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ABSTRACT

The correctness of transformations has recently begun to attract the attention of the researchers
inModelDrivenEngineering(MDE).Theobjectiveofthisarticleistwofold.First,itpresentsan
approachfortransformingBPMNmodelstoColoredPetrinetsmodelsusingGROOVEandEMF/
Xpandtools.Second,itproposesanapproachforcheckingthecorrectnessofthetransformationitself.
Moreprecisely,wehavedefinedtheterminationpropertyofthetransformationandthepreservation
ofsomestructuralpropertiesofBPMNmodelsbythetransformationusingtheGROOVEgraph
transformationtool.Theauthorshavealsoappliedtheapproachonacasestudythroughwhichthe
authorshaveverifiedthesuccessfulterminationofthetransformationusingGROOVEModelChecker
andthetargetmodelpropertiesusingCPNTools.
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INTRodUCTIoN

BusinessProcessModelingNotation(BPMN)(Koppetal.,2012)isalanguagethatmodelsthesteps
ofaplannedbusinessprocessinindustry.Itisanefficientlanguagefordesigningandrepresentingthe
complexbehaviorofsystemssuchassynchronization,parallelism,andchoice.Inaddition,BPMNcan
beusedtoorchestratetheoperationalbehaviorlikedeploymentinTOSCA(TopologyandOrchestration
SpecificationforCloudApplication).TOSCAisawaytodescribethestructureofportableservices
inatopologyandtheirmanagementasworkflowscalledplans(Liptonetal.,2017).Itsgoalisto
decreasecostsofapplications,especiallyintheareaofcloudcomputing.However,BPMNsuffers
fromsyntacticandsemanticinconsistencies,whichrequirestheverificationandthevalidationofthe
resultingprocessmodels.Moreprecisely,BPMNhasnoexplicitlyformalizedsemanticsandsuffers
fromlackofanalysisandverificationcapabilities.Forexample,itcannotdetecttheflowcontrol
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errorsandbehavioralinconsistencies.Tothisend,severalstudieshavetransformedBPMNintoformal
modelslikePetrinetsorprocessalgebras.Thegoalofthistransformationistotakebenefitfromthe
factthatthesemodelshaveaformalsemanticsandofferseveralanalyticaltechniques.

MostworkinthefieldofMDE(ModelDrivenEngineering)(DaSilva,2015),especiallymodel
transformation,concentratesondefiningtherulesofthetransformationwhilealittleattentionhas
beendedicatedtotheverificationofthetransformationitself.Probably,theverificationofmodel
transformationsisadifficulttaskandneedsmanyeffortsinordertoimprovethequalityandthe
reliability of theproducts developedusing this paradigm (Calegari&Szasz, 2013).Checking a
transformationconsistsofprovingthatitsdesiredandundesiredpropertiesarecorrect.Theseproperties
includeconfluence,termination,semanticcorrectness,andsyntacticcorrectness.Themostknown
techniquesthatcanbeusedfortheverificationofthecorrectnessofsuchsystemaretheoremprovers
andmodelcheckers.Amodelcheckerverifiesthatapropertyholdsforasystembyexploringtheset
ofallitsreachablestates.Inthecaseofverificationfailure,themodelcheckergivesacounterexample
(Varró,2004).However,itsuffersfromthewell-knownstatespaceexplosionproblem.Contraryto
themodelchecker-basedapproach,theoremprovingcanbeusedtospecifyandprovethecorrectness
ofcomplexsystemswithinfinitestatespace.Nevertheless,atheoremproverhasmuchcost,requires
advancedproofsskills,andsometimesneedsuserinteractionforconstructingaproof.

Inhispaper,weproposeatransformationofBPMNmodelstoColoredPetriNets(CPN)models
usingGROOVEandEMF/Xpandtoolsanddefinetheterminationpropertyofthetransformationas
wellasthepreservationofsomestructuralpropertiesofBPMNmodelsbythetransformationusing
GROOVEgraphtransformationtool.Then,weapplytheapproachonacasestudythroughwhich
weverifythesuccessfulterminationofthetransformationusingGROOVEModelCheckerandthe
targetmodelpropertiesusingCPNTools.

Therestofthispaperisorganizedasfollows.Insection2,wediscussrelatedwork.Insection
3,wepresenttheconceptsandbackgroundofthiswork.Insection4,wepresentthecontributions
ofthispaper:wedescribeourapproachthattransformsBPMNtoCPNmodels,thenwedefinethe
terminationofthetransformationitselfandweproposesomestructuralpropertiesofBPMNmodels
andtheircorrespondingmodelsinCPNusingGROOVE.Insection5,wevalidateourapproach
usingacasestudythatcontainsastructuralerror.Thefinalsectionconcludesthepaperandgives
someperspectives.

ReLATed woRKS

TheBPMNnotationisawidelyusedandlargelystudiedstandardforthespecificationofbusiness
processes in anorganization.Toextract executable specifications fromBPMNmodels in away
suitableforformalverification,oneoftheeasiestwaysistousemodeltransformation.

Many works tackled the problem of formalizing BPMN models through translating it to
formalstandardssupportedbyanalysisfacilities.In(Rachdietal.,2016),theauthorsdefineformal
semanticsofBPMNintermsofamappingtoTimePetriNetsandverifysomedesiredproperties.In
(Kherboucheetal.,2013),theauthorsmaptheBPMNmodelstoKripkestructure,andthencheck
thevalidityofmajorproperties(e.g.absenceofdeadlocks,livelocks,andmultipleterminations).In
(Meghzilietal.,2016),theauthorsproposedanapproachfortransformingBPMNmodelstoordinary
PetriNetsmodels.In(Kheldounetal.,2017),theauthorsproposeanapproachtoanalyzeBPMN
modelsusingMaudeanditsLTLmodelchecker.Thisapproachisconsistingoftwosteps.Inthe
firststep,ittransformstheBPMNmodelsintorecursiveECATNetsmodelsusingATLtool.Inthe
secondstep,itgeneratesMaudespecificationfromtherecursiveECATNetsmodelsusingAceeleo
tool.In(Dijkmanetal.,2008),theauthorsdefineformalsemanticsofBPMNintermsamapping
toPetrinets.ThisoutputPetrinetmodelisrepresentedinthePNML(PetriNetsMarkuplanguage)
language,whichcanbeusedtoverifyBPMNmodelsusingitsanalyticaltechniques.In(Mahdiet
al.,2012),theauthorsusethemeta-modelingandgraphgrammarstogeneratecoloredPetriNets
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