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Abstract

In the paper, we proposean automated,SVG-basedvisualizationframework for mod-
eling languagesdefinedby metamodelingtechniques. Our framework combinesXML
standardswith existing graphtransformationandgraphdrawing technologiesin order to
provide anopen,tool-independentarchitecture.
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1 Intr oduction

Domainspecificdesignenvironmentscapturespecificationsandautomaticallygen-
erateor configurethetargetapplicationsin particularengineeringfields.Thesevi-
sualenvironmentsprovideoneof themostpopularapplicationfield of graph-based
tools.

In general,therearetwo mainapproachesfulfilling theneedsof suchenviron-
ments:the foundationsof visual languages, andtheparadigmof metamodeling.
Both approachesfollow the ideaof the Model Driven Architecture(MDA): in a
universalmodelinglanguageone must be able to simultaneouslydesignmodel-
ing languagesand concretetarget systems,which is the point wherethe Unified
ModelingLanguage(UML) hascertaindisadvantages.

Domainspecificvisualenvironments(likeGenGEd[4], or DiaGen[8]) general-
izethetheoryof traditionalformallanguagesto graph-basedvisualrepresentations:
(i) typically, we first constructsomevisualalphabetwherecertainconstraintsare
imposedon theappearanceof graphicalobjects(like circles,rectangles,etc.); (ii)
_
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afterwards,a well-formedsentenceof the visual languageis definedby a setof
rules,wherewell-formednessof a sentenceis decidedby graphicalparsingalgo-
rithms.

On the other hand,the aim of metamodelingtools (suchasGME [9], PRO-
GRES[11] or VIATRA [13]) is to definefirst theabstractsyntaxof arbitrarymod-
eling languagesin a visual UML-basednotation,while theconcretevisual repre-
sentationsof domainspecificobjectsaretypically basedon visualstereotypes.As
its benchmarkapplication,the Unified ModelingLanguage(UML) itself wasde-
finedby metamodelingtechniquesin ameta-circularway. However, metamodeling
cansimultaneouslybeappliedto capturethestaticstructureof variousmathemati-
cal domains(likePetrinets,automata,etc.).

A commonproblemin eachapproachis to provide a standardizedway to in-
tegratetheminto existing engineeringapplications,which hasbeenaddressedre-
centlyby creatingXML-basedmodelinterchangeformatsfor their internalmodels.
However, while thedesignof commonXML-baseddescriptionsis ratherstraight-
forwardfor theabstractlogical syntaxof models(see,for instance,suchinitiatives
asPNML [2], or GXL & GTXL [12]), it seemsto behardto designauniformXML
representationfor theconcretevisualsyntaxof domainmodels.

Although therealsoexists an XML standardcalledScalableVectorGraphics
(SVG) [15] for representingvector-baseddrawings (built up from drawing primi-
tivessuchascirclesor lines)with automatedrenderingsupportfor webbrowsers,
a manualdesignof an SVG representationdoesnot scaleup well for individual
modelinglanguages.

In thepaper, weproposeastandard,SVG-basedbatchvisualizationframework
for modelinglanguagesdefinedby metamodelingtechniques.Ourframework com-
binesXML standardswith existing graphtransformationandgraphdrawing tech-
nologiesin orderto provide an open,tool-independentarchitecture.However, as
thehandlingof userinteractionandcomplex graphicalconstraintsis out of scope
of the currentpaper, our proposalshouldbe regardedasa feasibility study for a
complex SVG-basedvisuallanguageenvironment.

2 The Visualization Framework

An overview of our graph transformation-basedvisualizationframework is de-
picted in Fig. 1. The generalconceptsof our framework is demonstratedon the
concretedomainof Petrinets,which is a well-known visualmathematicalformal-
ismfrequentlyusedfor modelingdistributedandconcurrentsystems.

Our overallaim is to visualizeaconcretemodel(i.e.,aPetrinet)by transform-
ing it into anSVG representation,whichcanberenderedby webbrowsers.

