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ln the present state Of cOmputer technOlOgy, a computer.
On its own cannot create works of art: however. uner the
gu dance of creatve artists. scu1ptors. a rch itects, poets and
musicians. its artistic manifestations excel in technique,
variety and complexity of forms and their amaIgam'ation-
1 57 works of artg raphics. computer poems, computer
music and computer' films-'included in this exh ibition amply
testify to this. refuting reservations expressed bv conservative
crtcs. Evdently, under precise instructons.a computer
comprehends at least some of the main principles of Neo-
lasticism (catalogue nos. 78, 79 and 84)1, Constructivism
and Structure (catalOgue nos. 7, 1 O, 1 01 , 36 and 1 37)2,
Optical Art (cata lague nos. 86 and 1 02)3. and ''moire:'
pattern (catalogue nos. 40. �1  and 1 32)9. This becomes
eVen cearer as one examnes some of these compu3er
CreatOns n the light of the fundamental tenets of these a
mOvements. While explainin9 the basic principles of Neo-
Plasticism, Piet Mondrian wrote:
''The fundamenta I law Of dvnamic equ i libriu' m g ives rise
tO a number o Other laws which relate to the cons3ruc-
tve elements and their relations. These Iaws determine
the manner in which dynamic equilibrium is achieved.
The relations Of position and thoose of dimension both
have thei r own Iaws.'' 5 EIsewhere Mondrian stated:
''Pure Plastic manifestation is not a reproduction of lifg
It is its opposite. lt is the unchangeable, absoIute. in
OppOsitiOn to the capricious. the changeable. The
absO lute is expressed by the straight l ine. Pa inting and
arch tecture, accOrdng ta the new aesthetics, are the
cOnsstent rea!aaton of a composition of stra ight lines
n neutraIzng OppOstOn and therefore a multitude of
the dua lity of the'unchangeable rectangular position.'' 6
SmIarfy. Naum Gabo explains h;'s Constructivist
manfestations:
''They are a factual force and trteir impact on our senses
s as reaI as the mpact of l i9ht or of an electric shock.
This impact can be verified Just as any other natural
phenomenon. Shapes. colou rs, and I ines speak their
Own language. They are events in themselves and in an
Organzed constructOn they become beings-their
psychoIogical force is immediate. irresistibleand universa I
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, to aIl species of mankind; not being the result of a
conventon. as wurds are, they are unambiguous, and it
is for, that reason that their impact can influence the
human psyche: it can break or mou Id t; t exu Its. it
depresses. elates or makes desperate; it can bring order
where there was confusion and it can distu rb and
exasperate where thefe was an order:' 7
F ina IIy, George Rickey discusses the fundamentals of ''Op''
Art:
''The Optical prOperties of l ines (distinct from thei r
descriptive function as maps or depictions). and of such
relatOnal stuatOns as convergence. tangents, super
imposed grids and ambiguous or multipte images are hard
to expIain but. expIained or not. they become extra-
ordinariIy po%erfuI tools in the hands of an experienced
and sensitive artist.... A work by Bridget R iley or
Anuskiewic2 can make one feeI dizzy Or sick: beauty
and integration are not their purpOse; sensation is....
Optical phenomenOn can alsO be used tO warp space,
to bend it. fracture it. force it back or forward from the
picture plane. VasareIy was a master Of this.... Moire is
the commonest of the devices employed for optical
impact. tt originated in the Orient and came to Eu rape in
the Middle Ages- Two lavers of ribbed siJk were pressed
together with the ribs verv slightIy crossed, which gave
a w�tery  effect. When two thin 2ines are seen crossing
one another, a thickening-I ike a bead-appears at the
intersection where both I ines gain bv the width of the
other at that point. This bead appears to move along the
Iines as the paint of intersection changes. When grids of
' many parallel lines are superimposed, successive inter-
.sections become a secondary pattern whch changes as
the spectator moves.'' 8
omputers greatest gift to the creative artist is speed.
especially n expIarng nstantaneOus varatOns and
aIternatives. A computer is an accurate, fast and tireless
technician. Once the data is provided. the computes role
is to catcuIate and display the resuts pictOriat ly on a film or
on the gIass screen of a cathOde- ray- tube. The artist courd
edit the mage or could smu ItaneousIy nteract %ith the
machine wh le it is workng. He can Order a computer to
ma ke the necessary changes, such as ''delete the >ine'' or
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''mOve that Iine over there'' etc..A computer can draw
; thOusands of times faster than a professional draughtsman.
! By usng a cOmputer, city planners and architects can have
: ther plans drawn examine the effects of modifications and t
OUt nUmelOus variatiOns which. under nolmal circumstances,
! they wOu Id never attempt. ln short, whatever the artist
decrdes tO create, the cOncepts are immediateJy translated
ntO vsuaI facts: thg moment of artistic idea and the moment
Of its creation become analogous.
: COmputecgraphic is likely to revolutionize animated movies
and the basc cOncept Of the inter- relation of sounds and
cOlOur -One Of the favOurite subjects of artists since the pre-
Christian era, both in East and West. fn 3his direction. John
', Whtnes film: Experiments in Motion G raphics and
PermutatiOns, lBM .. is an example par exceIlence. WhTle the
DOtent�a  I application Of computer graphics wou Id unfald
new drectiOns-an ingen ious use wou Id revea l panoramic
vStas fOr the inqu iring mind-it wou Id equal Iv demand
ded cated endeavou rs from the users. as expla ined by Bruce
Cornwefl:
''When I used tO make fi Ims with ordina an imation, it
waS SO hard tO ma ke changes that I froze most of my
decisiOns in advance. Now that l feel free to experiment,
l t ten times as many approaches. So. a Ithough l can
wOrk th ree times as fast, it takes about th ree times as '
much effort''9
. Is if pOssible tO achieve a personaI styIe by an artist, using a
COMputer as an aid in creaton Artists, such as Grace C.
Hertlein. a re optimistic. believing that ''theoreticaTly at this
, POnt, cOmputer paintng should become more complex
techniCally and aesthetiCatly.''10 She is aso of theview ta3;
''The lmts of the cOmputer artistica tly are the l imits of
the artist's imagina tian. and the degree xo which the
artst accepts the cOmputer as an a id to creation. If an
artist can absorb technology, earn to th ink in new wavs
and becOme liberated within such technicat usages, he
: Can transcend the COndtrOns of using a complex
; machine and express h is vision poetica Ily, in a personal
!i Way. ThUS U Itmate fleedOm fOr the artst wthn technO
' IOgy can be achieved through accep3ance. discipl ine.
. exceIIence in technology and artistry:' I 1
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!, ':: ,. ' In ths optm�stc  assessment, the major obstacIes are: the
, .,., ,; ,,. limitatiOn Of spOntaneity. the lack of emotionaI response
,, . , ,, and the ecOnOmic handicaps. especial ly if the compuxer is
to be made avai IaDle on a large sca le to struggIing artists. It is
hoped that the bu siness and technological establishments-both
in private and public sectors-wou Id find appropriate soIutions
tO ensure a happy unron of artsts, art. economv and technology.

. 1 Compare these wOrks Of cOmputer art with Mondrian,
Piet: COmposition in Gray. 1 9 1 9: and Composition with
lines. 1 91 7: pubIished in Seuphor. Michael: ''Piet
Mondrian, Life and Work''. New York. Abrams. p. Z65 '
and p. 377 nO. 233.respectively.
2. Compare these works of computer art with Gabo, Naum:
Linear COnstructian, 1 942 -43; and Lippold, R ichard;
f I ight, 1 963: publ ished in Kepes, Gyorgy ed. = ''Structure
in Art and in Science''. New York. George Braziller,
965, p. l 9 and p. 1 52 respectively.
3. Compa re these works of computer art with Ri ley,
Bridget: Fa I I, 1 963; pubtished in Rickey. George:
''Constructvism. Origin and Evo lution''. New York.
George Brazi I ler, 1 967, p. 1 82 no. 4.
q. Compare the style Of these works of computer art with
Stanza k. Ju li an: Tress Passing. 1 966, and Wild ing,
Ludwig; lnterference Of 2 Structures in 3 Dimensions.
1 961: pubtished in R ickey. George Op. cit., p. 1 88, no.
1 7 and p. 190 no. 22.
5. See MOnd rian. Piet: Plastic Art and Pure Plastic Art.
1 934; n MOndrians ''Essay; 1 95 1 edition, Nevv York.
Wittenborn, Schultz, p. 57.
e. Cited n Jaffe, H .-C.: de Stij I, 1 9 1 7 - 1 931. The Dutch
Contrbutron ta Modern Art. Amsterdam, J.M. Meu len-
holf. 1 95, P. 60.
7. C ited in Read. Herbert: Icon and fdea. New York.
Schocken Books. 1 956, p. 1 35.
8. Rickey. Geore, Op. Cit. pp. 1 8O 1 89.
9. Cited in BOehm, George A.W.: New Graph ics for Arts
and Scence, printed in ''Think'', March-ApriI. 1 969, p. 30.
10. See Hertlen GraceC.:AnArtist Views0iscoverythrough
6 COmputer-Aided Graphics, printed in ''Computers and
, 11. AutOmator>:August. 1 970. p. 26.
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tn cOntrast wth ClaSsicaI mach ines, which conveft ener
; - ' the cOmputer prOcesses infOrmation. If is a means towards
the COncepton Of .structlJral order and at the same time
Offers itself as an aid to prOducing aesthetic order. That
wh ich evoIves frOm th is is known taday under the title
omputer Art'
Obcts of computer art are mostly produced with
aUtOmatca I ly COntrO I led ouTput devices, plotters, teleprinxers
and IOudspeakers. What is important, however, is not the
autOm satiOn Of the phase Of production, but that of the
cOnceptrOn. Of the nventiOrl Of the work of art. VVhereas.
fOr example. in musc the employment of physica
machnes as Output devices- the instrument s- is wel l
knOwn. the delegating of the phases of esi gn' to the
machne is sOmething fundamental ly new. The em po yment
Of cOmputers a Iways fOrces tOwards the clear formu lation
of the prOblems, tO the exhaustive elaboration of fauItJess
. wOrhng pIans and tO the exact description of xhe processes
Of reaIsatOn. Ths results in the need, in both the theory and
: practce Of art,far a new vocabu Iary. d isrega rd ing the blunt
;. edges Of mere assaciativeIy and a l legorica I l y com prehensible
'i cOncePts, wherebY the efforts to secu re an exact system
Of aesthetics receve new encOuragement. n order to
prOduce cOmputer wo rks of a rt. a theory of a rt oriented
tOwards the natural science is not necessarily a pre-
reauste. One can work by the trial -and -error method. i.e.
mOve tOwards an unknown and unplanned goal thraugh
expermentaton. Or One can use the support of statistical ly
prOduced taws, the understanding of wh ich has not yet
succeeded with in the framewOrk of a universa l scientific-
cybernetic model. On the other hand the best vvay to work
Out aesthetic prOgrammes wou Id be to be able 3o understand
the functiOn and th�way  ot producing an effect of a rt: Latest
resurts of research, especial ly in the cybernetic field of wark,
tead us tO suppOse that the key to art lies in the realm of
perceptual and conceptual phenomena.
The explanatiOn of the phenomenon, a rt,wou d appear to be
fOund On a very generafised pIane of human behaviou r. T h a t
s prOved by the fact that the computer is usable in al I
reaIms Of artfrom music to g raphic a rt and scu Ipture, fi Im
and pOetry. In the characteristics of the programmes certa in
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' !, n;, , ; . , ; . anatoges become evdent whch transcend al l the d fferenCeS
Of the forms of art- for example the co-ordinatiOn Of
redundancy and information, which expresses itself '
technica I ly in the employment of randOmgeneratOrs. AI I
work in camputer art today is a contributon to aesthetc
research-even if it is not intended. And it is this aspect
wh ich is perhaps most notable in computer a rt today.

