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Abstract
The terns "conversational" and "extensible" are defined and shown to be
useful properties of conputer animation systens. A conversational extensible
system for the animation of shaded images is then described. Wth this system
i npl emented on a miniconputer, the animtor can sketch images and novenents
freehand, or can define them algorithmicallyvia the Smalltal k | anguage. The
systemis itself inplenented in Smalltal k, and hence can be easily extended or

ncdified to suit

(™)

I. Introduction

Comput er animati on consists of a
variety cf techniques and processes in
whi ch the conputer is used as an aidin the
producti on of ani mated sequences [ Hal as 74,
Wein 74]. Conput er ani mati on systens can
generally be classified as ei t her
al gori hm c or denonstrative[Tilson 75].

1. Pr ogr anm ng- | anguage based
(Al gorithm c systens)

syst ens

EEFLI X [ Knowl ton 64], EXFLOR [ Know t on
7C], and ZAPP (Guerin 73, Eaecker 76],
reuire the animator to describe a novie in
a witten programm ng |anguage. These
systens generally are not interactive; the
arimator is provided no direct vi sual
f eedback.

2. Interactive systems based on freehand
sketching (Dentnstrative systens)

GENESYS [ Eaecker 69a, 69b, 70a], ARTA

[ Mezei 71], and the PRurtnyk-Wein system
[Eurtnyk 71a,71b] allow the animator to
sketch inmages and novenents free- hand.
These systemnms generally provide i medi ate
real tinme playback of the resulting novie.
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the ani mator's personal style.

This work was supported primarily by the Xerox Pal o Alto Research Center.

W shall now focus wupon the second
category cf systens. The strengths of
GENESYS lay in the spontaneous, real tine
interaction it facilitated, and in the

ccnceptual i zati on of the conputer ani mated

filmand the filnmaking process that it
enbodi ed. The heart of this
conceptualization was a duality between
image and novenent, and a rich set of

representations for novenent and tools for
the constructionof novenent. The ARTA and
Eurtnyk-Wein systens denonstrated the
utility of various picture construction and
transformationtools, including the ability
to interpolate between images (key frane
ani mation).

By 1969, one could identify several
maj or weaknesses in these systens:

1. They were rigid, difficult to nodify and
ext end.

2. The animator could draw images and
novenents, but could not conpute them
directly; he had a fixed set of draw ng

conmands, not an open-ended progranmi ng and
drawi ng systemat his fingertips.

3. lmage quality was poor, consisting of
bl ack-and-white dot and |ine dr awi ngs,
| acking | evel s of tone, texture, and col or.



In the pericd 1969-1974, there were
several useful devel opnents  addressing
these probl ens. Burt nyk and Wein focused

upcn the probl em of

73], succeeding to )
Fcl des was able to nmake his

i mage quality [ Burtnyk
the point that Peter

Cannes award-
winning film HUNGER [ Foldes 74]. Richard
Shcup and Robert Flegal at the Xerox Palo
Alto Research Center (PARC) devel oped a
rich color video system and pr oduced
nunerous striking exanples of directly
sketched or ccnputed color video [ Shoup
74]. In Alan Kay's Learni ng Research G oup

(IRG at Xerox PARC, the Smalltal k | anguage
was devel oped and shown to be a viable and
congeni al host for the devel opnent of user-
responsive progranms [Kay 72,74; LRG 76].
Experiments wi th freehand painti ng prograns
denonstrated the viability of black and
white TV generated by a miniconputer as a

medi um for shaded drawings. Finally, the
now | egendary Pegasus- Cooki e Monster novie
produced using Steve Purcell's playback

process (describedbel ow) denpnstrated that
this same hardware could be used for the
real time aninmation of these draw ngs.

