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ABSTRACT 

Compute r animation is the art of using the computer 

4.1 

as a synthetic tool in the production of animated films. Striking 
successes have been achieved in vi sualizing complex dynamic 
phenomena of ma thematics, physics, and chemistry. The paper 
describes t he beginning stages of a major effort to animate the 
behavior of algorithmic processes. We are studying how best 
to represent computer processes with dynamic images, and attempting 
to test this understanding with sho rt experimental film clips. 
We are also building tools to fac ilitate the creation of these 
images, and to enable effic i ent production of computer science 
teaching films. 

,­
RESUME 

L'animation par ordinateur est l'art de l'utilisation 
de cet ordinateur comme outil de synthese dans la production de 
films animes. On a eu de "formidable" succes dans la visualisation 
de phenomenes cinetiques en mathematiques, en physique et en chimie. 
Dans cette communication, on decrit le commencement d'un effort 
majeur afin d'animer le fonctionnement des processus algorithmiques. 
Nous cherchons les meilleures methodes pour representer des 
processus de l'ordinateur ~ l 'aide de dessins anim~s et nous 
essayons de verifier ces representations par des extraits courts 
de films experimentaux. Nous construisons aussi les outils pour 
faciliter la creation des images et pour permettre la production 
de films d'instruction scientifique par ordinateur. 
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s in ce it s incprtion, compu t er graphic s has provid e d a tool 
for- t.he oescripti l.)!1, anHlysis, and ('x[lication of t.he behavior- of 
computer proqr-am~. Some inves tiqators have experimenteo with 
graphic displays as program debugging aids. (l) Other have used 
thpm to monitor the hehavior of computer systems. (2) still others 
have built "flowchart compi]er~" or othpr graphical liln qua,] e 
processors which allow direct pr-ogramming in a graphical languale 
S I1ch as flowcha rt s. (1) Finally, the most. suc cess ful (1[\0 

commprcially useful efforts have produce~ systems capahle of 
documentinC1 pxistinq programs with computer-arawn flowcharts. (U) 

ron c urr n nt with thesp develorm e nts there has emerg€o an art 
of fQ~E:!!t ef ~Di!!!{!tiQ!l. (5) Here t .h e r.omputer is used as a synthet i c 
tool in thp pr-oduction of animated f ilm s . str-ikinq succe s s ps hav e 
been ~chi e v e ~ in visualizing dynamic phenomena of mathemHtics , 
scipnce, iHlO f'Ilgineering.(6) The compnter- has proven particularly 
useful be cause of its ability to construct precise, mathematically 
determined images, because of its ability to simulate hypoth e tical 
worlds, because of its ability to expand or contract space and 
time, and hecause of its ability to portray complex spatial 
phenomena, particular those in three dimensions. Computer 
animators have appreciated the ability to "debug" a film that 
comes from the ability to redo it with incremental effort, and 
which also makes it economical to explore variations on a theme. 
Most importantly, computer animation has produced new animators, 
openinq doors to many to whom the art had been inaccessible 
heretofore. 



While physicists, chemj ~:;t: " bioloq i.::;t. s , .1 n (l ma t hl'mat ic1.a llS 
h a v e s p i z e cl u p C Tt t hi s 0 p p 0 r: tun i t y wit h (JI:' (' ,~ t. v 1. '1 () r (7), r; 0 nil: u t c r 
scie nti s ts hilVC pro fluced vecy l it, t.lp c cm p n h >r ,1Tll m'l tion . Tn thf'! 
19 f) Os, c o mput e r rt nimation 's fir ,:;t Ih~ C Cl rl e , t h e> t-pc h n i ' l IH" \,Li :; u s!-'(~ 

to peo a nce only one major com p llt (~ r s ci(~l1 cC tf: ,'\r.hinq f ilm. ( i1 ) 'I'her0 
has al so p. pen JlO effort to riev c lop ::;y s tem il.t:i.c t p chni q llP s for 
animrttin q computer processes. 

