
A Constraint Extension to Scalable Vector Graphics
Greg J. Badros

�
Jojada J. Tirtowidjojo

�
Kim Marriott

�
Bernd Meyer

�

Will Portnoy
�

Alan Borning
�

�
InfoSpace,Inc.,2801AlaskanWay, Suite200Seattle,WA 98121,USA

greg.badros@infospace.com�
Schoolof ComputerScienceandSoftwareEngineering,MonashUniversity, Clayton,Victoria3168,Australia�

jojada, marriott, berndm � @mail.csse.monash.edu.au�
Dept.of ComputerScienceandEngineering,Universityof Washington,Box 352350,Seattle,WA 98195-2350,USA�

will,borning � @cs.washington.edu

Abstract
ScalableVectorGraphics(SVG) is a languagethat describes
two-dimensionalvectorgraphicsfor storageanddistribution
on the Web. Unlike raster image formats, SVG-basedim-
agesscalenicely to arbitraryresolutionsandsizes.However,
the current SVG standardprovides little flexibility for tak-
ing into accountvarying viewing conditions,suchas differ-
ent screenformats,and thereis little supportfor interactive
explorationof a diagram.We introduceanextensionto SVG
calledConstraintScalableVectorGraphics(CSVG) that per-
mits a more flexible descriptionof figures. With CSVG, an
imagecancontainobjectswhosepositionsandotherproper-
tiesarespecifiedin relationto otherobjectsusingconstraints,
ratherthanbeingspecifiedin absoluteterms. For example,a
boxcanbespecifiedto remaininsideanotherbox,withoutbe-
ing givenanabsoluteposition.Thepreciselayoutcanthenbe
left to thebrowser, whichcanadaptit dynamicallyto changing
viewing conditionson theclient side. Furtherextensionsadd
supportfor alternatelayouts,interaction,anddeclarative ani-
mation. Leveragingwell-establishedmethodsfor linear con-
straintsolving,we implementedaprototypeviewer for CSVG
by embeddingourCassowaryconstraintsolver into anexisting
SVG renderer.
Keywords: constraints,differentialscaling,semanticzoom-
ing, interaction,CSVG, SVG, ScalableVectorGraphics.

1. INTRODUCTION
TheScalableVectorGraphics(SVG) language[16] is a lan-

guagebasedon XML [11] developedby theWorld WideWeb
Consortiumfor describingtwo dimensionalvector graphics
for storageanddistributionontheWeb. SVG candramatically
improve graphicson theWeb. In contrastto rasterimagefor-
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matssuchasGIF, JPEG,andPNG,whichstoreamatrixof in-
dividualpixelsthatcomposeanimage,anSVGimagecontains
instructionsfor resolutionindependentrendering,so that the
sameSVG file canbeshown in moredetailwhenviewedat a
higherresolution.SVG filesarealsomorecompactthanraster
images,easierto processandanalyze,integratewell with Cas-
cadingStyle Sheets(CSS)[10] andcanmake full useof the
DocumentObjectModel (DOM) [2]. Giventheseadvantages,
SVG is increasinglywell supportedby both commercialand
freesoftware.

1.1 SVG is not enough
AlthoughtheSVG format is a hugestepforward for many

kinds of images,we cando even betterfor diagrammaticil-
lustrations. In particular, SVG doesnot provide for flexible
layoutgivendifferentviewer requirementsandbrowsercapa-
bilities, suchasscreenformatandfont preferences.Moreover,
thesupportfor interactionandanimationin SVG is very lim-
ited. In this paperwe demonstratehow extendingSVG with
constraintsprovidesthebasisfor improving theseaspects,thus
significantlyenhancingtheflexibility of SVG. This is a mod-
ular extensionto SVG thatensuresupwardcompatibilitywith
theoriginal format.

A constraint is a declarative specification of a re-
lationship that we wish to hold true. For example,
“Format appearsto the left of DateFormat ” is a con-
straint. We can write the constraint mathematicallyas:
Format� � right � horiz spacing � DateFormat� � left. In this
constraint,we only specify the propertieswe wish to hold,
but do not give concretevalues,or an explicit method(an
algorithm)for makingthepropertieshold. Thetaskof finding
appropriatevaluesis delegatedto a constraintsolver that is
usedduringrendering.

For example,assumethat we want to displaya part of the
Java object hierarchy(Figure 1), but we want different lay-
outsto beusedin differentviewing conditionssoasto convey
the informationasclearlyaspossible.In a landscapeformat,
we may want to usea diagramsuchasFigure2, whereasa
portrait format would be betterserved by the layout of Fig-
ure3. Althoughthesediagramslook very different,they have
thesamelogical (topological)structureandsemantics.Using
SVG alonefor this purposepresentsa problem,becausewe
arerequiredto give absolutepositionsandsizesfor thegraph-



Figure 1: SVG image diagramming the object hierarchy
for the Java.Text.Format class. The SVG source for this
image appears in Figure 5.

