l e ry, a nd  photo a l bum .  It is worth remembe r i ng  that the WWW was i n i t i a l l y  des i gned  to a l l ow for 

the d i s p l ay, d i st r ibut ion ,  and hype r l i n k i n g  of texts and  images ,  tasks which were suppo rted by the f i rst 
sta nda rd WWW browsers .  Sounds ,  movi ng images ,  and i nteract ive funct i ons  were added later  and st i l l  
req u i re a se r i e s  o f  more o r  less standard i sed softwa re p l u g - i n s .  The text-a nd - image  l egacy o f  the 
WWW can be de r i ded as an  on l i ne  equ iva l ent of the 2 -D g raph i c  and  p r i nt med i a ,  but  t h i s  m i ght  be the 
funct ion that i t  i s  best at for the l a rge aud i ences  that its commerc i a l  deve lope rs are i nterested in .  I t  i s  

i mportant that the WWW is  a s imp le enough p u b l i s h i n g  med i um  that a l l ows l ots of peop le to show 
the i r  stuft .  Bu t  wh at if not everybody wants to become a n  act ive part i c i pant ,  wh at i f  not everybody 

wants to go  o n l i ne?  



The I nternet i s ,  f i n a l ly, a l s o  becom i n g  a n  act ion-scape ,  an env i ronment that suppo rts pa rt i c u ­

l a r  types o f  agency wh i c h ,  at a t ime  o f  gene ra l  d em i s e  o f  democrat ic dec i s i o n-mak i n g  a nd  contro l ,  s u g ­

gest at  l east t h e  poss i b i l i ty o f  n ew  forms of act ion i n  t h e  p ub l i c  doma i n .  T h e  1O_Dencies project b y  
Knowbot ic Research i s  a n  attempt at exp l o r i n g  t h e  potent i a l  f o r  act ing i n  trans l o ca l ,  n etworked env i ­
r onment .  I t  creates an i nterface between the commun icat ion-scapes and  the mach i ne-scapes of the  net  

and  asks wh at the topo l ogy of agency m i ght  be i n  such  hybr id  and connect ive env i ro nments .  

The above i s  by no  means  an  exhaust ive ana lys i s  of what the I nternet i s o  Tra d i n g ,  game-p l ay­

i n g ,  g amb l i ng ,  m u l t i -cast i n g  of texts, sounds ,  and images ,  a l l  these are p rom i nent f unct i o n s  of the net .  

The WWW i s  an  i ntermed i a l  env i ronment  that s u pports o r  g i ves access to  some of these d i fferent f unc ­

t i ons .  Wh at makes network a rt i nterest i n g  at the moment, however, i s  happe n i n g  away f rom the  
WWw. The dec i s i o n  of the . Net J u ry of the 1 998 P r i x  Ars  E l ectron i ca shows th i s ,  s i n ce  three p rojects 

for the pr i zes which are a l l  not o r  not p r ima r i l y  WWW projects have been se l ecte d .  

T h e  exper i ence  of net-based a rt i s  c l ose l y  t i e d  u p  with on l i ne  presence a nd  a n  act ive pa rt i c i ­
pat i on  i n  t h e  creat ive process ,  whethe r  i t  i s  l ocated p r imar i l y  i n  a mach i n e  o r  i n  a networked c ommu ­

n i ty. To reform u l ate an  ea r l i e r  statement :  a k ey  p rob l em o f  t h e  presentat i on  o f  network a rt i s  t h a t  t he re 

i s  no d i st i nct ion between  the a rt i sts and  the a u d i ence ,  between product i on  and  recept i o n .  You perce ive  

th ro ugh  be i ng  a part i c i pant ,  you produce by rece i v i ng .  Net a rt i s  on l i ne ,  a nd  i t  i s  for  those who a re 

o n l i ne .  
T h e  theory o f  network c reat iv i ty, a nd  o f  t h e  creat ive u s e  o f  d i g ita l med i a  i n  gene ra l ,  h a s  

emphas i sed the fact t h a t  t h i s  techno l ogy empowers every u s e r  o f  a computer t o  b e come  a creator a nd  

to pa rt i c i pate i n  the " g l o ba l  concert "  o f  o n l i n e  a rt ists .  Even if d i g i ta l med i a  theoret ica l l y offer  t h i s  pos­
s i b i l i ty, wh at we can see now i s  that the same netwo rk env i ronments m ight  be of exc l u s ive i nterest for  

those peop le who actua l l y  want to become producers .  Part i c i pat ion becomes not on ly a n  opt i o n  bu t  a 

cond i t i o n .  If t h i s  is tru e ,  it means  that the Brecht ian utop ia  of a commun ity of med i a  prod uce rs c o u l d  

fa i l  o n c e  aga i n ,  i n  part because commerc i a l  i nterest prevents strong up l oad i ng  c h a n n e l s ,  but  i n  pa rt 

a l s o  because l a rge  sect i ons  of the prospect ive prod ucer-rece ivers wou l d  make no use  of the too l s  a nd  

the bandwidth ,  e ven  i f  t h ey  were ava i l a b l e .  