For this reason,thevisualizationprocessrequiresthefollowing inputs.
s Petri net metamodel. This metamodeldefinestheabstractsyntaxof Petrinets

by introducing,for instance,the notionsof places,transitions,etc. in a UML
notation.
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Fig. 1. An overview of thevisualizationprocess

s Petri net model to be visualized. A concretePetrinetmodelis an instanceof
thepreviousmetamodel.As weconcentrateonvisualizationandnotverification,
we supposethatthis modelfulfills all additionalwell-formednessconstraintsas
well. At this point, our abstractmodel is representedby typedandattributed
graphs.

s Mapping of abstract syntax into concretesyntax. This mappingbetweenthe
abstractPetri netmodelandsomepredefineddrawing primitiveslike circlesor
rectanglesis specifiedin theform of graphtransformationrules.

As thereis ahugeabstractiongapbetweenanabstract,graph-basedrepresenta-
tion of Petrinetsandaconcrete,SVG-basedtextual format,theentirevisualization
processis dividedinto threemainsteps:
s From abstract syntax to drawing primiti ves. As the initial step,theabstract

Petrinetmodelis transformedinto alogicaldrawing thatcontainsdrawing prim-
itives(like circlesor rectangles)with logical relationsbetweenthem(e.g.,con-
tainment).Thismodeltransformationis drivenby theinputsetof graphtransfor-
mationrulesandgeneratesan XMI [10] representationfor the logical drawing
model.

s Layout calculation by graph drawing techniques. The drawing primitives
createdin the first steponly have logical relationsbetweenthemsuchascon-
tainmentof objects(e.g.,a net containsplacesandtransitions)or source-target
relationsfor arrows (an input arc is leadingfrom a placeto a transition). The
concretephysicalcoordinatesof Petrinetobjects(suchasthecenterandradius
of a circle representinga place)are determinedin this secondstepusingoff-
the-shelfgraphdrawing tools andexportedasattributesinto the previous XMI
representationof thedrawing model.

s Generation of the SVG representation.Now, we have all the informationre-
quiredfor thevisualizationof Petrinets.For this reason,theXMI representation
of thedrawing is transformedinto thestandardSVG format.

s Rendering by a web browser. Thefinal stepof thevisualizationprocessis to
opentheSVG file of thePetrinetin awebbrowser.

In the following, the stepsof the visualizationprocessareoverviewed by an
example,which is thevisualizationof Petrinets.

3



c0dfe�dfghdfikjhlhmon�jhpqp.rd

2.1 Metamodeling

Domain metamodel: Petri nets
Metamodelscapturethe abstractstructureof the problemdomainvisually, in

a UML notation. For instance,the metamodelof Petri netsis a formal definition
of the languageof Petri netsanda Petri net model is a well-formed instanceof
themetamodel.This instance-ofrelationshipis frequentlyformalizedby meansof
typegraphsandtyping homomorphism[5].

In Fig. 2, ametamodelof Petrinetsis depictedfor demonstrationpurposes.Ac-
cordingto this metamodel,Petrinetsconsistof PlacesandTransitions, connected
by two typesof arcs:InputArcs leadingfrom placesto transitionsandOutputArcs
leadingfrom transitionsto places.Thesenotionsof Petri netsarerepresentedby
UML classesin themetamodel.

Therelationsthatconnecttheobjectsto eachotheraredefinedby UML asso-
ciations. Suchrelationsarethosethatconnectarcsto placesandtransitions(e.g.,
fromPlace, toPlacein theexample),but alsothecontainmentrelations(e.g.,places,
transitions) thatconnectPetrinetobjectsto thenetitself belonghere.
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Fig. 2. A metamodelof Petrinets

In the metamodel,classesandassociationsdefinethe abstractsyntaxof Petri
nets. However, in the concretesyntaxof Petri nets,arcsare representedby ar-
rows, placesby circles, transitionsby rectanglesandtokensby black circles. In
thesequel,wedefineamodelinglanguagefor therepresentationof vectorgraphics
drawing primitives.

