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Abstract

In this paper, we presentthe ANIMALSCRIPT visualization
language.This scriptinglanguageusestheflexibility of the
ANIMAL systemandprovidesmany additionalnew graphic
primitives and animationeffects that go beyond the tradi-
tional ANIMAL GUI features.

ANIMALSCRIPT caneasilybe configuredby changingthe
contentof a registrationfile. Usersmay alsohave multiple
registrationfiles,asANIMALSCRIPT will alwaysusethefirst
registrationfile it finds. ANIMALSCRIPT caneasilybe ex-
tendedwith additionalfeatureswithout needingto read,let
alonechange,any existingcode.

1 Intr oduction

Most popularanimationand visualizationsystemsrely on
at leastoneof the following waysfor generatingtheir con-
tent: visually within a GUI [4], directly from underlying
source code[1], by API calls [5] or usinga scripting lan-
guage [3, 4, 6]. Each approachhas its advantagesand
disadvantages.GUI-basedgenerationusually doesnot re-
quiremuchknowledgeof animationsor programming;how-
ever, animationgenerationis very slow as everything has
to be donemanually. Sourcecodeanimationdoesnot re-
quire any direct useraction; however, the visualizationis
constrainedboth by the supportedlanguageand the list of
supporteddata structures. API calls allow for automat-
ing the generationprocess,but requirea firm graspof pro-
grammingknowledgein the underlyingprogramminglan-
guage.Finally, scriptinglanguagesalsoallow for automatic
generation,but force the user to learn a specific syntax.
Permissionto makedigital or hardcopiesof all or partof this work for

personalor classroomuseis grantedwithout feeprovidedthat

copiesarenotmadeor distributedfor profit or commercialadvan-

ageandthatcopiesbearthisnoticeandthefull citationon thefirst page.

To copyotherwise,to republish,to poston serversor to

redistributeto lists, requiresprior specificpermissionand/ora fee.

SIGCSE20012/01Charlotte,NC, USA

c
�

2001ACM 1-58113-329-4/01/0002�����$5.00

The main drawbackof all approachesis that the supported
featuresof the listed visualizationsystemsare fixed. For
example,Jeliot [1] is restrictedto Java sourcecodeand a
limited selectionof ”known” datastructures.JAWAA [3] is
gearedfor the computersciencecontext and thussupports
somedatastructuressuchasarraysandstacks.However, it
cannoteasilybeusedfor ”generic”animations,oralgorithms
usingdatastructuresnot includedin theimplementation.

The sameis true for the other systems:if a given feature
is not available in the systemused,thereis often nothing
to be doneaboutit. From a pragmaticpoint of view, this
is still true for many opensoftware products. While it is
technicallypossibleto adaptandextendthemaccordingto
one’s needs,this usually requiresreadingandmodifying a
largepartof thesourcecode.Thus,adaptationbecomestoo
time-consumingto tacklefor mostusers,oftenleadingto the
developmentof different- but not necessarilybetter- tools
to addressspecificneeds.

Our Java-basedANIMAL projectstartedfrom the samemo-
tivation- no systemofferedquite the right setof operations
for our purposes.However, we have takencareto make the
systemasopento extensionsaspossible,sothatotherswill
notbeforcedto developnew toolsjustbecausesomefeature
they look for is notprovidedin ANIMAL.

In this paper, we focus on the extensibility of ANIMAL’s
built-in scripting languageANIMALSCRIPT[4]. In section
2, we provide a quick overview of the basicoperationsof
ANIMALSCRIPT. Section3 introducessomeadvancedoper-
ationsof ANIMALSCRIPT. In section4,weoutlinehow AN-
IMALSCRIPT dynamicallydeterminesits components,fol-
lowed by a discussionof how new primitivesor animation
effects can be addedin section5. Section6 presentsour
conclusions.

2 ANIMALSCRIPT Basics

ANIMALSCRIPT is a simple but powerful scripting lan-
guage. ANIMALSCRIPT input is typically a simpleASCII
file consistingof a numberof lines. Each line may con-
tain eithera commentmarkedby a hashmark#, or exactly
oneANIMALSCRIPT command.Thefirst wordof eachcom-



mandline is thekeyword; this mustalwaysbeuniqueto al-
low both

�
easyparsinganddynamicextension.

