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Abstract

In the paper we proposean automated SVG-basedvisualizationframewvork for mod-
eling languagedefinedby metamodelingechniques. Our frameavork combinesXML
standardsith existing graphtransformatiorand graphdrawing technologiesn orderto
provide anopen,tool-independenarchitecture.
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1 Intr oduction

Domainspecificdesignernvironmentscapturespecificationgndautomaticallygen-
erateor configurethetargetapplicationdn particularengineerindields. Thesevi-
sualenvironmentsprovide oneof themostpopularapplicationfield of graph-based
tools.

In generaltherearetwo mainapproacheéulfilling the needsof sucherviron-
ments:the foundationsof visual languages andthe paradigmof metamodeling
Both approachesollow the idea of the Model Driven Architecture(MDA): in a
universalmodelinglanguageone mustbe able to simultaneouslydesignmodel-
ing languagesnd concretetarget systemswhich is the point wherethe Unified
ModelingLanguaggUML) hascertaindisadantages.

Domainspecificvisualernvironmentglike GenGEd4], or DiaGen[8]) general-
izethetheoryof traditionalformallanguageso graph-basesisualrepresentations:
() typically, we first constructsomevisual alphabetwherecertainconstraintsare
imposedon the appearancef graphicalobjects(like circles,rectanglesetc.); (ii)
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afterwards, a well-formed sentenceof the visual languageis definedby a set of
rules,wherewell-formednes®f a sentencas decidedby graphicalparsingalgo-
rithms.

On the other hand, the aim of metamodelingools (suchas GME [9], PRO-
GRES[11] or VIATRA [13]) is to definefirst the abstracsyntaxof arbitrarymod-
eling languagesn a visual UML-basednotation,while the concretevisual repre-
sentation®f domainspecificobjectsaretypically basedon visual stereotypesAs
its benchmarlapplication,the Unified Modeling Languagg UML) itself wasde-
finedby metamodelingechniquesn a meta-circulamway. However, metamodeling
cansimultaneouslye appliedto capturethe staticstructureof variousmathemati-
caldomaing(lik e Petrinets,automataetc.).

A commonproblemin eachapproachs to provide a standardizedvay to in-
tegratetheminto existing engineeringapplicationswhich hasbeenaddressede-
centlyby creatingXML-basedmodelinterchangdormatsfor theirinternalmodels.
However, while the designof commonXML-baseddescriptionss ratherstraight-
forwardfor the abstractogical syntaxof models(see for instance suchinitiatives
asPNML [2], or GXL & GTXL [12]), it seemdo behardto designa uniform XML
representatiofor the concretevisual syntaxof domainmodels.

Although therealsoexists an XML standardcalled ScalableVector Graphics
(SVG) [15] for representingectorbaseddravings (built up from drawing primi-
tivessuchascirclesor lines) with automatedenderingsupportfor web browsers,
a manualdesignof an SVG representatiomloesnot scaleup well for individual
modelinglanguages.

In the paperwe proposea standardSVG-basedatchvisualizationframeavork
for modelinglanguageslefinedby metamodelingechniquesOurframenork com-
binesXML standardsvith existing graphtransformatiorandgraphdrawing tech-
nologiesin orderto provide an open,tool-independenarchitecture.However, as
the handlingof userinteractionandcomplex graphicalconstraintds out of scope
of the currentpaper our proposalshouldbe regardedas a feasibility studyfor a
complex SVG-basedrisuallanguageernvironment.

2 The Visualization Framework

An overview of our graphtransformation-basedisualizationframework is de-
pictedin Fig. 1. The generalconceptsf our framevork is demonstrate@n the
concretedomainof Petrinets,which is a well-known visualmathematicaformal-
ism frequentlyusedfor modelingdistributedandconcurrensystems.
Ouroverallaimis to visualizea concreteamodel(i.e., a Petrinet) by transform-
ing it into an SVG representationyhich canberenderedy webbrowsers.
For thisreasonthe visualizationprocessequireshefollowing inputs.