Computer a rt presents itself to the public not as a scientific
warking method but as a field of aesthetic creaton,
sOmetimes even wth the cta im to recognitian as art. ThOugh
this question is secondary in the cantext. the cOntact wth
the outside world, the confrontation with crtcsm and the
resultant competitive situation is.without a dOubt,beneficia l.
It s forced to present itself for discussion and must
endeavour ta offer objects wh ich do not need tO shy frOm
comparison with recogn ised works Of art.
In th is context it mu st be regretted that unti I now the
number of professio n aI a rtists who have develOped sOme
interest in this field is rel atively small. The greater part Of
the wor comes from techn icians, scientsts and mathemat -
cians. The i n itia I pu rposes were often resea rch wOrk. e.g. the
investigation of sight and hearing of the development Of
technica l instal lations, as for instance wth autput devceS.
Thu s it is often d ifficu lt to say when the first examptes Of
genu ine computer art appeared in the individual areas.
The first melody composed by a computer dates back tO
1 956. lt is entitled 'ush-Button-Berth and was prOgram-
med by M. Klein and D. Bolitho on a DaIatron n the USA.
Better known isthe Iliac Suit by L.A. Hller and L. tsaacsOn ,
fi rst performed in 1 956 at the Un iversity Of l>linOs.
The first exh ibition of computer drawing took place in 1 953
in the Sandford Mu seum, Cherokee, lowa. It was cOncerned
with the ' E lectronic Abstraction by B. f. Laposky. wh ich he
had designed with the heIp of an analogue-calculatin9
system and had presented on the screen of a cathOde-ray-
osc lIograph It was on ly in 1 965 that cOmauter drawn9 fram
large dig ita l computers was shown in publ c.The f rst exhbtO n rn
Stuttg art in January 1 965 was by G. Nees. In the SaMe Year
other 'author presented digitaI drawng to the publc
among them A.M. Noll and f. Nake-
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Cm.3Jg2r fg COmpLJter pOems by peOple l i ke G . Stickel. who I ater
cOI laDorated wixh O. Beckmann and S.. Levi ) a re wel I
. knOwn: work began in 1 963. Even earlier in 1 959 T.T. Lutz
had experimented wrth tochasTic texts'
' It was a long time before works of camputer art were noticed
" by the publ ic. The first world exhibitio n of compJter drawing
' tOOk place in the HOw' ard Wise Ga I lery in New York in J 965.
The Other biggest exhbitiOns Of computer drawing were:
Cybernetic Serendipity, london 1 968
i Tendencija 4, Zagreb 1 969
. COmputerkunst - On the Eve of Tomorrow,
. Hannover 1 969
WOrth mentioning is a series of annual competitions in
computer drawing run by the magazine omputers and
AutOmation ; the first Of wh ich took place in 1 963.
.' 0ir an arMp2 kil9g
A decisive questiOn fOr the practice of compu3er drawing is
v whether new visuaI realms wiII be d iscovered with the help of
. cDmputng machines Orwhether they wiIl attain bette.r results
in the traditionat field.
'' lt is understandable th at the employment of the computer in
artistic graph ic creatOn has begun in the area where the style
' s closest to the techn2caI Iaws of order to which automatic
. drawing devices are primarily suited. From the presentation
Of mathematicaI laws tO the mOdeIs of cubist orig in is on ly a
'' step. The geometrc structure of such work. the ctea r drawing
Of lines and the minmum Of cOmplexity greatly relieves the
., task of pragramming. Thus it is, that those authors who
? began On dg ta I drawng at the same time but independent
. frOm each Other (vi2. Nake, Nees and Noll) have pruduced
' work'Of a certain structural similarity. ln these first experi-
ments cOmputer drawng d d nOt yet get beyond what
would have been equalIy possible with traditionaI neans.
Nevertheless the computer is in a position to open up new
terrtory n the realm Of cubism. Whereas with ruler and com
passes only the simplest a Igebraic structu res are attainable.
the computer can Operate with curves of a higher order.
t It succeeds in particular with the superimposition and co-
, ord ination of curves into larger form complexes with an
', exactitude that no human a rtist cauld ach ieve. This precision,
hOwever. is the pre-cOnditiOn fO r satisfacto ry resu Its, since
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:.. r. , ,. , ., L. :.. .. , withaut it the fine adJustment of the mcrOstructure %ou Id
not be possible. This field of %ork is moreover .better suited
to the analogue camputer than the dg ital-
Severa1 authors have turned early On tO the depiction af
objects, for example C. Csu ri and the CTG Or COmputer
Technique Group in Japan. MOst famOus are the human
figu res programmed by W.A. Fetter, wh ich served prima rily
to salve ergonomic problems. Like man,the cOmputer must
first receive information about the shape of the ob)ect:
photographic equipment and televson cameras serve this
pu rpose. The g reat attractiOn O( cOmputer drawings con-
cerned with the reproduction of obJects lies in he possib iIity
of building up, reconstructing and demolishing visuat
arrangements. Thus not OnIy simple superimpOsitiOns are
possible, as we know them from photOraphy, but One can,
for example, interrupt the Order systematica I ly (and inten -
tionaIIy) and thus arrive at completely new vsual sensations.
furthermore,it is possibJe to combJne several pctures by
means of misca1culations - again a methOd whch wouId
be inconceivabIe withOut a cOmputer. The pOssbl ties which
the large camputer offers in the world of objects have only
just started to be reaised.

The equ ipment which authors/creators emplOyed for the
production of camputer drawings were initi ally al l intended
for technical purposes. Apart from this the devetOpment Of
visual autput devices has not Yet reached the Sta9e wh ch
one would ti ke. Electronic output devces, .e. televJsion
sc reens and f I uo rescent screens of cathOde ray-Osci r lag raphs.
are to be distinguished from mechanical drawing equipment.
The teleprinter machines and rapid printers, which are
occasiona IIy u sed for graph ic pu rposes,can ony be regarded
as makeshift. Mechanical drawing equipment, the sa-called
pIOtters, work qu ite stowlv and are Iiable to disruptions. They
have the added disadvantage that they only provide strokes;
shade surfaces have to be reproduced by many thick strokes
close to each 0ther. They can Teproduce neither grey nor
colour sequences and thus restrict ,the graphic possibi lities
considerabty- On the other hand they do have the advantage
of rendering the sketch On tO paper. thus supplying an artistic
object in the normaI sense. 8ec8use of the costl ness of the
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process one usuaIly has a few protOtype sketches made by
the plotter and then one uses a dupl icating process i ke screen
printing. ln cOntrast with the plotter the screen device offers
several advantages. Above all output is quick-in fractiOns
of a second: and it is thus possibte, for example, to work by
visual control. a procedu re whereby the possibitities af the
computer are reaIy exploited. It is alsO possible tO depict as
many runs as one likes, and colour reproducton presents nO
great problems. Against thrs is the necessity tO dOcument
the formations by a funher process; usually photography s
used for this. The pictures captued in this fashon are thus
burdened by the fau It which has always been attached tO
photographv, and makes it difficu lt tO cOmpete with accepted
forms of art. Wh ile the output devices are bedevil led by an
impasse ( restricted functions). a d igita l computer can
manage practic8ly everyth ing that an artist can demand Of it.
The difficu Ity l ies rather in determining an aesthetc dea n a
programme. It has proved necessary tO draw up individual
aesthetic programme languages wh ich are suited tO definte
artistic purpases-
Throu'gh these programmes the computer receives a series
of instructions from which it then calcuates the configura-
tion of the finished work. This can either be d isplayed during
the process of ca IcuIation on a screening dev.ice. or the data
can be first fed on to a magnetic tape or on to a punched tape.
by which the output devices are then controlled.
A characteristic of many programmes for aesthetc structu reS
is the inclusion of chance. tn the structurar scheme some
parts remain empty so that they have to be dealt with during
the process of realisation. The programme does nOt prOvide
a sing le work of art but a whole variety. for the determ inatOn
of the independent variabIe a so-cal led randOm-generatOr
is employed. Here one can use a physical device, which
provides random impuIses-a geiger cOunter fOr exampIe,
which registers the irregutar impact of rado- actve partcles.
or a frenzy generator. bv means O( wh ich disruptOns frOm
the atmosphere or from inside the mach ine are ampl ified
by etectronic c0nductors. To save the expense 0f ths sort
of additionaI equipment. one can alsa work with a pseudO -
random generatar; here One is deal ing with prOgrammes
which in fact do not provide purely random numbers but
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:.' . numbers which one can use in a compIetely un reguIated
series. With the help of stochastic programmes,in wh ch
chance is invoIved, elements wh ich are derived from certa in
poetic laws can be d istributed over the screen surface. or
one can determine the frequency of shades or shade
combinations (in �rawing)  without having to determine
where the individual elements must lie, or-in musichow
the notes are buiIt into the generaI scheme.
The emptoymentof stochastic processes in graph ical. musica l
and poetic programmes is an example of general ly valid
artistic experiences which are derived from work with
cOmputers: it appears to be characteristic of works of art
that the\/ are nOt determined in a completely regu lar fash ion.
b4t that there is a certain freedom in the choice of variables.
coord nates. size of constants etc. The human artist posses
ses th is intu itiveIy. In computer art the random-generator
serves th s pu rpose- th is is the cybernetic modl of an
ntu t ve o rga n sm.