Figure 2: CSVG rendering of the Format class hierarchy
inside a wide and short viewport.

ics objects. The only flexibility that SVG allows is uniform
scalingof theentiregraphic.

Another limitation of SVG is that it provides little direct
supportfor interactive explorationof a diagram. In particu-
lar, thestaticnatureof SVG forcesauthorsto write scriptsif
they wish to maintainthelayoutrelationshipsof objectsin the
diagramautomatically, for example,whenanobjectin thedi-
agramis manipulatedinteractively. This taskis tedious,com-
plicated,andtightly coupledto the specificillustration. The
new layout ideally shouldbe generatedautomaticallyby the
browserbasedon a moreabstractlayoutspecification.

Figure 3: CSVG rendering of the Format class hierarchy
inside a narrow and tall viewport.

1.2 Interactive manipulation & animation
As anotherexample, consider the Local Area Network

(LAN) topologydiagramsshown in Figure4. The network,
shown in Figure 4(a), connectsthreedifferent buildings —
A, B, and C — via a site-wide backbone. Shrinking the
whole diagram uniformly may causebuildings A, B, and
C to becometoo small to display their internal details. By
usinganalternative presentationfor eachof thebuildingswe
can supporta more powerful form of resizing. Figure 4(b)
shows a possibleresult. Zoomingthatpreservesthesemantic
presentationof the LAN topology diagrambut changesits
appearanceis calledsemanticzooming.

Semanticzoomingin combinationwith userinteractioncan
allow viewerstoexploreadiagraminteractively, selectingsub-
componentsthey wish to seein detail andhiding the details
of othersub-components.Of coursethediagramlayoutmust
changedynamically, preservingconnectionsand also effec-
tively utilizing theavailablescreenspace.

We would alsolike SVG to provide a form of zoomingthat
we termdifferential scaling. (Bothsemanticzoominganddif-
ferentialscalingarekinds of focus+context techniques[31].)
In contrasttouniformscaling,differentialscalingenablesusto
enlargeapartof adiagramto seemoredetail,while simultane-
ouslyshrinkinganotherpart,sothattheoverallscreenareafor
thediagramis keptconstant.This capabilityclearly involves
scalingvariouspartsof the figure differently. An important
applicationof this non-uniformscalingis to thesizingof text
in diagrams. A sight-impaireduser, for instance,may want
to shrink the overall sizebut to increasetext font size in la-
bels.As anexample,seeFigure4(c),whichcontainsthesame
graphicalcomponentsasFigure4(a)but with anincreasedtext
sizefor labelsandsmallerboxes.Notethatthis meansdiffer-
entline breakingfor thetext in thelabels.

We would also like viewers to be able to changethe lay-
out of objectsin the diagraminteractively, without changing
its semanticcontentor logical structure.Usersshouldthusbe
restrictedto performingsemanticspreservingmanipulations.
For example,Figure4(d) shows a resizedandrearrangeddi-
agramof the local areanetwork example. Here, the system
preserves the connectioninformation when the userextends
thewidth of building C’s boundingrectangleandinteractively
movestheLAN segmentboxesaswell astherepeatercircle.

The idea of interactive manipulationandexploration of a
diagramnaturally generalizesto an interactionmetaphorin
which the viewer usesthe diagramas a simulationof some
physicalartifactandcanexplore“what-if ” scenariosby direct
manipulationandotherinteraction,asin theoriginalThingLab
system[6]. In section3.2,we discussaninteractive abacus.

The sameprinciple can be further generalizedto provide
constraint-basedanimation[14]. In addition to making the
propertiesof somegraphicalobjectsdependenton the prop-
ertiesof other objects,and allowing the user to manipulate
thesepropertiesinteractively, we can also make theseprop-
ertiesdependenton a timer variable. Using a constraintthat
relatesobjectpropertiesto a timeoffsetgivesusanimmediate
way to specifytrajectoriesandotheranimationproperties.In
section3.3,we discussa seesaw animation.

1.3 Extending SVG
The above examplesdemonstratehow semanticzooming,

differential scaling, semanticspreservingmanipulation,and
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Figure 4: Various diagrams of a local area network. Relative to diagram (a), (b) illustrates semantic zooning, (c) demon-
strates differential scaling, and (d) is an example of the output of a semantics-preserving transformation.



animationgreatly improve SVG’s value. We shall show that
constraint-basedlayoutspecificationof SVG elementscanbe
usedas the basisfor suchdynamiclayout andprovide SVG
with the desiredcapabilities. Theseconstraint-basedlayout
specificationsaremoreabstractandflexible specificationsof
layout. In our ConstraintScalableVectorGraphics(CSVG)
extensionto ScalableVector Graphics,imagescan use ar-
bitrary linear arithmeticconstraintsto control the layout of
shapes,lines,paths,andfont sizes.

