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EDITORIAL

IN DEFENSE, IN PRAISE OF COMPUTER ART AND GRAPHICS...

This editorial is essentially a reply and a
reputtal to three recent articles:

1. The August, 1977 editorial by Edmund C.
Barkeley in the August Art Issue of Computers and
Feople.

2. The Septepber 12, 1977 article by Nancy
French, titled "Ig Thig Art?" (Miss French omitted
the author's inmumerakle positive comments about
computer art, focusing on less positive statements,
which were part of an invitational manuscript.)

3. The August, 1977 article by Edmund C.
Berkeley in Computer Graphics and Art,

FURFPOSE

This editorial iz a respectful disagreement
between the writer and the material, the opinions
in the above articles, Computer art is in need of
defense and praise.

GENERAL REACTIONS

Controversial opinions are invaluable, because
they evoke thought within the reader and the parti-
cipants, They force us to think about what we are
doing, and we need to think critically about com-
puter art and graphics.

can we compare a new art form that is 15 years
old with the art of man that is 15,000 years old?
Can we compare the work of perhaps 100 serious ar-
tists with the wealth of experience of 100,000 ar-
tists within the last 15,000 years? Can we compare
computer art with the art form of photography that
is almost a hundred years old, with at Ieast 25,000
practitioners? The answers are obvious: +this is
not a fair, humane comparison,

However, the principles of great art, the
principles of great photography -- these can and
should be found in today's computer art,

Any art form, any discipline, can become my—
opic, can become infatuated with its own reflected
image, like Narcissus., Our critics force us to
examing our efforts, our products, and to think anew
about our art.

IN DEFENSE QF COMPUTER ART

Here are some brief comments regarding the
state of computer art.

I, LIMITATIONS OF SYSTEMS. Few campuses and
installations have generous graphics systems. Pro-
gramming languages for computer art are not highly
developed, (Although there are innumerable systems,
we need a high-level, transportable, special graphics
language.) However, artists are transcending the
limits of their parrow systems. They are using
curve-£it routines, digitizers, etc. to depart from
totally angular forms, from mathematical forms. They
are assimilating the mystigue of the computer, going
beyond the limitations of available Rhardware and
software., In deing so, artists are discovering
new technigues, and are producing new art forms.

2, THE ORIGINAL V5. THE ILLUSTRATION., In
studying and appreciating great art, we must go to
the original works of art, not reproduciions., Il-
lustrations in celor, in black and white, do not
do justice to the original. Further, 25% of the
illustrations of computer art are in small black
and white form. We need to see art in the "flesh"
to fully appreciate its beauty and its meaning.

3. PREJUDICES AGATNST COMPUTER ART. Compu=-
ter people ars naturally more fond of computer art
than nop-computer people, However, the prajudices
against computer art would be alleviaied greatly
if more computer art exhibitions were aveilable for
more people, Perhaps computer art is handicapped
with the label *computer*. Computsr art is art,
made by pecple, with the help of computers, The
tool that is used by the artist does not take away
from the product. The brush is a tool, Elsctri-
city is a tool. The important thing in art is the
idea of man, and its expression.

4, COMPUTER ARTISTS AND COMPUTER ART. We
have & new group of artists Iin this field, added
to the excellent cors group of people who have
remained in computer art. Thelir backgrounds are
rich in varied disciplines. Their work reflects
thig diversity, of art united with science.

IN PRATSE OF COMPUTER ART

1, QUALITY. Many works of computer art are
as or more interesting than their counterparts in
manual art, Computer art has given contemporary
art new insights, new patterns, a new modus oper-
andi, Computer art and art are symbiotic.

2. PRACTITIONERS, A1l kinds of people are
learning to make computer art, This includes the
kandicapped person, and people who have besen
afraid to create "art" in the past. Computer art
has made art possible for more people.

3, THE 5TATE OF THE ART. Computer art has
come full circle, back te art. Since 1375 it has
focused on computer-aided design within diverse
art media. Computer art has clearly transcended
its early, and at times, limited expressions.

4, THE POTENTIAL OF COMPUTER ART., Computer
art is an art form. It is neither superior nor
inferior to traditional/contemporary manual art.
wWhen regular people can look fresly at computer
art, without labels, just as art, and make their
own “"evaluation" of this new art form, we will
fipd that th=s man on the street will like computer
art as much for more) than many forms of contempo-
rary forms of art. Let's take computer art to the
people., Let's take computer art beyond the con-
ference exhibitions, to the innumerable small
museums in this (and other countries), to the
callege and university campus galleries.

-

Editor, CFEA
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VISUAL FUZZINESS

by Alex Makarovitsch
17 fLvenue de Saxe
TS007 Paris, FRANCE

The purpose of this paperistodiscuss several as-
pects of visual fuzziness and its relationship to
computer graphics.,

Far more detailed infermation the author can make

available other papers, written matter and graphic
warks,

Definitions and general discussion

Visual fuzziness is always associated with a con-
crete or virtual "graphic being', The virtual gra-
phic being can be expressed as a set with a finite
number of elements each of them having a precise
position, The concrete araphic being is the final
result of a series of operations performed (using a
support and appropriate tools) on the virwal gra-
phic being ; in short it is the drawing or the piece
of art.

Visual fuzziness exists through a fuzzy graphic
being, The fuzzy graphic being (FGB} always has
associatedwithita reference graphic being (RGB),
which is not fuzzy and on which operations such
as
keeping elements invisible
ar
digplacing elements
ar
a combination of both

can be done to transform it, %
The results of these transformations are always
fuzzy graphic beings,

BELOW: Untitled graphic by the author, A. Makarovitsch

If we associate to the RGE set a function ! \?”called
yisibility _function' and this function takes values
in the [0, 1] interval, this association will generate

FGB's - one for each value of the visibility function.

In these new generated sets we have also to know
which elements are visible and which are invisible,
in short to know the distribution of visible and in=
visible elements, This distribution could be ob-
tainedby using : a law defined by the artist ; a ran-
dom ; a complete predefinition.

To know if and how many elements are displaced in
a FGE {(compared with the RGB) a displacement
function " §Y is defined, It also takes its values in
the[@, 1] interval, As far as the distribution is
concerned the three solutions discussed before are
possible as well in this case,

Another series of questions arises when discussing
the displacement, Three types of displacements
have to be considered : rotation, translation and a
combination of both,

Rotation has tobe done around the center of gravity
of the element (oriain of the coordinate system) ;

translation will also be considered based on the
same reference system.

G{K =) T2y,
Z (<7.2)

By

7

—%:—-E‘J no rotation of the element
& =© o translation of the element
~Bo 5 &< 6 roto-transiation of the element

Eoth‘p"and'ﬁ are important parameters of the FGB
and give to it an Tmportant part of its personality,

#* One of the operators was discussed in detail in
the Feb, 76 issue of CG & A - WVol, 1 N® 1
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ABOVE: Black and white photograph of a coloraed
panel by A, Makarovitsch. Output from ths fuzzy
graphic system described in this article kears a

To summarize, the following table indicates the
different types of FGB's obtained by combining the
discussed functions and parameters,

V= | A |A|A A |A]|Aa]|A
Déq{‘l. B D, |E;, |F, |P3 |E5 |F3
V=4 [ |D |Ey |Fp [P B4 |Fy

T=o |E¥c|T=0 |Bfc | BFo| = |B L0
f=0 |&=0 |0 Hfo|B=o {}7{0 £

S=o| 0<cd<a S=a

The FGB is totally invisible

B The FGB is partially invisible and the ele-
ments are displaced

The RGB (all visible, no displacement)

FGB!'s partially or totally visible with part
or all elements displaced by translation only

E FGB's partially or totally visible with part
ar all elements displaced by rotation only

F FGB's partially or totally visible with part
or all elements displaced by rotation and
translation,

marked resemblance to contemporary manual Fine
art. As such it is particularly suited to large
canvases and for textile applications.

It must be noticed that the functions ¥ and 5 are
associated with the set, €F and & being associated
with the elements of the set {in the above table it
was assumed that & =0 and & #0 or © #0 and

E=0or £ 0 and B F 0 for all elements of the
set, Thisis a particular case ; in the general case
,Q-and T are independent from element to element).

1
|l — hll - - 'i--l'r -
, . . O Tl < = ]
_-- L:.l ' ‘I:. — = | II.IT - 1
o, -:_: ) 2 phame = Gk
PERTRNIEE L Rt - s e e S
it L Fiaings B it "& it
R _.T_:‘ | [ —_Jﬂ Y T e Rl
B e = o 54 el
= -~ = |_|< [ | —
SO T H gt =gl - =
- - — " LI - -a
gE ol E S P e B
i e T Aty ENE Eo i ot o DO
ST = LA T TR e NN T
R s S T - g e . :
\ I L. — e ] 1! - - | i
\ it v 1'| I it Jv— 1 !
: 1 - - ! — L] + L] '
et =T A R s =S~ ) !
- . - - T - o o o I "J‘I o
L N L it Tl
fe owsT ‘:.Il' T S
) | S .
LT ' o -
,'L‘___, < - "'_‘TI - i o i - 'y
L - R O R T
o o e Bl T
X S see i L
. R ' - . . 1* . oy =
[ = ] y ] 1 I!
= lr' £ : = L s f =

COMPUTER GRAFHICS and ART for November, 1977 o]



,’r’, ~’ \. `··/,’ _.", r,-
` *4 `,,' ufl//A' iv;-J '·   ';"{ "L"\r fx
_ Ly} g-, ,‘ f' I .¤ . \`,/ 1/_\`[7 ,'Q//—`€.—’ v rI· Rf fi!
‘*¤ J - if F R-'»-—`4 1 0 ’ .. ¤— -Z~"’ E Ji,
, ·- . , < \· —
s il . ; .¤ ,\ ,~;. 2,/,.* ;~ =,   ,·»;:·~ ·Y§~¤ yn- s
\,» H M ` ' c 7: ‘* j'; ," z `/x \‘4— j.;__)\‘\,; \'\`_'»§\ -_*L» v
.\. ?._;.><\,<a ;-.)<»; LW 5;, };;I»7r(-ui., _\i_li\;(!$§\_Av
, .:1-   { »;, A ,;\ e , V Y Te {F:} ;?•} ,~ if .,65,} ‘
\,\_·v- ~- -,*— Lg —\ »\ ru *5 1* ",":‘\· iw, _·
_ `; { ,` \ 41 }· ·, / , \·\ * \ **;<§ jul, 5,;/"?"— \ .4
—_ · w .1 — ;-» I1. { » * N i` ··’·? ‘ ,`>‘ . ·f - · p n
uf; , k. ~\__ ~v ··. .  ».-A fg.) ll
{ _i`·;”/)/gi NQ;   QL .f\A,`_\ 5§;-\ L) ,.',{_,/Ti wx ,;.
“ \ A",/,,,—' ,' M \»·’ —' *` . ’. Q. QKQ dg ( `*i ·\ »-·
¤\g`¥§·_; yy, |.y> y- \._\(€_y\.·_;;L x`
._,»1.,o ,4~ 'r'».._ `,__
». » · w -·   ¥ ~ ~~`- ·-   ,- ·» 4 ,. ic m »
x-;— \¤‘\ \`. :{.l'i\{ / ·. _ w _~ i ·\
i: ,l·.)·\Q·»‘>-'_,¢_ _{ S ~.v ‘• »;\ W. j.· if ·
] ;’* » ' r" ‘ '; { C¤—~~·`» · - yi \. 7
yr; .*42.1.*//[· _/·.• »·»,=*·—’ 4 qw-»»
‘/ 7 ¤ A · '»’ ,/’ ·x"’* /`~ • n"~ ¤`._ , »¤
.- ,. /» *7,*:~`//:-,*,1.
, , ._._._-//,,\__.\ (IN FV//I,}//.‘/rr
T_¤ summarize, me mnmwrngl name vnaicsigs me n msi be rwuced mai me mncuons \7 and 5 we
discussed functions and naramcicr-s. with me elements of me sci (in ins above mbie wi
was assumed m¤¤·9: u anu E %0 or- 6 %0 ann
5: 0¤v· 9{0 anu Ein for- an eiemencs oi mc
\7 é .Q·¤n¤ Care indepcndcnz from moment w cvemenrl.
<><?<4 E1 F. ¤3 E3 F3
VM °  EZ ‘= “-  ”·
E-¤ Ln zsc ;#¤ E;<¤’@o =¢<¤ `-ya -2 il" fly?-_Q ,,;,H·' '   2 ,
em gw g#¤·g¢¤ ew gw {Ho   gp`; ‘,;*\ c`_·_· rr ‘ Uéufv *.-01*
, as-..¤— ;.-’2» ;’—;i'.;:`~ ~‘ -rr— -
gw MMA, AA ,—;;;·;— - ,»-iv   7 ,E·§Z;E}1-`
'_if"__¥ `¤';`~`LH" |T"F-.:';¤' VL' ;
  ’_· 5   ·¤» `· WQY   V
-_c:_;;·r ; ;1.j·,q· nr   ;-, ,; ‘
B The FGB ispan-emily invisinro and me enc. ` '·' ` ·l§ _— 1** ,'y;r’ _g`;.. f" ` _:
.— ‘_~`_Z,J ' U l, ;[ .[1 _ i
C The RGB (all visznic, no dispiaccmenrl ; _,' ;-FIV ._j Z} '.‘ ’)r[>;J#]‘ .7 ‘
·; ·; - i - -1;- -_·' wr · '.—?"
o :=co·s psmsuy or many Vasmis Wim pm ,-; — `M   _w·* ; · .i, > -  
`; .;,¤ ,*· ; __v , r. w:‘:; ; ; H
E FGB's pariisiiy or ioraiiy visibie Wim pam IJ-' - .»r V . -r., JILHM VT: _-— i
¤» su ciemems ¤vs¤is¤c¤¤y »¤iai.¤n may _· ,_ i : — `r '· ,. `,‘ _! s
F »=co·s psmxsuy ¤»¤¤¤¤n¤y Vwsmns mm pam ` _ -4»'_   , _' N- c `; T
nr- an eiemenrs displacec by v-ozaucn cnc · - `