A metamodelof drawing primiti ves
An extractfrom our proposedmetamodelfor drawing primitivesis depictedin

Fig.3. EachPetrinetobjectis transformedintoagraphicalobject(calledGrObject)
which servesasa containerof (oneor more)drawing primitives.For instance,the
GrObjectof a Petri net placemerelycontainsa circle, however, in caseof finite
statemachines,theacceptingstatesrequireto becomposedof two separatecircles.

The metamodelintroducesa graph representationfor drawing primiti ves.
In this sense,the abstractGrObject class(i.e., it may not have instances)is the

4
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Fig. 3. An extractfrom themetamodelof drawing primitives

commonancestorof GrNodeandGrEdge. Accordingto thetraditionalrepresenta-
tion, places,transitionsandtokensof Petrinetsshouldbetransformedto GrNodes,
while InputArcsandOutputArcs(togetherwith the connectingrelations)will be
expressedasGrEdges.

A GrObjectmaycontainseveralDrawingElementsthat representthedrawing
primitives.DrawingElement(which is alsoabstract)is thecommonancestorof the
drawing primitivessuchaslines,rectangles,circlesor text.

The drawing primitiveshave several attributesthat have default valuesintro-
ducedby themappingfrom theabstractsyntaxto theconcretesyntaxor they will
becalculatedlaterby thegraphdrawing tool. For instance,theattributefill defines
thefill color, strokedefinesthecolor of theline andstroke-widthdefinesthewidth
of theline.

In many cases,thegraphicalnotationrequiresto draw severalprimitiveson the
top of eachother(e.g. the final statein caseof statemachinesis representedby
a smallerfilled blackcircle is placedabove a filled white circle). For this reason,
start andnext relationsareintroduced.Thestart relationsdefinewhich primitive
shouldbedrawn first (theremayonly bea singlestart edgein a GrObject) anda
next edgepointsto thenext primitiveto bedrawn.

WhenaGrObjectconsistsof morethanasingledrawing primitive,therelation
of thesedrawing primitivesto eachothermustbe defined(e.g.,a circle is above
a rectangleetc.). For this reason,we uselocal coordinates:a compoundobjectis
drawn in its local coordinatesystem.

Currently, two kindsof logical relations(constraints)aresupportedin themeta-
model,however, it is possibleto introducefurthergraphicalconstraints.
s The associationssource and target depict the sourceand target nodesof an

5
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GrEdge.
s Thecontainsassociationdenotesa containmentrelation,i.e., thatoneGrObject

maycontainanother. For instance,a Petrinetplacemaycontaintokens.In this
case,both tokensand placesare differentobjects,however, tokensshouldbe
linkedto places.

2.2 Modeltransformation

Themappingbetweenthemetamodelclassesandthedrawingprimitivesis defined
by modeltransformations, which is formally a combinationof speciallystructured
graphtransformationrulesdrivenby controlstructures[13]. Thesourcelanguage
of the transformationis definedby thedomainmetamodel(i.e., themetamodelof
Petrinetsin our case),while thefixedtarget languageis describedby theprevious
metamodelof drawing primitives.

Generallyspeaking,thetransformationfrom domainmodelsto drawing models
basicallyconsistsof thefollowing steps.
s Transforming domain objects into drawing primiti ves. At the initial step,

eachdomainclassis transformedinto drawing objectscomposedof oneor more
drawing primitives. In our Petri net example,places,transitions,and tokens
are transformedinto GrNodes, while input and output arcsare projectedinto
GrEdges.

s Creating the source/target relations betweenGrEdgesandGrNodes. At this
point, input andoutputarcsof Petrinetsareconnectedto placesandtransitions,
which is a kind of graphicalconstraint(however, no information on physical
coordinatesis addedat this point).

s Creatingthe containmentrelations. At thisfinal point, for instance,tokensare
connectedto placesthatcontainthem. This containmentrelationalsorepresent
someconstraintsimposedonvalid visualizationsof Petrinets.