Theotherprimaryadditionalcapabilityprovidedby CSVG
isallowingalternatelayoutsfor thesamelogicalgroupof com-
ponentsin adiagram.Which layoutis chosendependsontest-
ing preconditionsat runtime,suchasdisplaywindow sizeor
aspectratio. The layout may alsobe choseninteractively by
theuser, allowing explorationof thediagram.

Our maintechnicalcontributionsare:

� amotivationfor usingconstraintsandalternativelayouts
for awideclassof SVG diagrams;

� a descriptionof ConstraintScalableVectorGraphicsas
anextensionof SVG; and

� aprototypeimplementationof aCSVG viewerbasedon
theCSIRO SVG viewer [32]. Theprototypemakesuse
of thesophisticatedconstraintsolvingalgorithmCasso-
wary [9].

2. SVG BACKGROUND
In spirit, theScalableVectorGraphicsformat is very simi-

lar to thePostScriptpagedescriptionlanguage[1], but it uses
XML syntaxinsteadof postfixnotation.Figure5 givesanex-
ample.

In SVG, eachelementdescribesashapeto berendered.For
example:

<rect x="20" y="10"
width="10" height="5"/>

describesarectanglewhosetop-leftcorneris positionedatco-
ordinate(20,10)with a width of 10 units and a height of 5
units. Lengthsandcoordinatescanincludeexplicit units,but
when they are omitted, the userspacecoordinatesystemis
used[16, Ch.7].

An especiallypowerful SVG elementis path . Its d (for
“data”) attribute containsa string that encodesa command-
baseddescriptionof an arbitrary outline. For example, the
element:

<path d="M 20 10 L 30 10 L
30 15 L 20 15 Z"/>

describesa rectanglepath equivalent to the precedingrect
element:first Move to (20, 10), thendraw Lines to (30,10),
(30,15),and(20,15),andfinally closethepath(Z). Uppercase
commandcharactersdesignatetheuseof absolutecoordinates,
while lowercasedenotesrelative coordinates. Other path
sub-languagecommandsincludeCurve-to, Smoothcurve-to,
QuadraticBeziercurve-to,andmore.

Otherimportantelementsincludedefs anduse for defin-
ing objectsandlater referencingthem,image for embedding

<?xml version="1.0"?>
<!DOCTYPE svg SYSTEM"svg.dtd">
<svg

width="4.5in" height="4in"
viewBox="0 0 100 100"
style="fill: none; font-size: 15;

stroke-width: 1; stroke: black;
text-anchor: middle">

<desc>The object hierarchy surrounding
the class "Java.text.Format"</desc>

<text x="200" y="30">Object</text>
<text x="200" y="90">Format</text>
<text x="60" y="150">DateFormat</text>
<text x="60" y="210">SimpleDateFormat</text>
<text x="200" y="150">MessageFormat</text>
<text x="380" y="150">NumberFormat</text>
<text x="310" y="210">DecimalFormat</text>
<text x="450" y="210">ChoiceFormat</text>
<line x1="200" y1="32" x2="201" y2="75"/>
<line x1="200" y1="92" x2="60" y2="135"/>
<line x1="200" y1="92" x2="201" y2="135"/>
<line x1="200" y1="92" x2="380" y2="135"/>
<line x1="60" y1="152" x2="61" y2="195"/>
<line x1="380" y1="152" x2="310" y2="195"/>
<line x1="380" y1="152" x2="450" y2="195"/>

</svg>

Figure 5: SVG source of the class hierarchy illustration
shown in Figure 1.

rasterimagefiles (e.g.,PNGor JPEGgraphics),text for in-
cluding text, andg for groupingsub-elementsto be rendered
asasingleentity.

Theg element(aswell asthebasicshapeelements)hasan
attribute transform whosevalueis a list of translating,scal-
ing, rotating,or skewing transformationsthat will be applied
to thegroupedshapebeforefinal rendering.Oneof themore
complex featuresof SVG is thatobjectsmaybepositionedand
dimensionedrelativeto a transformationframeor in absolute
units.