ln the sOber descriptive terms of exact aestheticsthe produc
tiOn Of a work of art is expressed as the distribution of -
elements Over a basic screen of points of distcibution, The
styl istic laws of art thus appear as rules for xhe,choosing and
arranging Of the elements. The l imited extension of the basic
screen or frame-wo rk and the si2e of 'the repertoi re of the
elements quaI itatively restrict the multipI icity of possible
realsatons.
The type af basic screen and the physica I natu re of the
elements (signs in the semiolagical sense) determine the
a rt form. ln g raphic art the basic screen stretches two-
dimensionally over the drawing surface; in music it is linear
and depicted by the d istributin o the notation. S ince l inea r
probIems a re easier to dea I with, a few deta i ls shou Id be
g iven about the task Of prOgramming , using the example Of
music. The programming of drawing and sculpture can be
d ifferentiated fo rma IIy from that of mu sic and poetry o n ly n
that in respect of the fo'rmer two. structura l relatiOnsh ips in
various directions have to be taken into consideration. This
does not allow us to draw the conclusion that the same
programme is just as usable as the basic scheme for both
graph ic art nd music, the processes of perception. in parti
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.,aOn8dJ',F æ cu lar in respe'ct of the possibil ity of recogn ising laws
(e.g. shapes) , run in whotly d ifferent directions according ta
whether the nput goes through visual ar aud itive channels.
The fOllOwing can serve as a generative principle for
computer art: '
1. Output Of random numbers (each is delegated to one
note).
2. The cOmputer checks whether the note g iven agrees
with the ru les of the programmes.
3. lf t dOesOutput of t'he note; if not-suppression of that
nOte and cal I -up of the next random number.
The ru les fOr arrangement can be chosen more or I.ess at
liberty (whereby consideration is taken of perceptua l
receptivity). In a subsequently imposed phase of val idation
rt can be checked to see how far the resu1t is aesthetica I ty
acceptable. It s more interesting in the case of a preceding .
analysis. With the traditiona l manner af composition this
preI minary stage lies in the learning processes of the
human artst. In computer art the analys s can ta ke place
automatica tly. for this pu rpose one has the use af the
methods of probability caIculation-everv conceivable .
type of law. even aesthetic ones, can be stated by statisti -
cally expressible correlations. Such an analysis is admittedly
dffcu It, since the sounds can be related nat on ly to pre-
cedng or subsequent ones but a lso to va rous others (e.g.
harmOny and counterpoir)t). A certain smplification can be
achieved with the method af 'Markoff- chains; whereby
consderatJon is on ly taken of relations up to a certa in
d istance apa rt: wi3h a Markoff-ch ain Of the th ird order, for
example, Only reIatians between every three successive
notes are observed.
The resu lt Of a Markoff anaIys is can serve as a basis for the
computer synthesi s of music; if one chooses too smal l an
a rrangement of the M arkoffchains, the aleatoric (or random)
nfluence predom inates: if too big a one, the resu It is a
series frOm fragments of the original composition (of the
input). In' th is way we can discover the number of notes over
which aesthetic ru les can be effectively extended. The most
nteresting type of appI ication would be if one were t
express general. rules of human perce.ption in the pro-

.?Z

      _        

















.,aOn8dJ',F æ                       cu lar in respe'ct of the possibil ity of recogn ising laws
(e.g. shapes) , run in whotly d ifferent directions according ta
whether the nput goes through visual ar aud itive channels.
The fOllOwing can serve as a generative principle for
computer art:                                    '
1.  Output Of random numbers (each is delegated to one
note).
2.  The cOmputer checks whether the note g iven agrees
with the ru les of the programmes.
3.  lf t dOesOutput of t'he note; if not-suppression of that
nOte and cal I -up of the next random number.
The ru les fOr arrangement can be chosen more or I.ess at
liberty (whereby consideration is taken of perceptua l
receptivity). In a subsequently imposed phase of val idation
rt can be checked to see how far the resu1t is aesthetica I ty
acceptable. It s more interesting in the case of a preceding        .
analysis. With the traditiona l manner af composition this
preI minary stage lies in the learning processes of the
human artst. In computer art the analys s can ta ke place
automatica tly. for this pu rpose one has the use af the
methods of probability caIculation-everv conceivable           .
type of law. even aesthetic ones, can be stated by statisti -
cally expressible correlations. Such an analysis is admittedly
dffcu It, since the sounds can be related nat on ly to pre-
cedng or subsequent ones but a lso to va rous others (e.g.
harmOny and counterpoir)t). A certain smplification can be
achieved with the method af 'Markoff- chains; whereby
consderatJon is on ly taken of relations up to a certa in
d istance apa rt: wi3h a Markoff-ch ain Of the th ird order, for
example, Only reIatians between every three successive
notes are observed.
The resu lt Of a Markoff anaIys is can serve as a basis for the
computer synthesi s of music; if one chooses too smal l an
a rrangement of the M arkoffchains, the aleatoric (or random)
nfluence predom inates: if too big a one, the resu It is a
series frOm fragments of the original composition (of the
input). In' th is way we can discover the number of notes over
which aesthetic ru les can be effectively extended. The most
nteresting type of appI ication would be if one were t
express general. rules of human perce.ption in the pro-






               .?Z




__

î,, ' ;-- , '', ' ' ' ; grammes in the same sort of sense as in a cybernetic theoTy
of art, which sees in the aesthetic process an optimaI
adaptation of the model of informaton to the ability and
readiness to perceive.i

' -, ,' L' '',' ' !' - L u '-''s
Next to graphc art and musc.pOetry must stand as the third
big field of computer a rt. It is characteristic of poetry that it
uses linguistic elements and semantic content. tn the rutes
expressed through the programme one has to distinguTsh
between those of general l nguistic natu re-grammar etc.
from those of poetry; for example, stranger rules for the
choice of words. rhythm and rhvme cou Id be made. General ly,
coherence is attained today ty a definiteIy unsatisfactory
trick. For the repertaire of nouns, adjectives and verbs.
wa rds are chosen from the field of association of a certa in
cOncept Of the theme; thus fOr example hristmas;
'Spring; old; etc.
There is no douDt that the producton Of language is the
mOst difficu It task for the cOmputer-not an ly in art. The
examples we possess up to now can thus on ly be seen as
experimental material and not as proper resu)ts. A notable
aspect of the computer s,when t s requred to operate with
simptified I ingu istic un its, its abiI ity to destroy linguistic
a rrangements or to convert their structu re etc.-as in
concrete poetry, for instance. The combination of Graphc
POetry (Or Poetic Drawing). as practised by M. Adrian and
A. SutcI iffe, is a Iso with in its power.
The extensiOn Of existing aesthetic routines is also simple
when one s dealing with related fields of art-in the
transitiOn frOm drawing to scu Ipture (G. Nees) or to fiIming.
The pOssibi I ity of the qu ick real isation of pictures and their
prOgramme-cOntrol led inflexion promises well for this
med um. The results of nvestigations in th is di rection wiI I
prOve useful, especialIy n teaching. in audiovisual and
p rOg rammed nst ruct ion.

As cybernetic aesthetics shOw, bOth aesthetic and didactic
ObJects Obey the same ru les- Thus, through scientific theory
nd COmputer techno log twO previously separate fields
draw clOser tOgether. The d istinction between cond itioned
and uncOnd rtoned organ satan is no longer mean ingfu I,
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simptified I ingu istic un its, its abiI ity to destroy linguistic
a rrangements or to convert their structu re etc.-as in
concrete poetry, for instance. The combination of Graphc
                                            POetry (Or Poetic Drawing). as practised by M. Adrian and
A. SutcI iffe, is a Iso with in its power.
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                                                     transitiOn frOm drawing to scu Ipture (G. Nees) or to fiIming.
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As cybernetic aesthetics shOw, bOth aesthetic and didactic
ObJects Obey the same ru les- Thus, through scientific theory
nd COmputer techno log twO previously separate fields
draw clOser tOgether. The d istinction between cond itioned
and uncOnd rtoned organ satan is no longer mean ingfu I,
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tompute Art as it has been proved that art aIsO serves biOIOeical and
sociaIogical purposes. if one wishes it dO sO: as tranng fOr
ou r perception-our visual and auditive apparatus, Our
thoughtand as an encouragement to creatve actvty. tt
becomes evident that the onlooker, I istener Or reader s by
no means as passive as we have assumed up tO nOw. At the
consummatio of art his contributiOn is strOng and
independent.
Computer art has the power to bTidge the gap etween artSt
and publ ic. Aesthetic programmes do nOt have ta be arranged
for a statistical rea l isation and can be disposed towards an
arDitrary varabi lity. The viewercan thus invOIve h imself
creatively; he can carry on a d ia lOgue with the aesthetc
prog ramme and d iscover, in the process of communicatiOn,
cmpIeted fo rms which correspand tO his ideas. There is
already an ndication of such possibilities today n such
work as the programme KNOBS by J. Cage and L. H i I ler Or
a graph c demonstration prog ramme from IBM by K. Thomas.
These examples shaw that technology does not have to be
antagonistic towa rds a Tt. On the contrary. if one understands
art not as a h istOrical phenomenon but as a l ivingevolutionary
pcocess, then this evolution can be channelled into
completeIy new areas th rough technology. Computer art-
even though (or better. Decause} it has only just been born-
is definitely more than a passing vogue-it may even pIay a
decisve role in the art of the next thousand years.
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g' ? . , Within two decades of its birth. the computer has helped
L! ' : ' ; ' .- revo1utionise thought and action in everv sphere of human
,9 - - ; ' activity. Andhe spectrum of ts apptications s grOwng
,i !. ;:: wider and richer every day.
Today, man is not on ly using the computer in scientific and
,. ! , ,. - industrial fields, but aIso in the field of humanities. The
n !'-' n ' ' . . computer is being used by artists, schola rs, musicians and
B.TeCh.(HOns- yStemS n9Ineer, n Ia creatjve researchers as a toot for innovation and cre�tivity.
But it is in g raphics that the cOmputer and the arts have
collaborated closely. These graphics grew out Of pragmat}c
considerations. Engineers and designers used the cOmputer
to see the same design in different perspectives. Soon it was
real ised that the computer cOu ld be used ta create desired
sequences of drawings in a variety Of ways. Today. the
process of adjusting a design at any stage of its develOpment
is commonplace.
from these beginnings, the cOmputers rOle in the graphic
as g rew stead iIy. Today the computer is itself becoming
an exciting medium of creativity. In the words Of PrOfessOr
lesl ie Mezei of the University ofToTonto. ''with the computer
an artist can go from realism to impressionism to expressiOni sm:
and sti I I be working with the same picture. It wi II nOt usu rp
the creativity of the artist. but give him another tool to wOrk
with, one with more versati lity and chaIIenge than the brush .'
The computer helps the artst transcend his physica I and
technicaI l imitations, enhance exercise of his imagination and
attempt experiments in flexibility and variatiOns. Otherwise
impOssible.

The field of computer art has grOwn so wde that t s
difficuIt to I ist aIl the techniques employed. But these
broad Iv fall into th ree categores. The first is through the use
of the IBM 2Z50 Cathode Ray Tube (CRT). wh ich has a TV-
Iike screen. The computer-prOgrammed graphics and
alphameTic info rmation can be displ aed on th is screen at
high speed to pravide a visual communicaton between the
computer and the user. In add itxOn, keybOards and a I ightpen
(actua l ly a photocel I) provide the user with a versatile
means of entering and modifying information.
There can be a number Of ways Of drawng images On the
screen of 'the IBM 2250 display unit. For example, the artist
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' - . ', ' , can sit near the d splav screen and by pressing certain keys
i' , ; -, -. ' !, , ,' ; on the Pragram functionKeyboard and entering information
by means of the I ightpen, he caft deveIop a pattern.Th is inter
action of the artist wth the computer to deveop a pattern is.
however, under a Prog ram Cantrol. Each key on the Program ,
Function Keyboard can be associated with a particuJar
function. The function may be drawing a straight line, a
circle, an el l pse. a pa rabOla, a sine cu rve, a smooth I ine
connectng severa l ponts, enI arging the pattern, etc.. By
judiciOusly using these functiOns, a highly creative pattern
can be developed- The artist may even write his own
prog ramme to develop some unique cu rves on the screen.
To explain the mechanics, let us assume that a programme
al ready exists. The artrst takes the I ightpen and touches it
on the screen while pressng a switch by means of his foat. n
Then he tOuches the screen at some other po int wh i Ie press
ing the foot switch. He can then press an appropriate key cn
the keybOa rd to draw a stra ight l ine between the two po ints
he has entered on the screen. He may then po int to a th ird 0
point and d raw Ines connectng both points to the thi rd
point. Or he may choose a d ifferent function to d raw a ci rcle
passing th rough these th ree points. He may draw a series of
ci rcles wlth d rifting Or1g in. Th is way he can form a pattern
on the screen from h is imag ination. He may then en la rge or
contract certain portions or the whole of the pattern- He may
even d raw th ree-d imensional patterns and make the cOmputer
move the pattern a round in space to show different perspec- ,
tives. The pattern shown on the screen can be fi lmed to
provide a permanent visuaI dispIay. This process is inter-
actve, man and mach ine working together. reacting to each
Other, in a living moving way. The artist can exptore a whole
new wOrld of forms which offers total ly new possibiIities like
using things I ike 1 OO-dimensianal geometry. The effect is
described as drawing with light in three dimensions.