An example

If the RGE is chosen then a FGB could be deter
mined knowing ¥, & , 9 and Zas well as the dis-
tribution,

et us assume that the RGBE is a straight line AB
made out of 10 elements, (Fig, 2}

o]
1

A 203 F
& 1 ' . 4 ,ﬁ i Fig., 2

A 1 B

Tk
|D|¢1ci¢|o|$|¢1d_|f1|i¥- Fig 2a
[Alaloleleclolelsleofobr— ™

pra—————— Fig 2c

For \7= 0.7 with the distribution Fig 2a

For & = 0.3 with the distribution Fig 2b

ror 9, - LAl 7

For G, =[ 1] | Ot

Yalues for each ele-
ment {out of the 10}
which show displace-
ment %

" -
s* 7 o : -
4 ! 4

=
#

AAOVE: Detail of graphic below, magnified.

FOPEZ =D,-Q’,<=D Q}fﬂ

the result s a 2D FGB (Fig 2¢)

If ohe more element is # 0 the FGB becomes 3D,

Far each 3D FGSB there is an associated family of
20 FGB!s which are the 3 projections on the refe-
rence Xy ,yz and xz plans, (see Fig 2d, 2c, 2fl.

i When translations occur there is an important
link between the unit of translation and the element
dimensionwhich leads to the definition of fuzziness
lhand" and "levels!, these are treated in a other

paper,

BELOW: Enlargement of graphic on page 5.
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The position of the artist

The example was taken for the simplicity of the ex-
planation but for any other bi-dimensional or tri-
dimensional RGB the same approach remains valid.

This general approach brings to the artist the pos—
sibility to manipulate very heawvy graphic matter
through a limited number of parameters, These pa-
rameters hawve direct physical significance to the
artist and therefore isolate him from concern with,
and avoid the bias due to, the technical aspects of
the tools used [too much concern with technicality
has negative influence on the result and produce
distorsion).

To produce first the RGB and then FGB's from the
RGB, to be able to predict the result, a computer
is needed (although the approach was not invented
to fill Up & COmpUter memory or ProCessor),

The artist has to think as far as the support and
the instruments he has at his disposal can embrace
his thinking (to paraphrase Michel Angslo). But
neither the support nor the instrument will change
the subtle essence of art, This means that if the
computer is a great tool, it is no more than a great
tool and it should be considered and used only as
a tool.

#

BELOW: A "fuzzy" graphic by Alex Makarovitsch.

rpyzziness is achieved by lack of elements." Here the

spatial relationship of the patterns becomes significant. Patterns achieved by fuzziness are more
subtle than typical early works in computer art, related to contemporary fine art expressions.
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TO THE COMPUTER ANIMATION PROCESS
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Graphics Education Research Group
3645 Marine Street
Boulder, €O 80302
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ABSTRACT

Computer animation has evelved from Lhe ma-
thematical simulation of simple physical phenomena,
to full ecoler, real-time, emulation of reallfy.
During the technological guantum jumps of recent
years, several procedural aspects of conventional
animation have been skirted in lieu of expedient
compuber techniques.

These conventional animation procedures are
resurrected in a pragmatic analysis of the compu-
ter animation process. A careful decision analy-
sis relating production motive, conceptual content,
projected audience, film budget, and animation
staff, is encouraged before any computer-based
production is undertaken. OGraphics techniques are
categorized as a mslleable factor in the global
animation process.

KEY WORDS: Computer animation, Microfilm Recorder

INTRODUCTION

The advent of microlfilm graphics in the early
sixties gave birth to a new medium of wvwiszuallzation
and wonder --the compuber animated film. The
earliest compubter filmmaking depicted scientific
phenomena that would have been economically infea-
sible using conventional animation procedures. Any
imagery that could be simulated with mathematical
techniques could be put in motion by computer mo-
deling.

As computer graphics has evolved aver the
last 15 years, so have digital computer animation
techniques become more scophisticated. Real-time
graphic capabilities have expanded from slmple,
rotating wire-frame models to complex, 3-dimen-
sional color half-tones. Hidden-line, surface
patch, smoothing, and texture algorithms, coupled
with state of the art raster technologies are
leading to the total emulation of conventional
animation artwork and movement by computer.

As computer graphics technologiss have be-
come more powerful and complex, the computer anima-
tion process has been dominated by these technolo-
gies. Conventional animation, bound by the labors
of mechanically generating 24 frames per second,
often relies upon an ingenious script, simple
repetitive imagery, and exaggerated movements to
tell a story. Careful planning goes into sach
phase of the animation effort to optimize the yield
from a minimum of image movements.

Since computer generated motion is so easy to
generate, the tendency is to mathematically dupli-
cate a physical motion and apply that exact motion
to an image. The result is often mechanical motion

with little "1ife". Exact replication of some
phencmena is, indeed, desiprable in simulation or
oducational films, bub iterative or random move-
ments of mathematical imagery leaves most computer
art Films devoid of content and overflowing with
effect.

The body of this paper departs from the realm
of state of the art emulation techniques in pre-
senting a systematic approach to the computer
animation process. Computer graphic wizardry is
downplayed in favor of a modular comnittes ap-
proach to the animation process. The computer
analyst is discussed as a vital asset to the ani-
mation project, yet only as a technician.

BELCW: Wire Cage Bottle Design (FREEform Design
Oriented Manufacturing System). Photo courtesy
of Japan Society for FPromotion of Machine Industry.
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METHOD OF PRESENTATION

The animation process is discussed in three
sactions.,

The first section describes an overview anzly-
zis of the animation preject, establishing pro-
ject wviability as a function of the storyboard
cencept, projected market, production stafl, and
budget.

The seccond secticn reviews mandatory and de-
sirable computing facilities. The thesis is
that meaningful computer generated imagery can
be produced with a mipnimum of computing support.

The final zection systematically reviews the
interrelated phases of a computer animated film
with graphic outpukt to a microfilm recorder.

Each section is discuszed relative to a se-
lectad set of evaluation criteria. The analysis
of the procedural components is general, allowing
for a wide range of computing and production ca-
pabilities. However, these criteriz may be re-
fined to generate a methodoleey for computer ani-
mation, given a speciflic set of preduction spe-
cifications.

BACKGROUND

The background for much of the ensuing dis-
cussion has been derived from the evaluation of
computer animation techniques at the Colorado
University Compubting Center, coupled with a
thorough literature review. CUCC has a low re-
solution microfilm recorder and several storage
tube terminals interfaced to a CDC 6400, A li-
brary of FORTRAN-callable animation software
has been building since 1973.

Three yeara of painstaking trial and error
development have emphasized the need for an over-
view analysis of a proposed animation project be-
fore commencing any production or programming el-
forts. Murphy's law has, indeed, held true: if
anything could go wrong, it has.

OVERVIEW AMALYSIS OF 4 PROPOSED ANIMATION PROJECT

Bafore any production effort can commence,
several general characteristics of computer anima-
tion sheould be uvnderstood. The areas of conceptusl
motive, projected audience, budget, and production
stalff should be pragmatically analyzed to confirm
or deny the viability of the film before any "blood
iz spilled", and the project begun.

Solid-appearing animated graphics depart
From Syntha=-

ABOVE:
from the earlier wire cage forms.
Vision, a look inside machinery to see how it
works - without taking the machine out of pro-
duction or dismantling it.

ETTIT I

MOTIVE

The mest important owerall step in producing
an animated film is to clearly defins the reason
the film is being made. Several potential motives
are:

1. Profit - To make monsy from the production
and/or distribution of the film, regard-
less of the topic;

2. Simulation - To model an abstract or phy-
sical phenomenon;

3. Education - To teach 2 concepl, possibly
coupled with simulation:

4. Advertising - To market a particular pro-

duct/zervice/concept;
5. Entertainment - To evoke some form of
emotion;

6. Experiment - To research and expand Lhe
capabilities of the medium withoubt any
other explicit motive.

Motive is interrelated with Concept, Audience,
and Costs (discussed below) in the development of a
cost/benefit analysis for the proposed animation.
In a professional animation environment, this analy-
sis may be strictly quantitative with balance sheet
arithmetic governing most production decizions.
Non-professional (or more precisely, non-profit)
animators, who are their own clients, must quali-
tatively rationalize their film-waking motives. The
remaining areas of evaluation are structured pri-
marily toward this class of animators.

COMCEFT

The above motives are applied to a specific
topic discussed or caricatured in the actual ani-
mation. The concept is the esszential message to
be borne out in the film, such as:

- How scmething works;

= Why you should buy a product;

- hnalysis of an issue (air pollution,
population explosion, etc.).

The conceptualizer ("idea person") will have
fundamental definitions for the film's structure,
flow, and mood. Will it be precise and structured
or extemporanecus and funky? With some general
framework in mind, the classes of animation imagery
may be developed and sketched.

It is at this conceptual stage that decisions
on the use of computer techniques must be made. Is
the subject matter amenable Lo the available gra-
phics techniques? In general, why are computer
graphics techniques dealrable for making the film?

With simulation and education, the computa-
tional and iterative capabilities of computing
machines make them the only practical tools for
animating mathematically-defined topics, even
with relatively simple computing facilities. Ad-
vanced graphics hardware (frame buffer technology)
and software techniques (special animation sys—
tems) have opened up an incredible potential for
computer generated imagery. Virtually all forms
of imagery can be created and, in some sense,
brought to life.

COMPUTER GRAPHICS and ART for November, 1977 g


5€°““"S E an ammeten nlm ls to eleerxy nehne the reasnn
jeet Vseeumy as a runetlen or the steryhaeru E
concept, progectm market, pmduntloh starr, Xena E 3- Yf‘¤i`iL — TG make money frcm the produntlor
E 1ess er the aeme.
The seeehd seetten renews mendatery and ue. E
slreble computing Feeilntnee. he thesls gs Q 2- Slmvletwn e 'Vo model an abstract or phy-
Lhat meernrgful computer generates magery can E Sina] phennmcnnn;
mth graphnc uatput to a mnererxrn recorder; § ’> idveruslng — To market a pertmhleh pm.
leetea set ar svemetmn enter-le The anelysls E V E¤*€*¤e>¤·*·e¤¤ e To ev¤ke e¤¤e Perm ¤f
of tne pr¤:edara1 eonponents le general, ellotnng j °¤¤<>¤1¤¤i
nabllxmes. However, these srmerle may ee pe. 5 6- Experiment — To reaeareb ana expend the
flneu to generate a metnadalogy fnr computer ant- ; °°F°°U1*·*€$ M the Widlum ‘U*·h¤¤L BW
ramen, glven e speeum: set af produetmn seee Q ¤V·¤¤" €><¤]1¤i¤ ¤¤¤¤ve-
caeslor has heer Aerlveu hem the evememnn er Q Sli my he Shrxttly cuantztatxve with balance sheet
computer ammatwn teehnmues et the cezoreua : erithmetir sw/ernxna west productlun deessxonsr
urnvcrsxty Computlng Ce-mer, eoapleu wth a E “°"·P*"°f°SS¤¤¤¤] WF ’¤¤¥e vF¤€1SeJv. ¤¤¤-\=r¤1`1®W
brery or FORTRAN~callaele ehlmatzan software E *'*¤*"UY ¤<>W5¤"¤ NHS Cleee ¤i` ammatcrs.
nee been buucung smee lQ73. §
development have emnhasnzeo the need [er en were Q The e\¤¤ve mtzves are applied no a speearge
se.-te. meep».y·e he hee, meeee, hem me; 1: g ee *=¤¤¤e ¤¤¤ M me film Mh ee=
Cl/ERVIEU ANALYSIS DF A Paumssu lwumxun manner Z · NW YM Shwld ¤¤y e preduct;
Before any produetlon errert een eemence, Q Dwulatwn explosmh, et¤.7.
clan should be understood, The areas or eeneeptbal . T“° °°¤€€P*¤3hZ€*" ¥"¤°€¤ P€¤”$¤¤"l will heve
N Z wltn slmulatlun and educatmn, the compute.
; I machines make them the unly practxeal Lnuls for
E vanceu graphms hardware iframe buffer technology)
move; send-eppearmg ammaced qlapmcs depen ' end Software techmques tepeelal aninatmh sys.
[mn me eazuez wire cage forms. From sgnnha- Q tems; have opened up an lnnredlble putenual Far
uueemh ox nmneneung 1;. ; broagnt te ure. ’




BELOW: A real-time 3-0 data generaticn technigue,
by Charles Csuri. As the user selects kasic poinis
for a flower with a 3-0 sonic pen, the computer
displays stereo pairs. An "off=line™ program

generates a type of cubic spline through these
points to complete the flower.