SVG alsocontainsseveralanimationelementsthatdescribe
time-basedperturbationof the containingobject. Theseele-
mentscanbeusedto achievemotionalongpaths,thefadingin
or out of objects,changesin color, andmore.For example,to
animatemoving a rectanglehorizontallyacrossthe viewport
to theright, we write:

<rect x="20" y="10"
width="10" height="5"/>

<animate attributeName="x"
attributeType="XML"
begin="0s" dur="9s"
fill="freeze"
from="20" to="120"/>

</rect>

A programthat readsan SVG file hasaccessto the inter-
nalsof the imagevia the SVG DocumentObjectModel [16,
AppendixB]. TheDOM [2] permitsdirectaccessto theSVG
elementtreein anobject-orientedmannerandallows thema-



nipulationof elementstructuresandattributes. For example,
to increasethesizeof a text element,we canexecutethe fol-
lowing codein ECMAScript [15], a standardizedversionof
JavaScript:

e = document.getElementById("TextElement");
e.setAttribute("transform", "scale(2)");

andtheselectedelementwill bescaledto twiceitsnormalsize.
TheSVG DOM canbeusedin combinationwith scriptingand
event handlers(e.g., mousedown, onclick ) to permit some
usefulinteractive capabilities.

3. CSVG: CONSTRAINT SCALABLE
VECTOR GRAPHICS

The conventionalmeansof delivering an imageacrossthe
Internetis in a rasterizedimageformatsuchasPNGor JPEG
(Figure6). The resolutionis fixed whenthat file is created,
and the artifact the userreceives is inflexible. The adoption
of theSVG imageformatpermitsa differentdelivery mecha-
nism(Figure7). Thehigh-level imagedescriptionis storedin
theSVG imageformat,preservingmuchof thesemanticvalue
providedby theauthor. ThatSVG file is thensentacrossthe
network. An SVG rendereron theclient sidechoosestheres-
olutionandcreatesarasterizeddisplayof thatimagespecially
tunedfor thedisplaydevice andthedesiredsize.

The key observation concerningthe evolution from raster
imagesto SVG is thatwe aresendinga higher-level descrip-
tion acrossthe network andmoving someof the processing
of the imagefrom the server side to the client side. Thus,
theartifactsentacrosstheInternetis moreflexible—it canbe
usedasthesourcefor generatingahigh-qualityprintoutof the
image,to createa low-resolutionthumbnailof the image,or
even to “render” the imageaurally usingspeechsynthesisto
describethediagram.Thedecisionof how to presentthe im-
ageis madewith input from the user, and from the browser
and other client-sidesoftware. Style sheetsprovide yet an-
otherway to increasetheflexibility of theimagesentover the
network: not only is theresolutionleft undetermined,but the
final decisionasto suchaspectsasthecoloringschemecanbe
delayeduntil afterapplyingstylesheetdeclarations.

Our constraintextensionto SVG permitsdescribingtheau-
thor’s layout intentions,anddeferstheactualpositioningand
sizing of the image’s elementsuntil just beforefinal display
for theuser(Figure8). To supportthis greaterflexibility , we
have madefour extensionsto theSVG language.

First,westoreall SVG standardelementattributesin prede-
fined constraintvariablesandsupportidentifier namesin ad-
dition to literal numbers.Theseidentifiersmayrefer to other
constraintvariablesin the document.For example,the rect
SVG element:

<rect id="rectA" x="10" y="20"
width="square_edge"
height="square_edge"
rx="5" ry="5"/>

will have six predefined variables based on its id at-
tribute: rectA x , rectA y , rectA width , rectA height ,
rectA rx , and rectA ry ; one for each attribute value.
Becauseidentifiers are found in its attributes, this rectA

will have both rectA width and rectA height variables
constrainedto beequalto thesquare edge variable.

Constraintvariablesmayalsobedeclaredexplicitly by us-
ing a new var element,in which casethey have asoptional
attributesa stay weight, sw, an edit weight, ew and a pre-
ferredvalue,value . Thestayweightindicatesthe“inertia” of
thevariable—how stronglyit likesto keepits currentvalue—
while the edit weight indicateshow importantit is to change
thisvariableduringinteractionwhenit is directlymanipulated.
Althoughnumericvaluescanbe usedfor weights,it is usual
to usesymbolicnamessuchasstrong andweak.

An importantuseof stayweightsis to enforcestability in
graphicallayout. Every constrainedattribute implicitly has
a weak stay constraintwhich statesthat its value only be
changedaslittle aspossible.Suchstayconstraintsmake ob-
jectsremainin placeunlesssomeotherstrongerdesireforces
achange.

Second,we add anothernew elementtype called con-
straint . Eachconstraint elementhasarequiredattribute,
rule , and an optional attribute, strength and specifiesan
equationor inequalitythatwewish to hold for constraintvari-
ables.An exampleof sucha CSVG constraintandits related
objecttagis:

<constraint rule="square_edge >= 50"
strength="strong"/>

<rect x="10" y="20" width="square_edge"
height="square_edge"/>

which definesa squarewhoseedge length is at least 50.1

The rule implicitly introducesthe new constraintvariable,
square edge .

