A Constraint Extension to Scalable Vector Graphics
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Abstract

ScalableVector Graphics(SVG) is a languagethat describes
two-dimensionalector graphicsfor storageand distribution
on the Weh Unlike rasterimage 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 introducean extensionto SVG
called ConstraintScalableVector Graphics(CSVG) that per
mits a more flexible descriptionof figures. With CSVG, an
imagecan containobjectswhosepositionsand other proper
tiesarespecifiedn relationto otherobjectsusingconstraints,
ratherthanbeingspecifiedin absoluteterms. For example,a
box canbe specifiedto remaininsideanotherox, without be-
ing givenanabsoluteposition. The preciselayoutcanthenbe
left to thebrowser which canadaptit dynamicallyto changing
viewing conditionson the client side. Furtherextensionsadd
supportfor alternatelayouts,interaction,anddeclaratve ani-
mation. Leveragingwell-establishednethodsfor linear con-
straintsolving,we implemented prototypeviewer for CSVG
by embeddingur Casswary constrainsolverinto anexisting
SVG renderer

Keywords: constraintsdifferential scaling, semanticzoom-
ing, interaction,CSVG, SVG, ScalableVectorGraphics.

1. INTRODUCTION

TheScalable/ectorGraphicSVG) languagd16] is alan-
guagebasedon XML [11] developedby the World Wide Web
Consortiumfor describingtwo dimensionalvector graphics
for storageanddistributionontheWeh SVG candramatically
improve graphicsonthe Weh In contrastto rasterimagefor-
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matssuchasGIF, JPEG,andPNG,which storea matrix of in-
dividualpixelsthatcomposenimage,anSVG imagecontains
instructionsfor resolutionindependentendering,so thatthe
sameSVG file canbe shavn in moredetailwhenviewedata
higherresolution.SVG files arealsomorecompacthanraster
imagesgasielto procesandanalyzejntegratewell with Cas-
cadingStyle Sheet§CSS)[10] andcanmale full useof the
DocumentObjectModel (DOM) [2]. Giventheseadwantages,
SVG is increasinglywell supportedby both commercialand
freesoftware.

1.1 SVGisnot enough

Althoughthe SVG formatis a hugestepforward for mary
kinds of images,we cando even betterfor diagrammatidl-
lustrations. In particular SVG doesnot provide for flexible
layoutgivendifferentviewer requirement&ndbrowsercapa-
bilities, suchasscreerformatandfont preferencesMoreover,
the supportfor interactionandanimationin SVG is very lim-
ited. In this paperwe demonstraténow extendingSVG with
constraintprovidesthebasisfor improving theseaspectsthus
significantlyenhancinghe flexibility of SVG. Thisis amod-
ular extensionto SVG thatensuresipward compatibility with
theoriginal format.

A constraint is a declaratve 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:
Formatzg + horizspacing < Dateformatzieq. In this
constraint,we only specify the propertieswe wish to hold,
but do not give concretevalues, or an explicit method (an
algorithm)for makingthe propertieshold. Thetaskof finding
appropriatevaluesis delegatedto a constraintsolver that is
usedduringrendering.

For example,assumehat we wantto displaya part of the
Java object hierarchy(Figure 1), but we want differentlay-
outsto beusedin differentviewing conditionssoasto corvey
theinformationasclearly aspossible.In alandscapdormat,
we may want to usea diagramsuchas Figure 2, whereasa
portrait format would be bettersened by the layout of Fig-
ure 3. Althoughthesediagramdook very different,they have
the samelogical (topological)structureandsemantics Using
SVG alonefor this purposepresentsa problem,becauseve
arerequiredto give absolutepositionsandsizesfor thegraph-
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Figure 1: SVG image diagramming the object hierarchy
for the Java. Text . For mat class. The SVG sourcefor this

image appearsin Figure5.
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Figure 2. CSVG rendering of the For mat class hierarchy
inside awide and short viewport.

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

Another limitation of SVG is thatit provides little direct
supportfor interactve exploration of a diagram. In particu-
lar, the staticnatureof SVG forcesauthorsto write scriptsif
they wishto maintainthelayoutrelationshipf objectsin the
diagramautomaticallyfor example,whenanobjectin the di-
agramis manipulatednteractively. This taskis tedious,com-
plicated,andtightly coupledto the specificillustration. The
new layout ideally shouldbe generatedautomaticallyby the
browserbasedn a moreabstractayoutspecification.
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Figure 3: CSVG rendering of the For mat class hierarchy
inside a narrow and tall viewport.

1.2 Interactive manipulation & animation

As anotherexample, considerthe Local Area Network
(LAN) topologydiagramsshavn in Figure4. The network,
shavn in Figure 4(a), connectsthree different 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
usingan alternatve presentatiorfor eachof the buildings we
can supporta more powerful form of resizing. Figure 4(b)
shaws a possibleresult. Zoomingthat preseresthe semantic
presentatiorof the LAN topology diagrambut changesits
appearancis calledsemantizooming

Semantizoomingin combinatiorwith userinteractioncan
allow viewersto exploreadiagraminteractiely, selectingsub-
componentghey wish to seein detail and hiding the details
of othersub-componentsOf coursethe diagramlayout must
changedynamically preservingconnectionsand also effec-
tively utilizing theavailablescreerspace.