'he question posed here and developed in the
following sections is how much stylization can the
topic take and still retain its message.

BUDIENCE

Lt the conceptual stages of an animated film,
the initiator(s) must determine the film's po-
tential audience. For involved simulations, the
audience may be only 2 handful of specialized
acientists or theoreticians. Research or demon-
stration films are often more concerned with the
technique, and hence, the potential of the medium
will appeal to a wider audience (usually fellow
researchers or animators).

In the latter, it is not the size of the
audience, but the impact upon them that governs
the worth of the film. This impact is more dif-
flieult to measure in computer entertainment films
based upen iterative and/for random patterns of
mathematical imagery. BRather than evoking tears,
laughter, anger, or thought, a common response is
"That's really neat! I wonder how they did that?"
There is often more interest in the film mechanics
than any intended message.

The film-maker(s) needs to meld motive and
concept, to determine an interested audience.
This audience may be theorsbicians, computer
people, colleagues, select clients, adults, chil-
dren, "the masses", or just a few friends. The
point here is to define a market for the film
before production rather than after.

COSTS AND BUDGET

Funding an animation effort is a stark reality
that can rarely be overlocked. In certain finan-
ecially endowed envircmments (primarily research),
purse strings may be rather loose, and budgetary
concerns are either never a factor, or they are
resolved, ad hoc, during production. In most
settings, however, some budgstary scope is defined
prior to production and adhered to during produc-
tion. This scope may range from thousands of dol-
lars down to dollars (the latter is especially
true if mortzage payments are waived in lieu af
production costs}.

Costs may be categorized into several inter-
related areas and stages of the production effort:

1. Salaries - This area is most critical
when the actual production is the source
of one's livelihood. Often, film-
makers will settle for satisfaction,

" prestige, or reyalties, instead of
bread on the table.
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2. Computing - This is a critical factor for
film-makers who "buy time™ on commer=
cial hardware. Computing costs are less
critical on wholly-owned stand-alone
systems, or where the computing usage 1s
via "soft-monsy".

3. Computer Graphics - Costs must be reccg-
nized for both test images and produc-
tion microfilm shooting. Costs are
nermally broken down to a per=frame [i-
gure that is a function of microlilm
recorder access (2.g., 1) recorder on
site: film cost reflected in computer
cosbs—-both coversd by soft money; and
[2) tape processed on a2 commercial film
recorder; hard-money cost reflected in
image complexity and number of frames).

4. Laboratory - This includes optical print-
ing, color separation, sound dubbing,
etc. Computer research environments
of'ten have thelr own printing lFacili-
ties under computer conbtrol. Commercial
printing can involve significant expen-
ses, particularly with multiple color
separations and elaborate timing sheets.
Sound costs must also be defined [musi-
cians, studieo, dubbing, copyright fees).

5. Marketing - This is primarily & functicn
of the audience and the topic. Marketing
is not a factor for specialized topics
or in-house films. Distributicn rights
may be sold to agencies.

PERSONNEL

Saveral interrelated, yet technically diverse
functions contribute to the production of an ani-
mated film. A broad catemorization of the staff
needed for an animated production is:

1. Conceptualizer - The "idea man" who con-
ceives and outlines the film topic and
developz the basic storyboard.

2. Creative Director - The individual(s) who
rpreathe" 1ife into the storyboard and
overses all phases of production.

3. Computer Simulater - The person who trans-

lates the storboard panels into a modular
mathematical model that may be processed
using computer technigues.

4. Computer Programmeris) - The programmers
work from the simulation flow chart,
utilizing computer techniques {usually
programming} to define and animate the
imagery.

5. Film Producer{s] - The producer is in
charge of laboratory ackivities, includ-
ing timing sheets, optical printing,
color and scund.

6. Business - The business manager monitors
all costs relative to the film budget
and handles film distributien.

In most animation efforts, a single person
will have multiple responsibilities. It is a
rare individual who can perform all these roles
and come up with a worthy animation.

10 COMPUTER GRAPHICS and ART for November, 1977


umm; A ree1-cme s-¤ data qenereuen lecnmque,   2. cemylhtlhg Y Thee li e ernu?1 rapter fer
ny meme; sehr;. As me user sezeczs basic prunzs ; f`¤lm·makers who buy nme en commer-
ie; e newer when e J-u some pen, me eumpueez § mal hardware. Computmg costs ere 1ees
._ 4 ( .   3. camphper crephnes - caste mhat ne rem?
' (_ _ k ’ Qi ; rizen for boar test lmeges an: pruahel
(K V C/» ~\ . normauy hreken down te ¤ per--rreme rl.
ne nnennnn nm.   ann nenlnnen rn nne .   iZnnmn §.3’ni.‘§Zen'§r $2..,en.
nhnnnnn ; G25. °Zn3.ntZ¥3£Z.;`§2nn5ZR$.nnZn§nr2
nn nn nnnennn.] enne or .n nnnnen mn, 2 neZ“nn3§n ennnC.ZZ"eS§iZn}?‘* n23n..Lne
whence nay be nnny n nennnh nr spemhm ; eenérmnns end eeheraee ennnn sheets,
smentlsts er theeretxeeehe. neeeereh or demeh- E sehhd eeste meet a1e<> ee defined {men,
teennnnne, ann nenne, the pqtennel 0; me nenhnn ; °‘““S* S °* “ "‘g* ° -" E M
E unehare rre 11 dt
M the mm. it l= ¤¤¤ the me or ¤·= 1 nr ,n.nnneZ°¤?{nI ¤*Z;Z£¤$Z?nn EEZ
the worth er the film. Tms impeet xs more dir- E
natnematleel imagery. Ratner than evoklng te/HPS, E severe) 3nterre1ate<.\, yen neuhmeally dwerse
laughter. anger, ¤r‘ \1h0\Asht» H ¢¤¤¤¤<>¤ ¥‘¢SP¤¤S¤ 15 : 1'unetmns centmbute to the praduetmn of an any
"That’s really neat! I wander how they did that'3" E mated film. A broad cntegurizetiun of the staff
than any intended message. E
E 1. cehcepthax zer » The M d ** he n.
me mn.nekenne> needs en new name and ; mm 5;., www Qh§“§€: ,§m°;nd
vwvlesl ¢¤l1¢¤&¤€i» S¤K¤¤¤ ¤U¤¤¤S» HLWUS- WU- Q 2. creatlve Dxreetur 7 The ihdwxuueus) who
_ 5 2. cemyter sm gemr - The perseh uhd trans-
mm "“" BUDGET 5 mes the snerhneru penexs Ante e neanmnr
rnnenng en anxhemn emu ge e emu remty E §;j:;“"@;;;jQ;°Q;;h;Q;_j€Q*’ be "“°°“s°‘
enemy endnmea ehnrumuents tprimernly researchh E u. computer rro§renmer<s> — The prngremmers
meh. ·rh1s seepe may range cron thehsehae nr an- E 5. rum vreuueertew 7 The preduaer he hn
lar; dawn te douere (the 1atv.er· ls especmlly E charge er 1anerat¤ry eetlutles, 1n:1u¤»
true lf mortgage payments are mnved un lxeu uf Q mg txmng sheets, avtlcal pmntmg
nnennntmn mm. : nnlnr ana eennd. '
caste nay ee entegeruee ante eeverax enter.   6 Bu _ Th D I E L 3
when ams ann mee nr me nmnnmnn effort: ; ‘ ~§¥%sts .§,.‘;§,Q°€Z ’§€T%.§,,"Z3$g2€
E an dx t mh.
1. selerlee . me me se nm mma] , md ‘““ as m" S “°“°‘
prestige, ¤r royaltxes, instead of Q rare zndlviduel who can perform all these rules




The creative director probably has the most
respensibility for the film's worth., Unfortunate-
ly, this role is often underplayed in compuier
films. In providing continulty and vibrancy to
the film, it is best if this individual is not
immersed in the technical matters of computing
and film production. Though not involwed with
technical details, the creative director should
be knowledgeable in the potential and shorteom-
ings of computer graphics and in optical tech-
niques.

An ideal staff consists of the creative di-
rector, computer person, laboratory person (pro-
ducer}), and an accountant, creating an integrated
system of checks and balances during production.

INTERIM ANALYSIS

Five areas interrelate critical, non-technical
factors that should be acknowledged and resolved
before actual production begins. Theses five
areas are: Motive, Concept, Audisnce, Costs,
and Personnel. While the criteria composing
these areas is essentially non-technical, each
area assumes a requisite set of overlapping com-
puting capabilities, discussed in the following
sgctions as Hardware, Computer Graphics, and
Saftware.

ITr. COMPUTING CAPABILITIES
HARDWARE

Several computer configurations are viable
for generating computer animation. It is im-
practical to define a general animation system
configuration because of the variance in imagery
associated with the different computer animation
techniques.

Perhaps the most critical componsnt of the
hardware configuration is a magnetic tape drive.
The code Lo drive the microfilm recorder is wri-
ten to a tape. The microfilm recorder has its
own processer and tape drive for generating the
film off-line from the central computing confi-
guration. The point here is that the computing
installation where the animation code is generated
need have no graphics hardware. The microfilm
coda can be generated at a central site, with the
actual film generated at another computing in-
stallation.

COMPUTER GRAPHICS DEVICES

The only mandatory graphics display 1s the
final graphic output device. Animation has been
produced from every form of graphic output device
including storage tube terminals, refreshed dis-
plays, and raster displays. Even printer/plotter
output may be registered and shot using convention-
al animation technigues.

Thisz discussion deals with the microfilm re-
corder as the final output medium. Saveral re-
corder and camera characteristics should be de-
tailed.

The recorder, itselfl, consists of a high re-
solution cathode ray tube approximately three
inches in diameter. Actual rescolution among dif-
ferent recorders varies from 1024 raster units in
both X and ¥ to 16,3845 units in each dimension.
The finest recorders allow up to 64 line intensi-
ties and line widths.
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BELOW: Illustrations by A. Michasl Noll - The
Ffour-dimensional analogues of the cube is called

a four-dimensional hypercube. A computer-gensra-
ted movie of a rotating hypercubes was made.
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Cameras - & number of cameras may be inter-
faced to the recorder. [or animation it is im-
perative that a pin register camera (either 35mm
or lémm} be used to insure exact image registra-
tion on each frame. The image may be cobtained
as a positive (black lines on a clear backeground)
or a reversal (clear lines on black). The film
emulsion governs the image resclution and density
of the film. Extensive discussion of recorder
and camera characteristics is given in Reference
AN

While the microfilm recorder is the only man-
datory graphics device, it is desirable to have
some means of previewing imagery. Although in-
teractive display devices provide maximum viewing
flexibility, any type of vector plotting device
is desirable. Ewven the line printer can provide
crude approximatieons when no other devices are
available.

SOFTWARE

The minimum set of software for computer ani-
mation to microfilm recorders is a set of FORTRAN-
callable subreutines for generating code to drive
the recorder. Most microfilm recorder vendors
provide emulator packages that allow the code for
their competitor's equipment to be processed on
their device. Hence a single driver package will
normally generate imagery on any microfilm re-
corder,

For vector imagery, it is desirable to have a
higher level package of routines that simplify the
definition and manipulation of imagery. 3uch a
package should provide some degree of graphics de-
vice independence, so thait the same routines can
interface to both the microfilm recorder and pre-
view device drivers.