T h i s  i s  not a very sat isfy i n g  ana l ys i s ,  ce rta i n l y  n o t  from t h e  perspect ive of c r i t i ca l  c u l t u ra l p rac­

t i ce  i n  and  th ro ugh  d i g ita l med ia .  Does i t  mean  that ,  o n l i ne and off l i ne ,  we a re stuck with fancy i nte r­

faces and  an i nteract iv i ty that on l y  "works" if it is enterta i n i ng? And, in contrast , what wou l d  it mean  

f o r  fest iva l a ud i ences and  others t o  go  o n l i ne ,  to "become o n l i ne"  i n  t h e  way  that many  a rt i sts a re who 

a re do i n g  net-ba sed wo rk? O r  rathe r, wh at i f  fest iva l s  were  to  fac i l itate the on l i ne  expe r i ences  of pa r­

t i c i pants and  v i s itors be i n g  bro u g ht togethe r, so that they cou l d  meet, conf l i ct ,  and cooperate with each  

othe r  at the mu l t i p l e  po i nts of cont i g u i ty and  i ntersect i on  between the d i fferent o n l i n e  wo r l ds  ( ha c k­

ers ,  N G Os ,  b u s i n ess networks, etc . )? Wh at wou l d  the festiva l s  and exh i b i t i on  spaces be l i ke that wou l d  

rea l l y  a l low an  a ud i ence  t o  come a n d  observe ,  part i c i pate, operate? 

The q uest ion of how to present network a rt ,  and how to a rt i c u l ate o n l i ne presence and part ic ­

i pa t i on ,  can thus  be posed on  two l eve l s .  O ne  i s  that of connect ing d i ffe rent forms of o n l i ne expe r i ence ,  
and  the  othe r  i s  the demonstrat i o n  of "med i ated space  and rea l  space as  a l l  one  constant ly  i nte r l o ck­

i n g  and  chang i n g  topo l ogy" ( L i sa  Haske l ) . I n  c u rato r i a l  pract i ce ,  t h i s  means that mo re emphas i s  needs  

to be p l aced on the i nterface ,  a l ongs i de  the representat i on  o r  c r i t i ca l  pract i ce  tha t  fo rm the con ten t  o f  

network a rt projects .  The i nterface i s  bo th  the terra i n  and the too l  where the forces of an  i ntermed i a l  

f i e l d  converge ,  and  w h i c h  c a n  be deve loped  as  a f i e l d  o f  agency, and  a f i e l d  o f  s u bject i f i cat i o n .  

Presence and  pa rt i c i pat i on  m i g ht be u n l ocked th rough  t h e  deve l opment of hyb r i d ,  p l u ra l ,  a n d  po rous  

i nte rfaces  that  cut  ac ross med iated and  " rea l "  expe r ient i a l  terra i ns ,  i nvo lve d i ffe rent a u d i ences  and  

t ha t  fac i l itate f o rms  of becom i n g  on l i n e  t ha t  a re ,  at t he  same  t ime ,  ways of beco m i ng p u b l i c .  

(Thanks to Lisa Haskel and Tapio Mäkelä tor critical comments and suggestions. ) 
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PhO from the Un iversity of East 
Ang l i a ,  No rwich/UK, writing about 
the use of portrait photography i n  
the  1 9th-century human sc iences ( "A 
V isua l  Economy of  I nd iv idua ls , "  
1 995, unpub l ished)  I n  h i s  recent the­
oret ica l  work he i s  deve lop ing ideas 
for a "mach in i c "  aesthetics of med ia  
a rt. 

Cabaret Volta ire was born in 
1 974 (with Chris Watson ,  Stephen 
Ma l l i nder  and R i chard K i rk) from a 
"mutua l  i nterest in sound . "  By 1 986 
Cabaret Vo lta i re was 12 years o l d .  
"Not bad  fo r  a band  that began with 
l itt le  more than a tape recorder and 
an osc i l l ator. "  

Loren Carpenter i s  t h e  i nventor 
and Pres ident of C I N EMATRIX i nter­
active and a p ioneer in the f ie ld  of 
computer graph ics .  Together with h i s  
wife, Rache ! .  he founded C IN EMA­
TRIX to exp lo re the i ntersect ion of 
computers and a rt .  C INEMATR IX 
focused on the deve l opment of  aud i ­
ence  part i c i pati on techno logy. 