We would alsolike SVG to provide aform of zoomingthat
we termdifferential scaling (Both semantizoominganddif-
ferentialscalingarekinds of focus+contgt techniqueg31].)
In contrasto uniformscaling differentialscalingenablesisto
enlageapartof adiagramto seemoredetail,while simultane-
ouslyshrinkinganotherpart,sothatthe overall screerareafor
the diagramis kept constant.This capability clearly involves
scalingvarious partsof the figure differently An important
applicationof this non-uniformscalingis to the sizing of text
in diagrams. A sight-impaireduser for instance,may want
to shrink the overall size but to increasetext font sizein la-
bels.As anexample,seeFigure4(c), which containghesame
graphicalcomponentssFigure4(a)but with anincreasedext
sizefor labelsandsmallerboxes. Note thatthis meandiffer-
entline breakingfor thetext in thelabels.

We would alsolike viewersto be ableto changethe lay-
out of objectsin the diagraminteractizely, without changing
its semanticcontentor logical structure.Usersshouldthusbe
restrictedto performingsemanticgreservingmanipulations
For example,Figure4(d) shawvs a resizedandrearrangedli-
agramof the local areanetwork example. Here, the system
preseres the connectioninformation when the userextends
thewidth of building C’'s boundingrectangleandinteractvely
movesthe LAN seggmentboxesaswell astherepeatecircle.

The idea of interactve manipulationand exploration of a
diagramnaturally generalizego an interactionmetaphorin
which the viewer usesthe diagramas a simulationof some
physicalartifactandcanexplore “what-if” scenariody direct
manipulatiorandotherinteraction asin theoriginal ThingLab
system[6]. In section3.2,we discussaninteractve abacus.

The sameprinciple can be further generalizedo provide
constraint-basednimation[14]. In additionto making the
propertiesof somegraphicalobjectsdependenbn the prop-
ertiesof other objects,and allowing the userto manipulate
thesepropertiesinteractively, we can also make theseprop-
ertiesdependenbn a timer variable. Using a constraintthat
relatesobjectpropertiedo atime offsetgivesusanimmediate
way to specifytrajectoriesand otheranimationproperties.In
section3.3,we discussa seese animation.

1.3 Extending SVG

The abore examplesdemonstratdhov 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, (¢) demon-
strates differential scaling, and (d) is an example of the output of a semantics-preserving transformation.



animationgreatlyimprove SVG's value. We shall shaw that
constraint-basethyout specificationof SVG elementsanbe
usedasthe basisfor suchdynamiclayout and provide SVG
with the desiredcapabilities. Theseconstraint-basethyout
specificationsare more abstractandflexible specificationf
layout. In our ConstraintScalableVector Graphics(CSVG)
extensionto ScalableVector Graphics,imagescan use ar-
bitrary linear arithmetic constraintsto control the layout of
shapeslines, paths,andfont sizes.

The otherprimary additionalcapabilityprovided by CSVG
is allowing alternatdayoutsfor thesamedogical groupof com-
ponentdn adiagram.Which layoutis choserdepend®ntest-
ing preconditionsat runtime, suchasdisplaywindow size or
aspectratio. The layout may alsobe choseninteractvely by
theuser allowing explorationof the diagram.

Ourmaintechnicalcontributionsare:

e amotivationfor usingconstraintandalternatve layouts
for awide classof SVG diagrams;

e adescriptionof ConstraintScalableVectorGraphicsas
anextensionof SVG; and

e aprototypeimplementatiorof aCSVG viewer basedn
the CSIRO SVG viewer [32]. The prototypemalesuse
of thesophisticateaonstraintsolving algorithmCasso-
wary [9].

2. SVG BACKGROUND

In spirit, the ScalableVector Graphicsformatis very simi-
lar to the PostScrippagedescriptionlanguagd1], but it uses
XML syntaxinsteadof postfix notation.Figure5 givesan ex-
ample.

In SVG, eachelementescribes shapdo berenderedFor
example:

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

describesrectanglevhosetop-left corneris positionedat co-
ordinate(20,10) with a width of 10 units and a heightof 5
units. Lengthsandcoordinatesanincludeexplicit units, but
whenthey are omitted, the user spacecoordinatesystemis
used[16, Ch.7].

An especiallypoverful 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 equivalentto the precedingrect
element:first Move to (20, 10), thendrawv Linesto (30,10),
(30,15),and(20,15),andfinally closethepath(Z). Uppercase
commandharacterslesignateheuseof absolutecoordinates,
while lowercasedenotesrelative coordinates. Other path
sub-languageommandsnclude Curve-to, Smooth cure-to,
QuadraticBeziercurve-to,andmore.
Otherimportantelementsncludedefs anduse for defin-
ing objectsandlaterreferencinghem,image for embedding

<?xml version="1.0"?>
<IDOCTYPE 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.,PNG or JPEGgraphics)text for in-
cludingtext, andg for groupingsub-element$o be rendered
asasingleentity.

