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Abstract. In the paper, we presenta tool for modelcheckingdynamicconsis-
tency propertiesin arbitrarywell-formedinstancemodelsof any modelinglan-
guagedefinedvisually by metamodelingandgraphtransformationtechniques.
Our tool first translatessuchhigh-level specificationsinto a tool independentab-
stractrepresentationof transitionsystemsdefinedby acorrespondingmetamodel.
Fromthis intermediaterepresentationtheinput languageof theback-endmodel
checker tool (i.e.,SPINin our case)is generatedautomatically.
Keywords: visual modeling languages,metamodeling,graph transformation,
modelchecking,formal verification.

1 Towards a Formal Analysis of Modeling Languagesin MDA

As theModel DrivenArchitecture(MDA) is becomingmoreandmorewidespreadin
thedesignprocessof IT systems,thereis anincreasingneedfor efficiently developing
modelinglanguagesandtheirmodelinstanceswithin asinglemodelingframework.For
instance,UML itself (from version2.0)is evolving into afamily of modelinglanguages
from a singleandmonolithlanguage.

Thedefinitionof suchmodelinglanguagesis frequentlybasedon a combinationof
visualmetamodelingtechniquesandwell-formednessconstraintsexpressedin theOb-
jectConstraintLanguage(OCL) thatallow anobject-orientedspecificationof thestatic
semanticsof the language.Sincethe currentMOF standarddoesnot provide an ap-
propriatemeansto preciselyspecifythedynamicoperational semanticsof a language,
many approaches(e.g.,[1,5]) facilitatetheuseof graphtransformationfor thatpurpose.
Graphtransformationrulesprovideavisualandpatternbasedmanipulationof thetarget
usermodelfitting well to bestengineeringpractices.

However, as the useof visual modelingtechniquesalonedoesnot guaranteethe
correctnessof a design,modelcheckingtools (like SPIN [2]) are frequentlyusedto
mechanicallyanalyzethefunctionalcorrectnessof systemmodelsbasedon UML stat-
echarts(seee.g.,[3]). Unfortunately, theseapproachesdoesnot scaleup well for en-
suringconsistency betweenmultiple modelinglanguagesasprojectingmodelinglan-
guagesinto a commonsemanticdomainfor verificationpurposes(asdone,e.g.,in [1])
canbedifficult evenfor domainexpertssinceinput languagesof modelchecker tools
arevery low-level. Moreover, a new tool hasto bedevelopedto extendtheconsistency
framework for handlinga new modelinglanguage.



To overcometheseproblems,in thepaperwepresenttheCheckVMLsystem,which
providestool supportfor the meta-level translationalgorithm(presentedin [4]) from
high-level specificationof modeling languages(basedon metamodelingand graph
transformation)into input languagesof themodelcheckertools(currentlyimplemented
for SPIN[2]). As aresult,theformalanalysisof (well-formedinstancesof) anew mod-
eling languagecanbehighly automatedandit doesnot requireadditionallow-level and
manualencodingefforts for enablingtheuseof modelchecker tools.

In thepaper, we overview thevisualspecificationof modelinglanguagesandtheir
well-formedusermodelsin Sec.2 with a small illustrating example.Section3 intro-
ducesthebasicarchitectureof a tool for modelcheckingvisualmodelinglanguages.

2 Visual Specificationof Modeling Languages

In our tool, the staticstructureof the modelinglanguageis definedby metamodeling
techniqueswhile the dynamicoperationalsemanticsof the languageis specifiedby
graphtransformationrules.Suchdescriptionswill serveastheinputof our transforma-
tion procedureto produceanequivalenttransitionsystemasresult.

Models and metamodels Metamodelingis a termfor capturingtheevolution of user
modelsandmodelinglanguagesuniformly, in a singlevisualmodelingframework (in
theform of UML classandobjectdiagrams).Theformal representationof suchmodels
andmodelinglanguagescanrely on theuseof typed,andattributedgraphs.
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Fig.1. Visualspecificationof modelinglanguages

Example1. Accordingto themetamodelof Fig. 1, afinite automatonconsistsof states
and transitions. Eachtransitionhasa from stateanda to state.The initial statesof an
automatonaremarkedwith init andactivestatesaremarkedwith current associations.
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A simple automatoninstancea1 hastwo states(s1 and s2) anda transition(t1)
betweenthem(from s1 to s2). Theinitial stateof a1 is s1, markedwith an init link.

