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ABSTRACT

Thisarticledescribeshowdomain-specificmodelinglanguages(DSML)aredevelopedtospecifically
model certain domains and their phenomena. Over the last 15 years, different kinds of DSMLs
havebeenontologicallyanalyzedtoimprovetheirontologicalexpressiveness.However,theterm
‘ontologicalanalyses’encompassesagreatvarietyofdifferentpurposes,techniquesormethods,and
canthusbeperformedinmanydifferentwayswithoutmaintainingcleardifferentiation.Therefore,in
thisarticle,theauthorsaimtostructuretheprocessofconductinganontologicalanalysis,andoffers
guidelinesintheformofdescriptivepatternsforanalyzingaDSML.Withthehelpofthisframework,
aresearcherwithaspecificpurposecanrecognizetherequiredpatternsandtypesofmethodsthatcan
befollowedinordertosuccessfullyconductanontologicalanalysisandachievetheintendedpurpose.
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1. INTRODUCTION

Domain-specificmodelinglanguages(DSMLs)aredevelopedforcreatingmodelswithinspecific
domainsbymeansofastronglycohesivesetofdomainconcepts(Henderson-Sellers,2012).Onthe
contrary,general-purposemodelinglanguages(GPML)consistofdomain-independentconcepts(e.g.
UML,EERorBPMN).Asaresult,DSMLsenabletherapidmodelingofthebehaviorand/orstructure
ofapplicationsinwell-defineddomains(Sprinkle&Karsai,2004).DifferenttypesofDSMLshave
beenproposed.ExecutableDSMLsallowthecreationofdomainmodelsthatcanbetransformedinto
executablecode.VisualDSMLsontheotherhanddescribeaspectsofthephysicalandsocialworld
forpurposesofhumanunderstandingandcommunication(Mernik,Heering,&Sloane,2005).These
languageshavebeendeveloped,forinstance,tomodeldifferentaspectsrelatedtoeconomicreality
suchastheArchitectureforIntegratedInformationSystems(ARIS)framework(Scheer,1998)and
valuecreationprocesses(Gailly&Poels,2007a).Inthispaper,wewillfocusonvisualDSMLsand
henceforthrefertothemasDSML.

Inordertobeeffective,aDSMLshouldbesufficientlyexpressivetorepresentthedomainconcepts
thatarecapturedbytheintendedmodels.Tobetterfulfilltheserequirements,ontologieshavebeen
introducedasatheoreticalfoundation(Wand,Monarchi,Parsons,&Woo,1995).Forkeepingabroad
interpretation,weadoptthecharacterizationofontologiesasdescribedbyHonderich(2006),which
definesontologyas“thesetofthingswhoseexistenceisacknowledgedbyaparticulartheoryorsystem
ofthought”.Ontologiessupporttheconstructionofexplicitmodelsofconceptualizationsintheform
ofconcreteguidelinesforselectingwhichconceptsshouldberepresentedaslanguageconstructs
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andhowtheyshouldbeapplied(Guizzardi,Pires,&Sinderen,2002).Moreover,ontologiescanbe
appliedtoevaluatethequalityofamodelinglanguageanditsabilitytodescribeacertaindomain
byperforminganontologicalanalysis.AnontologicalanalysisimprovesaDSMLby:(i)providing
arigorousdefinitionoftheconstructsofamodelinglanguageintermsofreal-worldsemantics,(ii)
identifyinginappropriatelydefinedconstructs,and(iii)recommendlanguageimprovementswhich
reducelackofexpressivity,ambiguity,andvagueness(Almeida&Guizzardi,2013).Werefertothe
ontologythatanalyzesaDSMLasthereferenceontology.