ANIMALSCRIPT commandstypically have a numberof pa-
rameters,someof whichmaybeoptional.Thesyntaxof AN-
IMALSCRIPT is definedby a setof extendedBackus-Naur
rulesusing[] for optionalparametersand ��� for elements
thatmayberepeatedanarbitrarynumberof times.

The basic constructsof ANIMALSCRIPT are the graphic
primitivespoint,polyline/ polygon,text andarc (ellipseseg-
ment). Thesecan be usedto build all other object types.
For easeof use,ANIMALSCRIPT alsoprovidesspecificsub-
typesof the primitivessuchasrectangle, square, circle, el-
lipse, plusa list elementprimitive with asmany pointersas
wanted. Pointerscan be placedon all four cornersof the
object. Eachobjecthasa color, location,boundingboxand
depth. The depthcanbe usedfor specifyingwhich object
stayson topwhentwo or moreobjectsoverlap.

ANIMAL animationsbuilt from ANIMALSCRIPT input con-
sist of a numberof animationstepseachcontainingan ar-
bitrary numberof animationeffects. Eachcommandline in
anANIMALSCRIPT file is placedin anew step,unlesscom-
mandsaregroupedtogetherwith curly braces��� .
All graphicobjectsmaybedisplayedeitheratonceor aftera
delaywhich is appendedto thecommandline. Eachgraphic
objecthasits uniqueID usedfor referencingit later. TheID
is anarbitrarytext placedin doublequotes” �	�
� ”.
The basic animation commands provided by ANI-
MALSCRIPT containtheeffectsshow, hide, move, rotateand
change color. All operationscanbe given both a duration
and an offset from the beginning of the step. All timing
canbe given either in millisecondsor internal units called
”ticks”. Ticksdependon thegraphicspowerof thecurrently
usedmachine,makingthe displaysmoothon both fastand
slow machine. ANIMAL usesthe duration information to
determineappropriateintermediateanimationstates.

In addition,objectIDs canbeswappedto easilysupportel-
ementswitching. Userscan also specify a delay between
steps,andcangivea labelto eachstepif desired.Thelabels
arecollectedin ANIMAL andserve asreferencepointsthat
canbedirectly jumpedto duringtheanimation.

Figure1: Resultof Towers of Hanoi animation

Figure 1 shows an exampleanimationscreenshot for the
Towers of Hanoi problempopularfor illustratingrecursion.
All disksareto be moved from the left stick to the middle
stickwith theright stickasanauxiliary. Themainportionof
the requiredANIMALSCRIPTcode is presentedin figure 2.
The% characterusedin thefirst line is partof thestandard
ANIMALSCRIPT headerformat.

� �
% Animal 1 . 4
�

polygon ” l s ” ( 35, 40) ( 35, 120) 
��
( 4 5 , 1 2 0 ) ( 4 5 , 4 0 ) c o l o r black 
��
f i l l e d f i l l C o l o r dark Gray

polygon ” cs” ( 110, 40) ( 110, 120) 
��
( 1 20 , 12 0) ( 12 0 , 4 0 ) f i l l e d

polygon ” r s ” ( 185, 40) ( 185, 120) 
��
( 1 95 , 12 0) ( 19 5 , 4 0 ) f i l l e d

polygon ” d1” ( 30, 90) ( 30, 100) 
��
( 5 0 , 1 0 0 ) ( 5 0 , 9 0 ) f i l l e d 
��
f i l l C o l o r gold

polygon ” d2” ( 25, 100) ( 25, 110) 
��
( 5 5 , 1 1 0 ) ( 5 5 , 1 0 0 ) f i l l e d

polygon ” d3” ( 20, 110) ( 20, 120) 
��
( 6 0 , 1 2 0 ) ( 6 0 , 1 1 0 ) f i l l e d

�
�

p o l y l i n e ” p” ( 35 , 90) ( 35, 20) 
��
( 1 10 , 20 ) ( 1 10 , 11 0 ) hidden

move ” d1” v i a ” p” with in 10 t i c k s
�
�

p o l y l i n e ” p0” ( 35 , 100) ( 35, 20) 
��
( 1 85 , 20 ) ( 1 85 , 11 0 ) hidden

move ” d2” v i a ” p0” with in 10 t i c k s
�
# ( . . . sk i ppi ng 20 l i nes of code . . . )
�

p o l y l i n e ” p5” ( 35 , 110) ( 35, 20) 
��
( 1 1 0 , 2 0 ) ( 1 1 0 , 9 0 ) hidden

move ” d1” v i a ” p5” with in 10 t i c k s
�
t e x t ” t T ex t ” ” # Moves: 7 ” a t ( 113, 140) 
��

centered f o n t S a n s S e r i f s i z e 16 bold� ��

Figure2: ANIMALSCRIPT for Towers of Hanoianimation

This quick overview of ANIMALSCRIPT’s featurescovers
the basic operationsavailable in ANIMAL. The ANIMAL