Theg element(aswell asthe basicshapeslementshasan
attributetransform  whosevalueis alist of translating scal-
ing, rotating, or skewing transformationghatwill be applied
to the groupedshapebeforefinal rendering.Oneof the more
comple featureof SVG is thatobjectsmaybepositionedand
dimensionedelativeto a transformatiorframeor in absolute
units.

SVG alsocontainsseveralanimationelementghatdescribe
time-basedperturbationof the containingobject. Theseele-
mentscanbeusedto achieze motionalongpaths thefadingin
or out of objects,changesn color, andmore. For example,to
animatemoving a rectanglehorizontally acrossthe viewport
to theright, we write:

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

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

</rect>

A programthat readsan SVG file hasaccesgo the inter-
nalsof the imagevia the SVG DocumentObjectModel [16,

AppendixB]. TheDOM [2] permitsdirectaccesgo the SVG

elementreein anobject-orientednannerandallows the ma-



nipulationof elementstructuresandattributes. For example,
to increasehe sizeof a text elementwe canexecutethe fol-
lowing codein ECMAScript[15], a standardizedrersionof
JavaScript:

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

andtheselectealemenwill bescaledo twiceits normalsize.
TheSVG DOM canbeusedin combinationwith scriptingand
event handlers(e.g., mousedown, onclick ) to permit some
usefulinteractize capabilities.

3. CSVG: CONSTRAINT SCALABLE
VECTOR GRAPHICS

The corventionalmeansof delivering animageacrossthe
Internetis in arasterizedmageformatsuchasPNG or JPEG
(Figure 6). The resolutionis fixed whenthatfile is created,
andthe artifact the userrecevesis inflexible. The adoption
of the SVG imageformat permitsa differentdelivery mecha-
nism (Figure7). The high-level imagedescriptionis storedin
the SVG imageformat, preservingnuchof thesemantiozalue
provided by the author That SVG file is thensentacrossthe
network. An SVG renderemon the client sidechoosesheres-
olution andcreatesarasterizedlisplayof thatimagespecially
tunedfor thedisplaydevice andthe desiredsize.

The key obseration concerningthe evolution from raster
imagesto SVG is thatwe are sendinga higherlevel descrip-
tion acrossthe network and moving someof the processing
of the imagefrom the sener side to the client side. Thus,
the artifactsentacrosshe Internetis moreflexible—it canbe
usedasthesourcefor generatinga high-qualityprintoutof the
image,to createa low-resolutionthumbnailof the image,or
evento “render” theimageaurally using speechsynthesigo
describethe diagram. The decisionof how to presentheim-
ageis madewith input from the user and from the browser
and other client-sidesoftware. Style sheetsprovide yet an-
otherway to increaseheflexibility of theimagesentoverthe
network: notonly is theresolutionleft undeterminedbut the
final decisionasto suchaspectasthecoloringschemecanbe
delayeduntil afterapplyingstyle sheetdeclarations.

Our constraintextensionto SVG permitsdescribingthe au-
thor’s layoutintentions,anddefersthe actualpositioningand
sizing of the images elementsuntil just beforefinal display
for the user(Figure 8). To supportthis greaterflexibility, we
have madefour extensiongo the SVG language.

First,we storeall SVG standarclementattributesin prede-
fined constraintvariablesand supportidentifier namesin ad-
dition to literal numbers.Theseidentifiersmay referto other
constraintvariablesin the document.For example,the rect
SVG element:

id="rectA" x="10"
width="square_edge"
height="square_edge"
rx="5"  ry="5"/>

<rect y="20"

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 andrectA _height variables
constrainedo beequalto thesquare _edge variable.

Constraintvariablesmay alsobe declaredexplicitly by us-
ing anew var element,in which casethey have asoptional
attributes a stay weight, sw, an edit weight, ew and a pre-
ferredvalue,value . Thestayweightindicateghe“inertia” of
thevariable—hav stronglyit likesto keepits currentvalue—
while the edit weightindicateshow importantit is to change
thisvariableduringinteractionwhenit is directlymanipulated.
Although numericvaluescanbe 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
changedhslittle aspossible.Suchstayconstraintsnake ob-
jectsremainin placeunlesssomeotherstrongerdesireforces
achange.

Second,we add anothernen elementtype called con-
straint . Eachconstraint elemenhasarequiredattribute,
rule , andan optional attribute, strength  and specifiesan
equationor inequalitythatwe wishto hold for constraintvari-
ables.An exampleof sucha CSVG constraintandits related
objecttagis:

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

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

<rect

which definesa squarewhose edgelength is at least50?!
The rule implicitly introducesthe new constraintvariable,
square _edge.