+ Petri net metamodel. This metamodetlefinesthe abstracisyntaxof Petrinets
by introducing,for instance the notionsof places,transitions,etc. in a UML
notation.
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Fig. 1. An overvien of thevisualizationprocess

Petri net modelto be visualized. A concretePetrinetmodelis aninstanceof
thepreviousmetamodel As we concentraten visualizationandnot verification,
we supposehatthis modelfulfills all additionalwell-formednesgonstraintsas
well. At this point, our abstractmodelis representedby typed and attributed
graphs.

Mapping of abstract syntaxinto concrete syntax. This mappingbetweerthe
abstractPetrinetmodeland somepredefineddraving primitiveslik e circlesor
rectangless specifiedn theform of graphtransformatiorrules.

As thereis ahugeabstractiorgapbetweeranabstractgraph-basedepresenta-

tion of Petrinetsanda concrete SVG-basedextual format,theentirevisualization
processs dividedinto threemainsteps:

From abstract syntax to drawing primiti ves. As theinitial step,the abstract
Petrinetmodelis transformednto alogical draving thatcontainsdrawing prim-

itives(like circlesor rectanglesyith logical relationsbetweerthem(e.g.,con-

tainment).This modeltransformations drivenby theinputsetof graphtransfor

mationrulesandgeneratesin XMl [10] representatioffor the logical draving

model.

Layout calculation by graph drawing techniques. The drawing primitives
createdin thefirst steponly have logical relationsbetweenthemsuchascon-
tainmentof objects(e.g.,a netcontainsplacesandtransitions)or source-taget
relationsfor arravs (aninput arc is leadingfrom a placeto a transition). The
concretephysicalcoordinatef Petrinetobjects(suchasthe centerandradius
of a circle representing place)are determinedn this secondstepusing off-
the-shelfgraphdrawing tools and exportedasattributesinto the previous XMl
representatioof thedraving model.

Generation of the SVG representation. Now, we have all the informationre-
quiredfor thevisualizationof Petrinets.For thisreasonthe XMI representation
of thedrawing is transformednto the standardSVG format.

Rendering by a web browser. Thefinal stepof the visualizationprocesss to
openthe SVG file of the Petrinetin awebbrowser

In the following, the stepsof the visualizationprocessare overvienved by an

example,whichis thevisualizationof Petrinets.
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2.1 Metamodeling

Domain metamodel: Petri nets

Metamodelscapturethe abstractstructureof the problemdomainvisually, in
a UML notation. For instance the metamodebf Petrinetsis a formal definition
of the languageof Petri netsand a Petri net modelis a well-formed instanceof
themetamodelThis instance-ofelationships frequentlyformalizedby meansof
typegraphsandtyping homomorphisnj5].

In Fig. 2, ametamodebf Petrinetsis depictedor demonstratiopurposesAc-
cordingto this metamodelPetrinetsconsistof Placesand Transitions connected
by two typesof arcs: InputArcsleadingfrom placesto transitionsand OutputAcs
leadingfrom transitionsto places. Thesenotionsof Petrinetsarerepresentedyy
UML classesn themetamodel.

The relationsthat connectthe objectsto eachotherare definedby UML asso-
ciations Suchrelationsarethosethat connectarcsto placesandtransitions(e.g.,
fromPlacetoPlacein theexample),but alsothecontainmentelations(e.g.,places
transitiong thatconnectPetrinetobjectsto the netitself belonghere.

Net

+vlaces AN
/ ‘\pumrcs

Place +fromPlace o ItAC
% J'M
+to<en ]
+t-ansitions +oJtvutA-cs
Token T-ansition | +toT-aasition OtotAc
+f-omT-ansiton

Fig. 2. A metamodebf Petrinets

In the metamodelclassesand associationslefinethe abstractsyntaxof Petri
nets. However, in the concretesyntaxof Petri nets,arcsare representedby ar-
rows, placesby circles, transitionsby rectanglesandtokensby black circles. In
thesequelwe defineamodelinglanguagdor therepresentatioof vectorgraphics
drawing primitives.