Constraintstrengthsallow thedesignerto specifya relative
orderingof the importanceof constraints. If thereis a con-
flict, thestrongerconstraintswill be given preference.There
aredifferentwaysto resolve conflictsamongconstraintswith
thesamestrength[7]; in our implementationwe minimizethe
weightedsumof their errors.

Given a systemof constraints,the constraintsolver must
find an assignmentto the variablesthat satisfiesthe required
constraintsexactly, and the solution shouldsatisfy the pre-
ferred constraintsas well as possible,giving priority to the
more strongly preferredconstraintsand taking into account
editandstayweights.

Third, we add several built-in read-only constraint
variables. (A read-only variable is one that cannot be
changedby the solver to satisfy the constraintin which it
occurs [7].) Two variables,viewport width and view-
port height , areusedto allow the imageto be influenced
by the size of the display area. We exposecurrent time

andcurrent time squared which areboth ever-increasing
read-onlyvariablesthatallow CSVGto supportthedeclarative
specificationof time-basedanimationsmoredirectly thanthe
animate elements.

Fourth,we have addedalternatelayoutsfor groupsof SVG
elements.For this purposea new docase elementcontaining
�
Our syntaxwaschosenfor simplicity andconciseness.We

alsoconsideredusingMathML [23] syntaxfor constraintspec-
ification: it hastheadvantagethatstandardXML parserscan
parsetheconstraintproperly, but is considerablymoreverbose
andcomplicated.
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Figure 6: Conventional process of delivering a raster image
across the network.
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Figure 7: Process of delivering a resolution-independent
SVG image across the network.

oneor moregcase element(s)is defined. Eachgcase ele-
mentspecifiesanalternative version,with theversionchosen
dependingon which pre-conditionholds.Thegcase element
simplyextendstheSVG g elementwith a case attribute.

As an example,considerBuilding C of the LAN diagram
in Figure4. TheBridgerectangleneedsto have two different
connectingpoints for its connectionline. In the initial con-
dition shown in Figure4(a),wheretheBridgedoesnot com-
pletely stay to the left of the LAN segments,its connecting
point is on top edge.In otherconditionsuchasshown in Fig-
ure 4(d) the connectingpoint is on right edge. Clearly, the
Bridge needsalternatelayouts. By usinga docase element,
thealternative layoutscanbeexpressedasfollows:

<!-- Connection to BridgeC -->
<constraint rule="connectionLine_x1 =

To_BridgeC_x1"/>
<constraint rule="connectionLine_y1 =

To_BridgeC_y1"/>

<docase id="caseBridgeC">
<var id="To_BridgeC_x1"/>
<var id="To_BridgeC_y1"/>
<gcase id="bridgeC_handleOnRight"

case="leftC1_x1 >= bridgeC_x +
bridgeC_width" >

<constraint rule="To_BridgeC_x1 =
bridgeC_x + bridgeC_width"/>

<constraint
rule="To_BridgeC_y1 = bridgeC_cy"/>

</gcase>
<gcase id="bridgeC_handleOnTop"

case="bridgeC_x + bridgeC_width >=
leftC1_x1">

<constraint
rule="To_BridgeC_x1 = bridgeC_cx"/>

<constraint
rule="To_BridgeC_y1 = bridgeC_y"/>

</gcase>
</docase>

Suchgroupalternativeswereusedin the LAN examplein
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Figure 8: Process of delivering a CSVG image across the
network.

Figure4 to collapsesubdiagramswhenthe availabledisplay
areabecomestoo small. Note that suchpre-conditionsmust
be re-checked whenviewing parameterschange,becausethe
truth valuescanchangedynamically(for example,dueto re-
sizing). Thereforethey, too, mustmake useof theconstraint-
solver. However, they treat the constraintvariablesas read-
only.

Pre-conditionsarenot theonly way to choosea groupcase.
It is alsopossibleto switchto analternative caseinteractively
in the browser. Considera scenariowherethe browser col-
lapsessomesub-diagrambecauseof a lack of displayspace,
but the userneedsto seethe detailsof this group. The user
can thusdecideto expandthe subgroupexplicitly, but since
the overall sizeof the diagramwill exceedthe display area,
theuserwill have to employ scrolling to view the restof the
diagram.

3.1 A layout example
Wecanrewrite Figure5 to specifyconstraintson thelayout

of the classhierarchy, ratherthan giving exact locationsfor



all thepartsof the illustration. Our CSVG descriptionof the
imagelooks like the ordinary SVG image(Figure 1) under
“ideal” viewing conditions. However, the CSVG file is far
moreflexible, andit will appearasshown in Figures2 and3
whentheviewport dimensionsarealtered.An ordinarySVG
file would alwaysappearasjust a uniformly scaledversionof
Figure1.