Constraintstrengthsallow the designeito specifyarelative
orderingof the importanceof constraints. If thereis a con-
flict, the strongerconstraintswill be given preference.There
aredifferentwaysto resohe conflictsamongconstraintsvith
thesamestrength[7]; in ourimplementatiorwe minimizethe
weightedsumof their errors.

Given a systemof constraintsthe constraintsolver must
find an assignmento the variablesthat satisfiesthe required
constraintsexactly, and the solution should satisfy 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-onlyvariableghatallow CSVG to supporthedeclaratve
specificationof time-basednimationamoredirectly thanthe
animate elements.

Fourth,we have addedalternatdayoutsfor groupsof SVG
elements For this purposea new docase elementcontaining

Lour syntaxwas chosenfor simplicity and concisenessWe

alsoconsideredisingMathML [23] syntaxfor constrainspec-
ification: it hasthe advantagethatstandardXML parsersan

parsethe constrainproperly butis considerablynoreverbose
andcomplicated.
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oneor moregcase element(s)s defined. Eachgcase ele-
mentspecifiesan alternatve version,with the versionchosen
dependingon which pre-conditionholds. Thegcase element
simply extendsthe SVG g elementwith acase attribute.

As an example,considerBuilding C of the LAN diagram
in Figure4. The Bridgerectangleneedgo have two different
connectingpoints for its connectionline. In the initial con-
dition shavn in Figure4(a), wherethe Bridge doesnot com-
pletely stay to the left of the LAN segments,its connecting
pointis ontop edge.In otherconditionsuchasshavn in Fig-
ure 4(d) the connectingpoint is on right edge. Clearly, the
Bridge needsalternatelayouts. By usinga docase element,
thealternatve layoutscanbe expressedsfollows:

<l--  Connection
<constraint

to BridgeC -->
rule="connectionLine_x1 =
To_BridgeC_x1"/>
rule="connectionLine_y1 =
To_BridgeC_y1"/>

<constraint

<docase id="caseBridgeC">
<var id="To_BridgeC_x1"/>
<var id="To_BridgeC_y1"/>
<gcase id="bridgeC_handleOnRight"
case="leftC1_x1 >= pridgeC_x +
bridgeC_width" >
<constraint rule="To_BridgeC_x1 =
bridgeC_x + bridgeC_width"/>
<constraint
rule="To_BridgeC_y1
</gcase>
<gcase id="bridgeC_handleOnTop"
case="bridgeC_x + bridgeC_width >=
leftC1_x1">

= bridgeC_cy"/>

<constraint
rule="To_BridgeC_x1
<constraint
rule="To_BridgeC_y1
</gcase>
</docase>

= bridgeC_cx"/>

= bridgeC_y"/>

Suchgroupalternatveswere usedin the LAN examplein
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Figure4 to collapsesubdiagramsvhenthe available display
areabecomedoo small. Note that suchpre-conditionsmust
be re-checked whenviewing parameterghange becausehe
truth valuescanchangedynamically(for example,dueto re-
sizing). Thereforethey, too, mustmale useof the constraint-
solver. However, they treatthe constraintvariablesas read-
only.

Pre-conditionsarenottheonly way to choosea groupcase.
It is alsopossibleto switchto analternatve caseinteractively
in the browvser Considera scenariowherethe browser col-
lapsessomesub-diagrambecausef a lack of display space,
but the userneedsto seethe detailsof this group. The user
canthusdecideto expandthe subgroupexplicitly, but since
the overall size of the diagramwill exceedthe display area,
the userwill have to employ scrollingto view the restof the
diagram.

3.1 A layout example

We canrewrite Figure5 to specifyconstrainton thelayout
of the classhierarchy ratherthan giving exact locationsfor



all the partsof theillustration. Our CSVG descriptionof the
image looks like the ordinary SVG image (Figure 1) under
“ideal” viewing conditions. However, the CSVG file is far
moreflexible, andit will appearasshavn in Figures2 and3
whenthe viewport dimensionsare altered. An ordinary SVG
file would alwaysappeamsjust a uniformly scaledversionof
Figurel.

For our CSVG versionof the classhierarchy we useatotal
of 109 constraints.Eachviewing condition, eitherportrait or
landscapdormat, emplagys 53 constraintsthat reflecttypical
layout desiresfor viewing trees: nodesat the samelevel are
alignedhorizontally(8 constraints)differentlevelsarespaced
at equalvertical intervals (8 constraints),andall lines must
connectat the midpointsof nodes(28 constraints).Of there-
maining 9 constraintdor eachalternatve format, 8 are used
to maintainthe midpointof nodesand1 is usedto divide the
viewportinto columns.The otherconstraintsarefor defining
constantsuchasverticalinterval andtheviewport midpoints.
An abridgedversionof the CSVG sourceappearsasFigure9.
Seesectiord for timing detailsof thisandfollowing examples.

3.2 Aninteractive example

Considettheabacushowvn in Figure10, inspiredby anear
lier constraint-basedpplet[8]. The diagramallows the user
to selectand move beadson the abacus. Eachbeadis con-
strainedto behae like the physicalobjectand so mustmove
alongtherod andcannotpasshroughanotheheador through
thebar For example,theseconstrainteensurethatif the user
grabsabeadandpushest upwardsall the beadsabove it will
automaticallybe pushedwith it.