A metamodelof drawing primiti ves

An extractfrom our proposednetamodefor draving primitivesis depictedn
Fig. 3. EachPetrinetobjectis transformednto agraphicalbbject(calledGrObjec)
which senesasa containerof (oneor more)drawing primitives. For instancethe
GrObjectof a Petrinet placemerely containsa circle, however, in caseof finite
statemachinestheacceptingstategequireto be composeaf two separateircles.

The metamodelntroducesa graph representationfor drawing primiti ves
In this sensethe abstractGrObject class(i.e., it may not have instances)s the
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Fig. 3. An extractfrom the metamodebf draving primitives

commonancestoonf GrNodeandGrEdge. Accordingto thetraditionalrepresenta-
tion, placestransitionsandtokensof Petrinetsshouldbetransformedo GrNodes
while InputArcs and OutputArcs(togetherwith the connectingrelations)will be
expressedsGrEdges

A GrObjectmay containseveral DrawingElementshat representhe drawing
primitives.DrawingElemenf{whichis alsoabstract)s thecommonancestoof the
drawving primitivessuchaslines,rectanglescirclesor text.

The drawing primitives have several attributesthat have default valuesintro-
ducedby the mappingfrom the abstractsyntaxto the concretesyntaxor they will
be calculatedaterby the graphdrawing tool. For instancethe attributefill defines
thefill color, stroke definesthe color of theline andstroke-widthdefinesthewidth
of theline.

In mary casesthe graphicalnotationrequiresto draw severalprimitivesonthe
top of eachother(e.g. thefinal statein caseof statemachiness representedby
a smallerfilled black circle is placedabove afilled white circle). For this reason,
start andnext relationsareintroduced. The start relationsdefinewhich primitive
shouldbe drawn first (theremay only be a single start edgein a GrObjec) anda
next edgepointsto the next primitive to bedrawn.

Whena GrObjectconsistof morethana singledraving primitive, therelation
of thesedrawing primitivesto eachothermustbe defined(e.g.,a circle is above
arectangleetc.). For this reasonwe uselocal coordinatesia compoundobjectis
drawn in its local coordinatesystem.

Currently two kindsof logicalrelations(constraintsaresupportedn themeta-
model,however, it is possibleto introducefurthergraphicalconstraints.

« The associationsouice and target depict the sourceand target nodesof an
5
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GrEdce.

« Thecontainsassociatiordenotesa containmentelation,i.e., thatone GrObject
may containanother For instancea Petrinet placemay containtokens. In this
case,both tokensand placesare different objects,however, tokensshouldbe
linkedto places.

2.2 Modeltransformation

Themappingbetweerthe metamodetlassesandthedrawingprimitivesis defined
by modeltransformationswhichis formally a combinationof speciallystructured
graphtransformatiorrulesdriven by control structure413]. The sourcelanguage
of the transformations definedby the domainmetamodeli.e., the metamodebf
Petrinetsin our case)while thefixedtargetlanguages describedy the previous
metamodebf drawving primitives.

Generallyspeakingthetransformatiorfrom domainmodelsto draving models
basicallyconsistof the following steps.

« Transforming domain objects into drawing primiti ves At the initial step,
eachdomainclassis transformednto draving objectscomposeaf oneor more
draving primitives. In our Petri net example, places,transitions,and tokens
are transformednto GrNodes while input and output arcsare projectedinto
GrEdges

« Creating the source/target relations betweenGrEdgesand GrNodes At this
point, inputandoutputarcsof Petrinetsareconnectedo placesandtransitions,
which is a kind of graphicalconstraint(however, no information on physical
coordinatess addedat this point).