John L. Casti has devoted a sub­
stantia l  part of h i s  t ime to the prepa­
ration of severa l books on sClence 
for the student and/or genera l  read­
er. The f i rst was the award-winn ing  
Alternate Realities: Mathematical 
Models of Nature and Man; others 
are Paradigms Lost: Images of Man 
in the Mirrar of Science, Searching 
for Certainty, Complexification, Five 
Golden Rules. H i s  most recent popu­
la r-sc ience offer ing is  Would-Be 
Worlds. H i s  f i rst foray i nto what he 
ca l ls "sc i ent if ic f ict ion"  i s  the work 
The Cambridge Ouintet, a ficti ona l  
account of a d inner  pa rty i n  Cam­
br idge ,  U K  i n  1 949, at which the 
quest ion of the 

'
poss i b i l ity of the 

creat ion of a thmkmg mach me I S  
the  focus of the d inner-pa rty 
conversat ion .  

Daniel  Charles i s  on the Facu lte 
des Lettres Arts et Sc iences 
Huma ines at the Un iversite N i ce 
Soph ia Anti po l i s .  He writes about 
the aesthet ics of contempora ry 
mus ic and has pub l ished Musiques 
Nomades, and contri butes to 
numerous journa ls  i nc l ud i ng  Revue 
d'EsthBtique. 

Insook Choi is composer in resi­
dence at National Center for 
Supercomputing Appl icat ions and 
Research Spec i a l i st i n  Human­
Computer Inte l l igent I nteract ion at 
the Beckman I n stitute. She has cre­
ated numerous i nterd i sc ip l i na ry pro­
jects across cogn itive sc ience,  eng i ­
neer ing ,  and mus ic  performance. 

She i s  frequent ly i nvited as a per­
former and speaker and pub l i shes 
across the d i sc i p l ines of art, sc ience 
and eng ineeri ng .  

Jürgen Claus i s  a n  a rt ist, writer, 
and cu rator. He organized the exh I b I ­
t ion "Art and Techno logy" at the 
Federa l M i n i stry of Research and 
Techno logy i n  Bonn ( 1 984), and . 
"Term ina l  Art" for Ars E lectron lca m 
1 986 .  He was a Fe l l ow at the Center 
for Advanced V isua l  Stud ies  at M IT  
( 1 983) and has written extens ively, 
i nc l ud i ng  Expansion of the Arts 
( 1 9701 .  Umweltkunst ( 1 982) . He has 
part ic i pated i n  numerous exh i b i t ions 
and sympos i a .  

Critical Art E nsemble i s  a 
co l l ective of a rt i sts with var ious 
spec i a l i zat ions i n c l ud i ng computer 
a rt fi lm/video,  photography, text a rt, 
book a rt and performance. CAE's 
focus has been on the exp lorat ion 
of the i ntersect ions between a rt, 
cr it ica l theory, techno logy, and po l it i ­
ca l  activi sm .  CAE produces projects 
for a broad range of cu ltura l  s itua­
t ions i nc l ud ing  bars and c l ubs,  com­
mun ity centers ,  pub l ic spaces, un l ­
versit ies, ga l l er ies ,  and museums,  
rad io  and te lev is ion ,  and the 
I nternet. CAE has a l so  produced a 
substanti a l  body of cu l tura l  cr it ic i sm 
i nc l ud i ng  The Electronic Disturbance, 
Electronic Civil Disobedience, and 
FleshMachine. 

Richard Dawkins moved to 
Eng land at the age of e ight and 
was educated i n  Oxford . After a few 
years at the Un iversity of Ca l iforn ia  
at Berkeley he returned to Oxford 
where he is  now a Reader i n  
Zoology and  a Fe l l ow of New 
Co l lege .  He broke new ground in 
the theory of evo l ut ion with his 1 976 
book The Selfish Gene and has con­
t inued to promote the Oarwi n ian  
cause  w i th  h i s  o ther  best-se l l i ng 
books ,  The Extended Phenotype and 
The Blind Watchmaker 