This interactve abacusCSVG file hasa total of 185 con-
straintsand419 variables.Eachcolumnof beadshas37 con-
straintsthatkeepthe beadsattachedo therod (7 constraints),
maintainthe beadsize(7 constraints)ensurehebeaddo stay
in theframe(4 constraints)andkeepthebeadsn theirrelative
order(19 constraints).

3.3 An animation example

Constraintgelatingobjectpositionsto the currenttime can
be usedto supportsimpleanimations.Layoutconstraintsare
even more compellingwhen partsof the image are moving:
the positionsof the remainingobjectscan be describedat a
highlevel, knowing thatthesolverwill animatewhatever other
objectsneedto move to maintainthe specifieddesires.

Figure 11 shavs four screenshotsf our CSVG prototype
renderinggnanimationof aball falling onaseeswa. Thesee-
saw.csvg imagecontainsl8constraintso supportheanima-
tion: 12for thepositionsof thevariouselements] relatingthe
balltothecurrent _time _squared built-in variable,1 stating
thattheball mustremainabove theleft edgeof theseesw, and
4 describingthat the seese cango neitherthroughthe floor
nor throughthefulcrum.

4. IMPLEMENTATION

On the client side of the pipeline,we have implementeca
CS\VG viewer to experimentwith the additional expressie-
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
presentshe systemarchitecture.

<?xml version="1.0" standalone="no"?>
<IDOCTYPE svg SYSTEM"svg-19990812.dtd" >
<svg style="fill:none; stroke:black;
stroke-width:1; font-size:16 ">
<l--  Defining constants -->
<var id="topMargin" value="5"
sw="strong" ew="weak"/>
<var id="sideMargin" value="5"
sw="strong" ew="weak"/>

rule="middleVertical =
viewport_width

rule="verticalSpace =
viewport_height

rule="middleHoriz =
viewport_height

<constraint
[ 2>
<constraint
| 4>
<constraint
[ 2">

<docase id="PortraitOrLandscape">

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

<l--  Elements in Portrait Format -->

<text id="object">Object</text>

<text id="format">Format</text>

;iine id="object_format"/>
<line id="format_dtf"/>

<l--  Divide viewport width into columns -->
<constraint rule="columnWidth =
viewport_width | 4>
<l--  Maintain the midpoint of nodes -->
<constraint
rule="object_cx =
object_x + object_width [ 2">
<constraint
rule="format_cx =
format_x + format_width [ 2">
<l-- Aligning nodes horizontally -->
<constraint
rule="object_cx = middleVertical'/>
<constraint
rule="format_cx = middleVertical'/>
<l-- Aligning vertically
at equal intervals -->
<constraint
rule="object_y = topMargin + 15"/>
<constraint
rule="format_y =
object.y  + verticalSpace"/>
<l--  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. t ext . For mat class.
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Figure 11: CSVG animation of a ball falling towar ds seesaw. The position of the ball isdirectly related to the square of the
time offset, and the seesaw moves because of constraints describing its behavior.

Figure 10: Abacuswith Constraint-based I nteraction

As with ary XML language CSVG is definedby its Doc-
umentType Definition. Our CSVG DTD is a straightforvard
extensionof the SVG DTD. To thelist of permissiblechildren
of SVG groupelementysvg andg elements)we addedthe
var , constraint , anddocase elementsThen,weaddedhe
definitionof eachnew elementandits attributes.

After the XML parserreadsin the SVG documentwe cre-
ateall thevariableandconstrainbbjectsof thedocumentthen
we feedthemto a constraintsolving engine. Whenthe solu-
tion is available,theviewer renderghegraphicobjects.Every
time a userinitiates a resizeor movementof an object, the
new sizeor coordinateposition of the objectis usedfor set-
ting the associateatonstraintvariables’desiredvalues. The
constraintenginethenis calledto find anothersolution that
reflectsthe new presentatiorof all graphicobjectsin the lay-
out. The sameprocesshappensvhen the validity of group
pre-conditionshangeslueto interactve manipulationWhen
switching to a differentgcase element,the constraintsand
variablesof thepreviousgcase elementareremovedfrom the
engine,andthe new setof constraintsaandvariablesis added
beforewe re-sohe the system.

The constraintsolver is a core part of the implementation.
The currentimplementationemplg/s a Jaza implementation
of the Casswary constraintsolvingalgorithm[3, 9, 27]. This
solver supportsarbitrary linear arithmetic constraints(both
equalitiesand inequalitiesover real-\aluedvariables). Cas-
sowvary handlescycleswithout difficulty andhandlesbothre-
quiredandpreferredconstraints.The algorithmit emplgs is
anincrementalersionof the simplex algorithmthatwe have
optimizedfor interactive graphicalapplications.