+ Creatingthe containmentrelations At thisfinal point, for instancetokensare
connectedo placesthat containthem. This containmentelationalsorepresent
someconstraintsmposedon valid visualizationsof Petrinets.

The resultof the modeltransformatiorstepis a logical drawving that contains
drawing primitiveslik e circlesor lineswithoutconcretghysicalcoordinatesedges
andthelogicalrelationsbetweerthe groupsof theseprimitives(suchasthe source
andtargetof anedgeor containmentonstraints).

2.3 XMl representatiorof thelogical drawing

Thelogical drawing is exportedin an XMl format[10], whichis a standardXML
dialectdervedautomaticallyfrom the correspondingnetamodelFor instancethe
following pieceof XMI coderepresenta Petrinetplacecontainingatoken.

« Place GrNode 13 representshe Petri net place composedf a single white
circle dravn with a stroke width of 2 pixels. The fact of token containmenis
representedby the containsrelationwith ID referenceso the containedokens
(notethexmi.idref attributes).
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<@ Node xm .1d="13"> <@ Node xm .1d="24">
<cont ai ns> <cont ai ns/ >
<G Node xm .idref="24"/>
</ cont ai ns>
<start> <start>
<Circle xm.idref="14"/> <Circle xm.idref="25"/>
</start> </start>
<consi st _of > <consi st _of >
<Circle xm.id="14"> <Circle xm.id="25">
<r>25</r> <r>10</r>
<stroke>bl ack</ st roke> <stroke>bl ack</ st roke>
<stroke_ w dt h>2</stroke_w dt h> <stroke_ w dt h>2</stroke_w
<fill>white</fill> <fill>black</fill>
<next/> <next/>
</Circle> </Crcle>
</ consi st_of > </ consi st_of >
</ G Node> </ G Node>

Fig. 4. The XMI representationf draving primitives

+ Token. A token(GrNode24 in the example)is representethy a smaller black
circle (theradiusr is lessthanin the previouscase).

2.4 Layout

The purposeof the next, so-called Jayout stepis to arrangethe GrObjectsinto an
appropriatdayout format, which requiresto calculatethe physicalcoordinatesf
drawing objects(accordingo their boundingboxes).

As the graphdrawing problemalreadyhasa rich theoryandtool support,we
have decidedto rely on an off-the-shelfgraph drawing tool for the layout step
insteadof an own implementation We usedthe Java-basedBM GFC|[7] (Graph
FoundationClasseswhich is a Java classlibrary for graphcreation,manipulation
andvisualization)toolkit for our experimentsdueto the rich supportof Java for
XML processing.On the other hand,we also experiencedcertainlimitations of
thetool, especiallywhenvisualizingnon-planagraphswhich mightrequiremore
sophisticatedolutionsfor futureapplications.

The mainstepsof thelayoutcalculationprocessarethefollowing.

* Processinghe XMI file. As theinterface(result)of the modeltransformation
stepis an XML file it shouldbe parsedand storedin the appropriateinternal
representationf the graphdrawing tool.

+ Creating drawing layers. Thelogical draving canbe groupednto severallay-
ersaccordingto the containmentelation. The top-mostlevel is thefirst layer,
andeachgroup of objectsthatis connectedo this layer with a containsedge
belonggo aseparatéayer Thereasorfor thelayerseparatioris thatfrequently
eachlayercanbe processedimostseparatelyluringthe calculationof nodeco-
ordinateswhich reduceghe computationatomplexity of this subsequersgtep.

« Calculating node coordinates. Typically, the nodecoordinatesare calculated
7
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for eachdrawing layer separatelyln the caseof Petrinets,we compute for in-
stancethecoordinate®f circlesrepresentingplacesandrectanglesepresenting
transitions.

* Resizing If thedifferentlayersareprocessedeparatelyve mightneedto resize
nodesto allow thatthe sub-layemwith all the graphicalobjectscontainedby the
nodefit into thenode.

