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1 Intr oduction

ANIMAL is a compact,efficient andeasyto useanimationtool developedat theUni-
versityof Siegenstartingin 1998.Themotivationfor developingANIMAL camefrom
a lack of satisfyingtools for animationsthat areboth easyto generateandedit and
helpful in lectures.

ANIMAL is anacronym for A NEW INTERACTIVE MODELER FOR ANIMATIONS

IN LECTURES, which alreadyshows themainareaof usagefor ANIMAL.
ANIMAL ’s strengthslie mainly in thefollowing areas:

� veryeasyto usegraphicinterfaceincorporatingdrag anddrop,

� animationscanbe automaticallygeneratedusingeither the scripting language
ANIMALSCRIPT or theANIMALGENERATOR API,

� platformneutralimplementationin Java,

� high flexibility .

On first usingANIMAL , the programmight appearsomewhat limited in the ani-
mationeffectsaswell astheprimitive graphictypesoffered.Otherprogramsseemto
offer a farmoreoperationsat first glance.

However, a closerlook will quick revealthat this impressionis not necessarilyac-
curate.Someotherprogramstendto offer thesamebasiceffect not asa configurable
effect, but ratherasa collectionof effects. ANIMAL offershighly flexible, adaptable
effects that can usually perform the sameother animationprogramsalso offer - al-
thoughthelist of “supportedeffects” at first seemsmuchshorter. Checkout section4
onpage6 for anin-depthdescriptionof thebasiceffectsavailableandwhatoperations
canbedoneby usingthemwisely.

Finally, thehigh flexibility mentionedabovecomesfrom thesimplefactthatprac-
tically all operationsandobjectsANIMAL usesareeasyto edit andadaptto specific
needs.Furthermore,the availableobjector animationeffect typesarenot codeddi-
rectly into theimplementation.Thus,developersshouldfind it veryeasyto addexten-
sionsto ANIMAL withouthaving to touchmuchexistingcode.

Usingthenew additionsto ANIMAL, it is very easyto generateinterestinganima-
tionsto enhanceviewers’motivationandunderstandingof thetopicspresented.

ANIMAL is freely available on the World Wide Web, completewith a extensive
collectionof animationsincludingscreenshotsanddescription.Checkout theofficial
ANIMAL Homepageat Home Page
http://www.informatik.uni- siegen.de/˜ inf/An imal/ index .html

for moreinformation.
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2 Requirements

ANIMAL is implementedcompletelyin Java. Thismeansseveralthings,oneof which Java
beingthattheperformanceis - alas- at timessomewhatslower thanonemightwish.

It alsomeans,however, that thehardware / software requirementsfor usingANI-
MAL arevery easyto specify: your computermustbeableto run Java. This is some-
thing thatpracticallyall currentcomputermodelscando,althoughwith a wide differ-
encein performance.We recommendamoderatelymoderncomputerwith a “enough”
RAM, sinceJava itself is somewhatmemory-intensiveon mostplatforms.For exam-
ple,ANIMAL runssmoothlyon my laptop(PentiumII Mobile, 300MHz, with 64 MB
RAM).

As statedabove, ANIMAL is implementedcompletelyin 100%Pure Java, using JDK: 1.1.5+
SUN’s JDK 1.1.5or above. Theonly furtherrequirementis Swing , thegraphicpack- Swing 1.1.1
agecollectionthatprovidesafarmoreattractivealternativeto Java’soriginalAbstract
WindowingToolkit (AWT). ANIMAL is currentlyonly availablefor thecurrentSwing
1.1.1 releasealsoincludedin JDK 1.2+.

ANIMAL hasbeendevelopedbothon Digital AlphaStation runningDigital OSF Testedplatforms
v4.0 – alsoknownasDigital Unix –andIntel-basedcomputersrunningLinux, FreeBSD,
Windows 95 / 98 andWindows NT. It hasalsobeentestedonanApple Powerbook
andthusunderscoresJava’s claimof “write once,run everywhere”.