Webpagealsocontainsasummaryof ANIMALSCRIPT com-
mands.BasicANIMALSCRIPT is veryusefulfor all standard
animationpurposes,but lacksmany advancedfeaturessuch
as array or source codesupport. Theseare addressedby
theextendedANIMALSCRIPT functionalitydescribedin the
next section.



3 Extended ANIMALSCRIPT Functionality

ANIMALSCRIPT providessomeextendedfunctionality that
offersmorecomfortableaccessto ”hidden” featuresof AN-
IMAL. The simplestextendedcommandis the group / un-
groupdirectivewhich tells ANIMALSCRIPT to groupall ob-
ject IDs passedin asoneobjectfor thenext steps,andthus
freestheuserfrom muchtyping.

List linking allows theuserto setor clearthepointersof list
elementswith a singlecommand. In keepingwith pointer
semantics,the useronly hasto specify the target objectby
its ID, anddoesnothaveto worry abouttheexactlocationof
thepointer. This takesa lot of administrative book-keeping
from theuser, comparedto othersystemswheretheprecise
targetlocationmustbegiven.

ANIMALSCRIPT providesfull arraysupportfor bothvertical
andhorizontalalignments.This includestheinstallationand
moving of arrayindex pointerswith anoptionallabelaswell
astheput andswap operations.As the last two operations
may have an effect on the width of the arraycells after the
first affectedelement,the layoutof thearrayis updated,in-
cludingthepossiblemoving of existingarraypointers.Thus,
sortinganarrayusingANIMALSCRIPT is veryeasyandcon-
sistsmostlyof a sequenceof arraySwap andmovePointer
commandsfor changingthe elementsandmoving the (op-
tional) index pointers. Stacks are also supported,offering
thepush, pop, clear andhide operations.

ANIMALSCRIPT alsoprovidesfull sourcecodeembedding.
For this purpose,theuserdeclaresa codeGroup with some
formattingoptions,suchasthefont to beused,andgivesthe
upperleft corner. Individualcodelinesor codeline elements
canthenbe addedto the codegroup,includingan optional
indentationdepth.Thecodeis laid out dynamically. Source
codehighlighting is easilyaccomplishedby commandsthat
allow the userto highlight a given line or line segmentas
eitherthecurrentcommandor thecurrentcontext.

All elementsmaybepositionedin oneof thefollowingways:

� usingabsolutecoordinatessuchas(10, 20) ,

� relative to anedgeof anotherobject’sboundingbox,

� relative to anarbitrary nodeof a given(polyline) object,

� or relative to the last locationused.

Figure3showsboththepowerof relativeplacementandAN-
IMALSCRIPT’s supportof list elements.

One of the most helpful featuresof ANIMALSCRIPT dur-
ing animationdevelopment,however, is theecho command.
This commandcanbe usedto print out the location of ob-
jects(their upperleft corner)or their boundingbox. It can
alsobeusedto print the ids of groupedobjects,or show the
ids of all currentlyvisible objects.For assertions,echo can
print out thecurrentvalue,andit canalsoprint outany given

� �
% Animal 1 . 4
�

codegroup ” code” ( 10, 50)
addCodeLine ” Generate f i r s t ” to ” code”
addCodeLine ” Generate second” to ” code”
addCodeLine ” Generate t h i r d ” to ” code”
addCodeLine ” L i nk f i r s t , second” to 
��

” code”
addCodeLine ” L i nk second , t h i r d ” to 
��

” code”
�
�

l i s t E l e m e n t ” l 0 ” ( 1 0 , 0 ) p o i n t e r s 1
hig h l ig htCo de on ” code” l i n e 0

�
�

l i s t E l e m e n t ” l 1 ” o f f s e t ( 5 0 , 0 ) 

from ” l 0 ” NE p o i n t e r s 1

unhig h l ig htCode on ” code” l i n e 0
hig h l ig htCo de on ” code” l i n e 1

�
�

l i st E l em ” l 2 ” move ( 5 0 , 0 ) p o i n t e r s 1
unhig h l ig htCode on ” code” l i n e 1
hig h l ig htCo de on ” code” l i n e 2