In themetamodel,we clearlyseparatedynamiccomponents(i.e., thosethatcanbe
modifiedby graphtransformationrules like the current associationin our case)from
staticonesby depictingthemin dashedlines.

Graph transformation rules Thespecificationof the dynamicaloperationalseman-
tics of modelinglanguagesis definedon themeta-level by graphtransformationrules.
An applicationof a rule providesa patternbasedmanipulationon thetargetgraphde-
scribinga legal transitionin thestatespaceof themodeledsystem.

A graphtransformationrule is a triple
���������
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, where
����	

is the
left-handsidegraph(prescribingthe preconditions),

����	
is the right-handsidegraph

(for thepostconditions)and
����

graphcontainsthenegativeapplicationconditionsfor
therule application.

Example2. A simplegraphtransformationrule is depictedin thebottompartof Fig. 1,
which shows thefiring of a transitionin a finite automaton.If S1 is thecurrentactive
statein automatonA anda transitionT exists from stateS1 to an other stateS2 (as
describedby

����	
) thenthenext active statein automatonA will bestateS2 (see

����	
)

whenapplyingrule fireR.

3 CheckVML: A Tool for Model Checking Visual Modeling
Languages
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Fig.2. Thearchitectureof CheckVML

tecturedepictedin Fig.2)aimsatthefor-
mal verificationof arbitraryvisualmod-
eling languages(like, such as UML ,
Petri nets,dataflow nets,etc.)by gener-
atinga model-level specificationfor the
SPIN model checker. According to our
optimizationtechnique(in [4]), only dy-
namicconceptsof a modelinglanguage
(i.e., thosethat may be modified by a
graphtransformationrule) areprojected
into the target transformationsystemin
orderto avoid statespaceexplosion.The

tool is written in Java in orderto ensureplatformindependence.

– Input: Theinputof thetool (markedwith dashededges)consistsof themetamodel
of the modelinglanguage,an instancemodel, anda setof graph transformation
rules.

– Output: From theseinputsour tool derivesa semanticallyequivalent(modelde-
pendent)transitionsystemfollowing the guidelinesof [4]. Transitionsystemsare
acommonmathematicalformalismthatservesastheinputspecificationof various
modelchecker tools.
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– Tool independence:Note that this intermediatetransitionsystemis definedby a
correspondingmetamodel,whichprovidesavisualandtool independentspecifica-
tion of abstractmathematicsthatis easilyunderstoodby domainexperts.

– Model checking: Finally, our tool generatesa Promeladescriptionfrom the tran-
sition systemwhich servesasthe input for theSPINmodelchecker [2]. Supplied
with a dynamicconsistency property(in theform of anLTL formula),formalveri-
ficationis carriedout within SPIN.

Example3. Whenfeedingour samplefinite automatonmodelas input togetherwith
its metamodeland graphtransformationrule (seeFig. 1), CheckVML generatesthe
following (extract of) Promelaguardedcommandfor applyingrule fireR on a single
matching.

if
:: current[a1][s1] -> current[a1][s1] = 0; current[a1][s2] = 1;
fi

Note that all the staticconceptsof the graphtransformationrule areeliminatedat
compiletimeandstatevariablesareonly introducedfor dynamiccomponentsaccording
to our optimizationtechnique.

4 Conclusionand Future Work

We presenteda tool for automaticallygeneratinga Promeladescriptionfrom a meta-
level visualspecificationof modelinglanguagescomposedof ametamodel,aninstance
model,andasetof graphtransformationrulesdefiningtheoperationalsemanticsof the
language.Simplecasestudies(including Petri netsandthe verificationbenchmarkof
dining philosopherspresentedin [4]) have alreadybeencarriedout to demonstratethe
feasibilityof our tool. In thefuture,weareaimingto applyourmodelcheckingtool for
proving propertypreservationof model transformationsbetweenmodelinglanguages
within MDA.
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