Several characteristics of such a higher-level
package are given below:

1. A data structure facility for maintaining
and updating the imagery;

2. Linear transformaticns (panning, rotating,
zooming);

3. Compound trapnsformations;

4, Simple definition and manipulation of a
focal point and virtual camera position;

5. Motion of composition components along a
non=linear path;

6. WNon-linear camera motion;

T. Automatic clipping and windowing in 2-
and 3-dimensions.

By no means do these capabilities define a
genaral animation software system. However, thase
facilities provide an expandable base for a wide
range of simulations involving wector imagery.
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Several specific animation software systems
have been designed with final output to a micre-
film recorder. Such systems /2,3,4/ are highly
integrated and relieve the animator/user from
the mesay job of writing animation programs in a
higher level language. The "ANTICS" system, de-
veloped and implemented by Alan Kitching at the
Atlas Computer Labs in Great Britain /8,9/ has a
wealth of animation capabilities with relatively
simplistic image definiton and manipulation direc-
tivas. [Further, the system is written in FORTRAN,
giving it a fighting chance of portability among
computing installaticons.

Several other animation systems have prowven
very effective for certain classes of imagery on
stand-alone computing systems/6,12/. As with
ANTICS, they require no animation programming and
are practical for use by artists and conventional
animators. Unfortunately, general portability ef
such systems is sadly lacking, because of Lheir
dependence on special funciion graphics hardware
and assembly language code.

Because of the diversity of both computer
apimation appreoaches and graphics hardware, 1t
seems unlikely that an animation standard can or
ever will be adopted.

INTERIM ANALYSIS

The foregoing criteria provide a skeletal
sutline of the necessary hardware, graphics, and
software for generating animation imagery Lo a
mifrefilm recorder. Each computing conligura-
tion will have a range of image generation ca-
pabilities delimited by these criteria.

It is the responsibility of the animation
ataff to define the true cost of producing the
full range of computer effects on the available
facilities. It is most critical to establish a
point of diminishing returns within this range.
Beyond this point, the imagery may be feasible
to generate, but the cost of generation pro-
hibits economic microfilm production. Examples
are the computer cost of hidden surface removal
and halftone shading.

Zince the computing facilities can be well-
defined, they are used as input to all the eval-
uation stages of a computer animated film. The
previcus discussion on the overall feasibility of
khe film relies heavily upon the available com-
puting power.

In the next section computer graphics capa-
bilities will be shown to implicitly govern the
early stages of the actual film production.

ITI. PRODUCTICN

With a wiable concept, sufficient staff and
budget, and an accessible computing system, the
actual apimation production can begin. As with
the overview analysis and the assessment of avail-
able computing facilities, the production phase
of a computer animated film can be categorized
into several interrelated stages.

The following sections analyze each stage of

production, reviewing the critical components of
each, and identifying potential problem areas.
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DELIMEATION OF THE COMCEFPT

After global confirmation of motive, audience,
and topic, the specific theme of the film needs to
be carefully clarifisd. The types of imagery
le.g., mathematical, stylized characters, sampled
data, fres-hand drawings, 3-dimensional) along
with types of motion {e.g., linear, compound,
faired, key-frame)} should be identified. Also,
any required or desirable image enhancement or
special animation techniques le.g., polygonal
shading, multiple color/intensities, fades, dis-
solves, ete. ) should be noted.

AL this stage, the creative director and the
computer analyst must identify any imagery, motiom,
or effects that are impossible, or more impertant-
1y, impractical with the available compubing faci-
lities. Unfortunately, computer analysts are
prone Lo overstatement when describing the capa-
bilities of their particular computing system.
While, indeed, certain elffects can be achieved, the
time and/or computing expense is absurdly dispro-
portinate to the gain from the effect. More olten
than not, the "special effect" is over-stylized
and lacks Lhe reguired impact.

A compromize attitude by both designer and
programmer will often yield substitute imagery
or effecls that are far easier to program and
oftentimes, are more appealing. Always be wary
of the programmer who reviews a detailed script,
then looks you squarely in the eye and says, "No
problem. "

THE STORYBUOARD

An animation steoryboard is analgous to the
seript of a play. The storyboard modularizes the
concept inte several interrelated scenes. Each
scene describes a unit of Lime or action in the
film.

The storyboard may be developed in stages --
the first pass describing only global motions and
timing with each successive iteration adding more
detail and refinement.

Typically, the final storyboard should have
precise timings, details on both the type of motion
and any speclial effects, and a description of the
linkage between successive scenes. Multiple colors,
hold frames, and cycles of motion must alsao be
carefully defined.

Daeveloping the final storyboard is truly a
committes effort, requiring the inputs of the crea-
tive director, programmer, and producer. The story-
board is further complicated when live focotage or
conventional animation is to be merged with the com-
puter animation. If the sound track is to be syn-
chronized with the actieon, the track is normally
produced first and explicit timings for the anima-
tion are derived from the scund.

While the final storyboard is detailed, it
is not inflexible. Unanticipated problems in
programming may necessitate major revisieons in a
motion sequence or the transition between scenes.
However, it should again be stressed that the de-
finition of all imagery and effects should be
established as viable before any computer simula-
tion is bepun.
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COMPUTER SIMULATION

The storyboard is normally defined as a
sequence of sketches defined by terse prose under
gach modular scene. The prose gives a succinct,
English description of both the action within the
scene and the transition between scenes. Typical
commentary might be:

segment wipes on from top;

- dots move to center;

- side vibrates like tault string;

- base jumps gently then slowly settles.

The computer simulation phase of producticn
translates the action wverbs into definitive, mathe-
matical moticns that may be programmed.

Before dealing with the motion sequences, an
explicitly dimensiocned envirenment(s} is defined.
411 imsgery to appear throughout the £ilm is then
defined or simulated in the units of this 2- or 3-
dimensional mathematical setting. Ideally, a
catalog of component images is dewveloped along
with the transformational and mebtion requirements
of each image.

Each panel of the storyboard may be processed
as a short modular segment. Common action sequen-
ces, occurring in two or mere storyboard panels,
should be identified. Egi effect or motion that
wWill be applied to different images should be
noted.

Establishing modularity among the storyboard
scenes is vital to minimizing the computer pro-
gramming, especially when the programmer must work
directly with lower level graphics software sys-
tems.

L staged computer simulation should yield a
simple, almost mechanieal, program design that
will maximize the iterative capabilities of the
computer, while economically optimizing the trade-
off of computer time versus human time.

PROGRAMMING

s stated above, with a modular storyboard,
mathematical environment, and staged programming
design, the actual programing of the images and
effects should be straightforward. This is nobt to
say that the programming is trivial.

Depending upon the sophistication of the
graphics scftware package(s) and the facilities of
the host computer configuration, the programmer
may still have to rely on clever coding to obtain
desired effects. The point is that a careful, mo-
dular design will minimize programming hasasles.
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The available software packages will dictate
the best approach to programming. The [following
suggestions assume the worst case -- that is, the
animation must be simulated in a higher level com-
puter languags (FORTEAN), relying on only a basic
set of graphics routines.

PROGRAMMING SUGGESTIONS

1. Develop, verify, and store a "data base"
of the imagery (maintained on disk, or
at worst, cards}.

2, Define and program a set of utility rou-
tines for image manipulation, transfor-
mational mapping, viewing the mathema-
tical environment; special effects,
etc., Many of these types of routines
are contained in higher-level graphics
software systems.

3. Modularize the simulation design as much
as poasible., Many short, simple rou-
tines are bekter than a few large, com-
plex programs, especially during debug-
ring.

4, Build visual debugging hooks into the
code. This is vital for previewing
imagery when it i3 desirable to review,
say, every 24th frame. This alao Im-
plies approximation techniques for de-
fining complex images (a variable num-
ber of segments in a circle or variable
spacing betwsen shading lines). Color
separations will probably be coded se-
parately. Some facility should be
plarmed for previewing multiple coler
separations on the same frame.

PREVIEWING TECHNIQUES

Here again, the programmer/simulator must in-
terface with the creative director and producer
in verifying image definition, motion specifica-
tion, and alignment of the image on the frame.

Each image component must be analyzed for
precision, realism, and/or "effect™. Initial
imagery requirements [shading densities) may be
relaxed or tightensd as a function of previewing.
Entire scenes should be assembled from their mo-
dular components and/or color separations and
previewed.,

Software sophistication, available graphics
hardwars and film budget will govern the extent of
practical previewing capabilities. Ideally, an
abbreviated preview film or "pencil test" is ge-
nerated to review effects and analyze timings. This
test may be a stylized version of the final film
Wwith:

1. Some fraction of the final number of
frames (e.g., &)}

2. All coleors are superimposed;

3. HNo hold frames;

4. MNo shaaing;

E. HNo hidden-line processing.
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BELOW: Illustration by Evans and Sutherland, Architectural Design - THE PICTURE SYSTEM. Demonstration of
the versatility of THE PICTURE SYSTEM for applications in architecture, city planning and urban design.
The system allows complete flexibility for object selection, modification and motion.
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Often, a pencil test is worth generating if
the preduction staff has access to variable apeed
35mm projection equipment., Moviola Corporation
makas 35mm table model editors, with wariable
spead, forward-reverse drives for under 32000,
that are ideal for this type of previewing. Hand-
cranked viewers are much less expensive, but are
difficult to obtain.

If the budget wvetoes any test footage, se-
veral iterations of analysis, revision and re-
programming may be required before proceeding
with the actual film generation.

PREFARATION AND GENERATION OF THE MICROFILM

When all aspects of the computer model have
been verified, the complete 35mm microfilm version
can be generated. Before running the program(s)
to generate the film, the programmer should again
meet with the creative director and producer to
confirm a set of procedures related to the even-
tual conversion of the 35mm to 16mm motion pic-
ture film.

The first criterion to be established is the
size and alipnment of the color separaticns on
the 35mm frame. The programmer must define a map-
ping from the units of the dimensional environ-
ment (inches, meters, et al) to the raster di-

SO -2 S T

mensions of the film recorder CRT. Conventional-
ly, the aspect ratic of cinematic footage iz 4:3
(width:height).

Figure 1 shows a field guide. The field
guide iz a series of concentric rectangles used
by animators to define the dimensicns of an image
as it will appear when projected. The outermost
rectangle corresponds to the maximum dimension.
In optical printing, the lémm camera is aligned
to this outermost rectangle, called the l2-field.
The succesasively smaller concentric rectangles
represent the maximum viewable area after succes-
sive image transfers along visual media. Each
image transfer to a different medium will further
shrink the viewable area. (See page 15.)

For example, conversion from 35mm to l5mm
followed by conversion from lomm to video tape
will successively crop the animated imagery, =0
that only part of the image within the 9-field
will be wisible on a TV monitor. The programmer
should, therefere, clip imagery at the l2-field,
remembering that only portion of the picture
within the 9-field will eventually be visible.

Two alternatives are available for generating
color separations onto the recorder. On low resc-
lution CRT's each separation must be generated on
a separate frame. As a result, for a three color
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film (three different colers in motien in one
time) three microfilm frames may be necessary for
each final frame of lémm. On high resclution film
recorders (e.g., the FR80), up to four separations
may be included on the same frame of 35mm Film.
Each separation is generated in a quadrant of the
frame and is, therefore, cone-fourth the size of
the normal 25mm frame. Besides the need for a
high resoclution CRT, this approach demands micro-
meter contrel in the optical printer to make sure
each separation is exactly registered.

When only a single image is to be generated
on a frame, the encompassing field guide should be
exactly centered, both vertically and horizental-
ly, between the perforations on the film. Care
must be taken so that the 12-field does not ex-
tend completely to the perforaticns, thereby al-
lowing light from the perforations to bleed bhrough
during the printing process and taint the 1l6mm
image.

It is the joint responsibility of the program-
mer and producer to correlate the raster dimensions
of the recorder CRT with the actual photographed
image on the 35mm film. If the film recorder is
in-house, this may be accomplished by a series of
field guide alignment tests followed by mechanical
ad justment of the microfilm camera. When sending
film to an off-site film recorder, it may be pos-
sible te demand camera adjustment for a single
animation run. Animators must rely on the recor-
der/camera mapping specifications listed by the
microfilm recorder wendor, and the maintenance po-
licies at the recorder site.

As partially mechanical devices, film recorder
systems are prone to Murphy's Law. The most error-
prone hardware ias the 35mm camera. Besides the
frame centering problem mentioned above, two other
petential problems are worthy of note.

It is possible for the camera to become mis-
aligned so that the field guide is tilted on the
35mm frame. A [raction of a degree Lilt will be
noticeable when projected on a large scraen.

Perhaps the most aggravating problem 1s image
alignment between successive 35mm frames. The
animator assumes that all images on all rames are
exactly registered with respect to the perforations.
With high guality pin register cameras this should,
indeed, be the case. However, since absolute align-
ment 1is normally cruclal only for animation, this
aspect of camera adjustment may be overlooked dur-
ing routine recorder maintenance for long periods
of camera use.