Derrick de Kerckhove is d i rec­
tor of the McLuhan Programme in 
Cu lture and Techno logy at the Un i ­
versity of Toronto. He has pub l i shed 
extensively i n  the f ie ld  of commun l ­
cat ion  theory. H i s  work  i nvolves 
neuro-cu l tura l  research i nvest iga­
t ions i nto the impact of med ia  such 
as  writi ng ,  te lev is ion and computers 
on the human nelVous system .  H i s  
sc ient if ic resea rch at present is  to 
exp lo re the impact of te lev is ion on 
the human nelVous systems .  Beside 
h i s  sc ient if ic i nterests i n  commun i ­
cat ions ,  he i s  promot ing a new f ie ld  
of a rt ist ic endeavours wh ich br ing 



together a rt, eng i neer ing and recent Kommunikation, Medien und Design Professor of Med ia  Art at Rensse laer  
deve lopments i n  communicat ion Po lytechn ic  I nst itute. She lectures 
techno log ies .  Herbert W. Franke i s  a physi- extens ively on I nternet art, a rt-v ideo ,  

c i st i nterested in  art/techno logy i nteractive TV, and the h i story of 
Manuel  Oe Landa i s  the author re lat ions and active in the f ie lds of a rt ists and te levis i on .  She i s  a corre-
of two ph i l osophy books, War in the a rt theory and computer graphics- spondent for Telepolis and con-
Age of Intelligent Machines ( 1 99 1 ) for a rt and for the visua l i zat ion of tr i butes to rhizome, the magaz ines  
and A Thousand Years of Nonlinear mathematics. for net culture. 
History ( 1 997) , and of many ph i lo-
soph ica l  essays pub l i shed i n  var ious Peter Fromherz PhD i n  Phys ica l  Herve H u itric has worked s i nce 
journa l s .  He teaches a seminar  at Chemistry, Un iversity Marburg/Lahn the 1 980s i n  f i lm and synthetic 
Co lumb ia  Un iversity on "Theor ies of 1 98 1  Cha i r  of Exper imental Phys ics ,  i mages .  He has part ic i pated i n  
Self-Organ i zat ion and Urban Un iversity U lm/Donau 1 994 D i rector numerous exh i b it ions and sympos ia 
H i story, " and l ectures around the at the Max-Planck-I nstitute for B io- and has shown work at S I GGRAPH,  
wor ld  on the ph i l osophy of sc ience chemistry, Department Membrane the M usee d '  Art Moderne de la 
and techno logy. and Neurophysics Mart insr ied/ Vi l l e  de Paris, and Ars E lectron i ca .  

M ünchen .  He  co l l aborates with Mon ique 
limothy Oruckrey i s  an  inde- Nahas .  
pendent curator and wr iter con- Kit Gal loway was a Member of 
cerned with the h i story and theory of the legendary European-based mu lt i - Toshio Iwai i s  an  i nteractive 
media and the transfo rmation of rep- media group Videoheads 1 97 1 -1 974; a rt ist who graduated from Tsukuba 
resentat ion ,  commun icati on ,  and a rt formed l ife- Iong teleco l l aborative U n iversity. He  has had numerous 
i n  an  i nc reas ing ly e lectron ic  cu lture. a rts l ab  with Sherr ie Rab i nowitz, so lo  exh i b i t ions worldwide and two 
He co-ed ited Culture on the Brink: Par is in 1 975; created Sate l l ite Arts of h i s  works are permanent ly d i s -
Ideologies of Technology and ed ited (A Live Te le-vi sua l ly Compos ited p l ayed at San Franc i sco's 
Iterations: The New Image, and Performance P lace l ,  1 977; Ho le- In- Exp loratori um .  He  has been a rt ist in  
Electronic Culture: Technology and Space, 1 980; E l ectron ic  Cafe, 1 984; res idence at ZKM/Kar lsruhe and at 
Visual Representation. He  l ectures E lectron ic  Ca fe I nternat iona l ,  1 985- lAMAS. 
i nternationa l l y  about the soc i a l  present. Cu rrently he i s  creating an  
impact of d i g ital med ia ,  the transfor- on- l i ne  a rch ive 01 h is  work. Oouglas Kahn i s  Associate 
mation of representat ion ,  and com- Prolessor 01 Media Arts,  Un ivers i ty 
mun i cat ion in i nteractive and net- G u i l lermo Gomez-Peiia i s  an of Techno logy, Sydney. He i s  the 
worked environments. Cu rrently he i nterd i sc i p l i nary a rtist and writer author 01 Noise, Water, Meat: A 
is ed i t ing a ser ies of books for M IT  known fo r  h i s  innovative use  o f  per- History of Sound in the Arts 
Press t it led Electronic Culture: formance, j ou rna l ism,  v ideo, rad io ,  (M IT  Press, 1 999) 
History, Theory, Practice, 01 which and i nsta l l at ion art to exp lore cross-
this vo lume marks the debut .  cu l tura l  issues .  He draws on h is Friedrich Kittler stud ied German 