Notethatchangesin theclasslibraries,especiallytherenamingof theSwing pack- JDK support
ages,preventsusfrom providing supportfor bothJDK 1.1.5+andJDK 1.2 / 2.0with
thesamesourcecode.ThebinaryJava codefor JDK 1.1.5+ will rununderJDK 1.2,
sothis is themainreleasewe support
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3 Starting and Playing ANI M AL Animations

ANIMAL ’sanimationplayeris includedin ANIMAL andis alsousefulfor checkingthe
animationcurrentlyunderdevelopment.

To starttheplayer, simply typethefollowing command: Starting
java animal.main.Animal

If this leadsto thefollowing message
Can’t find class animal.main.Animal

you mustupdateyourCLASSPATH environmentvariablefirst to includethe AN-
IMAL archive file Animal.jar. This is usually doneby locating the placewhere CLASSPATH

CLASSPATH is setandappendinganentrylike
C:
�
Java

�
Animal.jar

for Windows users,or
$HOME/Java/Animal.jar

for usersof UNIX-basedoperatingsystems.If you areunfamiliar with how to do
this, take a look at theJava documentationwhich shouldincludinginformationabout
settingtheCLASSPATH.

To start the ANIMAL animationplayer, choosethe entryShow Animation in Start Player
theEdit menuof ANIMAL ’smainwindow shown in figures3 onpage7. Seefigure4
on page8 for ascreenshotof this operation.

Theplayeritself consistsof a singlewindow with videoplayer-like functionality,
magnificationsettingandstepchoice. Figure1 on the next pageshows an example
window.

Most of theplayeris takenup by theanimationcanvasin which theactualanima-
tion is shown.

Below this arethecontrolsfor thecurrentanimation.Theseconsistof a seriesof Components
buttonswhich areusedto

� jump to theanimation’sfirst step ��� ; Jump to first �	�
� go to the previousstepwithout playing out the animatorscontainedin the step
�
� ; Previous Step ���

� pausebeforechangingtheto thenext step ��� ; Pause �
�
Notethat this is only usefulif thereis a timedlink betweenthecurrentstepand
thenext step.

� play thecurrentstep,ie. activateall animators� ; Play step �
� go to the next stepwithout playing out the animatorscontainedin the stepen- Next Step ���

suremath¿¿;

� jump to theanimation’s laststep ��� . Last Step �	�
Thenext componentis a slider showing how far theanimationhasprogressed.By StepSlider

clicking on the slider icon and draggingthe mouse,a “skip forward” effect can be
obtained,resultingin a executionof the stepsdraggedover. The slider canthusalso
be usedto jump to a differentstep(whetherbackward or forward) in the animation.
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Figure1: ANIMAL Playerfront end

Notethatthis maycauseproblemswhile generatinganimations,asthenumbersof the
animationstepsneednotbealwayssequential.If youencountersuchproblems,simply
saveyouranimationandreloadit, andtheproblemshouldbesolved.

Thenext componentallows theuserto selecta magnificationfor thedisplay. This Magnification
is especiallyhelpfulfor verybroador highanimations,grabbingscreenshotsor scaling
thecomponentsto allow a switchfrom computerpresentationto beamerpresentation
in lectures.

Dueto scalinganomalities,only thefollowing “sane”scalingfactorsaresupported:

� 50%,

� 71%,

� 100%(default),

� 141%,

� 200%
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4 GeneratingA NewAnimation UsingANI M AL SCRI PT

In this example,you will usea few simplestepsto generatea short but interesting
animationaboutthe behavior of the datastructuresingly-linked list. This animation
will illustratehow to useANIMAL to easilyvisually build animations.

Thefinal resultof thisprocesswill look roughlyasfollows: Result

Figure2: Final resultof thetutorialanimation

Don’t worry, reachingthis resultis really not difficult. But now, let’sgetgoing!