'1'hi ~; is sllt:"prisinq "lnd oisdppointinq, ~;in ce it se(~ m " natural 
too ex p licate th e behaviot:" of comput p. r proqrdm s throu 'Jh <1nimilt..ion 
h CC il l 1 S P~ 

(1) Pr O'1 rilm s 0[(' inheu'ntly .t.Q!!1I.2I11, that i s , th l' y (' xi ~~ t tl ~ r () u q h 
t i rn I'-~ • ToZ ('o f ten d p s r. rib f' a pro q 1>'1 m ' s cl y n d mi c hp h Cl v i f) r .., i t h ii 11 il. n (1 
s imulation, man; pUlatin g symh o l i c inform iiti (Hl in th e 1'0 ["[0 of 
numher s il n~ character strings. A nim~tion c a n h ~ r c q a rrt H ~ as th e 
qra ph i c s imulation of et proc(.>ss, ill wh ich rlyn ,'l,mics Clr p PXPI P ~>~~('(~ 

h Y m 0 v in q i m a 9 ps. T h p ani m a ~ 0 r () f Cl c o m r \I t e r r r 0 g r a m m 1] :' t h n v r~ 
f 1 8 xih l e control of th e t. E' mpo r ii l e x p ansion f["(") 'lI f1 roqr.Clm tim e tl1 
mov i.,~ t.im p , sin c p OJl e secon rl of thp m () vi {~ may r (~ pl" (,s0. nt 

micro spc on~ s or sp con~s of program timp. 

(2) 'T'h f.' powP(' o f a si ngl~ comf1lltation is Ol r)qni f i e ,l by repe tition 
un d er contr o ll p~ variation, e ither itp [ativ0 0 r r p cursiv e . Th e 
"meaning " of a r e p e tivf.> calculation can oft (~ n bp induced from a 
s equence of examples. A motion pictur e is an economical t e chni q u e 
for prese nting a s equ e ncp of exam ple s . 

(3) Paralle l, or quasi-par a lle l, activiti P!;:; occur 1.n mo rJe rn 
computations in an organized f orm. ~ mc tion picture can 8 Clsily 
present. several s imultaneou s a~tivitip s . I f this is ~on0 wit.h 
s tructure and r es tra int, makinq lJSe of l) rin c irl~s of visual 

. perception and coqnition, it 1. 5 an p ff c ctiv p. techni y up for 
d isplaying pnrallpl ~omputati o n s . Tt can al s o h e usprl to s how 
simultalleou s ly var.iou s "Foint s of vi e w". 

(4) Structural rel a tions, and relations of cause-anrt-e ff e ct, ar e 
cpntral to the undprstanding o f comput e r: programs. S uch 
rei a t ion s h i r s can h € S tat e d a n ,1 p x p I <'I i n p d 8 X F 1 i c i t 1 Y • •• "l\ i s 
connpcteo to 1?"... "e and 0 share the ccmmon propert.y F"... "F' 
causes C;". Altp.rnatively, th e y may be introduced implicit.ly by 
showing them in action. If we could spe programs in execution, we 
could induce structure and causf-anri-effect from cur observations. 

On the other hand, if may he ~ifficult tc construct effectiv e 
animation sequences because: 

(1) Masses of oeta il ex 1st in t.he desc r i pt ion of many com put.e r 
programs. To be effective, program animation must abstract or 
highlight the essential while leaving the detail "potentially 
accessihle". It seems likely that the best visual explanation of 
comput.er programs will consist of integrated motion picture 
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sequ e nces an~ still graphics. The former will communicate the 
s t t: 11 C t U re; the 1 a t h~ r, the ~ eta i 1. 