Lati no background to br idge cu ltura l  a n d  French Literatures a n d  Ph i l o -
Thomas Feuerstei n  stud ied  borders through the use of h igh sophy at the Un ive rs i ty 01 Fre i bu rg/ 
a rt h i story and ph i losophy and l ives techno logy. Bre isgau .  From 1 987 to 1 993 Profes-
i n  Austri a .  sor  01 Literature at t he  Ruhr  Un iver-

Heidi Grundmann i s  a curator s i ty, Bochum and s i nce 1 993, Profes-
Scott S.  Fisher i s  a med ia  art ist. and consu ltant at the i nterlace sor 01 Media H i story and Aesthet ics 
producer, and d i rector whose work between the o ld  and new med ia .  In at the Humbo ldt  U n iversity, Ber l i n .  
focuses pr imar i ly  on immersive envi- 1 987 she deve loped Kunstrad io ,  a H i s  major pub l icat ions in Eng l i sh  a re 
ronments and techno log ies 01 pres- rad i o  program 01 or ig ina l  a rtworks Discourse Networks 7800/7900, 
ence .  Known lor h i s  work as d i rector lor the rad i o  med ium,  for the ORF Grammophone Film Typewriter ( both 
of the Vi rtua l  Environment Work- (Austr ian Broadcasting Corp . ) .  lrom Stanford Un iversity Press) ,  and 
stat ion (VI EW) Project at NASA's L iterature, Media, Information 
Ames Research Center lrom 1 985 to M i ke Hentz has worked in the Systems (G & B Arts) 
1 990, cu rrently he i s  Pres ident of f ie ld  01 media since the 1 980s. H i s  
Te l epresence Med ia ,  a company performances and co l l aborat ions Knowbotic Research (KR+cFI 
locus ing  on the a rt and design of v i r- i nc lude Death Opera ( i n  L inz ,  1 9821. i s  a n  a rtist group based i n  Co logne 
tua l  envi ronment and remote pres- the European Media Art Lab, Piazza (Yvonne Wi l he lm ,  Chr ist ian Hüb l e r, 
ence experiences; Professor in the Vi rtua le  (with Van Gogh TVI, RO MA Alexander Tuchacek) .  They bu i l d  
Facu lty 01 Environmental l nformation MA CH INE ( Hamburg, 1 9951. and experimenta l and tact ica l  interfaces 
at Ke io  Un iversity i n  Japan; and Macroland ( 1 997) lor local and trans- Ioca l  urban envi-
D i rector 01 the Vi rtua l  Explorer ronments. They founded 
Project i n  the Department 01 Nick Herbert i s  a Ca l iforn ia Mem_Brane, a laboratory lor med ia  
Chemistry and B iochemistry at the  phys i c i st. author of  Ouantum Reality, strateg ies, and have deve loped 
Un ivers ity 01 Ca l ilorn ia ,  San D iego .  Faster Than Light and Elemental Dialogue with the Knowbotic South 

Mind. Herbert devised the shortest ( 1 995) ,  Anonymous Muttering ( 1 9961 .  
Vilem Flusser was one 01 prool of Be l l 's Theorem and i s  the and 7O_Dencies ( 1 997) .  
Europe's leading med ia theor ists. H i s  or ig i nator of Quantum Tantra , pr ime 
work ranged from stud ies  i n  the the- contender lor a successor science Hari  Kunzru i s  a London-based 
o ry 01 the image to cu l tura l  h i stor ies to today's who l ly  materia l ist writer and techno-cultural commen-
of memory and med ia cu lture. H is  physics .  tator. He i s  on the editor ia l  board of 
numerous books i nc l ude Toward a Mute magaz ine and presents "The 
Philosophy of Photography, Kommu- Kathy Rae Huffman is a cura- Lounge," a magazine programme 
nikologie, and Der Flusser Reader zu tor, writer, networker and Assistant about the e lectron ic  a rts on [ .lvl . 