4.1 Preparation for the newAnimation

GeneratinganimationsusingANIMALSCRIPTbasicallyonly requiresanarbitrarytext
editor. So,startyourfavouritetext editoronanew file called– for example–demo.asu.
Notethattheextension.asuis reservedfor uncompressedANIMALSCRIPT. asu

ANIMALSCRIPTfiles generallystartwith thefollowing headerline:

%Animal 1 . 4

Make this the first line of the file andend it with Return. Note that the version
number1.4givenin thefile reflectstheversionof ANIMALSCRIPTusedandthusmay
changein thefuture.

Next, youmightwantto givesomeinformationabouttheanimationitself. Append
thesefollowing lines,exchangingthetitle andauthoraccordingto yourwishes:

t i t l e ” A ni mal Scr i pt T ut or i al A ni mat i on ”
aut hor ” Gui do Roessl i ng � roessl i ng@acm . org � ”

Now, youcanalreadystartANIMAL andloadin youranimation.StarttheANIMAL

playerasdescribedon page4. After a while spenton initialization and loading the Main Window
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initial animation,(at least)ANIMAL ’s main window is shown. The main window is
shown in figure3.

Figure3: ANIMAL ’s Main Window

This window containsmenusfor file operations(File), openingandclosingthe Menus
windows(Edit) usedfor editingandviewing theanimation,settingtheOptions(menu
Options), andHelp. Furthermore,it hasa list of buttonswhich serve asa shortcut
for – from left to right – New Animation,LoadAnimation,InputANIMALSCRIPT, Save
Animation,SaveAnimationAs�����

SelectLoad in oneof thefollowing ways:

� Click onthesecondbuttonin ANIMAL ’smainwindow showing aopenedfolder,

� or click on themenuFile andselectits secondentry, Load.

Youcanalsouseshortcutsby pressingtheshortcutkey andtheletterhighlighted Shortcuts
in the menu- in this case,L, so pressbothALT andL, andthe menuwill be
displayed.If not, you probablyhave to replaceALT by CTRL. If this doesnot
work either, askyoursystemadministratorfor thelocal configurationdetails.

After themenuis shown, pressingL – thelettershown aftertheentryLoad – is
thesameasclicking onNew.

You canseethetitle andauthorinformationin theAnimationInformation. Select
themenuHelp andthenAbout this Animation to show theinformationdialog.

4.2 Generating the Title

Thefirst thingwearegoingto generateis theappropriatetitle. As this is asimpletext,
weusethetext commandasfollows:
text ”header” ” List elementdemo” at (20,30)
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Figure4: Selectingthedisplayedwindows. Here,bothAnimationandDraw Window
areopened.

Reloadyour animation,andyou shouldseetheheader, but possiblynot quitewith
theright “look”. To changethis,we assigntheheadera new font: SansSerif, size24,
bold. To do so,simplychangetheline to thefollowing:

t ex t ” header ” ” L i st el ement demo” at ( 2 0 , 30 )
�

f on t SansSer i f si ze 24 bol d

However, do not break the line in your editor! All ANIMALSCRIPTcommands
mustbe given in a single line, so you shouldprobablyturn off word wrapping, too.
Dueto spacelimitations,thecommanddoesnotfit in asingleline in thisdisplay. Your
commandlinescanhaveanarbitrarylengthin thefile, though.

Reloadingtheanimationwill show you a somewhatmoreappropriatesettingfor a
title. Also noticethatANIMAL hassetthetext color to thedefault color black without
yoursayingso.

Now, wewantto underscoretheimportanceof thetitle by placingafilled rectangle
below thetitle. This requirestheuseof a secondcommand,rectangle.

Thereis a small problemin doing so, however. Do you know just how high and
wide thetext is?Experimentingwith differentsettingwouldberathertime-consuming
andtiresome,afterall ����� .

Luckily, ANIMALSCRIPTaddressesthis problemby allowing relativeplacement.
Insteadof giving theabsolutecoordinatesfor therectanglepoints,you cansubstitute
one(or all) of themusingoffsetsfrom anotherobject. In this case,we know that the
rectangleshouldcoverthewholetext, soit shouldstartabit to theupperleft of thetext
andextendto thetext’s lower right.