The resultof the modeltransformationstepis a logical drawing that contains
drawingprimitiveslikecirclesor lineswithoutconcretephysicalcoordinates,edges
andthelogical relationsbetweenthegroupsof theseprimitives(suchasthesource
andtargetof anedgeor containmentconstraints).

2.3 XMI representationof thelogical drawing

Thelogical drawing is exportedin anXMI format [10], which is a standardXML
dialectderivedautomaticallyfrom thecorrespondingmetamodel.For instance,the
following pieceof XMI coderepresentsaPetrinetplacecontaininga token.
s Place. GrNode13 representsthe Petri net placecomposedof a single white

circle drawn with a stroke width of 2 pixels. The fact of token containmentis
representedby thecontainsrelationwith ID referencesto thecontainedtokens
(notethexmi.idref attributes).

6
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<GrNode xmi.id="13">
<contains>

<GrNode xmi.idref="24"/>
</contains>
<start>

<Circle xmi.idref="14"/>
</start>
<consist_of>

<Circle xmi.id="14">
<r>25</r>
<stroke>black</stroke>
<stroke_width>2</stroke_width>
<fill>white</fill>
<next/>

</Circle>
</consist_of>

</GrNode>

<GrNode xmi.id="24">
<contains/>

<start>
<Circle xmi.idref="25"/>

</start>
<consist_of>

<Circle xmi.id="25">
<r>10</r>
<stroke>black</stroke>
<stroke_width>2</stroke_width>
<fill>black</fill>
<next/>

</Circle>
</consist_of>

</GrNode>

Fig. 4. TheXMI representationof drawing primitives

s Token. A token(GrNode24 in theexample)is representedby a smaller, black
circle (theradiusr is lessthanin thepreviouscase).

2.4 Layout

Thepurposeof thenext, so-called,layoutstepis to arrangetheGrObjectsinto an
appropriatelayout format,which requiresto calculatethephysicalcoordinatesof
drawing objects(accordingto theirboundingboxes).

As the graphdrawing problemalreadyhasa rich theoryandtool support,we
have decidedto rely on an off-the-shelfgraphdrawing tool for the layout step
insteadof anown implementation.We usedtheJava-basedIBM GFC[7] (Graph
FoundationClasses,which is a Java classlibrary for graphcreation,manipulation
andvisualization)toolkit for our experimentsdueto the rich supportof Java for
XML processing.On the otherhand,we alsoexperiencedcertainlimitations of
thetool, especially, whenvisualizingnon-planargraphs,whichmight requiremore
sophisticatedsolutionsfor futureapplications.

Themainstepsof thelayoutcalculationprocessarethefollowing.
s Processingthe XMI file. As the interface(result)of themodeltransformation

stepis an XML file it shouldbe parsedandstoredin the appropriateinternal
representationof thegraphdrawing tool.

s Creating drawing layers. Thelogical drawing canbegroupedinto severallay-
ersaccordingto the containmentrelation. The top-mostlevel is the first layer,
andeachgroupof objectsthat is connectedto this layer with a containsedge
belongsto aseparatelayer. Thereasonfor thelayerseparationis thatfrequently,
eachlayercanbeprocessedalmostseparatelyduringthecalculationof nodeco-
ordinates,which reducesthecomputationalcomplexity of this subsequentstep.

s Calculating node coordinates. Typically, the nodecoordinatesarecalculated

7
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for eachdrawing layerseparately. In thecaseof Petrinets,we compute,for in-
stance,thecoordinatesof circlesrepresentingplaces,andrectanglesrepresenting
transitions.

s Resizing. If thedifferentlayersareprocessedseparatelywemightneedto resize
nodesto allow that thesub-layerwith all thegraphicalobjectscontainedby the
nodefit into thenode.

s Writing the XMI file. Theresultof thecalculationis exportedfrom theinternal
structureof thetool into thesameXMI formatof logicaldrawingsby introducing
new or recalculatingexistingvariables.

As the resultof thesesteps,we may obtainthe following pieceof XMI code
(Fig. 5), which is anextensionof thepreviousXMI file by concretecoordinatesfor
width, height,etc.