For our CSVG versionof theclasshierarchy, we usea total
of 109constraints.Eachviewing condition,eitherportraitor
landscapeformat, employs 53 constraintsthat reflect typical
layout desiresfor viewing trees:nodesat the samelevel are
alignedhorizontally(8 constraints),differentlevelsarespaced
at equalvertical intervals (8 constraints),and all lines must
connectat themidpointsof nodes(28 constraints).Of there-
maining9 constraintsfor eachalternative format, 8 areused
to maintainthemidpointof nodesand1 is usedto divide the
viewport into columns.Theotherconstraintsarefor defining
constantssuchasverticalinterval andtheviewportmidpoints.
An abridgedversionof theCSVG sourceappearsasFigure9.
Seesection4 for timing detailsof thisandfollowing examples.

3.2 An interactive example
Considertheabacusshown in Figure10, inspiredby anear-

lier constraint-basedapplet[8]. The diagramallows the user
to selectandmove beadson the abacus.Eachbeadis con-
strainedto behave like thephysicalobjectandsomustmove
alongtherodandcannotpassthroughanotherbeador through
thebar. For example,theseconstraintsensurethat if theuser
grabsa beadandpushesit upwardsall thebeadsabove it will
automaticallybepushedwith it.

This interactive abacusCSVG file hasa total of 185 con-
straintsand419variables.Eachcolumnof beadshas37 con-
straintsthatkeepthebeadsattachedto therod (7 constraints),
maintainthebeadsize(7 constraints),ensurethebeadsto stay
in theframe(4 constraints),andkeepthebeadsin theirrelative
order(19 constraints).

3.3 An animation example
Constraintsrelatingobjectpositionsto thecurrenttime can

beusedto supportsimpleanimations.Layoutconstraintsare
even morecompellingwhenpartsof the imagearemoving:
the positionsof the remainingobjectscan be describedat a
highlevel,knowing thatthesolverwill animatewhateverother
objectsneedto move to maintainthespecifieddesires.

Figure11 shows four screenshotsof our CSVG prototype
renderingananimationof aball falling onaseesaw. Thesee-
saw.csvg imagecontains18constraintsto supporttheanima-
tion: 12for thepositionsof thevariouselements,1 relatingthe
ball to thecurrent time squared built-in variable,1 stating
thattheball mustremainabovetheleft edgeof theseesaw, and
4 describingthat the seesaw cango neitherthroughthe floor
nor throughthefulcrum.

4. IMPLEMENTATION
On the client sideof the pipeline,we have implementeda

CSVG viewer to experimentwith the additionalexpressive-
nessit provides. Our prototypeis basedon version0.71 of
the CSIRO SVG Viewer [32] which is implementedin Java
andusesIBM’ s XML4J parserversion2.0.15[22]. Figure12
presentsthesystemarchitecture.

<?xml version="1.0" standalone="no"?>
<!DOCTYPE svg SYSTEM"svg-19990812.dtd" >
<svg style="fill:none; stroke:black;

stroke-width:1; font-size:16 ">
<!-- Defining constants -->
<var id="topMargin" value="5"

sw="strong" ew="weak"/>
<var id="sideMargin" value="5"

sw="strong" ew="weak"/>
...
<constraint rule="middleVertical =

viewport_width / 2"/>
<constraint rule="verticalSpace =

viewport_height / 4"/>
<constraint rule="middleHoriz =

viewport_height / 2"/>
...
<docase id="PortraitOrLandscape">

<gcase id="PortraitFormat"
case="viewport_width &lt; 800">

<!-- Elements in Portrait Format -->
<text id="object">Object</text>
<text id="format">Format</text>
...
<line id="object_format"/>
<line id="format_dtf"/>
...
<!-- Divide viewport width into columns -->
<constraint rule="columnWidth =

viewport_width / 4"/>
<!-- Maintain the midpoint of nodes -->
<constraint

rule="object_cx =
object_x + object_width / 2"/>

<constraint
rule="format_cx =

format_x + format_width / 2"/>
...
<!-- Aligning nodes horizontally -->
<constraint

rule="object_cx = middleVertical"/>
<constraint

rule="format_cx = middleVertical"/>
...
<!-- Aligning vertically

at equal intervals -->
<constraint

rule="object_y = topMargin + 15"/>
<constraint

rule="format_y =
object_y + verticalSpace"/>

...
<!-- Attached lines to nodes -->
<constraint rule="object_format_x1 =

middleVertical"/>
<constraint rule="object_format_x2 =

middleVertical"/>
<constraint rule="object_format_y1 =

object_y + textMar-
gin"/>

<constraint
rule="object_format_y2 = format_y -

format_height - textMar-
gin"/>

...
</gcase>
<gcase id="LandscapeFormat"

case="viewport_width >= 800">
...

</gcase>
</docase>

</svg>

Figure 9: CSVG source of the object hierarchy for the
Java.text.Format class.