Try thefollowing line andseewhathappenswhenyou reloadtheanimation:

f on t SansSer i f si ze 24 bol d
r ect an gl e ” hRect ” o f f set ( � 5, � 5) f r om ” header ” NW

�
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Youwill now seetwodifferentanimationsteps,aseachANIMALSCRIPTcommand
normally startsa new animationstep. To make sureboth commandsareexecutedin
thesamestep,put anopeningcurly brace � in a singleline beforethe text command,
anda matchingclosingbrace � in a separateline after the rectanglecommand.Now
reloadandseewhathappens.

Hmmm����� the rectanglecompletelyhidesthe text! This is not really surprising,
as ANIMAL draws the objectsin the order they werespecified. Changingthe order
of thecommandswill not work, asthe rectanglewill thennot have accessto the text
coordinates.However, ANIMALSCRIPTalsoofferstheoptionaldepth attribute for all
graphicobjects.depth influencesthe orderin which objectsaredrawn: objectswith
lessdeptharecloserto theforeground, andwill bedrawn afterobjectthatlie “deeper”.
Therefore,changeyour linesto thefollowing:

�
t ex t ” header ” ” L i st el ement demo” at ( 2 y0 , 30 )

�
dept h 1 f on t SansSer i f si ze 24 bol d

r ect an gl e ” hRect ” o f f set ( � 5, � 5) f r om ” header ” NW
�

o f f set ( 5 , 5 ) f r om ” header ” SE dept h 2
�

f i l l ed f i l l C o l o r whi t e
�

Reloadandseethatnow theheaderbehavesproperly.
You mightalsotry addingthefollowing line to youranimation:

echobounds: ”header”
This will outputtheexactboundingbox of the title whenthe animationis loaded

in.

4.3 Embedding CodeLines

Now, we aregoingto enterthecodedescribingthecommandsof this animation.This
consistsof thefollowing text entries:

� 1. Generate first list element

� 2. Set link of first list element to null

� 3. Generate new list element

� 4. Clear link of second list element

� 5. Link first with second list element

� 6. Generate new list element

� 7. Link new with second list element

� 8. Link first with new element

� 9. Transform into ’nice’ list structure
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To enterthiscode,youcouldusethetext commandasshown previously. However,
ANIMALSCRIPTalso offers the conceptof a codegroup of relatedlines of code(in
this case,pseudocode!) which allows operationssuchas indentationandespecially
highlighting.

To generateanew codegroup,typein thefollowing command:
codeGroup ”listSource” at (10,200) color black highlightColor red

Note that this commandwill not entera new graphicobjectat all, but will only
prepareANIMAL for handlingcodelines. The coordinate(10, 200) is the upper
left corner for thecodegroup.Insteadof theabsolutecoordinates,youcouldalsohave
usedrelativeplacement, for example
codeGroup ”listSource” offset (0, 80) fr om ”hRect” SW color black

To enterthecodeelements,youshouldplacethemincludingthecodeGroup com-
mandinside a single animationstep,so that they will all appearat the sametime.
Therefore,putcurly bracesin theline beforeandafterthecodeGroup command.

Enteringa new codefragmentis veryeasy- you only have to say
addCodeLine”text” to ”codeGroupID”

In our case,simply enterthefollowing commands:

�
codeGr oup ” l i st Sour ce ” at ( 1 0 , 2 0 0 ) col or b l ack

�
h i gh l i gh t C ol or r ed

addCodeL ine ” 1 . Generate f i r s t l i s t el ement ”
�

t o ” l i st Sour ce ”
addCodeL ine ” 2 . Set l i nk of f i r s t l i s t el ement t o nul l ”

�
t o ” l i st Sour ce ”

addCodeL ine ” 3 . Generate new l i s t el ement ”
�

t o ” l i st Sour ce ”
addCodeL ine ” 4 . Cl ear l i nk of second l i s t el ement ”