Thus, encour aged by these oprior
devel opnents, and guided by a previous
vi si on [ Baecker 69a] , unti | now
unful filled, of what it would like to build
ari mation systens in an appropri ate
| anguage, we developed a new animation
system at the Xerox Palo Alto Research
Center in the summer of 1974. This system

successfully incorporates Purcell's real

ti me shaded i nage ani mati on capabilityinto
LRGs Smalltalk programing and draw ng
envi ronnent . SHAZAM (Snal ltal k's sHaded
i mage Zippy Animated Moviemaker) is a

denonstrative picture-driven ani mati on
system nodeled directly upon GENESYS
[ Eaecker 69a, 69b, 70a, 74] . Hence t he
ani mator need know no Snalltal k. However,

the systemwas designed for children ages 8
to 15 who are learning Smalltal k [ Gol dberg

74], and they can compute images and
novenents by executing Snalltal k conmands
or by witing Smalltal k prograns as easily
as t hey can sket ch them freehand.

Furthernore, a skilled Smalltal k programer
can extend or ntdify the system hinsel f.

Ve shal | next define the terns
"conversational" and "ext ensi bl e", and
di scuss the relevance of these |anguage
features to conputer animation. These

argunments constitute a conci se and shar per
presentationof points originally made in

[ Eaecker 69a] . Key aspects of the design
and i npl enent ati onof SHAZAMw Il then be
pr esent ed; t he rel evance of
ccnversaticnalityand extensibilitywll be

stressed, and sone directions for future

resear ch proposed.
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Il. ©Cn Conversaticnalityand Extensibility
in Aninmation Systens

di scussi on of
in notivating

I'n concl udi ng its
pi cture-drivenani mati on, and

the design of the Aninmationand Picture
Processi ng Language (APPL), Eaecker [69a]
not ed:

"W have seen t hat there are

advant ages and di sadvantages to each of

several approaches to the definition of
dynam ¢ pi ctures--the construction of
i ndi vi dual franes, t he al gorithmc

generation of sequences of
pi cture-driven animation. This suggests
that a flexible aninmation system would
all ow the harnonious bl ending of all these
techni ques. Here CGENESYS fails a wpriori,
fer it makes i naccessible the full
ccnput ati cnal power of t he conput er.
within the |anguage of GENESYS cne cannot
i npl enent algorithns by witing prograns.
Ve have al so seen that CENESYS is
i nadequat e because it presents the ani mator
with a fixed set of commands and tool s,
with fixed mechanisns c¢f control, and wth

franmes, and

fixed nodels cf pictures and of processes
of picture construction. A sui tably
skilled animator may hinself determine

t hese aspects cf his animation system his
ari mati on-machine, only if the systemis

not a fixed set of conmmands but an
extensible, truly open-ended progranmm ng
| anguage. "

The design of APPI, and the construction of
SHAZAM in Smalltalk, were intended to
denonstrate t he feasibility and
attractiveness of unifying algorithnm c and
denonstrative conput er ani mati on
capabilitiesin one system (A simlar
goal is pursued by [de Fanti 73].) For this
tc be possible, APPL had to be (and
Smal | t al k is) conver sati onal and
extensi ble. These terns are nuch used and
m sused in the literature, so we shall now
define our use of themquite precisely.

A. Ccnversationality

The terns "conversational", "on-1line",
and "interactive" are often used
i nt erchangeably when applied to conputer
syst ens. our usage shal | be nor e
restrictive. A conversational | anguage is
one in which:

1. "Response tine is proportional to the
demand for conputation and, in particular,
there is rapid response tc trivial

request s" [ St andi sh 70].

2. The | anguage is conveni ently extendabl e,
that is, programs may be witten in the
sane |anguage with which cne expresses
direct commands to the system and they nmay
be i nmedi atel y tested.

3. The
is directly accessibleat all

ani mat i on envi ronment or dat a base
tines.



The response tinme criterion is
i nportant for conputer ani mation because of
the frequency wth which ani mators make and
wish to previewthe effect of small changes
tc their novies. Such changes typically
include speeding up or slowing down a
nmotion, introducing or renoving an object a
split second earlier or later, and making
slight pcsitional changes to an object.
Conpi l ed | anguages operating in card-
oriented slcwturnaround batch systems (the
antithesis of a conversational system
i npede the animator's ability and desireto
carry out such refinementsto a novie.

The
i nportant for

extendibility criterion is
conputer ani mati on because
demponstrative systens rarely have the
perfect command set and t he perfect
i nteraction style for every aninmator.
Al t hough a systemcan be changed even if
the inplenentationlanguage is very renote
from the user conmand | anguage, t he
di al ogue between aninmator and ani mation
system progranmer can be enhanced if the
twe |anguages are the sane. Furthernore,
the animator can ultimately learn to nake

sinple additions and nodifications by
hi nsel f.