(7) The lln rlerstanilinq of the "me.:tninq" ef a computer program 
depen~s upon the comprehension of .:t variety of abstractions, for 
e xampll?, literal, varia.ble, name, value, a s signment, evalurtt.ion, 
hinding, floating point numher r string, arraYr in~ex, pointe~, 
procedur~, procer'lure call, iteration, and recursion. Graphical 
conventions and ~eans of representation mu~t he develop~d for each 
such abstraction. These techniques must te meaninqful to those who 
un~e bstand the ahstractions. They must be suqqestive to those who 
are still trying to comprehen~ the abstracti:>ns. They must also 
be aesthetically plea~ing. 

with these incentives an~ challenges in mind, WP hav~ 

launche<l a subst.antial effort. in E.LQgli!!!! ~.!!i!!!~!ism, the US0. of 
computer animation to visualize the dynamic abstractions of 
computer science, and to explain the tehavior of corrrlnx 
algorithmic processes. There are two major aspects to this work. 
We are stu~yinq how best to represent computer procpsses wi th 
dynamic images, and testinl) this und e rstanding with s hort 
pxperime ntal film clips. We are also building tools to facilitat R 
the c[(:at.ion of t.hese images, anti to e llable {~fficient prorlllction 
of computer science teaching films. These two phases are mutually 
reinforcing and overlap p ing. 



Iluggins 
oe sc: ribe t.he 
aesthetically 
issues in the 

has coined th~ phr~s~ iC2~i~ ~Q~Q~1~11QQ§ to 
art of constrl1cting pedagogically effective and 
pleasing visual images. (9) We have begun to study 

iconic communication of computer programs. 

Our initial concern has been with the display of abstractions 
such as those listed above. This includes data, such as numbers, 
s trings, arrays, and pointers, and processes, such as assignment, 
evaluation, iteration, and recursion. We are investigating how 
optimally to use elements of line, shape, texture, color, 
movement, and timing to portray and communicate these 
ahstractions. 

IIp.re are two examples. 
for g raphically representing 
studying technigues for 
tournament re~lacement tape 

Margie Alcorn is studying techniques 
a bubhle sort. Stefan Sullivan is 
graphically representing a comr-lex 

sort. 

Our methology .includes continual discussion and evaluaticn of 
sketches and film sample s , a nd occasional empirical studies on 
"subjects" to validate our intuition~ 

Pesults of thi s work will be presented at the meeting. ~e may 
also show i f time permits some previous examples of effective 
program ani mation: Jim Wheeler's portrayal of the switchyard 
algorithm for converting infix expressions into Polish postfix 
form; and Carolyo Dutky Remano's portrayal of the Warnock non­
deterministic hidden line elimination algorithm. 
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flo" dops on(' .1nimatfO iln ctlqo['ithm? It. is possihlp. to af1imat (~ 

'I ~pC'cif i.c alqorl.thm Expressp ,l in a stcln ,l~r(j progr'lMminq lanqu rHJ0 
hy auq ll1 p ntil1 (J it_ , in an a ll-hoc: manner , with cnlls to a d isplay 
n rt c k Cl 'H' . W (> c: u r r p nt 1 y a r ('> wo L kin IJ i 11 t his way wit h :'3 AT e 11 !\ T\ rr Jl , a 
s .,.,t or l" OR1'Pl\N ann PL /I callabl ·~ ~j ubroutill (~S which qenC'Late an (l 
rnan i p ula, tp t\olo-riimensional pic:tULPS a nr9 draw them on a lin e 
printpT: , a papPI' plottpr., or n microfilm rf'corrier. (10) 'T'hp packa ge 
jrc lll ·jps EOlltines thilt prolluce-? C:Ollimon q<'cm("tric !:i :rur ps , that 
cl 1 low i. Il P II t cHI (1 0 u t P 11 t 0 f il r. bit r cl r y i. 'T1 '1 <J (' ~-; , t , hilt, a p :) 1 y P t-PC i :, (> 0 [' 

ri1!l ,loInly c:ontro11eil geometric tEiln ~-; r()rmC\tior.s t o E'xi:-;till (J 
p j c: t \1t (' ~; , a n (1 t. hat c c m bin P f' xis tin (1 ! ; t iJ 1 r- i c: t 11 r psi n t 0 11 (' W C n f> s , 
or into imaq ... Sf>q n0nc<-' s , that is, ,"ovi r~s . OIH' of thf' most USE'flll 
rontin es is a key framp <'lnimntion r ro '] ram that 0en(~ r(ltf' s "in­
hehH_'r' ns " hy interpolating images bpt.w Pl: n :"f:' l ec te (1 kpy frilmes . 