�
�

se tLink ” l 0 ” to ” l 1 ”
unhig h l ig htCode on ” code” l i n e 2
hig h l ig htCo de on ” code” l i n e 3

�
�

se tLink ” l 1 ” to ” l 2 ” with in 10 t i c k s
unhig h l ig htCode on ” code” l i n e 3
hig h l ig htCo de on ” code” l i n e 4

�
unhig h l ig htCode on ” code” l i n e 4� ��

Figure3: ANIMALSCRIPT codefor objectplacement



text to the standardoutput. Thus,echo is a very powerful
help during animationdevelopmentin pinpointing the pre-
cise reasonwhy somethingdid no go the way it was sup-
posedto. Of course,echo canalsobe turnedoff. Figure4
illustratesthe scripting power of echo, assumingthe same
animationstateasshown in figure 1. The resultingsystem
outputis shown in figure5.

� �
# show top r i gh t cor ner of l e f t st a f f
echo l o c a t i o n : o f f s e t ( 0 , 0 ) from ” l s ” NE
# gr oup di sk 1 , 2 t oget her
group ” d1d2” ” d1” ” d2”
# show t he boundi ng box of t he two d i sks
echo boundingBox : ” d1d2”
# show t he i ds of t he composi te ob j ec t
echo i ds : ” d1d2”
# F i na l l y , p r i n t a si mpl e t ex t
echo t e x t : ” Echo demo! ”� ��

Figure4: Theechocommand(appendedto codein figure2)

� �
# l ocat i on : ( 4 5 , 4 0 )
# ” d1d2 ” has bounds ( 105, 110) , ( 205 , 120)
# ” d1d2 ” has ID ( s ) 13 14
# Echo demo!� ��

Figure5: Outputof theechocommand

In orderto addressthewidestpossibletargetaudiencewith
animations,all ANIMALSCRIPT text entriesmay be given
eitherasa literal string or asa sequenceof localizedtexts.
In the latter case,the text componentis placedin parenthe-
ses(), and eachcomponentis prefixed with the language
codefollowed by a colon: (de: ”Ja” en: ”Yes” fr: ”Oui”).
Onloadingtheanimation,ANIMALSCRIPT promptstheuser
for the languageto beusedfor theanimation’s display, and
will layout all componentsaccordingly. Due to the possi-
bility of using relative coordinates,it is usually sufficient
to generateoneanimationwith multiple languagesembed-
ded. Additional extendedfeaturesof ANIMALSCRIPT in-
clude assertionchecking, block charts and stop-and-think
questionsasusedin the JHAVÉ [2] systemnow alsousing
ANIMALSCRIPT.

4 Dynamic Component Determination

While ANIMALSCRIPT alreadyprovidesmany helpful fea-
turesfor animationgeneration,usersareboundto find some
featuresthey considernecessaryor at leasthelpfulwhichare
notyetcoveredin theextendedANIMALSCRIPT functional-
ity. For this purpose,we have designedANIMALSCRIPT in
away thatallowsfor easyextensionsby otherprogrammers.

ANIMALSCRIPT relieson a registrationfile listing all avail-
ablecomponents.This file may be locatedin the directory
whereANIMALSCRIPT is called, or anywherein the Java
CLASSPATH. ANIMALSCRIPT will first look for thefile in
thecurrentdirectory, allowing theuserto haveauniquereg-
istrationfile in eachdirectory. The registrationfile simply
lists the fully qualified Java classnamescontainingANI-
MALSCRIPT primitives,asshown in figure 6. The upcom-
ing releaseof ANIMAL will alsoallow theuserto changethis
registrationfile while thesystemis running.

� �
an i mal scr i p t . core . BaseA dmi nParser
an i mal scr i p t . core . BaseA ni matorParser
an i mal scr i p t . core . B aseObj ect Par ser
an i mal scr i p t . ex t ensi ons . A r raySuppor t
an i mal scr i p t . ex t ensi ons . CodeSuppor t
an i mal scr i p t . ex t ensi ons . St ack Suppor t� ��

Figure6: ExampleANIMALSCRIPT registrationfile

When ANIMALSCRIPT is started,it readsin the registra-
tion file andtries to load the classesgiven in the file. Each
classis testedfor validity by checkingwhether it imple-
mentsthe AnimalScriptInterface andextendsan-
imalscript.core.BasicParser . This is necessary
for correcthandlingof thefollowing operations.