The envi r onment accessability
criterion is i mport ant for conput er
ani mati on because animation conputations
of ten yield interesting pictures or
nmovenents as by-products. It is of course

possible to anticipate these and explicitly

nodi fy any animation programto wite them
onto a file. But such results are often
unanti ci pat ed, even t he resul t of
accidents, and one wants to be able to
access them at any time using the sanme
nami ng conventions as are used by the
ani mati on program

Conver sat i onal syst ens sati sfying
these criteria include nost LISP, LOGO
APl , and BASIC inplenentations, and
Smal | t al k. These systems generally are
interpretive, but they need not be; the
same results coul d be achi eved by

i ncrenental conpil ation.
B. Extensibility

One recent definitionof extensibility
has been provided by Cheatham][71]:

"By extensible progranm ng|anguage we

mean a base (or core) |anguage plus a
progranm ng system the totality of which
has facilities for ext endi ng or
modi fying: (1) the syntax of programs; (2)
the operators available; (3) the dat a

structures and internal representations of
data structures which can be defined, given
val ues, nanipulated, output, and so on:
and, (4) the regimes of control which can
be enpl oyed".
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Extensibility of oper at or s, dat a
structures, and reginmes of control are
relevant to conputer graphics in general
and to conputer animation in particular
[ Eaecker 70b, Standish 70].

A data definition facility in an
extensi bl e | anguage enabl es t he
specification of a conposite data type
(data structure) built out of primtive
data types and/or other conposite data
structures. The extended |anguage nust

contai n mechani snms for constructi ng nenbers
of the new class from sui tabl e conponents
(constructors), mechani sm for sel ecting

di sti ngui shed conponents (selectors), and
mechanisnms for testing if an arbitrary
datum bel ongs to t he new cl ass

(predicates). Standish [67] presented a
formali smand a nethodol ogy for augnenting
a language with a data definition facility
so that, given a new data structure
definition, the system can automatically
provi de t he associ at ed constructors,
sel ectors, and predicates. Fur t her nor e,
t hese constructors, sel ectors, and
predi cat es are used in formul ating
extensi ons of the nmeaning of old operators
so that they apply to new data types.

(Adding new operators can be done via
function definitions nost procedur al

| anguages, al t hough t hese | anguage
enhancenents may be nmade nore gracefully if

coupl ed with t he synt ax ext ensi on
capabilities of an extensibl el anguage.)

in

In conput er animati on  we often
encounter classes of pictures or data which
possess uni que characteristicfeatures, and
speci al i zed t echni ques for their

constructi on, deconposition and
mani pul ati on. P- curves, wavef or s,
sel ection descri ption, and rhyt hm
descriptions [Baecker 69a,69b] are sone
exanpl es. An extensi bl e ani mati on | anguage
allows us to define these new concepts

gracefully while remaining within the sane
| anguage.

The same kind of argument applies to
extensibilityof control structure. One
good exanple is quasi-parallel processing.
Sinmulation is the mathematical dynam c
nodel | i ng of a hypothetical or real system
animation is the pictural dynam c nodelling

of a hypothetical or real system]|[Baecker
69a]. Hence an animation |anguage nust
allow several strands of activity to
proceed concurrently, synchronously or
asynchronously. Simlar cases can be made
fer ot her control regi nes such as
semaphor es [ Hor sl ey 74, Duff 76] and
continuously evaluating expressions. As

structures, greater flexibility
can be achieved if new control structures
can be defined by extending a set of
control primtives with an appropri ate
definition facility [ Fi sher 70].

with data



Il'l. A Conversational Extensible Ani mati on
System

A. The Essential Features of Snalltalk

[ Gol dberg 75] describes Smalltal k as a
pr ogr amm ng | anguage t hat:

"...permts detailed exam nations of the
processes i nvolved in carrying out a task.