When renderingthe figure, we retrieve the valuesof at-
tributesfrom their associatedonstraintvariables. For path
elementswe prefix namesof constraintvariableswith the $
symbolto avoid ambiguity For example we write:
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Figure 12: Architectureof our implementation.

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

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

We testedthe performanceof our prototypeusinga Dual
Pentiumll 450 MHz machine running Java 1.2 with the
HotSpotvirtual machineunder Windows NT 4.0. For the
classhierarchyexample,addingthe constraintsandtheinitial
solve requires266 ms. Subsequente-sohesof the constraint
systemwhenchangingviewing formatrequiresiessthan200
ms. For the abacusexample, adding all of its constraints
and variablesto the solver and letting the solver initialize
itself requires485 ms. Subsequente-sohesof the constraint
systemwhenmoving a beadalongits rod requireabout16 ms
each.



5. RELATED WORK

Thereis along historyof usingconstraintsn interfacesand
interactive systemsbeginningwith IvanSutherlands pioneer
ing Sketchpadsysten{35]. Juno-2is amorerecentconstraint-
baseddraving application[20]. Constraintshave also been
usedin several otherlayout applications. IDEAL [37] is an
early systemspecifically designedfor pagelayout applica-
tions. Harada,Witkin, and Baraf [18] describethe use of
physically-basednodelingfor a variety of interactve model-
ing tasks,including pagelayout. GLIDE [33] usesvisual orga-
nizationfeaturegVOFs)to controllayout of arbitrarygraphs
usinga springmetaphorandaniterative numericsolver. Nu-
meroussystemaiseconstraintgor widgetlayout[28, 29], and
Badrosand Stachaviak [5] usesconstraintsfor window lay-
out.

We have previously introducedCCSS anextensionof Cas-
cadingStyle Sheetswith constraintd4]. Our CSVG motiva-
tion andphilosophyis analogougo thatof CCSS,andCCSS
is directly applicableto controlling style propertiesof CSVG
documentsaswell. The primary addition of CSVG beyond
CCSSis theability to controlnon-stylepropertieof SVG ele-
ments.This featureis necessaryo controllayoutbecausehe
positionsof thoseobjectsaredeterminechot by style proper
ties but by elementattributes. An earlierpaper[8] hadgoals
similarto CCSS but did notintegrateaswell with theemen-
ing webstandards.

Other style sheetlanguagesncluding PSL (ProteusStyle
Language)[26], DSSSL (Document Style Semanticsand
SpecificatiorLanguage)24], andXSL (eXtensibleStyleLan-
guage)[12], delayfinalizing variouspresentationaattributes
of a figure until later in the delivery process,closerto the
viewing user Noneof thesestylelanguageshowever, attempt
to presere layout desiresto performlayout dynamicallyon
theclientside.

Diehl andKeller describeconstraintextensionsto the Vir-
tual RealityMarkup LanguaggVRML) [13]. Their extension
providesbothlocal propagatiorconstraintsolving andalsofi-
nite domainconstraintsolving. However, it doesnot provide
arbitrarylineararithmeticconstraintsvhichwe believe arethe
minimumrequiredto adequatelynodelgeometricattributes.

Theanimationaspect®f SVG andCSVG arerelatedto the
SynchronizedMultimedia IntegrationLanguagg SMIL) [21].
AnotherprojectcalledMadeushasusedthe Cassavary solver
to handlea wider rangeof constraintsin multimediadocu-
ments[36]. Madeusprovides supportfor both temporaland
spatialrelationshipsandincludesarudimentaryauthoringen-
vironment.

6. CONCLUSIONS & FUTURE WORK

Our constraintextensionto SVG provides usefulnew ex-
pressvenesdgor describingllustrationgraphicsatahigherse-
manticlevel. CSVG permitsdeferringthe actuallayoutof the
objectsin the figure until client-siderendering thusresulting
in greaterflexibility in dealingwith varied viewing erviron-
mentsanduserdesiresln particular it allows semantizoom-
ing, differential scaling,and semanticgpreservingmanipula-
tion andinteraction. In addition,it providesa unifying basis
for interactionandanimationsupport.

Therearesubstantiabpportunitiesor futureimprovements
of CSVG. Constraint-basedraphicsdocumentsare difficult

to author and currently thereare no authoringenvironments
for generatingCSVG attheappropriatdevel of abstractionlt

is essentiathatdraving programsermituserso specifycon-
straintsinteractively, maintainthem dynamicallythroughout
editing, and ultimately reflectthoseconstraintsin the saved
CS\VG file. Constraint-basedraphicseditorssuchas Cool-
drav [17], Aldus Intellidraw'™, and Noth’s CDA [30], as
well as SVG-capableeditors such as Adobe lllustratof™ or

Sketch[19], mayprovide a usefulstartingpoint.