�
t o ” l i st Sour ce ”

addCodeL ine ” 5 . L i nk f i r s t w i th second l i s t el ement ”
�

t o ” l i st Sour ce ”
addCodeL ine ” 6 . Generate new l i s t el ement ”

�
t o ” l i st Sour ce ”

addCodeL ine ” 7 . L i nk new wi th second el ement ”
�

t o ” l i st Sour ce ”
addCodeL ine ” 8 . L i nk f i r s t w i th new el ement ”

�
t o ” l i st Sour ce ”

addCodeL ine ” 9 . T ransf orm i n t o ’ ni ce ’ l i s t st r uc t u r e ”
�

t o ” l i st Sour ce ”
�

Again,keepin mind thatthesecommandsmustall appearon asingleline each,so
continuelineswhenevera backslash

�
is shown in thelisting.
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4.4 CodeHighlighting

Now that the preparationsaredone,we canstartwith the contentsof this animation.
The first commandto be executedis the first codeline. To show this execution,you
canhighlight thecodeline asfollows:

h i gh l i gh t Code on ” l i st Sour ce ” l i n e 0

Notethatasis usualin C andJava, ANIMALSCRIPTstartscountingat0, sothefirst
codeline hasnumber0.

Theeffectof this statementasshown on reloadingtheanimationis settingtheline
in its highlightColor red. Checkthe codeGroup commandyou entered– the color
red wasexplicitly givenasthehighlight color. If you preferothercolors,feel free to
changethisentry.

4.5 GeneratingA List Element

Now that the commandhasbeenhighlighted,you cangeneratethe first list element.
This is doneusingthe listElement commandasfollows:
listelement ” firstListElem” (100,80) pointers 1

However, this leaves the elementwithout a text entry. Therefore,insert a text
”Elem 1” betweenthecoordinatesandthepointers command.Furthermore,theele-
mentshouldnot beshown at once,aswe first want to draw attentionto thecommand
itself. Therefore,usethecommandasfollows:

l i st el em en t ” elemA ” ( 10 0 , 80 ) t ex t ” Elem1” p oi n t er s 1
�

af t er 20 t i ck s

Theafter commanddeterminestheamountof time to wait until theactionis per-
formed- in this case,20 ticks will take placebeforetheelementis shown. Ticks are
anANIMAL -internaltime unit thatallows for smoothereffectsthanprecisetiming on
amillisecondbasedoes1.

Onreloadingtheanimation,youwill find thattheoperationshaveendedonseparate
steps,sochangethecodeto includecurly bracesaroundthetwo commands.

4.6 Highlighting and Unhighlighting Code

Next, you shouldstartworking on the secondcommand.This requiresthe following
operationsto takeplacein onestep:

� unhighlightthefirst line of code(line 0),

� highlight thesecondline of code(line 1),

� clearthelink of thenew list element.
1If you arewonderingaboutthis, notethatstatementslike after 200ms requirethecomputerto actat a

precisepoint of time, or performall operationswithin a presiceamountof time. If thecomputeris busyor
theactionsaretime-consumingto perform,it mayfall behindthescheduleandtry to catchup by skipping
intermediateanimationframes.Thiswill oftenleadto a jerky display.
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If you paidcloseattention,the secondoperationshouldnot poseany problemby
now. Ratherunsurprisingly, the commandfor unhighlightingcodeis calledunhigh-
lightCode.

Finally, the commandfor clearing a link is calledclearLink andrequiresyou to
give thenameof theobjectto betreatedthis way.