<GrNode xmi.id="13">
...
<consist_of>

<Circle xmi.id="14">
<cx>25</cx> %Coordi-

nates added
<cy>25</cy>
...

</Circle>
</consist_of>

</GrNode>

<GrNode xmi.id="24">
...
<consist_of>

<Circle xmi.id="25">
<cx>25</cx>
<cy>25</cy>
...

</Circle>
</consist_of>

</GrNode>

Fig. 5. ExtendedXMI representationof drawing primitives

2.5 Transformationto SVG

The resultof the layout stepis an XMI file that containsthe drawing primitives
with thephysicalcoordinatesof thenodesgroupedinto layers.Theaimof thefinal
stepin thevisualizationprocessis to generateanSVG file which canberendered
directlyby openingit in awebbrowser.

SVG (ScalableVectorGraphics)[15] is anXML-basedlanguagewhichwasde-
signedto describevectorgraphicalimages.It supportsseveraldrawing primitives
(like lines,circles,rectanglesetc.),offers the possibility of groupingtheseprimi-
tivesandprovidestransformationon themlike translationto a specifiedposition,
scalingandrotating.

As both the input and the outputof this transformationstepis an XML file,
moreover, theprojectionfrom thelogicaldrawing (containingall relevantinforma-
tion suchasphysicalcoordinates,layers,etc.) is rathersyntactic,we canusean
XSLT-basedtransformationengine[14]. Although this is anothertransformation
technique,it is invisible to the userasbeingidentical for differentmodelinglan-
guages.Thevisualizationprocessstartingfrom the logical representationof Petri
nets(Fig. 5) is expectedto derive thefollowing SVG code(seeFig. 6).
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<svg width="100%" height="100%" viewBox="0 0 200 600">
<g transform="translate(125 125)">
<g> <!-- place -->
<circle cx=’25’ cy=’25’ r=’25’

stroke=’black’ stroke-width=’2’ fill=’white’/>
</g>
<g> <!-- token -->
<circle cx=’25’ cy=’25’ r=’10’

stroke=’black’ stroke-width=’2’ fill=’black’/>
</g>

</g>
</svg>

Fig. 6. SVG representationof a Petrinetplacewith a token

3 Conclusions

In the currentpaper, we presentedan off-line openvisualizationframework for
modelinglanguagesdefinedby metamodelingtechniques.Our framework com-
binesXML standardswith existing graphtransformationandgraphdrawing tech-
nologiesin order to provide an SVG-basedoutput that can be renderedby web
browsers. The entire architectureis independentof the concretegraphdrawing
andmodeltransformationtool astheintermediatemodelsof our framework areall
basedon theXMI standard.ç

Our first experiments(visualizationof Petri netsandhierarchicalautomata–
a popularsemanticdomainof UML statecharts)wereall basedon modelinglan-
guagesdefinedby metamodelingtechniques,wherean off-line (batch)visualiza-
tion approachis still usefulfor documentingthe logical structureof themodelin
thedomainspecificvisualnotation.

However, moresophisticatedtechniquesarerequiredfor anSVG-basedframe-
work integratedasthe userinterfaceof visual languagetools asSVG hascertain
drawbacksconcerninginteractionandcomplex graphicalconstraints.A potential
candidatefor suchpurposesis CSVG [3] (ConstraintScalableVectorGraphics),
which is an extensionto SVG that canhandlegraphicalconstraintsdefinedin a
mathematicalform. In thefuture,weplanto do furtherinvestigationsin thatfield.
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[13] Varró,D., G.Varró andA. Pataricza,Designingtheautomatictransformationof visual
languages, Scienceof ComputerProgramming44 (2002),pp.205–227.

[14] World Wide WebConsortium,“XSL TransformationsVersion1.0,” .
URL http://www.w3.org/TR/xslt

[15] World Wide Web Consortium,“ScalableVectorGraphics(SVG) 1.0 Specification,”
(2001).
URL http://www.w3.org/TR/SVG/

10