n uc qradu~tp students hav(> iln imatf>d nllm (~ rOIlS algorithm s with 
: \,c\TC' !l AFTl\. We fird it aneqll .~t p but <1wkw<1r ,1 ,1n ,1 unsatisfyin g . 
T m;, <J PS m u s t be 0 p. s cri b € d wit h t 0 G m II c h if? t.~ il a t .3. low 1 p v e l 0 f 
'lbstrClr:t ion. Tools for dpscTirin1 movp :1H'nt illl ·l dynamic~-3 arp. V0 r:y 
1 i m i t (' • 1. Par. a 11 p 1 net i v i t j e s c iUl be r: r 0 c'I 11 C f~ ·1 0 n 1 y wit l-t 9 I' ea t 
1ifficlllty • .7\11 a.c;p ~ cts of a p ictucp '!lu s t Cl' ~ , re cif; f~fl in Eac~ 
[Lamp ; or:e cnnnot est.ablish qlohal drawinq comrn~nd s to apI ,ly to 
a ll framps for 0.11 time. 

!Icn c:e we \0101110 like to hnj ld. seme nf' W t(l ols to f~cilitat(' our 
work. rt. i.c: possihle to imagine, an\1 e V0 n to h lli'ld, a system whi ch 
c:oul(l i'ln imatp nny proqram in ~ny l a nlllaq e rllnnin9 on a ::;pec i f ir: 
ll1ac:hin0.. HO\H~Ver, we beli e v p that it i e; inq ') ~;s U' le to huilrl ~';uch a 
~;y st p{1', so that it. wou1 (1 prodllC: p <]oon animntion . 

W 0 are s t P P r i n q i'l n i n t e I' In P '1 i a t 0 c: 0 u r c; (' h (' t \0: (" el l t h p two 

p xtreme s of accertin~ th p limitation s o f p xi s tinl tenls , or of 
ilttpmpting to build n0W ones of nneci11isti c or ,1hsllr. (1 qenrr.Cllit.y . 
Wp aLe r.ather beginninq to build a v~[i cty OF powerful special ­
p urpose tools, each suited to th p anim a ti o n n f a ;:> articlllar cl(l sS 
of progrnm. 

In ctesi g ninq thpse tools, W(~ f'i rst ,1!:;k; c '1 ourselves th p 
l 11(>stion: What param'e tprs of compllt !" r programs most s iqnificantly 
affect their. animation? Th0SP parameters illcluc1r: tbp application 
iomain of a class o~ proqrams, foe e xamplp, sy nt~x analysis, ~raph 
theory, or matrix cillcul~tions: the lan Juaqp in which a program i s 
p xprpssed, for examplp, AtGOl, LJ~P, or 1~0 assemhly code : th p 
natur 0 of the imrl(~mpnt~tion, for f'xamplp, compi l p(l , illt.f'Tpretf'O, 
or convp rsational; and the> ('TlVirOllmpnt for pco 'lucinq t.he movi 0 , 
f 0 [~ c x a m pIe, 0 f f - 1 i n (~ , i n t (> I' act i v (~ \01 r i t t , ! n , or i n t. (' l - il C t. i v c 
qrnphica] • 

W p h a v e b (~q II n WOI' kin 
spf'c ial-purposp systpms for 
programs; 

all off-lin!' Pllvir)nme nt 
<l nimt1tinq clas~, es Of 

on fiv(' 
COIT'FlltPE 



(1) Margie .1\lcorn i s working on a s ystem for th~ animation of 
s~arching, sorting and hashing; 