Evenin the presencef graphicalediting tools for CSVG,
it may be beneficialto provide somesyntacticextensionsfor
CSVG. Futureversionsof CSVG could supportreferencing
other elements’attributesdirectly. It may also be usefulto
permit even higherlevel constraintabstractionsn the CSVG
source.For example:

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

would permiteasierspecificationof theintentionthata setof

basicshapesrealignedin arow by theirverticalcentersCon-
straintsatthis level alsoavoid problemshatarisewhenobject
structurechanges.Supposea basicshapeis removed from a

diagram(e.g.,manipulatingthe SVG DOM). In sucha case,
shouldindirectrelationshipghroughthat objectremainor be

removed?If only the primitive constraintsaarepresentthe sit-

uationis ambiguousWith multiple objectsbeingalignedwith

asingledeclarationtheanswetis 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 the designof CSVG, but is imposedby the solversusedin
the currentimplementation.In particular we areworking on
supportfor arbitraryone-way andmulti-way constraintg{34].
For example,a text elementin a CSVG documentcould be
constrainedo displaythe coordinatef a circle: moving the
circle would updatethe string, and editing the string would
move thecircle.

Anotherareafor futurework is to betterdescribeheseman-
tics of SVG in termsof constraintsand constrainthierarchy
theory This directionis similar to whatwe did for Constraint
Cascadindtyle Sheetq4] andit may provide a unifying im-
plementatiormechanisnfor existing aspectof SVG aswell.
In particular someof the scriptingevents,suchasonMouse-
Move, may be handledwithin this framework: a discreteac-
tion (suchasa buttonpress)establishes connectiorthatthen
is managedia a constraintrelationshipuntil asubsequerdc-
tion removesthe constraing25].

In conclusion,CSVG provides a surprisingamountof ex-
pressvenessat a minimal implementationcompleity and a
low performanceost.

Acknowledgments

Thanksto VincentHardy of the SVG Working Groupfor his
helpful feedbackon our work, and to Jefrey Nichols and
DenisePinnelfor theircommenton adraftof thispaper Also
thanksto Jefrey for his work on the CSVG web site. This
researcthasbeenfundedin partby a U.S. National Science



FoundationGraduateResearchFellowship and the Univer
sity of WashingtorComputerScienceandEngineeringVilma
Bradley fellowship for Greg Badros,in part by NSF Grant

No. [1S-9975990,and in part by an Australian ARC Large
Grant.
7. REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

El

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

AdobeSystemdncorporatedPostScriptLanguaje Refeence
Manual Addison-Weslg/, ReadingMassachusett@ndedition,
1990.

V. Apparao,S. Byrne,M. ChampionS. Isaacs]. Jacobs,

A. Hors,G. Nicol, J. Robie,R. Sutor C. Wilson,andL. Wood.
Documenbbjectmodel(DOM) level 1. W3C
RecommendatiorQctober1998.
http://www.w3.0rg/TR/REC- DOM-dievel- 1.

G. BadrosandA. Borning.The Casswvary lineararithmetic
constraintsolvingalgorithm: Interfaceandimplementation.
TechnicalReportUW-CSE-98-06-04University of
Washington Seattle Washington,June1998.
http://www.cs.washington.edu/research/
constraints/cassowary/cassowary- tr.pdf

G. Badros,A. Borning,K. Marriott, andP. Stucley. Constraint
cascadingtyle sheetdor theweh In Proceeding®fthe 1999
ACM Confeenceon UserInterfaceSoftwae and Technolayy,
November1999.

G. BadrosandM. Stachaviak. Scwm—TheScheme
ConstraintdVindow ManagerWebpage,1997-2000.
http://scwm.sourceforge.net/

A. Bornmg.Theprogrammmganguageaspectmf ThingLab,a
constraint-orientedimulationlaboratory ACM Transactionon
ProgrammingLanguaesand Systems3(4):353-3870ctober
1981.

A. Borning,B. Freeman-BensomandM. Wilson. Constraint
hierarchiesLisp and SymbolicComputation5(3):223-270,
Septembel992.

http://www.cs.washington.edu/research/
constraints/theory/hierarchies- 92.html

A. Borning,R. Lin, andK. Marriott. Constraintsor theweh In
Proceeding®f 1997ACM MultimediaConfeence 1997.

A. Borning,K. Marriott, P. Stucley, andYi Xiao. Solvinglinear
arithmeticconstraintdor userinterfaceapplicationsin
Proceeding®f the 1997 ACM Symposiunon User Interface
Softwae and Technolayy, October1997.

B. Bos,H. Lie, C. Lilley, andl. JacobsCascadingtyle sheets,
level 2. W3C Working Draft, Januaryl998.
http://www.w3.0org/TR/WD- css2/ .

T. Bray, J. Paoli, andC. Sperbeg-McQueenExtensiblemarkup
languaggXML) 1.0.W3C Recommendatiorkebruary1998.
http://www.w3.0rg/TR/REC- xml .

J.Clark. XSL transformationsw3C Recommendation,
Novemberl1999.http://www.w3.0rg/TR/xslt
S.DiehlandJ.Keller. VRML with constraintsin Proceedings
of the Web3D-VRML2000fifth symposiunon Virtual reality
modelinglanguage, Monterg, California, February2000.
http://www.cs.uni- sh.de/RW/users/diehl/
VRMLCONSTR/VRMLConstr.html .