It is a commnication nmedium based on
sendi ng and receiving messages anong
obj ect s. No exceptions exist to this
noti on. Everything in Smalltalk is an
obj ect ; actions occur as a result of
sendi ng a nessage to an object; an object

under stands a nessage accordi ng to the way
it receives the nmessage; and objects are
gr ouped in cl asses because  of t he
simlarity of their description and the
sameness of the actions they can take.
Each menber of a cl ass renemnbers
information that distinguishesit fromthe
ot her nenbers of the class, but each nenber
receives and sends nessages accordingto
the class definition".

definition in Smalltalk
pattern:

Any cl ass
foll ows the sane skel et al

to class_nane tenpcrary_vars
obj ect _vars 1 cl ass_vars
(acticns of _any_nenber _of _t he_cl ass)

Class variables are those
(binding) applies to all
class, object variables are those whose
meaning is unique to a particular object
(instance of the class), and tenporary
variabl es are those that are created and
destroyed anew in any activation of any
obj ect of any cl ass. Wien an object is
activated (fired up, called), it carries
out the actions containedin the body of
the class definition.

whose meani ng
objects of the

The concepts of class and object
enbodiedin Smalltalk are similar to (in
fact, inspired by) those contained in
SIMJLA [rahl 72]. But the concept of
sendi ng and receiving nmessages is
significantly different from that of
passi ng argunments and binding them to
procedur e par anet ers.

cont ai ns
it

definition
det ermi ne when

Each cl ass
speci ficati ons which

chooses to receive a nessage and how it
wil | i nterpret t hat nmessage. I'n
particul ar, it may receive a nessage

literally (unevaluated), it may receive and
evaluate a nmessage in its own environnent,
or it my receive and eval uate a nessage in
the environnment of the nessage transmtter
(retrieve a binding fromthat environment).
These mechani sns fcr control i ng eval uati on
are simlar to but nore general than those
provided in LISP.
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Li ke LISP and LOGO, Smalltalk is
ccnversational . Smal | tal k furthernore
shares with LISP the property that
Smal | tal k programsegnents (code vectors)
are data objects within the | anguage. Thus
Smal | tal k prograns can easily construct or

nmodi fy other Smalltal k prograns, whichis a
tool of great power (although perhaps one
easily msused). Snmalltalk also shares

with I CGO sone properties that facilitate
its wuse by children, who are the prine
i nt ended users of both |anguages. These
features include a straightforwardsyntax
requiring no declarations, and the sinple
gr aphi cs subl anguage turtle geonetry.

Experiences with both | anguages denonstrate

that children begin conposing procedure
definitions (class definitions) in their
first hour on the nmachi ne.
E. SHAZAM s Basi c Capabilities and
I nteraction Style

SHAZAM cont ai ns only t he nost
essential animati on capabilities. This is
in order to facilitate its |earning by
children, who wuse it for making small
novi es. Anot her reason is that nore
scphi sticated features can easily be added

by extensi on.

Static inmages in SHAZAM are call ed
cel s. They resenble the <cels c¢f. the
animation 1ndustry, in that they behave

cel lul oi d which can be
Commands exist to

like clear sheets of
"pai nted" and overl ai d.
paint cels, to erase themtotally, to copy
a cel, and to cycle through all avail able
cels for review and possible insertioninto
a nmovie. Cels are painted using "brushes”
whi ch can have different shapes and which
can be "dipped" into different "paints".
Commands exi st to select one of a nunber of
brushes (suchas a pin or a blob), and one
of a number of paints (such as black, grey,
white, or transparent). The effect of
these brushes and paints my be seen in
sone typical SHAZAM draw ngs shown in

Figures 1 and 2.

8 Figure 1


IDTC 
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IDTC 
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_ Dynanmic images in SHAZAMare called
novies. A novie consists of a sequence of

cel sel ections (selection description),
whi ch determi nes which cel is visible in
which frame, and a sequence of positions
(F-curve), which determines where the
selected cel is located in each frane.
Commands exist to sketch a p-curve, to
select a cel fcr a particular frame, to

singl e step through the novie (advance one

frame at a time), and to play back the
novie (cycle it continuously). As was true
using GENESYS, the SHAZAN animator can
create a novie such as the dripping faucet

of Figure 3 in 5 minutes of work with the
p-curve, selection descri ption, si ngl e
step, and real-time playback capabilities.