'_ v l'! )_ ''''?i'J-'-
AnOther method of creating computer graphics is through
a plOtter. This device can plot on papar in the x-y on the
nstructions given ta the computer. lt c2ses a ballpoint pen
which can be chosen in different coIours. By using a
su itable programming techn!que the I imitation of 30'' wide
paper, which the plotter uses, can be overcome, and desgns
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'-C''- =,iJi -'' of virtuaflv any size can be deveoped.
' i . �  ''' n? 9'i .!''i' The prOcess is qu ite simple. The programme residgnt in the
memOrY Of the cOmputer gives instructions to the mechanical
arm af the pIotter tO move the arm bemggn the mo points.
The prOgramme cOntinuOusIytraces the pIotter arm to produce
drawings. The resu Its are not only sophisticated in form but aso
SUrplSngly senSuOus. The key to the drawings ies in the
PlOgramme. The prOgramme written in FORTRAN may use
standard plOtter rOutines which can draw somg 1amiliar
mathematical shapes. The artist will normatl y take the hel p
Of a programmer to use the plotter.
'!,C'i', Iit :Mw ! t,i Kt,..-,' L
Thg cOmputer prnter is a machine which can print any a Ipha
betc characters, speciaI characters. like: ee and numerals.
The printing is dOne at high speed with 1 32 characters printing
n One lne (inCluding blanks). Character spacing and line
SPacng are fixed. The artist can use the spacing chart to indicate
wh ch character shOuId be printed in which printabIe space.
By suitably arranging the characters on the printable spaces.
many arstc forms can be developed. Cards are punched
frOm the a rtst's desgn shown on the spacing chart and a
smpte cOmputer programme is used to generate the output
on the IBM 1403 printer.
Hawever. whatever method of drawing computer
9raphcs is used, the performance af the computer depend5
sOle ly On the instructions from the artist. The computer b
tself s incapabIe Of doing any intel ligent work. It is the man
beh nd the computer who provides creativi.
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16Z3 Wilhelm Schickard (Germany) designed thefirstcalcuIat-
9 i ; !, ' ' ' ' ' ' ing machine that could add. subtract, mu Itiply and
E _ , , - divide. tt was destroyed in a fire and never rebuilt.
M' , !,, ' ' , ' 1 64Z Blaise Pascal. a 1 9 - year old frenchman. invented the
. , irst true calcuIating machine to survive and be used.
t' i', ' c ' ' ' 1672 leibnitz(Germany,France)developed multplcation
, , , , , , , deviceramathemaxicalconception Ofthebina
x,.:,,' '' L - ' ' ' ' numericalsystem(dyadic).Idea OflOgical
,y . _ ,, , _ , caIculatOn.
: ''-, . ' ' ' '' ; ,' ' '' 1 801 Joseph Jacquard. a french weaver, exhibited an
automatic toom wh ich used punched cards tO cOntroI
the pattern woven by the loom. for prObabty the first
time in h istory, information was represented by hOles
punched in he cards.
1 833 Charles P. Babbage (England) develOped an
'Analytical Engin that had al l the elements Of the
d igitaI computer. first concepton Of OrOgramme-
contro l led automation-mechan ca I cOnstruCtOn,
decimaI system. Babbage was unabIe tO cOmplete
his forward - Iooking plans because Of technicaI
difficulties.
1 890 D r. Herman Hollerith (Germany. USA) develOped
the Electric Tabu laxing Machine and cut the data
processing time by two-thi rds.
1 901 The basic numerical punch keyboard and Other system
imprOvements introduced by Holterith.
1 908 The Hol lerith automatic tabuator. aperating at a speed of
1 50 cards, introduced.
1 91 1 Statistics Reichsamt, in Berlin, Germany, used
Hollerith machines to handle commerical statistcs.
1 9 I 3 Bu rroughs Accounting Machines introduced its
difference engine in England.
1 91 4 The Mon roe Calcu lator introduced.
1 91 9 Fredrik Rosing Bull designed his tabulatOr and sOrter
in Noway; tabulators with alphabetic prntng
invented ; electric synchroni2ed time clOck system
introduced.
1 920 Printng tabutator intcoduced.
1 923 Electric key punch intraduced.
1 924 lBM estahl shed as successor to C.T.R.
1 928 Punched ca rds incre3sed from 45 coIumns tO 80 co tumns.
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x,.:,,' ''       L -      '      ' '  '         numericalsystem(dyadic).Idea OflOgical
,y .    _   ,,  ,   _ ,                      caIculatOn.
: ''-, . '  ' ' '' ;    ,'  '  ''                1 801  Joseph Jacquard. a french weaver, exhibited an
automatic toom wh ich used punched cards tO cOntroI
the pattern woven by the loom. for prObabty the first
time in h istory, information was represented by hOles
punched in he cards.
1 833  Charles P. Babbage (England) develOped an
'Analytical Engin that had al l the elements Of the
d igitaI computer. first concepton Of OrOgramme-
contro l led automation-mechan ca I cOnstruCtOn,
decimaI system. Babbage was unabIe tO cOmplete
his forward - Iooking plans because Of technicaI
difficulties.
1 890  D r. Herman Hollerith (Germany. USA) develOped
the Electric Tabu laxing Machine and cut the data
processing time by two-thi rds.
1 901  The basic numerical punch keyboard and Other system
imprOvements introduced by Holterith.
1 908  The Hol lerith automatic tabuator. aperating at a speed of
1 50 cards, introduced.
1 91 1  Statistics Reichsamt, in Berlin, Germany, used
Hollerith machines to handle commerical statistcs.
1 9 I 3  Bu rroughs Accounting Machines introduced its
difference engine in England.
1 91 4  The Mon roe Calcu lator introduced.
1 91 9  Fredrik Rosing Bull designed his tabulatOr and sOrter
in Noway; tabulators with alphabetic prntng
invented ; electric synchroni2ed time clOck system
introduced.
1 920  Printng tabutator intcoduced.
1 923  Electric key punch intraduced.
1 924  lBM estahl shed as successor to C.T.R.
1 928  Punched ca rds incre3sed from 45 coIumns tO 80 co tumns.
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'' ' ' 1 933 DehOmag prOduced and inxroduced B.K. machines
which could roll totals and three programme cycles.
1 935 Zuse: beg inning of development work.
1 936 fingerprint selecting sorter reeased.
1 937 DehOmag signed contract for German census of 1 938,
requrng 70 sOrters, 50 tabu latars and 90 m ill ion cards. '
1 938 Schreyer: development of logical structu rat elements
for prOgramme-controlled calculating devices.
COnstructiOn Of an experimentar modeI.
1 941 DehOmag deveIOped and constructed a punched card
cantrOIled Iinotype mach ine-Z3-firsx workable
prOgramme- controlled calcuIating device; electro-
mechanical cOnstruction (Relais), binary numerical
system, crcu it theory, notion of mathematical ly
IOgical caJculating machine.
1 94Z Specia l device rOr wing-measurement (nela is-
technOtogy)
1 944 IBMt first large scae computer. the Autamatic
Sequence -ControlIed Calcu lator, presented to
Harvard Un iversity-special device of wing-
meaSurement wth measuring daIs attached (first
o perat i o n co nt ro l).
D irks: electrOnic calcu lating devices with magnetic
storage ; Aiken: Mark I- electro-mechanical
technology.
1 945 Z4-eIectrO -mechan ical technology, mechanical
stOrage mechan ism. binary numerica I system. floating
pOint-the OnIy device saved from German develop-
ments; Stibitz; Special calcuIatOr. Relais-technology,
binary numerical system, floating point, calculating
with cOmplex rigu res: Dr. John M auch ly and J.
Presper Eckerf bu i It EN IAC (E lectronic Numerical
IntegratOr and CaIcu latar). It conta ined two moving
parts Other than input-output gear. The EN IAC
weighed 30 tOnnes.taking 1 5,UOO sq. ft. of space.
lts speed was 5000 additions per second (compare a
t to tOdas cOmputers working in nano- seconds-a
nano-secOnd is one biIlionth of a second). 0