Figure 11: CSVG animation of a ball falling towards seesaw. The position of the ball is directly related to the square of the
time offset, and the seesaw moves because of constraints describing its behavior.

Figure 10: Abacus with Constraint-based Interaction

As with any XML language,CSVG is definedby its Doc-
umentTypeDefinition. Our CSVG DTD is a straightforward
extensionof theSVG DTD. To thelist of permissiblechildren
of SVG groupelements(svg andg elements),we addedthe
var , constraint , anddocase elements.Then,weaddedthe
definitionof eachnew elementandits attributes.

After theXML parserreadsin theSVG document,we cre-
ateall thevariableandconstraintobjectsof thedocument,then
we feedthemto a constraintsolving engine.Whenthesolu-
tion is available,theviewer rendersthegraphicobjects.Every
time a user initiates a resizeor movementof an object, the
new sizeor coordinatepositionof the object is usedfor set-
ting the associatedconstraintvariables’desiredvalues. The
constraintenginethen is called to find anothersolution that
reflectsthenew presentationof all graphicobjectsin the lay-
out. The sameprocesshappenswhen the validity of group
pre-conditionschangesdueto interactivemanipulation.When
switching to a different gcase element,the constraintsand
variablesof thepreviousgcase elementareremovedfrom the
engine,andthe new setof constraintsandvariablesis added
beforewere-solve thesystem.

The constraintsolver is a corepart of the implementation.
The current implementationemploys a Java implementation
of theCassowary constraintsolvingalgorithm[3, 9, 27]. This
solver supportsarbitrary linear arithmetic constraints(both
equalitiesand inequalitiesover real-valuedvariables). Cas-
sowary handlescycleswithout difficulty andhandlesbothre-
quiredandpreferredconstraints.Thealgorithmit employs is
an incrementalversionof thesimplex algorithmthatwe have
optimizedfor interactive graphicalapplications.

When renderingthe figure, we retrieve the valuesof at-
tributesfrom their associatedconstraintvariables. For path
elements,we prefix namesof constraintvariableswith the $
symbolto avoid ambiguity. For example,we write:

Constraint Solver

Initialisation


New Graphic Layout

KNew


K
Variable

L
Values


Constraint

M

Solver:

N

S o l v e

N

Update Variable

Desired Values or

Set of Constraints


Constraint-Based

M

Layout Specification

OConstraints,


M

Constraint

M

Variables


New Object

Positions or Sizes


+

New Set of Constraint


Preferences


Paint

Graphic

Objects


Constraint

M

SVG

N

Document


XML Parser +

P

Expression

Parser


User

Interaction


SVG Viewer

Q

Constraint Solving Engine

R

Figure 12: Architecture of our implementation.

<path d="M $x $y l $dx $dy"/>

to move to theabsolutecoordinatesheld in x andy , andthen
draw a line to the relative coordinatescontainedin variables
dx anddy .

We testedthe performanceof our prototypeusinga Dual
PentiumII 450 MHz machine running Java 1.2 with the
HotSpot virtual machineunder Windows NT 4.0. For the
classhierarchyexample,addingtheconstraintsandtheinitial
solve requires266ms. Subsequentre-solvesof theconstraint
systemwhenchangingviewing format requireslessthan200
ms. For the abacusexample, adding all of its constraints
and variablesto the solver and letting the solver initialize
itself requires485ms. Subsequentre-solvesof theconstraint
systemwhenmoving a beadalongits rod requireabout16ms
each.



5. RELATED WORK
Thereis a longhistoryof usingconstraintsin interfacesand

interactivesystems,beginningwith IvanSutherland’spioneer-
ing Sketchpadsystem[35]. Juno-2is amorerecentconstraint-
baseddrawing application[20]. Constraintshave also been
usedin several other layout applications. IDEAL [37] is an
early systemspecifically designedfor pagelayout applica-
tions. Harada,Witkin, and Baraff [18] describethe useof
physically-basedmodelingfor a varietyof interactive model-
ing tasks,includingpagelayout. GLIDE [33] usesvisualorga-
nizationfeatures(VOFs)to control layoutof arbitrarygraphs
usinga springmetaphorandan iterative numericsolver. Nu-
meroussystemsuseconstraintsfor widgetlayout[28,29], and
BadrosandStachowiak [5] usesconstraintsfor window lay-
out.

Wehave previously introducedCCSS,anextensionof Cas-
cadingStyle Sheetswith constraints[4]. Our CSVG motiva-
tion andphilosophyis analogousto thatof CCSS,andCCSS
is directly applicableto controllingstylepropertiesof CSVG
documentsas well. The primary addition of CSVG beyond
CCSSis theability to controlnon-stylepropertiesof SVG ele-
ments.This featureis necessaryto control layoutbecausethe
positionsof thoseobjectsaredeterminednot by styleproper-
ties but by elementattributes. An earlierpaper[8] hadgoals
similar to CCSS,but did not integrateaswell with theemerg-
ing webstandards.