C") 
"<:t 
"<:t 



Christopher G .  langton is a camera and rea l ity med iator His numerous books inc lude Mind 
sc ient ist in the Complex Systems IWearCaml. i s  cu rrently a facu lty Children and. most recently. Robot 
Group of the Theoretica l D iv is ion of member at Un iversity of Toronto. Mere Machine to Transcendent 
Los A lamos Nat iona l  Laboratory. He Department of E l ectrica l  and Mind. 
is a l so  on the Facu lty of the Santa Fe Computer Eng ineer ing .  He brought 
I nstitute, where he i s  the d i rector of his invent ions and ideas to MIT i n  Monique Nahas i s  Professor i n  
the Artif i c ia l  L i fe  program. He orga- 1 99 1 , found ing  wh at was to later Art and Techno logy of the Image at 
n ized the fi rst i nternational confer- become the MIT Wearab l e  the  Un iversity of Pa r i s  8 .  She has  
ence  on Artif ic i a l  L i f e  in  Los  Alamos Comput ing Project. He a l so  bu i l t  the part ic i pated i n  numerous exh ib i t ions 
l i n  1 987)  and has ed ited the volumes woMs fi rst covert fu l ly functi ona l  and symposia and has shown work 
from the conti nu i ng  conferences . WearComp with d i sp lay and camera at S I GGRAPH, the Musee d 'Art 
He is ed itor of the M IT  Press journa l  concea led i n  ord i na ry eyeg lasses in Moderne de l a  Vi l l e  de Par is ,  and 
Artificial Life. H i s  research focuses 1 995, for the creation of his award- Ars E lectron ica .  She co l l aborates 
on the physics of computat ion ,  winn ing documentary ShootingBack. with Herve Hu itr ic .  
measures of complexity, computa- He writes and speaks regu lar ly on 
t iona l  b i o l ogy, co l l ective behavior, the issues of privacy, su rve i l l ance Bob O'Kane i s  an  a rt ist work ing 
the o r ig i n  of l i fe and  evo lut ion .  and techno logy. i n  Germany. He  stud ied at the 

I nstitut für Neue Medien i n  Frankfurt 
Jaron lanier is a computer Just Merrit's work dea ls  with and has co l l aborated with, among 
sc ient ist. businessman and compos- the boundaries between human and others, Peter Weibel and U l r i ke 
e r. In 1 984 he founded VPL Research behaviora l  patterns and dr iv ing Gabri e l .  
I nc . ,  a h igh ly  regarded S i l icon Va l l ey compu ls ion .  Us ing  the too ls of no ise 
R&D company, the developer of the (Krüppelschlag) and mechan ica l  Otto Piene stud ied i n  Mun ich ,  
f i rst commercia l l y  ava i lab le Virtua l  scu l pture (Gyroscape). and fann i ng  Düsse ldorf and Co logne  before 
Rea l i ty system,  as  we i l  as the Power conceptua l  sparks to catch fire, he moving to the US  where he became 
G l ove l I icensed to Matte l and so ld in attempts to track down the traces Fe l l ow at the Center for Advanced 
Japan by PAX), Swivel 3D ,  the most of human b io-mechan ica l  depend- V isua l  Stud ies 1 1 968) . I n  1 974 he 
popu l a r  Mac intosh 3D  tool i l icensed enc ies-to f ind out what they are. becomes d i rector of CAVS and 
to Paracomp, Inc . ) ,  and other we l l - beg ins t he  Sky Art Conferences. 
known products. His work has been Marvin Mi nsky teaches and 
featured many times i n  books, a rt i - does research at MIT where he i s  Sadie Plant i s  t h e  author o f  The 
c les  and on nati ona l  te lev is ion ,  and the Donner Professor of Sc ience .  He Most Radical Gesture, Zeros and 
he is best known in the sc ientif ic was one of the p ioneers of computer Ones, and Writing on Drugs. She 
commun ity as a des igner of comput- sc ience, i nvolved in estab l i sh i ng  the ga i ned her PhD from the Un iversity 
er programming l anguages. He has sc ient if ic foundat ions of severa l of Manchester in 1 989, and worked 
also been a pol it ica l  activist, a design- important areas: a rt i f i c ia l  inte l l i - at t h e  Un ivers it ies o f  B i rm ingham 
er of v ideo games and a composer. gence, para l l e l  d i str ibuted process- and Warwick before leaving to write 

ing and neural networks, theories of fu l l -t ime i n  1 997 .  
Hannes leopoldseder has Tur ing mach ines and recursive func-
been working for the Austr ian t ions, robot ics ,  computer v is ion ,  and Sherrie Rabinowitz graduated 
Broadcast ing Corporation s i nce telepresence. He was a founder of with honors from Un iversity of 
1 967 .  S i nce 1 974 he was General M irs Art if i c i a l  Inte l l igence Ca l iforn ia ,  Berkeley, School  of 
Manager  of the Upper Austr ian Laboratory, Genera l  Tu rt le ,  Inc . ,  Logo Environmenta l Design, major ing in 
Reg iona l  Stud ios .  I n  1 979 he co- Computer Systems,  I nc . ,  and Arch i tecture . She was a found ing 
founded Ars E lectron ica and the L inz Th i nking Mach ines Corporat ion .  He  member Opt i c  Ne rve v i deo  and was 
Sound C loud .  I n  1 978 he in i t iated the has been an advisor to NASA, the i nvited to France by the French 
Pr ix Ars E l ectron ica and in 1 993 the L-5 Society, and the Nat iona l  Dance M i n i stry of Fore ign  Affa i rs to 
Ars E l ectron ica Center. I nstitute. H i s  ma in  concern over the ta l k/show Amer ican exper imental  