If the currently examinedclassis valid, ANIMALSCRIPT

queriesa hashtable of keywords included in eachclass,
whichmapsthekeywordto themethodnameto invoke. The
keywords extractedfrom the hashtable are addedto AN-
IMALSCRIPT’s internal masterhashtable of handledkey-
words. In this hashtable, the keyword is not mappedto a
method, but to the class responsiblefor handlingthe key-
word.

After thehashtableis built, ANIMALSCRIPT startsparsing
theinput. Wheneveranon-commentline is encountered,the
first entry is extractedand interpretedasa keyword. ANI-
MALSCRIPT now looksfor thiskey in its hashtable,andif a
fitting entry is found,passesthekeyword alongto thetarget
classand its appropriatehandlermethodfor parsing. Af-
ter thecurrentline is fully parsed,thecontrol returnsto the
main ANIMALSCRIPT classandtheprocesscontinuesuntil
thewholeinputfile hasbeenparsed.

5 Adding New Primitives or Animation Effects

The main requirementsfor new classescanbe summarized
asfollows:

1. make sure the new class extends the BasicParser
class for parsing support and implementsthe Ani-
malScriptInterface method;



2. implementanumberof methodsfor parsingthenew com-
mands,� whetheradministrative, graphicprimitivesor ani-
mationeffects,

3. initialize the class-specifichash table of handledkey-
words.

Addingnew graphicprimitivesor animationeffectsrequires
a certainknowledgeof Java and programmingin general.
ANIMALSCRIPT comeswith an extensive set for parsing
supportmethods,so that actuallyparsingthe input datais
comparatively easyto accomplish. This includessupport
for parsingkeywords,optionalparameters,comments,color
specification,absoluteor relative coordinates,andlocalized
texts. Usually, eachelementin a new commanddefinition
requiresonemethodcall in theparsingsupportclass.

Furthermore,we arecurrentlyworking on implementingan
auxiliaryAPI thatwill generatetheparsercodefrom agiven
extendedBackus-Naur-Form. Oncethiswork is finishedand
madeavailable on the Web, future programmersof ANI-
MALSCRIPT will only have to programthe actualgraphic
operationsandthedisplayoperations.

Internally, ANIMALSCRIPT usesthreehashtablesfor keep-
ing trackof objects.Thefirst hashtableis usedfor mapping
thenamesof objectsto their internalnumericID, andis es-
pecially helpful for the swapoperations.The secondhash
table holds the typesfor all objectsgiven by ID, and thus
allowsfor easyaccesschecking.For example,basicallypos-
siblebut unsupportedoperationssuchasrotatinga text can
bedetectedin this way. The third andmostimportanthash
table containsthe propertiesof the individual objectsand
objecttypes.This is alsotheplacewheredefaultvaluesfor
optionalparametersarestoredandretrieved.Thus,program-
mersalsohave to make surethat they updatethethreehash
tablesin their implementations.Notethat theadvancedfea-
turessuchas relativepositioningwork for all objecttypes,
so that implementorsof new featuresneednot take careof
them.

6 Conc lusions

We have provided an overview of the basicand advanced
featuresof ANIMALSCRIPT. Apart from the ”standard”
operationscommonto today’s visualizationsystems,ANI-
MALSCRIPT provides several featuresthat supportvisual-
izationdebugging(echo ), objectpositioningusingrelative
placement,andlocalizedinternationalversionswithin asin-
gleanimation.

The main advantagesof ANIMALSCRIPT, however, lies in
theeasyapproachtakenfor extendingthefunctionality. This
requiresonly a limited amountof programmingskill andfa-
miliarity with Java. It is not necessaryto readexisting AN-
IMALSCRIPT code,let alonemodify it to any extent. The
programmerneedonly changea singleline in a registration
file to addor removesupportedparsecomponents.Oncethe

BNF parserwecurrentlydevelopis finished,generatingnew
ANIMALSCRIPT supportclasseswill becomeeveneasier.

Note: ANIMAL is available for download on the WWW
at http://www.informatik.uni- siegen.d e/
˜roesslin/Animal/index.html . ANIMALSCRIPT

is alreadyembeddedin thecurrentdistributionof ANIMAL.
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