Other style sheetlanguagesincluding PSL (ProteusStyle
Language)[26], DSSSL (Document Style Semanticsand
SpecificationLanguage)[24], andXSL (eXtensibleStyleLan-
guage)[12], delayfinalizing variouspresentationalattributes
of a figure until later in the delivery process,closer to the
viewing user. Noneof thesestylelanguages,however, attempt
to preserve layout desiresto perform layout dynamicallyon
theclient side.

Diehl andKeller describeconstraintextensionsto the Vir-
tual RealityMarkupLanguage(VRML) [13]. Theirextension
providesbothlocalpropagationconstraintsolvingandalsofi-
nite domainconstraintsolving. However, it doesnot provide
arbitrarylineararithmeticconstraintswhichwebelievearethe
minimumrequiredto adequatelymodelgeometricattributes.

Theanimationaspectsof SVG andCSVG arerelatedto the
SynchronizedMultimediaIntegrationLanguage(SMIL) [21].
AnotherprojectcalledMadeushasusedtheCassowary solver
to handlea wider rangeof constraintsin multimediadocu-
ments[36]. Madeusprovidessupportfor both temporaland
spatialrelationships,andincludesarudimentaryauthoringen-
vironment.

6. CONCLUSIONS & FUTURE WORK
Our constraintextensionto SVG provides usefulnew ex-

pressivenessfor describingillustrationgraphicsatahigherse-
manticlevel. CSVG permitsdeferringtheactuallayoutof the
objectsin thefigureuntil client-siderendering,thusresulting
in greaterflexibility in dealingwith variedviewing environ-
mentsanduserdesires.In particular, it allowssemanticzoom-
ing, differentialscaling,andsemanticspreservingmanipula-
tion andinteraction. In addition,it providesa unifying basis
for interactionandanimationsupport.

Therearesubstantialopportunitiesfor futureimprovements
of CSVG. Constraint-basedgraphicsdocumentsare difficult

to author, andcurrently thereareno authoringenvironments
for generatingCSVG at theappropriatelevel of abstraction.It
is essentialthatdrawing programspermitusersto specifycon-
straintsinteractively, maintainthem dynamicallythroughout
editing, and ultimately reflect thoseconstraintsin the saved
CSVG file. Constraint-basedgraphicseditorssuchasCool-
draw [17], Aldus Intellidrawtm, and Noth’s CDA [30], as
well as SVG-capableeditorssuchas Adobe Illustratortm or
Sketch[19], mayprovide a usefulstartingpoint.

Even in the presenceof graphicalediting tools for CSVG,
it may be beneficialto provide somesyntacticextensionsfor
CSVG. Futureversionsof CSVG could supportreferencing
other elements’attributesdirectly. It may also be useful to
permit even higher-level constraintabstractionsin the CSVG
source.For example:

<align dir="horizontal" anchor="middle">
<!-- basic shape objects here -->

</align>

would permiteasierspecificationof the intentionthata setof
basicshapesarealignedin arow by theirverticalcenters.Con-
straintsat this level alsoavoid problemsthatarisewhenobject
structurechanges.Supposea basicshapeis removed from a
diagram(e.g.,manipulatingtheSVG DOM). In sucha case,
shouldindirect relationshipsthroughthatobjectremainor be
removed?If only theprimitive constraintsarepresent,thesit-
uationis ambiguous.With multipleobjectsbeingalignedwith
asingledeclaration,theansweris clear—thoseobjectsshould
remainaligned.

An important direction for future work is to extend the
power of the constraintsolving algorithm, which currently
only allows linear constraints.This limitation is not implicit
in thedesignof CSVG, but is imposedby thesolversusedin
thecurrentimplementation.In particular, we areworking on
supportfor arbitraryone-way andmulti-way constraints[34].
For example,a text elementin a CSVG documentcould be
constrainedto displaythecoordinatesof a circle: moving the
circle would updatethe string, and editing the string would
move thecircle.

Anotherareafor futurework is to betterdescribetheseman-
tics of SVG in termsof constraintsandconstrainthierarchy
theory. This directionis similar to whatwe did for Constraint
CascadingStyleSheets[4] andit mayprovide a unifying im-
plementationmechanismfor existing aspectsof SVG aswell.
In particular, someof thescriptingevents,suchasonMouse-
Move, may be handledwithin this framework: a discreteac-
tion (suchasa buttonpress)establishesa connectionthatthen
is managedvia aconstraintrelationshipuntil asubsequentac-
tion removestheconstraint[25].

In conclusion,CSVG providesa surprisingamountof ex-
pressivenessat a minimal implementationcomplexity and a
low performancecost.
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