BELOW: Figure I - An Animation Field cuide.
12=Field

g=Fiald

g=Field

BELOW : TIllustrations by A. Michael Noll - The
computer was programmed tog produce a series ol
3-D pictures -- a computer-generated 3-D movie.
The procedure is to specify mathematically the
=D coordinates of the points in a line repre-
sentation of the desgired object. The resultant
procedure 1s somewhat similar to the conventional
animation process.

The result is that camera parts will wear,
introducing slop inte the film Feed mechanicms.
This slop, which may be only 4 or 5 wertical raster
positions on the actual 25mm image, will cause the
image to noticeably vibrate up and down when pro-
Jjected on a large screen. The tendency may be to
attribute this vibration to the register mechanism
of the 1l6mm projector. However, the microfilm ca-
mera iz confirmed as the problem when held back
ground imagery remains steady as the moving fore-
ground randomly oscillates.

If the animator must rely on the facilities of
a compubing installation, he should establish a
good rapport with the recorder maintenance pepr-
sonnel and always shool and review test lootage be-
fore generating a lengthy movie.

Because of these camera problems, it is best
to shoot all microfilm in a single run. This mini-
mizes the chance of human error or equipment mis-
alignment when leading and unloading the camera
betwsen successive animation runs.

This does not imply that the microfilm recorder
code must be generated in a single job step. The
programmer is still encouraged to oubtput the Final
imagery in a modular fashicn, appending each com-
pleted scens/color Lo a composite animaticon tape.

& &

ABOVE: Rotating hypercubes by A. Michael Noll.
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BELOW: Illustrations of animation by Charles Csuri.
Here the butterfly moves in real-tipe tangentially
along any 3-D path (in this case, a 3-D flower) with
Z-axis motion simulated by proporticnal reduction in
size of the butterfly as It moves “"away" from the
user.

Scene Identification

Depending on the availability and operation
of the optical printing facilities, some form of
scene identification may be desirable on the mi-
crofilm before each scene. A recommended approach
is to generate a few blank frames, a terse message
with a production number, scene number, and color,
followed by a full field guide superimposed with
the first or last frame of the scene. The lield
gulde provides a means of registration if the
film is ever torn or spliced. The message pro-
vides unambiguous scene identification.

Subsequent frames, making up the scene, may
be sequentially numbered outszide the 12-field.
This frame number then will be outside the region
traensferred to lémm film, but will simplify re-
ference Lo a single frame within a scene.

Often in commercial labs, the optical print-
ing process is completely numeric. The lémm
printer camera is registered on a single Field
guide, and the film imagery is never agaln checked.
For peace of mind, if nothing else, the addition
of field guides, scene descriptions, and frame
numbers is worthwhile.

FINAL PRODUCTION CONSIDERATIONS

If proper care is taken in the programmuing
and generation of the 35mm microfilm, the printing
process should be relatively mechanical., Indeed,
some optical printers are entirely controlled by
mnicroprocessors,
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The critical phase prior to the actual print-
ing is to define the mapping from the 35mm micro-
film image to lomm motion picture film. This in-
volves the preparation of an exposure sheet which
identifies, normally by frame number, the one-to-
one or one-to-many mapping of 35mm microfilm
frames to 16mm motion picture frames.

At this stage of the production few decisions
neaed be made on the expesure sheet. All mapping
ratios and timing decisions should be made during
the cowmputer simulation stage. Several factors
are:

1, The Mazpping Ratic: 35mm to lomm

In most conventional animation settings,
2 or 3 frames of lfmm film are shot of
each artwork frame. Work with 35mm Com-
puter Output Microfilm (COM) is analgous.
If the motion is slow, up to 4 frames of
16mm film for each micrefilm frame {e.g.,
only & microfilm frames/second) will ade-
guately simulate motion to a human viewer.
Faster motion will appear jerky unless
this ratio drops. Very fast motion may
necessitate a ratic less than one [i.e.,
superimposing more than one microfilm
frame on a single frame of lémm) to si-
mulate blurred motion. Very fast motlion
is difficult to animate using either con-
ventional or computer techniques. & strob-
ing effect occurs when the animation camera
instantaneously freezes the motion on a
single framz, providing no continuity be-
tween successive frames.

To emulate the human eye, the camera
should show 1/24 second of motion on each
frame. Fast moving objects (e.g., a race
car) will move a finite distance even in
such a short time, creating a blurred
image. At 24 frames a second the human
eye melds these blurred images into ac-
ceptable motion sequences,

2. Backgrounds and Hold Frames

If an image is to remain stationary for
a geries of frames (a background graph
er a title), only a single microfilm
frame need be generated.

3. Cycles

{

A single action sequence may be dupli-
cated in different scenes (e.g., a moving
background or a rotation). Such a scene
need only be recorded once on 3%mm film.

4, Reversals and Other Effects

A single piece of 35mm film can be used
for a variety of effects. Motion can be
reversed by shotting the scene backwards.
motion is slowed by multiple-framing from
35mm to lémm and speeded up by shooting
every other frame ("skip-framing") of the
35mm. Sever superimposition techniques
are possible by overlaying a series of
35mm frames.

Economic tradecffs dictate the complexity of
the exposure sheet and printing process. If com-
puter time and microfilm are cheap,”’ it may be pre-
ferable to generate every single frame of the final
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film onto microfilm. The exposure sheet and optical
printing becoms trivial with a direct ocne-to-one
mapping from 35mn to lémm.

The other extreme is free use of an optical
printer while paying commercially for computer time
and microfilm. In this case it may be desirable to
minimize both processing time and microfilm frames,
relying on the printer for timings and special ef-
facts.

Most often & cost will be associated with both
computer usage and lab work. An economic balance
between computer processing costs and opbical
printing time can normally be achieved. Typically,
a multiple-framing ratic betwesen 35mm and 16tmm,
along with single 35mm hold frames, will lower
the number of generated microfilm frames.

Regeneration of simple, repetitive seqguences
on the microfilm will significantly ease the print-
ing process with only a small additicnal cost for
generating the extra microfilm. Ideally, neither
the 35mm microfilm nor the lémm motion picture
film should be backspaced during printing. I the
printing process reguires human contrel, all prac-
tical steps should be taken to minimize errors.

Several additional laboratory steps are rele-
vant. to computer animation procesures. They include:

1. Color filter techniques;
2. BSpecial printer effects (e.g., dissolve);

3. Merging computer imagery with live
footage or conventional animation;

4. Dubbing the scund track;
5. Multiple prints.
However, since they invelve detailed labora-

tory techniques, a full description is omitted from
this discussion.

CONCLUSION

The interrelated procedures involved in the pro-

production of a computer-animated film have been
discussed in three phases:

1. A decision analysis on the overall feasi-
bilikty of the film;

2. An evaluation of the available computing
facilities;

3. The actual film production.

Each of these phases is further detailed with
respect to a battery of overlapping functions and/
or aspects.

Computer Graphics techniques open several new
vistas for simulaticn and image synthesis. Yet
computer animation is shown to closely parallel
conventional animation techniques, with iterative
capabilities of computing machines drastically
reducing the human mechanics of the animation art.

While this incredible image potential and
time savings potentially expand the art of anima-
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tien, computers and computer graphics techniques
are still only tools and procedures in an expan-
sive portfolic of techniques for bringing images
to 1life.

The
mains the
animator,
mave .

critical element of any animaticn re-
creative talents of the conceptual
telling a story with pictures that
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ABGVE:

ITllustrations from SynthaVision...The
city planner is able to plan renewal projects or
build a whole new city -- then move through the
projected strests before blueprints are made-—test
vehicles, "drive™ a new highway =-- via animation.
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EXCERPTS FROM A RECENT FILM ON "TRIANGLE CENTERS"

by James Warner.

Here are brief excerpts from

the storyboard from a computer-animated £ilm.
(Readers may write the author for full details/
sketches from the storyboard.)
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Scene 43¢

Perpendicular moves Back and
forth along the side almost
to the ends for three sweeps
(B 374 sec.).

Y

N

Left perpendicular continues o
swoep back and forth, Right
perpendicutar fades in, doing the
same sweeping motfon (10 sec.).

Scene 50:
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Scene 51: Bottom perpendicular fades in,
sweeping along base of triangle
10 sec. ).

N

"Ping-ponging porpendlculars®
slow a% they sicultaneoudly
approach the center frtersectiond2y sec)

Scene 52

Pop an highlighted Sntersection
point. Al¥so pap on intersection
poirts where 3 perpendiculer crosses
4 side {6 sec.).

>

ne 54: Repeat scemes V7-Z0 shawing that the
Scene S0 perpendicul#rs spifit each side into
equal halves (24 sec). Hold (4 sec.).

5¢eng 55: Pop off 411 dots and shrink the
triangle, right angles, and perpen-
diculars {2 see.).

Scene S6: Radius pops on and begins tracing a
circle. As circle touches each vertes,
highTight the vertex point {6 sec.]).
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SCHERZO FOR MATRIX AND FIGURES

by Edvard Zajec and
Dr, Matjaz Hmel jak
Via Degli Alpini 101
Opicina, Trieste

same composition.

mPha resulting constructs will pot be autonomous
compogitions but simply different versions of one and the
What really counts then, in developing a pictorial
idea with the use of a computer is a well articulated process, or a

ITALY set of constructive procedures, which should be struciured enough to
be significant and cpen encugh to allow a wide margin of unpredicta-
bility...and here we have experiments, or work in progress.”

INTRODUCTION

If one of the aims in using a computer is to
develop a series of images rather than a single
final picture, then this aim can hardly be con-
sidered complete, when the compeositions formed by
a program are so similar to one another that
they cannot be distinguished unless seen side by
side. This situation is not wvery far from the
traditional "cne final result" and is well 1llus-
trated by the well-known phrase, "If you have seen
one, you have seen them all".

The reason for so little differentiation
usually does not reside in the formal idea itself,
but rather in the poor articulation of the compo-
sitional process. When the latter is merely a set
of "assembly instructions", it will not suffice to
sprinkle a few random choices here and there to
reach a good level of diversification. The re-
sulting constructs will not be autonomous compo-
sitions, but simply different versions of one and
the same composition. What really counts then,
in developing a pictorial idea with the use of a
computer is a well articulated process, /l/ or a
set of constructive procedures which should be
structured enough to be significant and open esnough
to allow a wide margin of unpredictability.

It is according to the above subjective view
that the program which we are going to describe
has been developed.

To use a paradox, what we were after in de-
veloping the program "Scherzo for Matrix and
Figures" was a scheme which would not be achematic.
Comprised in this search thers was also the ques-
tion of how to arrive at compositions of figures
on the plans by avoiding on the one side, the con-
straining regularity of a grid structure, and the
mindless aglomeration of random scattering on the
othear.

SETTING UP AN ENVIRONMENT

The formal vocabulary of the system has been
limited to the composition of three basic shapss:

- the triangle,
- the rectangls, and
- the circle.

Stylistically this choice fits well into the
20th Century MNen-Objectiwve art tradition {abstract,
concrete...) and is not an innovation in itself.
This choice simply reflects the decision to remain,
at least formally, on familiar grounds, and on a
level of relative simplicity, in order to concen-
trate on the development of the process.

The task at this point waas to find a set of
constructive procedures which would combine the
three basic shapes into compesiticons according to

an order which would be meaningful but not obvious.
We had already decided not to use grids or random
scatterings as compositional devices in arranging
figures on the plane; however, we could always

try and see how these features functioned if trans-
posed to an operative, procedural lewvel.

In this way we came to the idea of using a
sixty=-four cell squars matrix as a container,
or as an environment in which a series of events
would directly influence the final configuration
of a composition. The random distribution of ele-
ments comes into account in the first part of
the process, which is concerned in setting up
this environment.

This setting simulates a situation whare
we have a container divided inte sixty-four par-
titieons, each of which is in turn fillad with a
given number of elements.

As a first operaticn, each partition is pro-
gressively numbered from one to sixty-four. Pro-
zram-wise, this operaticn sets the walue lor the
first element in each partition. Secondly, each
partition is assigned another number, but this
time at whim (randomly), as if we were picking
one number at a time out of a box containing sixty-
four numbers, and we were casually putiing it into
one of the partitiona until all the partitions
were filled,

This procedure continues until all the ele-
ments have been placed in the sixty-four partitions.
There are four other elements which each partition
contains. These relate to the size, shape and
positioning of the figures in a compositicn.

Each partitien contains twe radius sizes cheo-
sen from a range of sixteen radii(see Figure 1) -
a shape indicator chosen from one of the three
possible shapes, and a position indicator chosen
from cne of the sixteen possible subdiwvisions of
the compozition area) (See Figure 1 below.)