Thus,thenext commandsshouldlook asfollows:

�
unh i gh l i gh t Code on ” l i st Sour ce ” l i n e 0
h i gh l i gh t Code on ” l i st Sour ce ” l i n e 1
cl ear L i nk ” elemA ”

�
Now, we will repeattheseactionsto generatethe next list element,clear its link,

andupdatethesourcehighlightingaccordingly. Thesecondelementshouldbeplaced
to the right of the first list element,say(130,0) from the first list element’s top right
corner(calledNW). Thecommandsthuslook asfollows:

�
unh i gh l i gh t Code on ” l i st Sour ce ” l i n e 1
h i gh l i gh t Code on ” l i st Sour ce ” l i n e 2
l i st el em en t ” elemB ” of f set ( 1 3 0 , 0 ) f r om ” elemA ” NE

�
t ex t ” Elem2” p oi n t er s 1

�
�

unh i gh l i gh t Code on ” l i st Sour ce ” l i n e 2
h i gh l i gh t Code on ” l i st Sour ce ” l i n e 3
cl ear L i nk ” elemB ”

�

4.7 Linking list elements

The next commandrequiresyou to link the two list elements.This is easilyaccom-
plishedusingthesetLink command,which expectsfirst thenameof thebaselist ele-
ment, thenthekeyword to andthetarget list element’sname. In thiscase,theoperation
shouldalsotake acertainamountof time, for examplethe20 ticks usedbefore.

Therequiredcommandsareasfollows:

�
unh i gh l i gh t Code on ” l i st Sour ce ” l i n e 3
h i gh l i gh t Code on ” l i st Sour ce ” l i n e 4
set L i nk ” elemA ” t o ” elemB ” wi t h i n 20 t i ck s

�
Note that the within keyword definesthe duration of an operation,while after

definestheoffset. If both areused,youhave to specifytheoffsetfirst.
I will leave the generationof the next few stepsasa small exercise. Using what

you have donebefore,it shouldnot be difficult to updatethe codehighlighting, gen-
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eratea new list elementcalledelemC, andsettingthelinks betweenthelist elements.
However, thecompletecodeis alsogiveabit laterin this document.

Pleaseplacethenew list elementroughlyin themiddleof thetwo elements,but not
precisely. For example,placeit atoffset(80,50) from theNW of thefirst list element.

4.8 Moving objects

Thelaststepcallsfor transformingthelist into a nicestructure.To do so,you have to
performthefollowing actions:

� Updatingthecodehighlight for thelastline of code(notdescribedhere),

� movethenewelementbetweenthetwo list elementswithoutchangingits pointer,

� movethefirst list element’spointer without moving therestof theobject.

The last two operationscall for a move operationwhich is quitedifficult, but also
showshow powerful ANIMALSCRIPTis.

Note that the boundingbox of any objectis a rectangleencapsulatingall compo-
nentsof theelement.Thus,theboundingbox of themiddle list element(the lastone
you inserted)alsoincludesthepointer to thelastlist element.If youusedtheposition-
ing givenabove,you will noticethatthepointerextendstheboundsto thetop andthe
right.

Now, we wantto moveboththenew list element– withoutchangingits pointer! –
and setthefirst element’s pointerwithout changingtheelement’s position. To do so,
wefirst haveto decideon how to movetheelements.Thefollowing screenshotshould
behelpful,showing theboundingbox of theelements.

If you take a closelook, you will find thatyou canusethefollowing edgesof the
boundingboxesfor preciseplacement:

� themiddleelement’s SE corner, asthis includesthebaseline of theobjectand
thepointerlocation;

� the SW cornerof the last list element,asthis givesthe target baselineand the
targetcoordinatesfor thepointer.