Figur

novi e

Every cel and every is
affiliated with its own wunique w ndow

Commands exist to repositionboth the cel

(novie) and window relativeto the screen,
tc nove the window relative to the cel

(nmcvie), and to expand or shrink t he
wi ndow. Cels and novies are viewed through
their wi ndows, which are drawn as dark
bl ack outlines and which occlude nateri al
falling out si de their boundari es.
Conposite novies such as those in Figures 4
and 5 may be f or ned by activating
i ndi vidual novies, positioningthemon the
screen, and controllingtheir appearance by
changing the location and size of their
surroundi ng wi ndows.

Figure 4
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Figure 5
SHAZAM conti nues to execute in
parallel with the playback process as it
di splays one or nbre novies. Thus the
sketching of a cel can occur concurrently
with a playback of a novie in which that
cel is used. Defining a blinking pair (two

frane novie) using this feature provides a
vivid denonstrationof the Phi Phenonenon
on which the illusion of animation is
based. One constructs, for exanple, a two
frame novie consisting of a bent arrow and
an undefined cel, fires up the novi e
pl ayback process, and then begins to sketch
a straight arrow as the second cel. At
first the novie is only a nechanical
alternation between two static i mages, but,
as the second cel begins to take shape, the
novie suddenly comes to life as an
energetic flexible arrow (Figure 6)

Figure 6

Aside from in novi e nanmes so
that they may be saved on a disk, all
SHAZAM input is given from a hardware
poi nting device such as a stylus. Cel and
movie windows each contain a menu of
command icons (light buttons). Pointing at
a particular icon causes the associated
ccnmand to be activated. For exanpl e,
pointing at a tiny palette activates
painting; pointing at a tiny staircase
causes the novie to single “step. Each
wi ndow s command i cons appear (di sappear)
when the stylus enters (leaves) that
wi ndow. Positioning or scaling of w ndows
is done by "dragging" themwth the styl us.
Al l w ndows al so  have a "verti cal
| ocation"; this | ayering causes some
pcrticns of pictures to be occluded by
ot hers. A window can be "brought to the
top” by depressing the tip of the stylus
while it is wthin that w ndowbut not
poi nting at any conmmand i con.

typi ng
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C. The SHAZAMPI ayback Processor

Use of SHAZAM results in t he
ccnstructicn of a tree of Smal | tal k
obj ect s. These objects are instances of
sone Smal ltal k cl asses all of which respond
tc t he nessage 'display'. This tree
structure may be regarded as a display
file. There is also a special program
whi ch accepts a pointer to the root of the
tree and passes the nessage 'display’ down
it; this program my be considered a
di spl ay processor.

Primtive pictures in SHAZAM are
defined as 256x256 rasters of points, each
bl ack, white, or transparent. They are
stored in a highly conpact form wusing a
hi erarchi ¢ area encodi ng schene, so that a
nunber of pictures can fit into nenory
together. The display processor traces the
tree structure, scan converts, translates
clips, and does t ranspar ency-opacity
calcul ations (to determine which portions

of which layers are visible) in real ting,
approximately 3 to 10 frames per second.
The results of these calculations are

doubl e buffered to the
enhance the perception of

video display to

nmovenent .

D. Conversationalityin SHAZAM

Smalltalk is an interpretivesystem
i npl enent ed on a stand-al one mini conputer;
it provides "rapid response to trivial
requests”. Hence it neets the response
time criterion for a conversational system
The extendibility and envi ronment
accessability criteria are also satisfied;
their inportance to SHAZAM however, is
sonewhat subtl er.

The extendibilitycriterionis perhaps
best discussed by relating an anecdote.
The incident occurred while Eric Martin, a
non- progr anmi ng ani mator, was working wth
SHAZAM shortly after it becane operational .

Eri c requested that SHAZAMbe npodified to
allow one to replicatea cel in multiple
franes of a novie with a single conmand.
This is particularly useful if one is
ccnstructing cyclic notions. Because  of
Smal | tal ks's convenient extendibility, |
was able tc add this feature in fifteen
m nut es. Fur t her nor e, I was able to
expl ain what | was doing, enhancing Eric's

appeci ati on of possible systemmalleability

in terns of his nascent understanding of
Smal | t al k. (Note: It is essential that a
conput er ani mator develop an ability to
sense  which aspects  of a system s
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limtations are
fundanental .) |

arbitrary and which are
contrast this experienceto

simlar incidents with the use of GENESYS,
in which I could add such a feature only
overnight, and in which it was inpossible
tc explain to the ani mator what | was doing

interms of what he was doing.