D, Figure 1 - E
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ABOVE: A sixteen-cell sguare matrix with egui-
probably distributed elements. The coded infor-
mation in CELL NR. 1 reads as: I-NCELL (cell
number ); 7, 311-RADK,RADN (radiuve sizes); 5-POSIT
(field position); 2-SHAFE (rectangular); 21-
NEXT (pointer to pext cell).

Our environment is completed when all these
elements have been distributed over the sixty-
four cell matrix {see Figure 2).

The subroutine SETRAND displayed in Figure 3
shows how this procedure was actually implemented
in FORTRAN. In the value assignment process, sub-
routine SETRAND is called separately once for each
element. (See page 22.)

TAKING A STROLL WHILE OBSERVING

So far we have concerned ourselves with as-
tablishing a preliminary groundworik, a platform
which is the result of our personal choices and
decisions. The vocabulary of shapes, the range
of formal attributes, and the programming language,
are choices which reflect our previous experience.

These choices may be in the esthetic or
technical fields, and they represent the cutside
limits, those fixed constituents which remain con-
stant in the development of the program.

The random distribution of the elements in
our environment is the result of a great number of
single local choices which were left to the compu-
ter. Consequently, all the information that we
have about our environment at this peint is that it
is a sixty-four cell matrix, and that each cell is
a table containing six more or less randomly as-
signed elements.

This is the stage where most composition pro-
cesses stop, letting the artist in turn select
those cempositions in outpul which he considers
valid, or which better approximate his esthetic
criteria.

The table illustrated in Figure 2 could be an
example of such a compositicon, if the numbers were
substituted with lines, colors, or any other figural
element. But since our matrix is not a Factual
compositlon, but merely a symbolic framework, we
could go back and check to see if further informa-
tion could be gained about the state of its ele-
ments. /2/

BELOW: Varied experimental compositicns, plotter
output run with a CDC 6200 at the Computer Center
of the University of Trieste.
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[ FicuRe 3
SUBROUTINE SETRAND (VECsNVEC,NELEM)

C
c SUBROYTINE SETRAND RANDOMLY ASSIGNS A SET OF NELEM VALUES
c {l..MELEM} TO THE ELEMENTS OF AN ARRAY VEC({1)++VEC{NVEC),
| C THE RESULT IS A QUASI~EQUIPROBABLE DISTRIBUTIpMN OF MELEM VALUES
| c OVER NVEC ELEMENTS.
| ¢ E«Gs IF NVEC = B8y NELEM = 3y THEN A POSSIBLE OUTPUT IS
c VEC(l)..VEC(8) = 13123221
c { VEC(1),,VEC{b) CONTAIN ELEMENTS 1+2+3 N TIMES EACH,
C WHERE N= NVEC/MNELEM» AND VEC(7)4VEC{B)} CONTAIN VALUES
| c RAMDUMLY CHOSEM FROM 192 AND 3.
-
< INPUT PhRAMETE@S = NVEC» NELEM
c QUTPUT PARAMETERS = VEC({1).s VEC(NVEC)
c
C SUBROUTINES USEL KRAND(K)
c IS A RANCOM GENERATOR GIVING INTEGER VALUES IN THE RANGE 1l..Ks
C
INTEGER VEC (MVEC)
c
IF (NVEC*NELEM. EQ .0) GO TO 90
DO 1g K=1+hVEC
1o VEC(K)=0

N=NVEC/NELEW
c N IS THE NoF OF TIMES EACH ELEM WILL APPEAR IN VEC |
NYECl=N#NELEM |
| ¢ NVECl=N+R OF VEC ELEMENTS COVERED RANDOMLY WITH A UNIFORM DISTRIB.
! IF(N«EW.0} GO TC 50

c

c

DO 40 I=1,NELEM
NOW INSERT h TIMES THE CURREMT ELEMENT I INTO VEC(1)..VEC(NVECL)
DD 30 J=l,N
| KOUNT=0
| ¢ RANDOM CHOICE
20 K=KRAND (NVEC1)
KOUNT=KOUNT+1
IF(VEC(K) ,NELO} GO TO 20
c IF ALREADY SET TRY AGAINsIF NOTsASSIGN—
30 VEC(K)=I
40 CONTINUE

| IF (NVEC=NVEC1+EG.0) RETURN
C VEC IS NOT YET FULLsFILL TRAILER ELEMENTS ;
S0 NvECl=nVECL+l
DO 60 K=NVEClsNVEC
60 VEC (K)=KRANDG (NELEM)
RETURN

I— END

BELCW : Plotter sketches executed at the University of Trieste by E. Zajec and M. Hmeljak.
The above subroutine allows the artist to produce a great variety of pleasing patterns.
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This meant establishing a set of rules which
would reveal, according to some qualitative eri-
teria, what kind of order relationships, if any,
existed batween the elesments in the snvironment.
The results of this search would in turn yield
that information which will be evident or found in
the final compositon as a set of unique formal co-
incidences.

It is rather plain Lhat some of the actions Lo
be performed in the environment would be implied
(to a degree) by our previcus choices, The First
two numbers for instance, contained in each cell,
were placed there according to a previous inten-
tion to set up a "atrolling-mechanism" with which
Lo four cur matrix-environment, while searching for
significant relationships. The actuzl functioning
of this mechanism starts by casually choosing a
cell and proceeding from there to the cell indica-
ted by the second, randemly assigned number. This
action 1s repeated until the desired number of moves
is reached. Concommitant with this action there
iz an informaticn gathering process by which the
contents between the sending and the receivipng
cells are compared and catalogued,

DETAILS OF THE FROCESS

For a more detailed deseription of this pro-
cess, we Wwill start with the first move which
sets the total number of figures for a composition
simply by dividing the larger number in the start-
ing cell by three, Each move determines the formal
characterlistics for one particular figure. It has
been set that the shape and the field position
indicated by the sending cell determines the ac-
tual shape and location of that figure in the over-
all composition.

Each cell alse contains two radii for greater
size varieby, but only one is chosen to be compared
and then combined with the one chosen in the re-
ceiving cell. This comparison and combination naot
only determines each figure's size, but also its
abruckture,

The argument of structure is the First in the
series of those qualitative tests which are meant
to evidence any contents of the matrix. In the
2ix arrays named, the contents are:

- NCEL {cell number},
RADK , RADN (radius 1, 21,

POSIT (field position indicator),

I

SHAPE, and

NEXT (pointer to next cell).

Bach figure is computed according to the data
contained in: NCELL{ICELL1)...WEXT(ICELL1).

CONCLUSIONS

If to transmit information means to reduce
uncertainty, this program does just that, by the
quality of compositions which it produces, re-
ducing the number of unarticulated (and there-
fore unacceptable) compesitions inm the overall
putput, te a very narrow margin. /3/ At the same
time this information is not redundant, since it
would be quite a task to be able to predict the
exact path that is going to be taken. or the kind
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and amount of order relationships that will be en-
countered in a particular matrix. We have, for
instance, compositions which are highly struc-
tured, and others which are guite freely articu-
lated, as can be seen from the illustrations in
Figures 5 and &,

The printer output {(not shown) is quite per-
tinent as an example in this respect, since it
illustrates a situation which was not directly
planned, but came as a side-effect. The particu-
lar configuration of this composition which, by
the way, is the cutcome of the matrix displayed
in Figure 2, can be seen as a visual representa-
tion of a loop. By coincidence, the two numbers
in the sending and receiving cell are the same,
but in an inverted position, forming a closed cip-
cuit which reduces all the compositional informa-
tion to the contents of just one pair of cells.

The main point, however, or the meaning be-
hind our work is seen in the articulation of the
process, which on the one hand, allows a wide mar-
&in of differentiation by setting and then touring
a newly-set matrix for each composition -- and on
the other, by adding significance to the final
configuration through a careful teating for order-
ly relations in the initial randomly set matrix.
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BELOW : Plotter sketch by B, Zajec and M. Hmeljak,

BELOW: Angular forms are combined with
curved patterns, resulting from SUBROUTINE
SETRAND, listed on page 22. FIGURE 5
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BELOW: FICURE 6-Other sketches by Edvard Zajec and Matijaz Hmeljak, from the Computer Canter, University
of Triegte, Italy. "These compositions are the result of the program and methods cited in this article.
There is nothing final in these pictures, and we consider them as experiments, or work in progress. Fe
believe that the plotter sketches would be most interesting to take back into painting or serigraphy.”
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DESIGN TECHNIQUES AND ART MATERIALS
IN COMPUTER ART — PART |

by Grace €. Hertlein, Associate Professor
Department of Computer Scisnce
California State University, Chico
Chico, California 95929

PART I

In Part I the need for an interdisciplinary
approach in Leaching computer art was emphasized.
Tne new trend, of taking plotter and cathode ray
tube output, back inte art was reviewed, along with
examples of this new art.

Particular emphasis was given to varied ap-
proaches of teaching computer art for different
kinds of students.

Clasz-tested technigues used by the author
were reviewed in depth. Approaches to design were
listed, along with methods of introducing Lhese
techniques.

PART II

3pecial design derivation art exercises have
been developed during the past seven years. These
techniques have been effective for students without
previous art training. However, they have been
egually effective with experienced artists, enabling
these students to explore a host of new techniques
uzeful in thsir creative work,

Specific ldeas relating to the use of art
materials are discussed in depth, along with new
techniques of photographic development., This in-
cludes manipulation of negatives made from computer
art, use of Lransparent shest film, the introduction
of Diazc techniques, and Cinally, experiments in
serigraphy l(or silkscreening).

TN AR N LN RS EibreracEsEEssEEA RS EAEdRENERERa R

BELOW : Silkscreened rextile by the author with
designs from many sources: Egyptian hierogly-
phics, African masks, snow crystals, and varied
illustrations from the August art issuss of
Computers and People. The illustration is the

cover of Computers and the Humanities.

-

S

ABOVE: Detail of a graphic by the author, 1973.
The degign is a derivation from Picassgo,

B e T T

Since new terms are introduced in this article,
an alphabetical glossary of unique terms is given.

The purpose of this moderately long article is
to offer clasa-tested ideas for computer artists and
Leachers of computer art. Since this material is
not available in other literature, it is presented
in depth, with the hope that it will be useful to
others.

IV - DESIGN DERIVATION EXERCISES

The word "derive" means to depart from a given
source. Derivation art exercises are a series of
specific explorations, in which the artist uses
several sources of input, then experiments to walk
away from the original source, achieving many re-
lated but variant designs.

Ohe may regard almeost all ideas as input from
some scurce., That source might be music, mood, na-
ture, the environment, etc. The mind processes
the input source material in devious ways. Within
this frame of reference, whatever rests in the con-
sciousness, 1s material from a source., It did not
originate within the mind without input of some
kind. However, the many ways in which the mind
processes, syntheslzes input sources varies greatly,
And this processing of the mind, which is then
output as a source can be very complex and subtle.

There are fashionsa in scources. There have
been dogmas regarding the proper scurces of de-
sign, These have ranged from animals in prehistop-
ic days, the gods of the ancients, the gods of
man throughout history, to the abstract, non-repre-
sentational forms of this century, and to the pre-
sent precccupation of mathematical-scientific forms
as sources for computer art.
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In order to execute these art exercises, it
is necessary to use a very thin tracing paper,
such as Grumbacher Art Tracing Paper. The method
iz to draw or trace a source design, and then to
trace spontaneously over the first input design
and alter it deliberately, either by addition or
subtraction methods, Use of a black felt pen, with
a thin line gives a professicnal look to beglmnineg
work. Designs should not be too large (no more
than 4" by 4", to facilitate execution of the
inmumerable variations required, Generally be-
tween 5-10 pages of derivation designs are made
for each specific design. It is important to
have students begin these exercises in class, so
that they have a very clear idea of the assign-
ment, and how to begin and progress. A great
difference should exist between the pages of de-
rivation art exercises.

The illustrations shown are examples of
changes made by a student, spontansously, going
from a source design, to find a great many varia-
tions. Theae designs are typical of beginning
computer art students, and were executed by a
mathematics major, minoring in computer science.
His comments on the exercises were thabt it was
a "fun assignment," that he listened to music
while drawing, and that it took one evening of
time. He commented that he felt creative when
doing the exercises, and was surprised at what
resulted from the assignment.

In executing the art exercises, the works
most pleasing to the artist are noted, identified,
and analyzed, using the checkshests as a guide.
Execution of the exercises should be quick, spon-
faneous, and almost without thought. The goal
is to develop facility in alternative planning,
brainsterming, learning a technique for outputting
alternatives naturally. Here are sample sources.

O THIS PAGE: Selected Manual
Sketches for the Design Derivation
Exercise Assignment (Wesk IT of
Class) by Rick McKenzie, exploring
variations of a source idea.