First, we will generatea line objectwith thesecoordinatesthat shouldbemarked
ashidden to preventit from disturbingthedisplay:
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l i n e ” moveL i ne1” o f f set ( 0 , 0 ) f r om ” elemC” SE
�

o f f set ( 0 , 0 ) f r om ” elemB ” SW hi dden

Now, we canusethis line for moving bothobjects.However, we have to usetwo
specialsubtypesof themovecommandfor this purpose:

� for settingonly the pointerwithout changingthe element,we needa move of
type “setTip #1”

� and for only setting the pointer without moving the element,we need type
”translateW ithFixedTip”

Thefollowing codedoesthetrick:

move ” elemC” t ype ” t r ansl at eW i t hFi x edT i p ”
�

v i a ” moveL i ne1” af t er 20 t i ck s wi t h i n 20 t i ck s
move ” elemA ” t ype ” set T i p #1” v i a ” moveL i ne1”

�
af t er 20 ms wi t h i n 20 t i ck s

And now ����� theanimationis finished!Simply reloadandenjoy.
Thecompleteanimationcodeis asfollows:

%Animal 1 . 4
t i t l e ” A ni mal Scr i pt T ut or i al A ni mat i on ”
aut hor ” Gui do Roessl i ng � roessl i ng@acm . org � ”
t ex t ” header ” ” L i st el ement demo” at ( 2 0 , 30 )

�
f on t SansSer i f si ze 24 bol d

r ect an gl e ” hRect ” o f f set ( � 5, � 5) f r om ” header ” NW
�

o f f set ( 5 , 5 ) f r om ” header ” SE f i l l ed f i l l C o l or whi t e
�
t ex t ” header ” ” L i st el ement demo” at ( 2 y0 , 30 )

�
dept h 1 f on t SansSer i f si ze 24 bol d

r ect an gl e ” hRect ” o f f set ( � 5, � 5) f r om ” header ” NW
�

o f f set ( 5 , 5 ) f r om ” header ” SE dept h 2
�

f i l l ed f i l l C o l o r whi t e
�
�
codeGr oup ” l i st Sour ce ” at ( 1 0 , 2 0 0 ) col or b l ack

�
h i gh l i gh t C ol or r ed

addCodeL ine ” 1 . Generate f i r s t l i s t el ement ”
�

t o ” l i st Sour ce ”
addCodeL ine ” 2 . Set l i nk of f i r s t l i s t el ement t o nul l ”

�
t o ” l i st Sour ce ”

addCodeL ine ” 3 . Generate new l i s t el ement ”
�

t o ” l i st Sour ce ”
addCodeL ine ” 4 . Cl ear l i nk of second l i s t el ement ”

�
t o ” l i st Sour ce ”
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addCodeL ine ” 5 . L i nk f i r s t w i th second l i s t el ement ”
�

t o ” l i st Sour ce ”
addCodeL ine ” 6 . Generate new l i s t el ement ”

�
t o ” l i st Sour ce ”

addCodeL ine ” 7 . L i nk new wi th second el ement ”
�

t o ” l i st Sour ce ”
addCodeL ine ” 8 . L i nk f i r s t w i th new el ement ”

�
t o ” l i st Sour ce ”

addCodeL ine ” 9 . T ransf orm i n t o ’ ni ce ’ l i s t st r uc t u r e ”
�

t o ” l i st Sour ce ”
�
�
h i gh l i gh t Code on ” l i st Sour ce ” l i n e 0
l i st el em en t ” elemA ” ( 10 0 , 80 ) t ex t ” Elem1” p oi n t er s 1

�
af t er 20 t i ck s

�
�

unh i gh l i gh t Code on ” l i st Sour ce ” l i n e 0
h i gh l i gh t Code on ” l i st Sour ce ” l i n e 1
cl ear L i nk ” elemA ”

�
�

unh i gh l i gh t Code on ” l i st Sour ce ” l i n e 1
h i gh l i gh t Code on ” l i st Sour ce ” l i n e 2
l i st el em en t ” elemB ” of f set ( 1 3 0 , 0 ) f r om ” elemA ” NE

�
t ex t ” Elem2” p oi n t er s 1

�
�

unh i gh l i gh t Code on ” l i st Sour ce ” l i n e 2
h i gh l i gh t Code on ” l i st Sour ce ” l i n e 3
cl ear L i nk ” elemB ”

�
�

unh i gh l i gh t Code on ” l i st Sour ce ” l i n e 3
h i gh l i gh t Code on ” l i st Sour ce ” l i n e 4
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