The role of environment accessability
for SHAZAM is equally dramatic. |In GENESYS
every access path to the anination data
base had to be pre-planned and pre-
pr ogr amed. These included such trivial
functions as: retrieve a picture, given
its name; retrieve the X coordinateof a
particular cel in a particular frane of a
parti cul ar novi e; and, reverse t he
direction of novi e pl ayback. These
functions, and nmany nore, all cone "for
free" in SHAZAM because they my be
expressed sinply and directly in terns of
the Smalltal k evaluator's nechanisnms for
retrieving and establishirg bindings.
Furthernore, by cleverly includingcalls to
t he Smal | tal k evaluator at appropriate

poi nts wi thin interesting cl ass
definitions, one can interrogate and nodify
the local state of a particul ar i nstance of
t hat cl ass. The experi enced SHAZAM

ani mator can exploit this to
refine individual novies.

expl ore and

E. The Extensibility of SHAZAM

Avai | abl e space precl udes t he
presentationof a conplete description of
t he met hod and style of Smal | t al k
extensi ons. Extensions of the operators,
of the syntax, of data structures, and of
ccntrol structures, may all be achi eved.
The Smalltalk class concept, |ike that of
SI MULA, subsunes both procedures and data
structures as they appear in conventional
| anguages. Hence new data structures my
be defined as weasily as and in the sane
manner as new functions.

The design of the final version of
SHAZAM fol lowed a pattern that seens to
characterize the devel oprent of  many
Smal | t ak prograns. First, the essential
Smal I tal k classes, such as the cel, the
nmovie, the w ndow, and the nenu, were
identified. Next,the necesSary | ocal
state of each instance of each class was
speci fi ed, and appropriate i nstance
vari abl es defi ned. Then, the nmessages
appropriate to each class were fornul at ed.
Finally, code carrying out the response to

those nessages was written.



I'V. Concl usi ons

One particularly useful consequence of

Smal | tal k conversationality and
extensibility is that an ani mati on system
desi gner way formul at e, i npl enent in
prelimnary fashion, test the viability of,

and, if need be, discard nunerous desi gn
ccncepts. The version of SHAZAM descri bed
in this paper is literallythe fourth that
we constructed in three man-nonths of

effort. Each of t he first three
inpl enentations explored a point of view

enbeddi ng picture-driven
Al t hough none
i npl erent ati on

whi ch wer e

with respect to
animation within Smalltalk.
were conpl eted, each trial
yi el ded usef ul i nsi ghts
ultimately incorporated jnto the final
desi gn. I know of no other environnent
where designideas can be explored with
ccnpar abl e grace and fluidity.

SHAZAMis a rel atively smal |

luckily,
systens constructed

system because | arge

in this environment often run sl ow y, and
nmust therefore be reprogrammed in” |ess
powerful but nore efficient | anguages. The
utility of conver sati onal ext ensi bl e
graphics |anguages will obvi ously be
enhanced if appropri ate tool s for

performance measurement and
for conpilation are devel oped.

anal ysi s and

Another area for future researchis
the devel oprment of nore general techni ques
fecr coupling free-hand and algorithnic
specifications in conputer ani mati on.
SHAZAM takes a step in this direction by
allowing both cels and p-curves to be
sketched or conputed, but the underlying
pl ayback process is fixed, inaccessible to
t he Smal ltal k  programmer. Ani mat i on
conput ation and pl ayback processes should
be expressible wth all the powers of the
conver sat i onal extensi bl e graphi cs
I 'anguage; techniques for conbining these
processes and for enabling themto conpute
efficiently nust be devel oped.
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countl ess occati ons. W al so thank Adel e
Col dberg, Chris Jeffers, Diana Merry, John
Shoch, and Steve Weyer for their support,
and Alan Kay for his inspiration and vision
whi ch per neat es LRG
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