1. OBJECTS FROM MATURE - Objecks are chosen
and studied, according to the preferences of the
artist. Examples are leavea, shells, pods, crys-
tallography patterns, flowers, micro=-photographs
of snow crystals, scanning slectron microscope
patterns, aerial photographs, stress patterns, etc.
It is important to have a range of subject matter
within a group, to awvoid a recipe-like product
from the class.

2, MANUAL ART ILLUSTRATIONS - A favorite
artist or work is chosen. Examples are: cave art,
paintings from Greek vases, Indian hunting designs,
illuminated manuscripts, Pablo Picasaso, Andy Worhol.
The art sources should have a personal appeal fer
the student, in order to be effective in derdiva-
tion exercises,

3, ENVIRONMENTAL SUBJECTS - Any pattern
from the world of man (or other worlds, outer
space, etc.} is included in this category. Sources
may be city bulldings, bridge patterns, bicycles,
people, bodies of water, c¢elestial sky patterns.
Again, this and other sources should be chosen as
examples of personal preferences -- not execubed
as mere assignments.
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4. FROM THE MIMD OF MAN - Clear cut ideas 2\
that do not fall into specific input patterns
zre included in this category., Yet they may, in
reality, be processed, synthesized derivations
from man's outer world., An example might be:
(a} Sketch a vivid dream that can be readily
recalled; (b) Imagine the most pleasurable
moment In your life -- draw the main feelings;
(e} You are floating over the world, and can
choose any place in time, any place in the world,
any living form. Make a choice, and sketch some
of the ideas that come to mind.

.

5. THE AUGMENTED MODULE V3, THE SINGLE COM-
FONENT MODULE - A single design component is one
element of design: a leaf, shell form, etc, The
avgmented module is the leaf or shell form mir-
rered on the X, the X/Y, and the Y. In liey of
the one leaf paktern, the module becomes the four
leaves, This "added to" or augmented module be-
comes the component, which is manipulated via
subreutines to becoms new sources of art, Artists
may derive innumerable modules by exploring these
variations. (3ee the examples by Rick McKenzie.)
In this exercise, the portions of module are
traced, to reveal new variations that are feasi-
ble to serve as an "augmented" or enhanced module,
This particular technique results in very pro-
fessional worlk.

6, RELATED MODULES - Far more manipulative
possibilities exist when a personal library of re-
lated modules serves as a source of design, Again,
to use the leaf and shell examples, recall all
the leaves in the world -- all the shell patterns --
all the known functions in mathematics. These
are examples of related modules, that may be used
together to form new graphics. Two oF three re-
lated modules give a richer design effect than
reliance upon one module, Illustrations of re-
lated modules are shown on page 35.

ILLUSTRATIONS ON THIS PAGE: Selected Manual Sketcohes
for the Design Derivation Exercise Assignment by Rick
McKenzie, one of the author's students, a Mathematics
major, Computer Science minor.

S0URCE DESIGHS: Bottom
and immediate lef't by
Rick McKenzie,
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¥ - MATERIAL EXPLORATIONS

It is well at this point to bear in mind that
while artists are researching design derivations,
they are learning more about programming methods,
software development, and material explorablons,

Individuals respond in very sensitive, almost
idiosyncratic ways to art material development.
What is one person's meat is another's literal poi-
son, One artist may delight in DayGlow (blacklight)
papers, which would be abhorrent to ancther.

Studying actual works of compubser art is per-
haps the most helpful way to discern a "material
direction". Observing effects in laboratory class
demonstrations is another method., Use of the art
checksheets is immensely helpful in this area.

Readers interested in more definitive detzils
of photographic material development may wish to
study the latter portions of the paper, "The Micro-
film Plotter and Computer Art" cited =arlier. Ge-
neral comments, of a moderate nature, are given
here.

1, BECINNING EXPERIMENTS WITH MATERIALS -
We make a deliberate plunge into art papers tazped
to a 30 inch drum plotter durlng weeks two and
three, This is deliberately unannounced, ko a-
chieve spontaneous reactions from students, Art
papers are brought to these laboratory ssssions,
and beginning students are aided in making the
first plunge on art papers, with varying colors of
felt pens, During this first sesssion, which in-
cludes a brief introduction te the effects of
complementary, analgous coleors and underpainting
and overpainting techniques, paper is free! This
serves as great motivation for students to take the
art material plunge.

Deliberately, varied types of papers are
first shown: absorbent rice paper; traditional
tan and white parchment papers; pastel papers in
a range of colors; Dayglow in shocking colors,

Working on art papers is so much more effec-
tive than on industrial papers, that one wonders,
why do artists use the antiseptic, unassthetic
industrial paper? The character of the paper body,
its texture (or lack), its color, combined with
varied colored pens is significant in altering the
character and connotations of computer art, Artists
are perhaps unaware, that a great many arbt papers
can be taped around a drum, or taped on one end,
allowed to hang on the other, and with this combi-
nation of art papers, varied widths of pens, varied
types of inks may be used, to afford innumerable
exquisite effects not obtainable with industrial
papers. In addition, special inks may be used
on aceiates and mylars, to utilize the dimensional
effect of overlays, which may be run on both sides
of the paper.

In our classes, students are requirsd bo exe-
cute art work in two areas: (1) art papers and
(2) photographic manipulations.

2. BEGINNING PHOTOCRAPHIC MAMNIPULATIONS -
One month into the semester, students are taken
to darkrooms, and reversals of beginning exercises
are made, Solar prints are introduced at this
time. Black and white 35 mm negatives are mads
by the instructor for studenta, Trom their indus-
trial paper works. Students mass produce positives
of these negatives in this first photo esssion, and

they are taught to manipulate them in the mannar
of the Microfilm Flotter paper reference, given

garlier, By the end of week four, studsnts have
completed satisfactory works on art paper, with
varied colorsd psns -- and finished photographic
works,

3, HEED FOR COLOR STUDY - For non-art ma=
jors, a guick session on color, wvalues, and conno-
tations ensues. Students marlk off a sheet of
paper into equal porticns, and test oub color com-
binations, to discern their individual preferences.

A trip to the Student Bookstore and a nearby
art shop allows artists to respond fo colors, bex-
tures, and limitations of papers. This papsr study,
coupled with their color preferences, saves time in
running {inished works of higher quality. The ab-
sorbency, lack of absorbency, the ability of a
paper to take innumerable line ink applications --
=]l thase are discussed, demonstrated, and tested.

4, PARTICIPATION RUMNING AMND ART PAPERS -

Combinations of related modules allow for
es¥xplorations of a larger number of works than
choosing from a limited menu of designz. (See
illustration below.) Students are introduced to
"production running methods", whersby the artists
will run all the graphics on a magnetic tape once,
running each record (or graphic) on a different
piece of art paper, with varying cclors [and
thicknesses) of felt pens.

A second overprinted image of the same (or
raelated modules) is placed in a related color over
the first, (Overprinting or overpainting is print-
ing over the first image, generally offset.] Re-
quirements are to work from light te dark, te aveid
dirty colors. Two, three, or four overprinkings
complete a given graphic, If the artist iz in
doubt as to whether the work is complsts, it is
put into the portfolic, to analyze later. The
color tests made earlier help the artist to dis-
cern an individual color palette.

After this initial practice and analysis,
most students are able to anzlyze themselves, why
a graphic is complete or undeveloped, and what ape-
cific colors may be used from beginning to end, in
a highly personal mannesr.

BELOW: Mountain by the author, executed in 1970,
on parchment paper, with pens and brushas,
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5. DIAZOS AND PHOTOGRAPHIC MANIPULATIONS -
The word "diazo" derives from "Azo," in Greek,
meaning without life, Diazonium compounds are organ-
ic compounds containing pairs of nitrogen atoms.
These compounds are decomposed under irradiation by
ultra-violet light inte chemically inactive com-
pounds that release free nitrogen in the process.
far After exposure to the light, the diazo is
exposed to aqua-ammonia vapor to neutralize the
acids, and the diazo dye is formed in the unex-
posed areas.

Diazos come in & marvelous range of colors.
The most attractive are the acetates. However,
even the common blueprint paper (which is a diazo)
is artistically effective, and it is not a blue,
but a blue-viclaet, BErownline {(blueprint)} paper is
a rich sienna in coleor.

Generally, one uses an acetate with heavy
ink applicaticns in black for diazos -- or a
transparent sheet film (negative and/or positive)
to make the diazos. The diazo is placed under the
transparent sheet film (positive or negative), put
through the bottom of a blueprint machine, exposed
to the light, then put through the top and exposed
to the ammonia vapor, (Instant art!) Using posi-
tives and negatives, and a color range of diazos,
graphica may be produced in minutes that are ef-
fective artistically. The most attractive aspect
of using diazos is that they can be used in so many
different ways:

- Dlazos combined with vari-colored diazos;
Diazos over art papers;

Diazcs over photography papers;

= Diazos over transparent sheet film.

]

6. TRANSPARENT SHEET FILM - &4 technique com-
monly used in the author's classes is to take a
graphic run with black ink on white industrial pa-
per, and to make a poaitive and negative transpar-—
ent sheet film, (One trade name for this film is
Kodalith.) The film is used to print (contact) on-
to photographic papers, and it may alsc be used
to make direct photographic serigraphs. (Above
mention was made of the use of transparent shest
film to make diazos.) The film material itself is
very handsome and may be matted over foils. The size
of the film used depends upon the artist's budget .
Generally our students use B X 10 inches, which pur-
chased wholesale, costs the student 28¢ per shest.
Some students prefer to work larger, 16 X 20 inches.

7. SERIGRAPHY - Serigraphy, or silk-screening
is accomplished by using a Kodalith {transparent
sheet film) to make a photo-sensitive emulsion
(in this case, Ulano film) that is placed on a
stretched sereen of silk, The images are computer=
designed. Artists often use multiple screens, and
manipulate images in successive printings.

Silkscresning is demonstrated on papers,
textiles, plexiglas, etching plates, etc., so stu-
dents will have an exposure to some possibilities
of media explorations. In many cases, special
laboratory sessions are held to make screena, de-
velop emulsion films, and printing is accomplished
in group sesaionz, using facilities that will al-
low hanging of papers and textiles until they are
dry. Student response to silkscreening is very
enthusiastic. Applications are generally in edi-
tions of graphics, with limited textile works.

8. COMBINATIONS OF MEDIA - Every class is
considered to be an "exposure" to varisd media ap-

COMPUTER GRAPHICS and

proaches and techniques to achisve computer art.
3ince our present courses focus upon primarily
one=-semester experiences in computer art, stu-
dents observe and participate in demonstrations
of media combinations, but are free to choose the
final forms for their art, [(Many students, how-
aver, continue their own art by finding out the
schedule for photographic/silkscreening sesszicns,
and participating with current classes to pro-
duce new works.)

Al1 students are required to explore abt somsa
depth, personal use of art papers and colored
pens {and in some cases, use of special pens and
brushes in a flow-pen assembly). They are also
required to explore some facebs of photography
and mixed media combinations., A growing minori-
ty of mass communications students are eviden-
cing interest in the applied graphic arts fields,

By using a core of required experiences with
each group, and exposing students to a larger
range of potential artistic experiences, students
achieve perscnal works by programming, by special
participation running technigues, by photographic
manipulations, and by graphic arts processes. In
the immediate future, a brief exposure to 3-D
computer art in holography is planned for 1977-78.

BELOW: Continuwous Line Pesign by Jou

Pearsgon, &4 nurse,
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AROVE: Detail or portion of "Seasocns Greetings”

by William Kolomyjec. This is a popular technigue
in computer art, transformation of the design as it
procesds through serial imagery.

SUMMARY

Computar art is a relatively young art. It
has grown [rem an esoteric pastime of mathemati-
cians, small in number, to embrace a growing
following of people from many disciplines. This
neyw field has transcended the parameters of its
first phases. Computer art is becoming an art/
science.

Thizs new art form will scon find an acceptad
place in the art world. The technology of computer
science has been absorbed inte the world of art,
revealing a newer art, interdisciplinary, hybrid,

a "nmatural™ result of art in a technclogical era.

If bLhis new art form is to fulfill its obvious
potential, artists will have to become more scien—
tificz, more rational, less egocentric. Scientists
will have to become more artistic, more whole,
more willing bo defins the measurable elements
that are within art. fnd this new wholeness will
give birth to ever-new discoveries in art/science.
The world is in dire need of this larger vision.
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GLOSSARY OF UNIQUE TERMS

ADDITION - Adding to a module (design). Additicnal
lines, intericr or exterior patterns may be
added toe the bagsic form. In addition, =
second (or third) medule might be added to
the first medule, and varied combinations
result in new variations. Example: Varied
fish forms.

AUGMENTED MODULE ~ The module (design)} is manipula-
ted, and this altered, enhanced design then
becomes the module, which is then manipulated
again in diverse ways. (See page 29 for
examples, where the augmented module is the
rotated head form.)