past decade was to work out the v ideo .  I n  Par is ,  she met l ife partner 
Gerhard Johann lischka foundations of the new concept ion and co l l aborator Kit Ga l l oway. 
is  a free lance cu ltura l ph i l osopher, of human psycho logy descr ibed i n  
writer, and teacher. He is editor of The Society of Mind. He was Heimo Ranzenbacher i s  a 
the ser ies "um9,"  and has organ ized awarded the Japan Pr ize i n  1 990 in jou rna l i st. a rt cr it ic ,  theor ist and 
numerous exh ib i t ions ,  and TV pro- the field of Techno logy of a rt ist l iv ing i n  G raz. He has written 
grammes .  His books inc lude Die Integrati on .  i n  numerous cata logues and per iod i -
Schönheit der Schönheit: Super- ca ls ,  made many presentations at 
ästhetik, Kulturkunst. die Medien- Robert Moog has deve loped a sympos ia ,  and worked on d iverse a rt 
falle, Uber die Mediatisierung: wide range of e l ectron ic  mus ica l  projects i nc l ud i ng  "K lang-F igur" lan  
Medien und Re-Medien. i nstruments, espec i a l l y  the Moog i nteractive sound performance with 

e lectron ic  music synthes izer. He i s  Werner Jauk )  i n  1 99 1 . I n  1 993 he 
Geert lovink media theorist currently president of B ig  Br ia r, I n c . ,  founded TXTD .s ign-a stud io  for 
and act iv ist, based in Amsterdam, bu i lders of Therem ins, ana log  aesthetic services-in 1 994 the 
member of Ad i l kno ,  co-editor of effects modu les, and synthes izers. i nsta l lat ion 'lichtze ichen ,  Utopie-
the nett ime ma i l i ng - l i st, and co- Kunststraße ,"  I nnsbruck, and i n  
organ izer o f  t he  N ext Five M inutes Hans Moravec was Sen io r  1 995,  "Soundart ike l  Esc . , "  i n  G raz .  
conferences. Sc ientist at Carnegie-Me l l on 's 

Robotics I nstitute. H i s  i nvolvement B irgit Richard stud ied art, 
Steve Mann i nventor of the with robots began at an  early age .  h i story and ph i l osophy at the 
so-ca l l ed "wearab l e  computer" S i nce 1 980 he has been d i rector i f  Un iversit ies of Essen and Fernun i  
IWearComp) ,  t he  Eye  Tap video the CMU Mob i l e  Robot Laboratory. Hagen ;  member of the scho lar ly staff 
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in the Department of Art and Des ign the head of the department of  art  and movement. He  a l so wrote the nonf ic-
of the U n iversity of Essen; doctora l science, focus ing on Ars Electronica t ion book The Hacker Crackdown: 
d i ssertat ion "Death Images in Art at the Upper Austria reg iona l  ORF Law and Disorder on the Electronic 
and Contemporary Juven i l e  Subcu l - stud i o .  Together with Gerfried Frontier ( 1 992) H e  has written regu-
tures." S ince 1 988 Un iversity Professor Stocker she i s  respons ib le  for the lar co lumns on popu l a r  science and 
for  New Med ia  at the  Johann prog ramme of the annua l  Ars l iterary crit i c i sm for The Magazine 
Wolfgang von Goethe Un ivers i ty i n  E l ectron i ca Festiva l .  o f  Fantasy and Science Fiction, 
Frankfurt am Ma in ,  I nstitute for Art Interzone, and Science Fiction Eye. 
Pedagogy, Department of Art and Roberto Sifuentes i s  an i nter- He  i s  the moderator of the Dead 
C lass ica l  Phi l o l ogy; f ie lds of spec ia l - d i sc i p l i na ry a rtist whose work exam- Med ia  Project. an I nternet group 
izati on :  new med ia ,  aesthetics of ines the percept ions of Ch icano and which stud ies extinct forms of 
everyday l ife ( i n  parti cu la r  contem- Mexican cu ltures .  He performs i nter- med ia .  He has appeared i n  ABC's 
porary youth cu lture) . l i le and death nationa l l y  and co l laborates frequent- N i ght l i ne, BBC's The Late Show, 
01 a rt i l i c i a l ly generated forms 01 l i fe .  Iy with G u i l l e rmo GÖmez-Pena .  CBC's Morn i ngs i de ,  on MTV, and in 