_n


















! '  '  , '   ; '  ' J  ,  ' , , ;     '   ' ., ;, , ' i      1 931  lntrOductiOn Of the first o1 the lBM 600 glectronic
'   -   ,  -'  ,, , ,,-'  , '   ' >r ''  ,,',         CalcUlatOrSseres.whchhandledmultpIcatonand       
,   ,,,',-.,,  ,; ;,-,,    ,, .,                     dIVlSIOn
'' ' '                   1 933  DehOmag prOduced and inxroduced B.K. machines
which could roll totals and three programme cycles.
1 935  Zuse: beg inning of development work.
1 936  fingerprint selecting sorter reeased.                
1 937  DehOmag signed contract for German census of 1 938,      
requrng 70 sOrters, 50 tabu latars and 90 m ill ion cards.     '
1 938  Schreyer: development of logical structu rat elements
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cantrOIled Iinotype mach ine-Z3-firsx workable
prOgramme- controlled calcuIating device; electro-
mechanical cOnstruction (Relais), binary numerical
system, crcu it theory, notion of mathematical ly
IOgical caJculating machine.
1 94Z  Specia l device rOr wing-measurement (nela is-
technOtogy)
1 944  IBMt first large scae computer. the Autamatic
Sequence -ControlIed Calcu lator, presented to
Harvard Un iversity-special device of wing-
meaSurement wth measuring daIs attached (first
o perat i o n co nt ro l).
D irks: electrOnic calcu lating devices with magnetic
storage ; Aiken: Mark I- electro-mechanical
technology.
1 945  Z4-eIectrO -mechan ical technology, mechanical
stOrage mechan ism. binary numerica I system. floating
pOint-the OnIy device saved from German develop-
ments; Stibitz; Special calcuIatOr. Relais-technology,
binary numerical system, floating point, calculating
with cOmplex rigu res: Dr. John M auch ly and J.
Presper Eckerf bu i It EN IAC (E lectronic Numerical
IntegratOr and CaIcu latar). It conta ined two moving
parts Other than input-output gear. The EN IAC
weighed 30 tOnnes.taking 1 5,UOO sq. ft. of space.
lts speed was 5000 additions per second (compare       a
t to tOdas cOmputers working in nano- seconds-a
nano-secOnd is one biIlionth of a second).             0
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! ;,a ;n, ,?., .h !,g ;,' ,s 3 'Jm ,,w.n,.., .,,.rv,ryn 1 948 Elg lisg EleCt,iC COmpanY Started WOfk On an a4tOmatlC
,. ,.;;. . ,,,-, ,,EyJ.e,, ,,,,,,., ; �  ,9-t, ,t computing engine aided by the NatiOnal PhysicaI
-, �V.'-  ' ;, ' ^' .' . ''''' -''-~''' V'''' laboratory. '
.''''i'.'iL'i9^,._rJJ''.? 1g5o Ge,man n;verstesbe an budn com ute,s.. G1 8
G2 and G3 at Goettingen,Dera at Darmstadt, Perm at
Munich and D1 and D2 at Dresden.
1 951 Statisticat machines used to complete Swiss census.
tBM set up its customer servicewOrkshOp n BOmbay.
Indian StatisticaI Institute instaIIed a cOmputng '.
machine. e
1 952 IBM announced IBM O1. its first Iarge-scale
electronic d8ta processing system. desgned primarly
for scientific calculations. It was '25 times faster than
the Seleive Sequence Electronic CaIculator. '
Zuse developed and built the re' laycaculator units fOr
the programme-controlled card punch powers M9 of
Remington Rand.
f irst German electronic computer G 1 began work at
Goettingen.
1953 IBM 702 computerforcommercial useand IBM 650 '
and intermediate size electronic cOmputer foraccount-
ing and scientific computations announced.
1 954 lBM developed the punched card transm itter that 0
alkt over regu la r teleph�ne  ci rcuits. T.he tBM
transceiver operated at the rate Of apprOxmately ,
10,OOO alphabetical or numerc characters a minute.
1 955 Magnetic core storage cel ls devetOped.
1 956 ERMETH. a computer designed and built at Swiss
Federal lnstitute of Technology. placed under
operaton.
Programmers Reference Manual fORTRAN was
issued.
1 957 IBM introduced the 61 O auto-point computer capabIe
of 214 additions or subtractiOns and 5Z divisions or
multiplications a mnute.
1 958 Siemens announced its first cOmputer 2002.
IBM introduced' 709 Electronic D ata PrOcessin9
System. It cou Id make up to 2.4 milliOn decisions per
minute in terms of true and false answers and could
memorize o.ver 1 milion bits af information.
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,:';u , 1959 New PrOducts: lBM 1401 DataPrOcessing Systemfor
; ; , commercial applications, and IBM 1 620 computer (or
' sc iet if ic 8pp l ications,
' ' ' 1 960 Practice of renting computer on hourly basis
intrOduced at the first dat8 centre.
Erectric tyewrters without tyce bars or moveable
ba rs introduced. lt was cal led Selectric.
1961 Twocomputers instalIedin India.
1 962 I.ntrOductiOn Of 77 1 O Commun icatiOn Unit. Itpermitted
camputers insta lled at different places to inter-
cOmmunicate through high-speed facilities. Using the
Telstr satel Ite, cOmputer information was exchanged
beNveen New YOrk and Paris.
1 963 Fi rst Data PrOcessing Mach ine manufactured at the BM
plant in Bombay.
1 964 A breakthrOugh in cOmputer techno logy made with the
intrOductiOn Of System/360-the first commercially
availabte Data PrOcessing System designed on use of
micro-electronic.
Number of cOmputers in India ro6e to 1 5.
1 965 CDC intrOduced 6800 computer with an executing
speed of 1 2 miI I ion instructions per second.
Seventeen mOre computers instatled in India.
1 966 lndids first cOmputer manufactured at the JBm pant
in Bombay.
Six System/360 camputers installed at NASA's
Manned Spacecraft Centre at Housxon.
1 967 Twenty-mo cOmputers installed in Indi8.
1 968 An experimental image distribution system developed
by the Advanced System Development Division
aIlOws the use Of standard TV monitors as computer
term naIs in a new information nemork. Under thg
cOntrOI Of I BM 1 800 computer. the system makes it
POssble tO dsplay computer-generated text. graphics
O r numerical information on the TV screen.
1 969 NASA used cOmputers to land men on the moon.
COmputers used by Indian agricu Iture scientists
tO trigger Off the Green Revo1ution.
The number Of cOmputers crossed the 1 OO mark in
India.
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lmpOrtant datet in the daveIOpment 1 970 IBM introduced a new series o computers caIled 0
of Programme-Control Igd Calcu lating SYstem/370, a highly advanced cOmputer system-
mach ng, (computers) severat tmes faster than the previous computers.
lt prints words and numbers at the incredibIe rate of
2000 lines a minute.
1 97 1 Ind ian Railwayt using 1 4 computers affected a saving
O( Rs. 1 6 crOres th rough computerized inventory
control in a single year.
The number of computers in India reached about 140-
1 972 The Computer Art Exhibition held in IndiB.

N.B. 0
The data regard ing the development of computer tectmology
intheU:S.S.R. and the East European countries could not be ,
Obtained; sO not included in this chronology.
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' ' PrOfessOr at the SchooI of Sculpture. Hamburg;
, , Chairman Of the Committee of Aesthetic Information
' ' ' ' ' in the SOciety fO r Programmed tnstruction. Berl in.
, , , BOrn 1 928, Oenigsberg (Neumarkt) and lives in Hambu rg;
'' ' , studied at theSchooI of Sculpture,Karlsruhe, 1 949;
professional adviser and founder of an organisation team,
auickborn, 1 956; first Tealisaxion of his Office-Landscape
''BuerOIandschaft'' (Bertelsmann) , 1 960; develapment of
the PrinciOle Of Subjective Space for Designin9 Offices,
1 964; Lecturer at the school of Designing in U Im, 1 965.
PublicatiOns: Aesthetic Redundance. 1 96Z; Language and
Writing in the Age Of Cybernetics (together with Helmar
F ran k, Abraham A. Holes among others) , 1 963; Teaching
Machines-with Cybernetics 6 Paedagogy in View, 1 964.
EditOr: Cybernetics and Organisation, 1 963; and -
Praxeology. 1966.

Member Of ttte Art lntermedia, Experimental G roup. Born
1 908. and I ives as an artist in Vienna: experimented for the
praductiOn 0f SOund Sequences and Cinematic F iIms since
1 966; wOrked for the creation of EIectron ic Computer
Graphics since 1 968: together with Gerhard Stickel.
German COmputer Centre, experimented with ''Typographi-
ca2 Montage' ', 1 966.

Stud ed musical cOmpositions at the H am i lton Schoa l of
' Music, Philadelphia: B.A. (Physics}-University of
PennsyIvania; M.A. (Physics)-UCLA; Ph. D. (Physics)-
UCLA; PriOr tO IBM , (1 945 -64) ; a musician and music
teacher; teacher of the Sch i ll inger Svstem of Musical
CompOsition and the M athematica I Basis of the Arts;
U .S. Air FOrce; Research Assistant (Physics )-UClA; Lecturer
(Physics)-UCLA; Staff Member-Los Angeles Scientifc
Centre; at present employee of lBM, los Angeles.
California. U.S..
SpeciaI FieId: ApplicatiOn of computers in music and a rts.
and appIicaton of computer n Education.
PrOfessiOna! Membershi Ds: Association of Computing
Machinery (ACM). Users Of Automatic Information Display
Equipment (UAIDE)
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Annua l Computer Art Contest: A Selection of Winning
Entries, 1 968, by Strand. Kerry, C raigmi lee. Gray; france.
A.M.; Walker, Dr- Evan Harris and Jenkins. Larry.
l,';llit,; ; v,;;lJ? :)'(J; r' !t, ;;'
The creative team consists of the folIowing: Haruki Tsuchiya- ,
System Engineer; Masao KomuTaProduct Designer; Kunio
Yamana ka-f l igh t Techn ic ian ; Jun ich i ro Kakizaki-E lect ron ic
Eng ineer: Makoto Ohtake-Arch itect: Kaji fuj inO-System 0
Engineer.and fujio Niwa-System Engineer. Worked on
Computer Graphics and Computer Poetry at the IBM ,
Scientific Data Centre, Tokyo, with the help of IBM Japan
since 1 967. The prOg ramme was written in FORTRAN IV.
COmputer G raph ics were made on IBM 7090: and the
Computer poems were created on H lTAC 5020. The
drawings of the Computer Graphics were made on a
Ca l- Comp 563 Plotte r.
totT,, l,',,!!i'!,-;: ,'.
Supervisor, Computer Graphics Task force, The Boeing ,c
COmpany , Renton. Washington.
Ctn1,, ,,t'. ,,ri) l'l
Studied Physics, Chemistrv. PsychOIogy. Philosophy,at
Universty of Vienna; research project at the Institute of '
Technology. Vienna, 1 951: warked in Industry, 1 95 1 -56: a
' free tance correspondent. 1 956: Creative Radiography,
1 954: RatiOnal Aestheics since 1 955: worked on the
appl ication of an Analog-Calcu lation System and a CathOde- .
Ray-Osci I log raph for the production of Computer G raph ics, M,
1 956: and on the Principle of Optimization of Aesthetcs. '
1 966; and alsa became Chairman at the InternatiOnal COllege. ''
European forum. Alpbach: President of the Seminar:
''Cybernetics and the Theory of Information'', Un iversity Of
frankfurt. 1 968-69; worked on the ''Research on future'' '
(togetherwith Prof. 0r. E.H. Graul) Universityof Marburg. '0
1 969; and atso worked on develOpment of DigitaI Graphcs.
Publications: Kunst und Konstruktion. Munich. f. Brukmann, ,
1 957; Phaenomen Technick. Wiesbaden. f.A Brockhaus,
1 962; Phaenomen Kunst, Mun ich, H. Moos, 1 967: Sinnbi Id
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der Chemie. Munich. H. Moos. J 968; Methoden der
' GeOchrOnoIog ie, Berlin, Heidelberg, New York, J. Springer
1 969. At present working on Computergraphik-Computer-
kunst, tO be pubIished at Muenchen. F. Bruckmann.
E_xh!b!t!Ons: ''Exp8rimentel le Aestheti k'' and ''E lektron ische
Graphik''. Vienna, London. Zu rich, Mun ich, Stut3gart,
KaSerslautern, BerIin etc..Grou Exhibitions: ''On the Path
tO COmputer Art'', Berl in, ar sruhe, Davas, and partic ipated
in Venice B iennaIe, 1 970.

BOrn 1 932,Wuerzburg; studied at the Insti3ute of Technoogy,
Aachen, 1 951 -55; Obtained his d0ctorate degree under Prof.
Dr. H. Cremer. 1 956; research for the M inistN of Economics
of NOrdrhein, We5tfalen, 1 957; Research Attach�  at the
french NatiOnal Scientific Research Centre (head of a
Research LabOratOry at the University of Nancy). 1 958;
EuratOm-Member Of the founders Committee of the Group
''Ceti: BruxelIes and Ispra (here began the experimenfs on
COmputer Graphics) ; Lecturer for EIectronic Data -Processing '
and Cybernetics at the State Col lege of Mechan ica l
Eng ineering, Colagne since 1 96J: and organised an
Exhibitian Of COmputer Graphics in Rheine. 1 966.