( 2) Larry Chan is working ()n a l a.l\ IJ1 laq e for e xpressing g['aph­thpo r etir.al algorithms, 8n <i a s ystem for ,l.nimatinq th e m; 

( 1) P i cky Law is wo rkin g on a languagp for writing and animating stor. hasti c simulat ion s ; 

(4) Ki t-'1P; Chan is working o n (\ sy" t~m for animating programs in wi n i-LOGO, foc using on th e dis~lay of rer.ursive string m,lni pulat.ions; 

( 'l ) .Tim d e Bo~r is wor kin g on a sy:-~tf" m Ear a nimCltinq programs in mi cro-PL/T, focIJ sing on tit€' ni :c; play of iterative numeric'll ca lculFlt.icns. 

I n Fl~~it ion, Elinor TczmFln i s workin g on a program for the sp mi - ~utnmati~ layout and displ a y of tr ef"S dn d graphs , a prog ram which will he us~~ by the other s ys tem s . First results from these pro j er.ts will be prpsented at the meeting . 

Each system mu s t provid e the usp r with power , flexibility, and di scrimination i n sper.ifyinq: 

- - 'T' h e s t r u c t 11 n.> 0 f i It t er p s tin CJ P h ~ 110 men cl • 
Which data ( prog r ~m statp s ) and processes (Frogram events) shoul d he shown? 

--Disp lay formats and displ~y organizCltion. How s hould these nata and processe5 be displaye~? What pictures an~ picture changes should be u sed ? 

--Observation Foints and condi ti on s . 
When, or untlpr what concl it ions, s hould pictures be s hewn or cha nqpd ? 

- -MoJes of cletail e nh a nc p me nt and s uppress ion. 
flow c an complexity he controlled in S p~r.E and in time? 

--'T'iminq . 
How is prog ram time to he mapped into movie time? 
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o n r. d : 0 r t t. n r m g o ,~ 1 j s t . Cl 01 il k (' i t . n a t 11 r i\ 1 ;} n d pas y t. 0 

c on s trnct anim(\tion sp~cific~tion:.;, wit-h "rrinimal" changps t.o th(' 
"oriqinill" F[oqrrtffi , for }H)t:h 'lt1ici<-anil-(lirty, ilnd [.olisheil, 
pro t c-> s :,innal teachincr films. !HP ;tr: n i.nt.(~rp::;"c rl in movies for the 
,:;nrc:ific: e ducati('fl of rrogrammen, ,1!lO comrut p r scienti.st~." ana for 
t-h" q0 110 ral PIlllCi:ltion of lit.prat.o (:itizf~ns. Ono lonq-rar. q0. ']oal i:-. 
to facilitilte tho devplopmpnt of jnt~1riltc~ systpms for 
'J r (l ~l h i\. cl 11 Y - ITl p cl i (\ t r> .1 n r 0 iJ PI (1l r r (' r d r il t ion , f-~ d i t. i n 'l , (1 e I) II q (J i I ! q , 
10c:t111l0I\Lltion , an rl ~xrliciltion. 1'h f.~!'p sy!?tnm s will h0. li'lhoratorif' s 
!' or formulatinq , h~stinq, <If'iI n:"fininq proqram :" 'tnd ItYrot} i 0.~-;(>S 
Cl h () U t pro q r i t m hp h a v i 0 r • S 1I chI a rot: <:t t () [' i ,:> s w i 1 1. (\ i C1 th e 
incr pCts in91y rliffir:111t: t'l Sr. of ,1r'velopiIlq, m'lint.(\inin rj , an rl 
COJ: t r'0 11 inq tlv" lar: 'lf~ CO[11nllt"r' ~ y s t ( 'IlIS upon which 5,0 f!1uc:h of 
mo,jp[ n ~OC if'ty opppnrs. 
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