Wired, Whole Earth Review, World 
Otto E ,  Rössler was tra i ned i n  Art, Details, Computerworld, The 
med ic i ne  and obta ined h i s  PhD i n  Karl Sims graduated lrom M IT  New York Times, Der Spiegel, 
immuno logy. S i nce 1 970 he has with a n  MS  i n  Visua l  Stud ies and a Mondo 2000, and other equa l l y  
taught at the  Un iversity of Tüb ingen .  BS i n  L ile Sc iences .  As a research i mprobable venues .  
He was V is i t ing Professor of Mathe- sc ient ist at Thinking Machines 

matics at Guelph Un iversity i n  1 98 1  Corporat ion he explored techn iques Kristine Sti les is an a rt ist and 
and ,  i n  1 983 V is i t i ng  Professor i n  l o r  c reati ng i mages us ing computers. Associate Professor of Art & Art 
Non l i near  Science at the Center lor He i s  lounder  and president of H i story at Duke Un ivers ity. She i s  a 
Non l i near  Stud ies at Los A lamos .  Genetic Arts, I nc .  He deve lops spe- spec i a l i st on i nternat iona l  aspects 01 
He has authored hundreds of papers c i a l  effects software and i nteractive performance and experimenta l  a rt .  
on chaos and other  top ics .  He  i s  co- med ia  a rt .  H i s  i nteractive works Her pr imary research i s  on destruc-
author of a book on chaos (with i nc l ude Interactive Video Kaleido- ti on ,  v io lence ,  and  trauma in con-
Jü rgen Par is i  and Joach i m  Peinke) scope and Genetic Images. temporary i nternationa l  a rt and cu l -
and a uthor o f  Endophysics (ed ited by ture. She a uthored Theories and 
Peter We ibe l ) .  and Das Flammen- Christa Sommerer and Documents of Contemporary Art 
schwert oder Wie hermetisch ist die Laurent Mignon neau are (Un iversity of Ca l i lorn ia Press) with 
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A c k n o w l e d g m e n t s  

The comm itment of a number of peop le  made th is book poss ib le .  Thoughtfu l  d iscuss ions with Hannes 
Leopo ldseder  and Chr i st ine Schöpf were fo l l owed by cha l leng ing meetings with  Gerfr ied Stocker and Jutta 
Schmiedere r. The i r  deep comm itment to the festiva ls ,  symposia ,  exh ib it ions and ,  mostly, to the a rt i sts, cr it ics ,  
theoret i c ians ,  and h i stor ians i s  a testament both to the s ign if icance of the conti nu i ng  idea of Ars E lectron ica ,  to 
the p lace i t  has susta ined over the past 20  years, and to the future it i s  bu i l d i ng .  At the MIT Press, Roger Conover 
brought a cons idered comm itment to the book land to the ser ies it inaugurates) as we i l  as provid i ng  jud i c ious  
adv ice  and the we l l -p laced,  l ate-n ight remark, "welcome to pub l i sh ing . "  Th is  form idab le  group contr ibuted 
greatly to the conceptua l izat ion and execut ion of the entire product ion .  

As a framework for the book was set .  I ngr id  F ischer-Schre iber  jo ined the team .  With extraord i na ry sk i l I ,  Ingr id 
ma i nta ined the de l i cate network of a book be ing des igned i n  L i nz, edited in  NYC, produced i n  Cambr idge ,  with 
authors a l l  over the map .  No  sma l l  task, I ngr id  has jugg led every aspect of th i s  book and never seemed to lose 
the ba lance between its objectives and the i nevitab le  chaos that ensues .  Hans i  Schorn land the staff) from 
Arthouse not on ly brought an  e legant and thoughtfu l  des ign ,  but a l so deftly managed what often seemed l i ke 
more text than cou ld  ever make it i nto these pages.  Thanks a l so  got to He lmut E i nfa lt in Bremen for scann i ng  
and Matthew Abbate at MIT Press fo r  copy-ed it ing 

The l a rgest acknowledgment goes to the authors and art i sts who contributed the i r  texts and projects to th is  
book.  Often retr ieving texts f rom what must be anc ient d i sks, f i les ,  and hard-copy, they were unfa i l i ng  i n  
respond ing  to requests fo r  informat ion and c la r if icat ion .  Beyond th i s  they provided a we lcome rem inder  that the 
f ie ld we work i n  i s  i nhab ited by so me of the most generous, ser ious, and ta lented people I have ever met. 

Persona l  thanks go to Perry Hoberman and to Ruth H i l I .  
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