R. Duisbeg. AnimationusingtemporalconstraintsAn
overview of the Animus system Human-Computeinteraction
3(3):275-3081987.

ECMAScriptlanguagespecification3rd ed.,December1 999.
ftp://ftp.ecma.ch/ecma- st/Ecma- 262.pdf
J.Ferraiolo.Scalablevectorgraphics(SVG) 1.0 specification.
W3C Working Draft, Decembet1999.
http://www.w3.0rg/TR/1999/WD- SVG-19991203/ .
B. Freeman-BensorConverting anexisting userinterfaceto
useconstraintsin Proceeding®f the ACM SIGGRAPH
Symposiunon User InterfaceSoftwae and Technolagy, pages
207-215Atlanta,Geogia, November1993.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32

[33]

[34]

[35]

[36]

[37]

M. HaradaA. Witkin, andD. Baraf. Interactve
physically-basednanipulationof discrete/continuousodels.
In SIGGRAPH95 ConfeenceProceedingspagesl 99-208,
Los Angeles,August1995.ACM.

B. Herzon.Sketch,a vectordraving programfor unix. Web
page 2000.http://sketch.sourceforge.net/ .

A. HeydonandG. Nelson.The Juno-2constraint-based
drawing editor TechnicalReport131a,Digital Systems
ResearclCentey Palo Alto, California, Decembed994.

P. Hoschka.Synchronizednultimediaintegrationlanguage.
W3C Recommendationlune1998.
http://www.w3.0rg/TR/REC-
IBM AlphaWorks. XML for Java.
http://www.alphaworks.ibm.com/tech/xml4j

P. lon andR. Miner. MathML. W3C Recommendanon]uly
1999.http://www.w3.0rg/TR/REC- MathML.
ISO/IEC.Documentstyle semanticandspecificatioanguage
(DSSSL).ISO/IEC10179,1996.

R.J.Jacobl. Deligiannidis,andS. Morrison. A software
modelandspecificatiorlanguageor non-wimpuserinterfaces.
ACM Transactionon ComputefHumaninteraction 6(1):1-46,
March1999.

http://www.acm.org/pubs/articles/journals/

tochi/1999-  6- 1/pl- jacob/pl- jacob.pdf

P. Marden,Jr. andE. Munson.PSL:An alternateapproacto
style sheetanguagegor theworld wide weh Journal of
Universal ComputerScience4(10),1998.
http://www.cs.uwm.edu/ multimedia .

K. Marriott, S. Chok,andA. Finlay. A tableaubasedconstraint
solvingtoolkit for interactie graphicalapplicationsin
InternationalConfeenceon Principlesand Practiceof
Constaint Programming(CP98) pages340-354,1998.

B. Myers,D. Giuse,R. Dannenbaeg, B. VanderZanden,

D. Kosbie,E. Pervin,A. Mickish, andP. Marchal.Garnet:
Comprehense supportfor graphicalhighly interactve user
interfaces|EEE Computey November1990.

B. Myers,R. McDaniel,R. Miller, A. Ferreng, A. Faulring,

B. Kyle, A. Mickish, A. Klimovitski, andP. Doane.Theamulet
ervironment:New modelsfor effective userinterfacesoftware
developmentlEEE Transactionn Softwae Engineering
23(6):347-365Junel997.

M. Noth. Constraindraving applet.Webpage,1998.
http://www.cs.washington.edu/research/
constraints/cda/info.html

R.RaoandS.Card.Thetablelens: me|g|ng graphicaland
symbolicrepresentations aninteractve focus+ context
visualizationfor tatularinformation.ln CHI'94 Confeence
Proceedingspages318-322,1994.

B. RobinsonandD. JacksonSVG toolkit. Webpage,
1999-2000http://sis.cmis.csiro.au/svg/

K. Ryall, J. Marks,andS. ShieberAn interactve
constraint-basesdystenfor draving graphsin Proceeding®f
the1997ACM Confeenceon User InterfaceSoftwae and
Tedhnolay, Banf, AlbertaCanadaQctober1997.

M. Sannella,). Malonegy, B. Freeman-BensomndA. Borning.
Multi-way versusone-way constraintsn userinterfaces:
Experiencewith the DeltaBluealgorithm.Softwae—Pactice
andExperience23(5):529-566May 1993.

I. SutherlandSketchpad:A man-machingraphical
communicatiorsystemln Proceeding®f the SpringJoint
ComputerConfeence pages329-3461FIPS,1963.

L. Tardif, F. Bes,andC. Roisin.Constraintdor multimedia
documentslIn Proceeding®f the Secondnternational
ConfeenceandExhibitionon the Practical Applicationof
Constaint Technolggy and Logic Programming Manchester
UnitedKingdom, April 2000.

C.vanWyk. A high-level languagédor specifyingpictures.
ACM Transactionon Graphics 1(2):163-182April 1982.

smil/