Born 1 941 and lives in Vienna: Diploma in Engineering and
works as an assistant at the Institute of Low frequency
Technique at the lnstitute of Technology, Vienna.
Exh ibitiOns: Secession. Vienna; Data Centre of the
' 'Zentra Ispa rkasse' ' , Vienna ; Ga I Iery ' 'We rkstatt' ', B re itenbru nn
at the Neusied ler Lake.

Bell TelephOne Laboratory, Inc. Murray Hill, N.J., U.S.A.
DevelOpment of varying methods of ''Picture Processing ''
at the Research 0epartment of the BeI I Telephone Company.
Pictu re PrOcessing includes: ( 1) the Transformatian of
Graphics. (2} the Transformation of NOn-Visual Oata into
Pictures. (3) the Manufacture of Pictu res under given Ru les.
an (4) the Combination of these Methods.
Oevsed a system out of Programming language BEfL lX for
the cOnstructon of a picture. on a square roster. Production
Of COmputer fi Ims for science and teach ing with a id of an
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electranic micro-fiIm recorder (Stromberg-Carlson QOO).
The programme is written in Befl ix 8nd a.n Expanded FORTRAN
Language for film production using an I8M 7094. Researched
with B. JuIesz and C. Bosche on the Systems Of Human
Perception-

Director of the Institute for AutOmatic 0ata PrOcessing,
Consulting and Development. Darmstadt.
Studied Phvsics Mathematic5. Chemistry, PhilOsophy and
Paedagogy at the Technical CoIlege. 0armstadt. and Obtained. a
DipIoma in M athematics, 1 949: scientific wOrk in variOus
Academies. Institutes and Companies in Denmark, Italy,
Canada and West Germany. 1 957-62; fOunded the Institute
for Automatic Oata Pracessing. COnsulting and Develop-
ment-known as aiv-in 0armstadt. 1 962: and an author of
standard books on the programming Of COmputerlanguages.

Professor, Engineering Science laboratory, Cambridge,
Mass., U.S,A.

lives in Cherokee. lowa. U.S.A.; developed OsciIIons or
Electronic Abstractions. since 1 950: and coloured Oscil lons,
since 1 956-coJour resu Its from cannecting rOtating colour
filters- about 1 70 exhibitions in 7 states af the U.S.A. and
six foreign cOuntries, since 1953.

Born 1 930: passed high school. Vienna. 1 950: studied at the
Academy of fine Ans, Vienna1 951 -52. and after that for
three years with Prof. WOtruba: studied at the ' 'Acad�mie  de
t8 Grande Chaumie''. Paris and at the''Academia Brera M ilan
1 95Z-54; organised several exhibitiOns Of paintings. graphics.
sculptures and mobile Objects and the first ''inventionistisch
texts, Vienna. 1 954; schotarship for kinetic scu Ipture and
painting. Oslo. 1 955; worked as a graphic artist and photo-
grapher, Vienna, 1 956; visited Hol land and France, 1 957-58,
and was a guest student at the '' ITHEO'': since then he has
continuously worked on and experimented with fi Ims and
movement, Iight and colour; various exhibitOns in Europe
and abroad-demonstrations af kinetic Objects. mobile
sculptures. fotomontage and experimentaI films. 1 958-61 :
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, '; ,, ' ,, > varOusassgnmentswthAustrianand GermanTVand ;
, , ,, film,andaIsOwOrked as ''Animato'.1961-64;beganwith ''
, ' ; ; ,; the study Of the PsychOlOgy 0f Perception ax the Universitv L
' ' ' ' ' ' ''' ' of Vienna, 1 965: began with the experim8nt on Optica I and ' D
linguaI D ispersOn at the lnstitute of H igher Stud ies and ,
Scientific Research, Vienna. and was awarded xhe ;'';
''Theodor-Koerne' award for ;scuIpture, 1 967. '
Professiona I Ex0erience: Construction of optical phenomena. ;J,!;
r ythmc inference and visual structures. also experimend ,';,,
with ''wOrd materiat'', 1 954; construction of Semantic Infra- ''
and Metastructures since 1 960; construction of Optical ;0b
Semantics, 1 964; the resuIts were made visible through n,v
pctures, and knetc obJects, tests and fiIms. ' ?b,
ExhibitiOns: Exhibited in Rome. Paris, Vienna, Graz, Buenos ' ;'
Aires, Stuttgart, Klagenfurt, Milan etc. '
i ,
Professor of COmputer Science. Toronto University, Canada.
0epartment Of COmputer Science, McLennan Laboratories.
FieId Of Interests: Use Of cOmputers in Documentation and
Art.
Pub!ications: On the Future Development of Camputer Art
in Graphics, Film, TypOgraphy and Design,(togetherwith
Arnotd Rockman)in the maga2ine ''Arts''. Canada: The
COmputer as an Artist. 1 964: and The Electronic Computer:
A New Tool for the Artist, 1 967. ,
! '., ?''!',' ', ,,
lmage Processing B ranch of the D ata Science Laboratorv. '
Bedford, Mass., U.S.A. ';,'

' '''''' ' '- ' ' '''-
Born 1 938, Stuttg art; studed at the Unversity of Stuttgart '
and abtained D iploma in Mathematics (and a Iso studied ;',
Physics, Electran ics. Ph ilOsOphy, Literature, Pol itics) , 1 958 - ,ï
64; training for two months at the prog ramming department ,
of IBM Germany. 1 959; Research Assistant at the Calcu lating ,;
Centre and sometime at the !nstitute for Mathematics of ,
Stuttgart University. 1 961 -64: Scientific Assistan at ;',i
Ca Iculating Centre of Stuttgart University (occupied with
Probabil ity Theory, Statstics. Prog ramming, Computer
Graphics, Aesthetics) , since Janu arv 1 964; Editor of Studenx
Maga2ine ''THS'': appointed Professor (on the subject of
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Li' 3,J ? - !;; =';. n:,! c_'-'._.' ,'-'i !-,;.. Probabil ity TheOry). 1 967: Post-Doctora I feI low of N ational
,. , ;-, 4 , . .._.; e?; ; ? Research COunci I Of Canada, University of To ronto. Canada
'' ,, ,, .,, ,, ,,, .,. ., . ;,., ( stud ied fOrmal langu ages. Theorem Proving. GTaphic Data
''' '-' ''"' '' ''''' ' ' ' ''''-'-' '''' Processing, Artificial Intelligence). 1 968-69.
; S_eIected Projects: ''ComputerArER 56'', ''Matrices
Mu Itipl ication''. and ''Generative Aesthetics I ''. Worked in
col1aboration with designers on variou s problems: 0iscussion
;.' 6 Pragramming COncrete ProbIem (Pattern On Pattern,
interpolation between various Patterns. visuali2ing Texts,
Chance Texts, SOund POemst, TorontO. 1 969. Exhibitions in
Stuttgart. Darmstadt, ReckIinghausen. FrankfurtlM..
Dortmund, Zurich, Munich, UIm, Montreal, Marseiles,
BerIin. Den Haag, Zagreb. Davos etc.