DERIVATION DESIGN EXERCISES - Special exercises
devised by the author, described in detail
on page 28. A method to achieve varied se-
quential designs from a given source.

BIAZO - For background information and further de-
tails, see page 31. Special papers with a
choice of a diazonium/coupler combination,
which determines the color of dye. Generally
developed in a blueprint machine or a spe-
cial Diaze Film Developer. A source of
this material is:

GAF Corporation

Repro Products

140 West 51 Street
New York, N. ¥, 10020

Engineering/drafting supply houses carry
these materials.

GENERATIVE - A series of generations of patterns
attained from a source. Generations of de-
signs may be developed in the design deriva-
tion exercises, and also by photographic
manipulation. In the latter, the manipula-
ted design is photographed, and by manipula-
tion, this second pattern (generation) is
altered, resulting in a third generation.

MATERIAL DEVELOPMENT - The art materials used in
creating computer art include many variables:
types of pens, pen points, colors of ink,
types of ink, textures and colors of art pa-
pers, etc. Material development also includes
photographic materials: diazos, transparent
sheet film, serigraphy, etc. Material de-
velopment is a very personal series of
choices.
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MINIMALIZATION - To subtract from a pattern un-
til the design becomes a symbolic essence
form. The life work of Piet Mondrian is an
example of this technlique. Example: How
much can one subtract from a tree pattern
and have the form remain a tree pattern?

MODULE - The original design that is programmed.
The module is a bleck er portion that is
intended to be varied and augmented via
programming. It 1s not a finished graphic,
rather a foundation pattern tc be plugsed in-
to other routines.

PHOTOGRAPHIC MANIPULATIONS - There are many me-
thods for changing and altering computer art
via photography. This is partially dis-
cussed on page 31. Again the module is im-
portant. In lieu of manipulation via Dro-
gramming, the module is changed and enhanced
via photography. See Reference /1/ for com-
plete details.

RELATED MODULES - Modules of design that can be
used together harmonicusly to achieve new
graphics. TIdeally, a library or grouping
of modules will afford innumerable graphics,
See pages 27 and 33 for examples.

SUBTRACTION - Taking away portions of a module.
Minimalization is the end preduct of sub-
traction.

SOURCE DESIGM - A design that one begins with —-
but departs from to achieve new designs that
are more personal. The source might be
nature, a photograph, an illustration, a
pattern from science, mathematics, etc. The
gource is not programmad, but is rather a
seed to generate new ideas for the artist.
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ART OF TH

SPACE ERA EXHIBITION

"Art of the Space Era" is an invitatiopal
international exhibition of computer art to be
held at the Von Braun Civic Center of the
Huntsville Museum of Art, Huntsville, Alabama.

The exhibition is scheduled for January 14,
1978 through July 30. The exhibition will be
shown for six consecutive months at the Von
Braun Civic Center,

In addition to the computer art section of
this special exhibition, the following interna-
tional artists have committed works to the show:

F. B. Baschet; Dan Flavin; Kieth Sonnier; Chryssa;
Wen-Y¥ing Tsai; Earl Reiback; Len Iye; James Sea—
wright; Juan Downey; Chuck Prentiss; Otto Piene;
Thomas Tadlock; Boyd Mefferd; and Stan Verderbeek.

Grace C. Hertlein, editor of CG&A, is coordi-
nator of the computer art exhibition.

Invitations have been sent to fifty selected
artists. Half of the invitations were sent to
foreign artists, the other half to compyter ar-
tists in the U.S. CGSA will print illustrations
from the exhibition early in 1978.
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APPENDIX
STYLISTIC ANALYSIS OF COMPUTER ART

I. ANALYSIS OF COMPONENT FORMS

A, Palygan Manigulations

— Evenly Decrementing Polygons

— Lrraygalarly Decrementing Palygons

== Combinations of Related Polygon Forms

— ldentical Polygon Forms with dsymmetric Sides
— Combinations of Non-identical Pelygon Forms
— Overlapping Pelygon Forms

— Expuriaental Polygon Forms

— Polyjons within Varied Design State Forms

B. Continuous Ling Designs

— Maze-Like Patterns
— Non-Maze Patterns or Abstract Forms
— Examples from Art History:
— Primitive Cave and Wall Paintings, Pictographs,
Petroglyphs
— Archiic Pottery or Ceramic Derivations
— Primitive 5eals from India and Sumeria
— Egyptian Hieroglyphics
- Aztec, Babylonian Figure Forms
~= Persian Wall Reliefs, Sculpture
-= archaic Texts, Illuminated Manuscriptis, Tapestries
— NWatural Derivations
— Combiaatiens of Related Coatinuous Line Desiga Forms

C. Curvilinear Components

— Aagqular Components used with CUFIT to Achieve Curved
Versiong

— Ir¢regqular Components imput via Rand Tablets and
Digltizers

— Combinations of Angular and Curved Component Forms

D. Structural Components

— Repeated Groupings (Prograsmatically Looped) Horizontals,
Verticals, or Diagonals

= Bauhaus Architectural Patterns

— Structures Constructed of Groupings of Polygon Forms
(Buildings)

— Derivations from Any Specific Architect (Nervi, Corbusier,
Mies, van der Hoheld, Ete.

— Archaic Foras, Greek Columas, Aqueducts, Arch Forms

— Bridge Patlerns

— Architectural Modules from Structural Architecture

— Combinations of Structural Forms

E. Contemperary Fine Art and Camputer Art Derivations

Josel Albers

Piet Mondrian

Pablo Picasso

WMaurice Escher

Paul Klre

Eeaneth Knowl ton

Frank Stella

Andy warhol

— Dberivations from Other Computer Artists (Define)
— Cybernetic Serendipity Derivocions
— DOther Artists (List)

[

F. Algha-Numeric Forms

— Alpha-Nemerie Design (Posters Anti Something)

— Alpha-Numeric Oesign (Posters Pro Semething)

— Environmental Signs. or Cosbinations

— Advertising or Package Uesiga

— Corporate [mage Logos

— Combinations ol Otker Components and Alpha-Numerics
— Alpha-Numerics as Components

G. Mazurat Darivations

— Sh=ll Forms

— S&ed, frod, Spore Forms

— Mashrooen Farms

— Smaller Sed Forms (Mon-Fish), including Microscopic
Batierns

— Fish Furms and Larger Sea Forms

— Falecntology, Extincl, or Archaic Forms

— Eeast Patteras (Mammals, Reptiles, Etc.)

— Batieri{Yivs, Moths, Insecls

— Bird Foras

— Trae, Leaf Forms

— Flower and Leass Foras

— ks and Cats

— Leneral Flars Forms

— Human Forms

— Diher Notural Derivations (List)
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H. Mathematical Forms or Derivations, Including Other Scigntific Forms

— Flight Forms (Formulas for a Number of Points Emanating
from a Given Point — See Iilustrations)

— Mathematical Functions and/or Formulas

— Patterns from Fluid Dynamics

— Derivations [fromMolecwlar Model Building

— Shape Generation Forms Using Fourier Descriptors,
Transformalions

— Transformations from One Object into Another

— Crystallography

— Microscopic Patter-s from Science

— Any Forms from Mathematics andfor Science (List)

11. AMALYSIS OF DESIGN STATE VARIATIONS
A, Increments and/or Decrerments

— Even Decrements within the Form

— Irregular Decrements within the Form

— Even Decrements Departing [rom the Form

— Irregular Decrements Departing from the Form

— Decrements toward Specific Points or Areas of the Form
{may vary within each ensuing fora in a given work)

B. Otfzets (With or Without Change of Scalar Value)

— Sicple 0ffsets

— Cosplex Offsets

— Intermediate Offsets

— Asymmeiric Offsets

— Symmetric Offsets

— Any of the Above with Changes of scalar Value

C. Rotations

— Reqular, Evenly Repeated Rotations of the Form

— Irregular Rotations (May be Random within Each Sequential
Form)

— Handom Rotation of Angles Varying within Each Ensuing Form

— Complete Rotations (Full Circle)

— Incomplete Rotations (Pareial Circle or Rotation)

0. Radiations

— Simple, Growing Scalar Values

— Complex, Growing Scalar Values

— Growing Scalar Value Foras, then Decreasing Values of Form
— Full Radiate Forms

— Incomplete or Partially Radiating Forms

E. Mirrars

— X Mirrors Only

— Y Mirrors Only

— X/Y Mirrors

— Combinations of Mirroers and Any of the Aforementioned Forms

F. Randomization

— One Form Only, Dirsctional Cesponents (One Way)

— Directional Forms Proceeding Several Ways (Up., Down, Right,
Left)

— XSTART Use Only Randomized

— YSTART Use Only Randomized

— XSTART, YSTART, XFACTOR, YFACTOR Handomized

— Mumber of Tises (ITIMES) {(Lines. Rays, etc. in a Component)
Randomi zed

- Angle Handomized

- Combinations of Above and Any of the Aforementioned

G. Three-Dimensiona! Views and Transfarmatians

— Lorenz Transformations

— Fourier Translormations

— 3-D, Viewing the Component from Varied Angles

— General Transformations, Oae Object becomes Another
= Other Transformations (List)

H. Serial Imagesy

— Block-Like Forms, Redundantly, without Negative Space

— Redundant Forms, with Use of Space as a Uesign Element

— Elongated X or ¥ Forms (Horizeatal oc Vertical Hepetitions
af Foras)

—- Any Combinativans of Serial lmagery with Varying Borders
Around Foras

— Metamorphic (Changing) Serial Imagery

— Cirgular [magery. Large to Small Forms

— Cireular Serial Imagery, Ssall te Large Forms

— Block-Like Forms, Large 10 Snall Forms

— Hlock-Like Forms, Small 1o Large Forns

— Combinations (List)
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APPENDIYX - Concluded

Il ANALYSIS OF FORM

A, Component or Module

w

Highly Syrmetrical
Highly A metrical

lerately Symmertical
Modeeately Asyrmetrical
Coaplexity of Initial Pattern
Staplicity of Ieitial Pattern
Intermediate Pattern {Neither Complex nmor Simplel
Minimal or Essence Forms

Highly Hepreseatational Patterns
Sei=Absteact Modules

Futuristic Patterns

Ur ic Modules

Non-Organic Modules

Fine Art Derivations
Coqtemporary Are Derivations
Eavironmsntal Derivations
Matural Derivations

Microscopic Forms or Derivations
Scienzific Derivations (List)
Dther Derivative Sources {List)

. Design State Variation Analysis

Simplicity of Repetition of Form (Applications of Pattern)

Complexyty of Repetition of Form (Highly Complex)

Intermediate Degrees of Repetition of Form

Listing of Preferred Design State Variations

— Analysis and Listing of Reasons for Such Design State
Variation Use

— Listing of Oesign States Used Thus Far

— Listing of Design States Not Used {Reasons for Non-Use)

IV, ANALYSIS OF COLOR (PAPERS, INKS, PEMS)
A Papers andfor Pan Colors

Hot Colors

Cool Colors

Transpareant Iaks

Cpague Inks

Colors within A Graphic

— {ne Caler

— Two Celors

— More Than Two Colors (List)
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— Earth Colors

Frrreind

Matural-Appearing

Reglistic Colors of Materials
Contemporary Colors of Materions
Unnatural Colers of Materials
Analogous Colors

Cormalementary Coloers

Other Colors (List)

Mon-Healistic Use of Materials
Traditional Uses (List and Define)
Psychedelic (DayGle or Black-Light)

- Experimental Uses (Discuss)

Futwuristic (Foils)

B. Materials (Papers or Other Materials)

Traditional Art Papers (List)

Conteaporacy Fapers from Art or Applied Act {List)
Industrial ¥aterials

Multi-M=dia Materials (List}

V. AMALYSIS OF INPUT, PROGRAMMING, AND
EXECUTION MODES OF WORKING

A, Pregramming, Running/Execution Methods

— Tataily Preplanned (Be Participation)
— Allowance for Participant Runaning/Execution

Heuristie Programming and Running (No Intervention —
Tatally Computer Designed, Executed)

B, Input Methads

Rand Tablet {or Digitized Methods)

- Cards and X/Y Tdeatificatlon of Coordinatss

Juystick

Mouse or Cursor
Lightpen
Coabinatiens (List)

€. Output Merhods and Product

— Siatic Graphics an Art or Indusirial Papers
— Films, Non-5tatic, Moving Graphics

General Multi-Media (Define and List)

D, Programming and Design State Variation Mathods

Canned Howtines (Carpds)

Cannad Soltware (Library)

Personal Writing of All Programs and Design State Varlation
Houtines

Progyramwr Makes Decisions

Heuristic Systems Make Decisions

Intermediate States

Others (List and Define)

e —

BELCYW :

Related designs in one composition, "Beasts in the Field" by the author.
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