Overthelast15years,agrowingnumberofDSMLshavebeenanalyzedusingdifferenttypes
ofreferenceontologies.Forinstance, theintegratedprocessmodelinggrammarwithintheARIS
frameworkhasbeenevaluatedusingtheBungeWandWeber(BWW)ontologybyGreen&Rosemann
(2000), or the ArchiMate enterprise architecture language has been evaluated by the Unified
FoundationalOntology(UFO)(Azevedoetal.,2015).OtherontologicalanalysesofDSMLswere
alsoperformedon,forexample,theRM-ODPlanguage(Almeida,Guizzardi,&Santos,2009)and
theREAenterprisemodelinglanguage(Geerts&McCarthy,2003).

Notwithstandingthefrequentapplicationofontologies,theoverallprocessofanontological
analysisremainsproblematic(Rosemann,Green,&Indulska,2004),perhapsevenmoreforDSMLs
thanforGPMLs.WhiledifferentkindsoftechniquesexisttoanalyzeaGPML,onlyafewconsider
DSMLs.Furthermore,anontologicalanalysisservesmultiplepurposes.However,thereexistsno
cleardifferentiationbetweenthesekindsofanalyses.Moreover,anontologicalanalysiscantarget
differentaspectsofaDSML.Forinstance,aDSMLcanbeontologicallyanalyzedbycomparingthe
constructsofthelanguagetoanontology,whichcaninducechangestoitssyntaxand/orsemantics.
Ontheotherhand,thedomainontologyofaDSMLcouldbeanalyzedandmappedtoareference
ontology,inordertoincreasetheinteroperabilitywith,forexample,anotherDSML.Clearly,both
suchanalysesserveanentiredifferentpurpose,and requiredifferentkindsofmeans inorder to
achievetherespectivepurpose.Assuch,theterm‘ontologicalanalysis’encompassesagreatvariety
ofdifferenttypesofpurposes,techniquesormethods,andcanthusbeperformedinmanydifferent
ways,currentlywithoutmaintainingacleardistinction.

Inthispaper,wethereforeaimtoconstructaframeworkthatwilldistinguishthedifferentkinds
ofontologicalanalysesthatexist.Thebenefitofthisframeworkwilllieinitsabilitytodifferentiate
betweenthedifferentpurposesforanalyzingaDSML,andtodeterminewhichaspectsofaDSML
shouldbeaddressedandwhichkindofmethodcanbeimplemented,dependingonthisparticular
purpose.Inotherwords,weintendtostructuretheprocessofconductinganontologicalanalysis,
andofferguidelineswhenanalyzingaDSML.Insection2,wewilldescribethemethodologythatis
appliedinthispaper.Section3willthenformulatetheproblemdefinitionandtheresearchobjectives.
InSection4,weconstructourframeworkasananswertotheproblemdefinition.Section5serves
asanassessmentofourframeworkandidentifiesanyshortcomingsthatstillexist.Next,section6
addressestheseshortcomingsandaimstorefineorenhanceourframework.Insection7wethen
provideadiscussionoftheframework,itsapplicationanddiscussanylimitations.Finally,insection
8,wepresentourconclusionandfutureresearch.

2. MeTHODOLOGy

Toconstructourframework,weadoptthedesignsciencemethodologyof(Gregor&Hevner,2013)
and(Hevneretal.,2004).Theirresearchoffersastructuredapproachtoconductandpresentdesign-
scienceresearch.GregorandHevner(2013)differentiatebetweentwomainknowledgebases,i.e.
descriptiveandprescriptiveknowledge.Descriptiveknowledgeisthe“what”knowledgeaboutnatural
phenomenaandthelawsandregularitiesamongphenomena.Theresearcherdrawsappropriately
relevantdescriptiveandpropositionalknowledgefromthisbase.Prescriptiveknowledgeisthe“how”
knowledgeofhuman-builtartifacts.Thisbaseallowstheresearchertoexamineknownartifactsand
designtheoriesthathavebeenusedtosolvethesameorsimilarresearchproblemsinthepast.Both
knowledgebasesareinvestigatedfortheircontributionstothegroundingoftheresearchproject.
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