i , ;,:._ , t1,; I !lx,;it. j3.JLt'! !'.J ...,. ,. t.;!f., , ? rî -j l) a n ! ;?
consists of:
(a) Nash, Katherine: Professor, Depa rtment of Studio Arts,
University of M innesota, M inneapolis.
(b) Wil liams. R ichard: ProfessOr at the Universitv of New
Mexico.
(c) oward, M iIton: ProfessOr at the Universitv of New
Mexico.
;3. '1t'. ' ?!'!'4
Director. Computer Centre. Siemens AG. rIangen. Born
, ' 1 925. Nuernberg: worked on problems of Computer
!! Graph ics. since 1 964: began work on dissertation about
Computer Graphics, 0epartment of PhiIosophy and Scientific
Theory, Stuttgart Un iversity. 1 965; began work on Computer
Sculptures. 1 968; obtained Doctorate. and published
''Generative Computer Graphics'' Siemens AG.. and made
the Computer fiIm ''Traces of Meaning'', 1 969: witt eng ineer
Rase. used computers for a rchitecture; wOrked Out plan
with ALGOL Programme, Siemens System 4004 (data
processing). and a utomatic sketching GRAPHOMAT Z 90
to create a Space-Perspective Image. 1 970.
Exhibixions: ln Studio Gal lery of TechnologicaI Institute.
Stuttgart. ( f i rst exh ibition of Dig ita l Computer Graphics).
1 965: Cybernetic Serend ipity, london , 1 968: Computer Art:
On the Eve of TomorrOw, Kubu s, H a n nover, 1 96 9: On the
Way to Computer Art. New Cong ress Bu iId ing, DavOs, and
pa rticipated in the Venice B iennal e. 1 970-
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Biographjes a r3its NoIJ, A. M ichael
and deta i s af Bel I TeIephOne' LabOratOries, Inc., Murray H i Il. N ., J.
other articipgnt.s Iyh, Dne M.
Research Associate: College of Engimeering, Computer
Science, Un iversity of Utah, Salt La ke City, U .S.A.
Peterson, H. PhiJip
COntrOl 0ata COrporation Digigraphics Laboratories,
' Burlington, Mass., U.S.A.
Raymond, Profess0r Richard C.
Born 1 91 7', Spokane, 'WashingtOn. USA: B .S.. (Physics)
Washington State Univeristy, 1'938: Ph.D. (Physics)
University of Cal iforn ia, 1 941: began painting, 1 962 and
began design ine paintings by computer. 1 964. Member:.
Ph i Beta Kappa, Sigma Xi, American Physica l Society. Fel low:
Institute of Electrical and Electronic Engineers.
O_ne-man Show: Camputed Paintings and Sculptures,
Zurich, 1968.
Professionat Ex.Derience: Research Ass�ciate,  Massachusetts
Institute of -rechno logy, Cambridge, Mass., U.S.A.. 1.9;41 42;
Research Associate. Harvard University, Cambrid9e, Mass.,
U .S.A.. 1 942-45; Assaciate Professor of Physics, The
Pennsylvania State University. Universitv Park, Penn., U.S.A..
1 945-52; Head, Elecxronics Department. The RAND
- Corporation. Santa Monica, Catifornia. 1 953-56; Manager
TEMPO. General Ele' ctric CO., San'ta Barbara, CalifOrnia,
1 95662; Consultant-lnformation Science, 1 963; and at
present working for the Genera l Electric Company, 570
Lexington Avenue. New York, N.Y.. 10022. '
2cr.., ,n '
Boston. Mass., U.S.A.
,c.rçe,de, f'. ' nt .'.L .
Acoustics and Speech Research Laboratory: Bell TeIephone
Laboratories. Murray HiIl; and Physics tnstitute. Goettingen
University.
Born 1 926, Ahlen, W$stfalen; stud ied at the University of
Goettingen and obtained D iploma in Physics, 1 95 1 ;
admitted to Ph. D. in Physics, 1 954; Research work at the
Bell Telephone Laboratories in Murray HiIl, New Jersey.
Field of Interests: Acoustics, especial ly Architectural
Aca. ustics, Electru-Acoustics. underwater Acoustics, Speech
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onrec ig of =ct and Hearn9, and COmmUnCatOn SCenCeS. WOrked OUt a ,
-3 s çr Statistical Theory of Chance Current fields, new methods
.. of measuring Acoustcs. and caunttess patents in other '
ther PaiCft f,'eds. D;recior of Acousic Resea,ch Department of Bet .
Laborataries, 1 958; 0 irector af Acaustics and Speech ''
Research labo ratory, 1 963; D i recto r of Acoustics, Speech '
and Mechanics Research Laboratory,' respOnsible for U.S.
Government in National Stereophonic Radio Committee;
and also Member of the Committee on Hearing and
8 ioacoustics of the Armed farces and the Nationa I Research
CounciI, 1 964; jo ined the Comm ittee for New Techno log ies, .
formed by the President's National AdvisOry CommissiOn
on Health and Manpower, 1966.
Membei and fo rmer President of the Aud io-Engineering SocieN
and a lso a Member of the German Physics Society and the i,
Acoustical Society of America. Ed tor: JOu rna I af Acoustca I i
Society of America; Professor. Physics Institute, Un iversity '
of Goettingen, 1 969. !
utCIffe, ln i
Bracknell, Berkshire, England
Manaeer of Prog ramme Development, '' Internati0na I
Compu ters. L im i ted. Saftwa re O rga n isat iO n ' ' , B rackne l I ,
8erksh ire. Mathematician in container industry; %orks on !,
Svstems and Planning of Automatic Prag rammes for KDf 9 '
and System 4 c Omputers. authOr and composer; '
Together with Peter Zinovieff cOmpased, under computer
control,an electronic music piece; fOrmed a Computer Arts
Society du ring the past few months. '
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.  OmUtr Dr  l           77    'll                              .
1 4. Com ufer Drgwin, Undgtgd, 23^II x 1 7 tII
1 S COmpUtBr 0r8Wn0 UndBted 23iJl X 1 7'l                              '''
I 8. Computgr Dr8wing, Und8ted, 23iI' x 1 7t'I
1 7. ComputBr Dr8win0. Und8tgd. 23il x 1 79'r                               '
1 8. COmputBr Drawing. Und8tgd. 233lr x 1 73tl
1 9. Com uter Drawin , Undgtgd, 23iII x t 7 tll
20. COmputer Drawing. Und8tBd, 23'r x 1 7r
Z1. COmputer Drawing. Undated, 23iJI x 1 73l
22. COmputer Drawing. UndatBd. 23'I x 1 7t'I
(ThR main processors which wBr usgd werg l BM 7094 or CDC 6600.
Superscriptian of data accasionally required thg us8 of a tele-re8ding device.
                                                                                             Enlries were done on a Gerb or on a Calcomp appar8tus.)
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LSt Of Exhbtt frank, Dr. Helmar
23. TwD-dmenSlOn8I R&ndOm DraWlng. Undated, 28'' X 1 73'
24. TWodimensonal R8ndom Dr8wing, Undated, 28'' x 1 1 t7'
(Wrilten With a ballpOint with varying redund8ncy. These drawing serie& are
part ot 8n inveatigation which ha set itself the t8sk of finding a begInning
: of a, theory of a8sthetic infOrmation in computer-cr8ated instructional
programmes. COmputer S303 P with N820 as a satelIite computer)
: franke, DF. Herbert W.
- 25. An8lOgue Orawing. Undated, 23i'' x 1 5î'I
2B. AnalO ue0rawin Undgted 23tlI x 15 'l
27 An6l00Ue DTgWln9. Undgted. 23î7l X J 5î''
t fl fl '
29. Analogue Dr8wing. Undated. 233', x l5i''
(Photogr8phic reproduction from the screen of a cathoderayascillograph)
Ana U0DTWln ll Ilf
31. AnalOguB Orawing. Undated, 22t'I x 1 4i
32 . AnglO ue Dravyin. Und8ted, 1 9II x 1 6Il
33. Anglo ug Drgwin , Undated, 24ll x 1 5lI
34. AnalOgue 0r8wing. Und8ted, 24'' x 1 4t''
(SerigraPhs trom photos t8Xen from lhe screen of a cathode-Tav-oscillograph)
franke, Dr. Herbert W. in collabofation with
farber, G., Maier, H. and Vordermaier, J.
35- DigitaI Drawing. Three coloured. Und8ted. 1 9'r x 1 9
(SeriT8ph. The pr09rammes far lhe digit8I drawings came from 8 0VA of
the Siemens Sysle.m 4004t
franke, Dr. Herbert VV. in collaboration with
Henne, P. and Maier, H.
30. Di ital Drgwin. Blgck gnd VVhite, Undated. 26IJ x 1 9II
37. 0'lg'll6l 0raWl'n0, BaCX &nd Wh'lte, Undated. 2631ff X 1 9f7
(Serigr8phs. The prOgramme for the digital draWinga come from a DVA af
the Si8mens System 4004)
france, A.M.
38. Ins ifglation, Undated, 1 OI x 1 OII.
(Compro. New Jersey. A seleclion of winning entries from the 1 968
Annu8I Computer Contestt
fuc h6hube r, .Dr. Ro land
39. AnglO ue 0rawin , Undaled. 1 8ill x 1 sII,
40. AnaIoue Dr8wing. Und8ted, 1 9t'I x 1 6t".
(Represent8tions of cybernelic model-v8riations)
Jenkins, Larry
41. lexug, Kerr Slrgnd, Undgtgd, 1 1 It x 1 5Il,
(Compro, New ersey. A sel8ctiOn Of winning entries kom the 1 908
AnnuI COmputer COntesl)
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List of Exhibits KnOvvItOn, Kenneth C. '
42. Telephone, Undaled, 21'I x 14'/ . .,i,'.
43 MUr8l, Und8ted 39itlrX16ll '
' ' .?
44.GUlIS,Und8t4 , SlX Il ' '0W
r x qrr .Cv0
. ' '
retS, eter ,'g
46. S8ries he Surface in Space; Und8ted, I4x/' x 14'l '! 9
Q7. Series he Surfgcg in S 3ce; Undg3gd, 41fI x 14Il . Vr
48. Serl'eS'TheSUrf8C0'ln S C0' Ud8fed 141ltX14ll "0
49. Sies he Surface in Space: Undated. 1 4i'r x 14" 0,a'
7l rI .;, ?,,?,?,
. ,' , , 77 l \48'C9
.Sertes eU8C0ln P8C0, n80, iX 'r?'0,
- (ser;es The s,rfgcg in spacg i,writtgn w;th the pco ,gmme compARTrnom .7 ,?
'
3he aivInstitute in FORTRAM IV. The progT8mmg serve8 to dgpict solid ''8o
surf8ce.taking pene3ralive perspective in3a consideratian. Output w8s '',; Cn0
produced p artly on an osciltor8ph-Stromberg-Carlson, and partIy on 8 '':' ...;
mech8nical sketching device from the firm Kontron -a product ot Houston- ':
lnstructiDns .
Land, Dick and Cohen, Dan
52- CDlOUred COmpUter DraWn0. 1 900, 1 3tlr x 1 Oill
53. COtOUfed COmpUter Or8Wn0. I 969, 1 Oi Il X 1 3itl
aposhy, Ben f.
S4. OscillOn 1 0, Undated, 73" x 9ill
( E Iect ron ic A bst ract io n }
55. Oscillon 1 1 , U d8ted, 4'I x 6t'f
(E lectron ic Abstraction }
S0. OxiIlon 1 8, Undat8d, 4t'' x 8t'l
( E Ie ct ron ic A b st ract i on t
57. OSCllOn 501 , Und6ted. 4tt' X 0ilr
( E Iec t ron ic A bst ra ct i on ) '
Marc, Adrian ',,
..,h
. COmPu3er TeXl. Undat0d, 35'' X 9't ;'
(Semantic infra - 8nd met&structure8, Optical 6em8nticst '
me2ei Les ':;A,
9. Computer 0r8wing. TransfOcmatiOn Of Babel. Undated. 33tr x 29'r .;.;, '.
80. COmpUt0I 0T8Wn0 TransfOrmatOn Of Grl'S FaCe Unt8d 2Zirl X 1 7'l n:X'
Mott-Smith, John C. '
81. COmputeT Drawn0 n COlOUr, Undated, 9t'r X 7'r ;j:',
82. Computgr Drawng n COlOur, Undated. 9i'l x 7'l ::
83. Computgr Drawing in Colour. Und8ted, 9t'r x 7II .i.8,0
84. Computer Drawing in Colour, Und8ted, 9t'l x 7" ' !
' II 7f .'''
66. Typed Text, containing a part Of arlist's statement, Und8ted, 7'' x 9i '
(The programmg used servgd to d8velop p8r3icte tr8cks in compIicaledly
disposed fields of forcg. Out Of this,J.C. Mott-Smith developed 8 system af
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' L st 3f Eh b t s producing vi8u8tlv aHractive cue combin8tiOns 8nd superimpOsitions. The
p8tterns 8re producd On th8 scTeen of 8n electrOnic visual Output device and
photographed one 8ft8r the Other through coloured filter8.)
N6ke, Dr. frieder
87. Serigraph , Und8t8d. 1 8i'r x 25'r
. 68. Multiplications of M&tcices-PlOtter 0r8wing, Und8ted, 1 9Ir x 1 9'I
, 69. Serigraph. Und8ted. 1 8i'rx 19'r
.. Nash, Catherine
p: 70. Gfg hXc StrUtUreS rOm th0 Lln0 rlnt0T, nd8t0d, IX
. ' ' llf
'' 72. Gr8phic Structures from the Line-printer. Soft 8s Night, Undaled. I 33'' x 10i''
;' 73. Graphic Structures from the Line-printBr, Triangle M. Undated. 1 3JI x 1 O
;. 74. Graphic Structures from th8 Line-printer. Triangle 9, Undaled, 1 3'I X 1 Oîl
!, Nees, Dr. Georg
I 7S. Computer DrawinJsPlotter Sketches. Undat8d. 23'' x 24'
. 76. Serigraph, UndaTed. 23ff x 33ifI '
;.,' 77. Serigraph. Undated. 23't x 33'l
78. SerI rg h Undaled Z3llX 33!ll
t.. ' '
79. Seri rg h, Und8ed. 3II x 33II
80. Serigraph. Undated. 23" x 28i
' 81. Sergraph, Undated, 23'l x 26î''
82.Plotter Xet h f r i i Struclure Undaled 18!lIX25'll
(ln coItaboration with Dipl. Ing. Rase)
NOIt, A. Michael
83. COmputer DrawineGaussian -quadratic. 1 98S, 23'' x 27îrl
84. COmputer Drawing-Computer Composition with lines. 1 964, 23il7 x 27,i7I
8s. Com ufer rawin vertica.horizonl8l number thr8e 1 9B5. 23II x 27 !II
86. COmputer Dr8wingWaveform, Und8ted. 23 x 27''
,' , Palyka, Duane M.
; 87. Camputer Drawing, Undated, 29'' x t 1 ''
88. Typed Text: statement by the artist, Undaled. 29t' x 1 1 i''
(Phase pcluTes from lhe fil-like sequence '8ndom Mavemenl'. Th1s was a
six-minut8series of eraphic configur8tions. which can be varied 8t will bY
the altBr8tion of the p8r8meters of a r8ndom-generatOr. The prOductOn S
carried out with two combined Bendix-20-computers 8nd thre8 PhilcO
television tube)
ete50n, H. hiIip
89. Com uter Drgwin 'Di itgtNorbertWigner Undated. 18lfIx24II
(The picture is constructed excIusiveIy of char8cter-symbols. Numbers with
two digils repTesent the density of shade of the surf8c8 etemenls whch they
cover, forming 8s a basis a scale of erey of 100 gr8dations. Numbers we sO
atlottBd that hgher ones produced thB darker shading. A cOntrOI-datadig-
graphic scann8r-model 280 combined with a cOmpuler MOdel 1 60 scanned
a small black and white transparency of Norbert Wiener and distributed the
dfferent shades'of density over lhe 10QOOO scre8n 8p8c8s. A C8I-CDmp-564
PlOtter, connRcted to 4 Control-D8t8 Computer 32DO, wrote the characterS.
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PlOtter, connRcted to 4 Control-D8t8 Computer 32DO, wrote the characterS.
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Ljst f Exh ibits The sc8nning and computing time on the DCC 1 60was 4 minutes: lhe '
dr8wing time for the C8l-COmp-S64-Plotter was 1 6 hOur8.) .
90. Mon8 Lis8; Undated, 29p" x 4'r vv9
;s ;cturg wgg foducgd ;n g s;m;gr f&ghon to the Tevous one. affer & ,, ,0,, ,
copy of Leon8rdO da Vinci's pOrtrait.) ' D
??,
aymOnd, Richard, C. ''r
91. Nin8 Spheres On 8lack BackgrDund. 1 970, 1 8" x 1 8'' ' 'i0
92. Three Small BIue Spheres and .one Large Yeltaw-Red Sphere On Whte
Background. 1 970. 18" x 1 8"
93, Fau Small Blue Spheres. P8rt of one L8rge Yellow-R8d Sphere On Whte
B8ckTound. 1 970, 1 8'r x 1 8''
94. Nine Spheres in SpiraI fOrm8tiOn. ColOur8 YellOw, Blue, Grey On White
Back round, 1 970, 1 8t/ x 1 4tf ' l
. on I
9S.Nne Sp eresn Ody-cenre u 0. OOurS Ue. feen, reY. eOW
whitg Bg4k cound. 1 970. 20I x 1 8lI
96. Eleven Plastic ''t'' Beams heId in place bv fine Steel Wires. 1 970,
1 4'l x 1 1 ll x 10'l
97. five 8rass Wires rise randomly from 8 b88e of Bl8ck WoOd. 1 968, 1 1 l' x 8t'' x 7'r
Robbins, D.W.
98. 3-D Checkerboard P8ttern. Und8ted, I 93" x 22î'r 0
Molif Edition, London (Computer Gr8phic fcom ICA Exhibition- CYbernelic
Serendipity). '
Sacon, Len
99. Computer Dr8wing in COIOur. Undated, 1 3 r x 1 Oî'l
1 OO. Compuler Orawing in Colour. Und8t8d. 1 Oil x 1 3'
1 01 Compuer Dr8wing in CoIour. Undated. 1 3' x 1 Oi-'
(The worXs are reproductiDns Of Original phOtagraphs. The programme On
which hev 8re based aIlOws the defOrming and re-Orientation Of three-
dimension8I surfaces, under the supervisiOn Of the phOtOgrapher, T. Child.
and he output opgratOr. When an aeshetically pleasing pattern appe8r8d it .
was photographed and transformed into a cotour picture: the application of I
colour w8s at the will of the phaagrapher tor a genera1 heehening of th8 '
aeslhelic eH8ct.)
N. The conversion ot lhe programme was done by 8n Ad8ge Graphics
Termin8l Madel 30.
Samsan, M.5.
102. Asymetrie (red}. Undated. 25" x 1 9i"
Motif Edilion. London (Computer Gr8phic from lCA Exhibition-Cybernetic '
Sgrendipilyt
Scroeder, r. M3nfre R.
3r n I
a x 3
1 04. Compter rush8trok Technique. Undated, 37r x 30'r
1 05. Prime tpectrum, Undaled. 20'' x 20i''
106. Modulaled Rin s. Undaed, 203II x 20l7l
1 07. Worlreiches Auge, (Verbose Eyet. Und8ted. 20i" x 20i''
108. BTown&n Moion, Undgted. 20^II x 20tlI
1 Og. Contour oTtrgit, Undgted, 203II x 1 9ilI
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1 4'l x 1 1 ll x 10'l
97. five 8rass Wires rise randomly from 8 b88e of Bl8ck WoOd. 1 968, 1 1 l' x 8t'' x 7'r
Robbins, D.W.
98. 3-D Checkerboard P8ttern. Und8ted, I 93" x 22î'r                          0
Molif Edition, London (Computer Gr8phic fcom ICA Exhibition- CYbernelic
Serendipity).                                                 '
Sacon, Len
99. Computer Dr8wing in COIOur. Undated, 1 3 r x 1 Oî'l
1 OO. Compuler Orawing in Colour. Und8t8d. 1 Oil x 1 3'
1 01  Compuer Dr8wing in CoIour. Undated. 1 3' x 1 Oi-'
(The worXs are reproductiDns Of Original phOtagraphs. The programme On
which hev 8re based aIlOws the defOrming and re-Orientation Of three-
dimension8I surfaces, under the supervisiOn Of the phOtOgrapher, T. Child.
and he output opgratOr. When an aeshetically pleasing pattern appe8r8d it          .
was photographed and transformed into a cotour picture: the application of          I
colour w8s at the will of the phaagrapher tor a genera1 heehening of th8          '
aeslhelic eH8ct.)
N.  The conversion ot lhe programme was done by 8n Ad8ge Graphics
Termin8l Madel 30.
Samsan, M.5.
102. Asymetrie (red}. Undated. 25" x 1 9i"
Motif Edilion. London (Computer Gr8phic from lCA Exhibition-Cybernetic          '
Sgrendipilyt
Scroeder, r. M3nfre R.
               3r    n                                 I
a       x          3
1 04. Compter rush8trok Technique. Undated, 37r x 30'r
1 05. Prime tpectrum, Undaled. 20'' x 20i''
106. Modulaled Rin s. Undaed, 203II x 20l7l
1 07. Worlreiches Auge, (Verbose Eyet. Und8ted. 20i" x 20i''
108. BTown&n Moion, Undgted. 20^II x 20tlI
1 Og. Contour oTtrgit, Undgted, 203II x 1 9ilI
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x n0su ndatgd er dgxsngg _