« Writing the XMl file. Theresultof thecalculationis exportedfrom theinternal
structureof thetool into thesameXMI formatof logicaldravingsby introducing
new or recalculatingexisting variables.

As the resultof thesesteps,we may obtainthe following pieceof XMl code
(Fig. 5), whichis anextensionof the previous XMl file by concretecoordinategor
width, height,etc.

<@ Node xm .1d="13">
c <G Node xm .id="24">
<consi st _of >

<Circle xm.id="14">
<cx>25</cx> Y Coordi -
nat es added
<cy>25</cy>

</Circle>

</ consi st_of >
</ G Node>

<consi st _of >
<Circle xm .id="25">
<cx>25</ cx>
<cy>25</cy>

</Circle>

</ consi st_of >
</ G Node>

Fig. 5. ExtendedXMI representationf draving primitives

2.5 Transformatiorto SVG

The resultof the layout stepis an XMI file that containsthe draving primitives
with the physicalcoordinate®f thenodesgroupednto layers. Theaim of thefinal
stepin the visualizationprocesss to generatean SVG file which canberendered
directly by openingit in awebbrowset

SVG (Scalable/ectorGraphics)15] is anXML-basedlanguagevhichwasde-
signedto describevectorgraphicalimages.It supportsseveraldraving primitives
(like lines, circles, rectanglesetc.), offers the possibility of groupingtheseprimi-
tivesandprovidestransformatioron themlik e translationto a specifiedposition,
scalingandrotating.

As both the input and the output of this transformationstepis an XML file,
moreover, the projectionfrom thelogical draving (containingall relevantinforma-
tion suchasphysicalcoordinates|ayers,etc.) is rathersyntactic,we canusean
XSLT-basedransformatiorengine[14]. Although this is anothertransformation
techniqueijt is invisible to the userasbeingidenticalfor differentmodelinglan-
guages.Thevisualizationprocessstartingfrom the logical representationf Petri
nets(Fig. 5) is expectedto derive thefollowing SVG code(seeFig. 6).
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<svg W dt h="100% hei ght="100% viewBox="0 0 200 600">
<g transform="transl ate(125 125)">
<g> <!-- place -->
<circle cx="25 cy=25 r= 25
stroke="bl ack’ stroke-width="2" fill=white' />
</ g>
<g> <!-- token -->
<circle cx="25 cy=25 r=10
stroke="bl ack’ stroke-width="2" fill="black’/>
</ g>
</ g>
</ svg>

Fig. 6. SVG representationf a Petrinetplacewith atoken
3 Conclusions

In the currentpaper we presentedan off-line openvisualizationframeawork for
modelinglanguageslefinedby metamodelingechniques.Our framevork com-
binesXML standardsvith existing graphtransformatiorandgraphdrawing tech-
nologiesin orderto provide an SVG-basedoutputthat can be renderedby web
browsers. The entire architectureis independenbf the concretegraphdraving
andmodeltransformatiortool asthe intermediatenodelsof our framework areall
basednthe XMl standard?

Our first experiments(visualizationof Petri netsand hierarchicalautomata-
a popularsemanticdomainof UML statechartsyvereall basedon modelinglan-
guagedefinedby metamodelingechniqueswherean off-line (batch)visualiza-
tion approachis still usefulfor documentinghe logical structureof the modelin
thedomainspecificvisual notation.

However, moresophisticatedechniquesrerequiredfor an SVG-basedrame-
work integratedasthe userinterfaceof visual languagetools as SVG hascertain
dravbacksconcerningnteractionand complex graphicalconstraints.A potential
candidatefor suchpurposeds CSVG [3] (ConstraintScalableVector Graphics),
which is an extensionto SVG that can handlegraphicalconstraintsdefinedin a
mathematicaform. In thefuture,we planto do furtherinvestigationsn thatfield.
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