SutcIiffe, Alan
1 1 O. P08ms fOr SpgsmO. Computer printg. unded, 1 OîrJ x 7 3rr
(These wOrks fOrm p8rt Of SAsMO. g mutimgdig-compogton for
reCOrder. sOIO pi8nD, colour slides and gudiencg. Every run of th
PrOdUces 256 pOemS. Bv the input of 6 different vocgbuary gnd oth
One Can prOdUCe the oUtput Of anOther sgries of poems. Thg prDgrgmmg
Wrtten n fORTAN and w8s run on an ICL 1 g4 jn xhe rcoffce n Read;
The first peOrmance was given in the augen E2abgth Ha, ondon on 1oh
fBb rua ry 1 96 9. }
WaJker, Dr. Evan Harris ..
1 1 1. Ide8li2ed Brush Strokes, undated. 1 1 rr x 1 5rr
(CDmPrO. New JerSey. A selecxion of winning entries from the 1 g6g
Annual Computer Conxest.)
Wi lIiams, .R ichard -
1 1 2. Graphic Structures from xhg Lineprinter,'N gnd z No. . undg3ed
1 3l' x '10'll
1 1 3. Gr6phC StrUCtures from the Line_printer, N and z No. 6,
1 3'f x 1 OitI
1 1 4. GT6ph2c SlructUreS from the Lineprinter, N and z No. 4, unda3gd,
''1 3ll X 10trl
1 1 S, Graphic Structures from the Line-printer, N gne z No. 3. undgted,
1 3 'f X 10t'l

COmuter GrahiCs from ICA ExhibitioC bernetic sgrend' '3
Arti5ts NOt Knovvn
1 1 6. unning Cola is Africg, 1 g67/gg. z5rr x 1 grr
1 1 7. Return to Square. 1 967gg. 1 gr x 1 g7r
1 1 8. Human Figure, Boeing Computer.Gr8phic, undg(ed. 25rr x 1 g3xrr
(MOtif Edition. London)

COmU!er Techniue GrDU (CTG , Jg0an. Comuter rg
Artists Not Knovv' n
1 19. Return to Square (B). Undatgd. 31rr x 353r
1 20. Perspective Pillar Collection, Undgxed. 31 trr x 353!rr
1 21. Kennedy in the Rectgngular, Undggd, 31 rI x 333rr
122. Kgnnedy in a Dag, Undgted. 31tr x 35irr
1 23. Monroe in the Net, Undgted, 24r/ x 26l/
1 Z4. Three Shot Kennedy, Undgted, 27trI x 38rr
1 25. Kennedy in the Net, Undaxed, 2ge/ x 36r
1 2B. OptiCaI Wgve, Undatgd, z8l x 36i7I
1 27. Twsted Circle5, Undated, 31 eI x 36tlI
1 Z8. Miracle Stones. Undgted, 387r x 33rr
1 29. R8ndOm FIower. UndatBd, 31 3 x 31
1 30. CubiC Kennedy No. 1 , Und8ted. 27tlI x 353ll
1 31. Cubic Kennedy No. 2, Undgted. 30'r x 3rr
1 32. TuTning Sine Curve, Undated, 27r x 37r
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1 33. Collection of Random Window. Undaed. 30I x 30'I
1 3Q. Individu8IisatiOn Age, Und8led. 39t x 25'I
1 35. Shot K8nnedy. Und8ted. 28" x 36t77
(Deformations. Met8morphoses, Improvis8tions, AlternatiOns Of a square
screen)

Univac ComuterGra0hics GrOu0 MinnesOta, USA.

r v, tjc'i , '; ; :,-; ,.'',"
1 36. Computer Drawing in Colour. Und8ted. 19j'I x 23'I
1 37. Computer Drawng in Cotour. Und8ted, 1 9ir' x 23'

ú v ' r' r ''Ur'
1 38. Whilney, John J. : fxperiments in Motion Graphics and Permutatons. lBM
1 3g. Nees. G'eorg : Spuren von Bedeutung (Tr8ces of Me8ning).
Siemens AG.
1 QO. Beckmann, Otto : Compuler film
.,t?. J7(. .).; t.u.! .;. ;

1 41. Barbaud. PierTe : Franzcesisch8s Gagaku
1 4Z. Bruen. Merbect : Infr8udibIes
1 43. Grossi, Pietro . Mixed Paganini
1 44. _ : Permulations of Five Sounds
1qS. _ : Contnuouse
1 Q6. Hiller. Lejen A. : llliac Suit8 for String auartet
1. _ : Camputer Conlata
148._ :Hpschd
1 49. Malhews, Max V. : Rhythm DeveIopments
1 SO. _ : The ilish Gren8diers
1 S1. _ : Johnny comes M8rching HOme ,
1 s2. _ . Intern8tion8l LulI8bv
1 53. _- : Eight-Tone C8non
1 54. Meertens. Lembert . 0ulet . 1 , C mnOr
1 55. Rand8ll. J.K. . Variatons 6-1 O
1 56. Roberts. Arthur . Sanalin8 for CDS 3600
1 57. Slrand,Geratd n . 6 Compostons
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