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ABSTRACT

Conceptual data models can change during the information system development and teamwork
phases,whichrequireconstantlymonitoringwithsynonymsdetection.Thisstudyelaboratesonan
approachfordetectingsynonymsinanentity-relationshipmodelbasedonmappingwithontological
elements.Theuseofaspecificdatamodelvalidator(DMV)toolenablesformalizationoftheontology
andERmodels,aswellas their integrationwith thesetof reasoning rules.The reasoning rules
enablemappingbetweenformalizedelementsoftheontologyandERmodel,andtheextractionof
synonyms.FormalizedelementsandreasoningrulesareprocessedwithinPrologfortheextractionof
synonyms.Anempiricalstudyconductedbyusinguniversitystudentexamsdemonstratesusability
oftheproposedapproach.Theresultsshoweffectivenessinextractionofsynonymsinalltypesof
conceptualdatamodelelements.
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INTRODUCTION

Humaninterpretationinmappingrealworldconceptstoabstractioninstancesinconceptualmodeling
grammars(Chua,Storey,&Chiang,2012)leadstotheproblemofidentifyingrelevantmodelelements
(Athenikos&Song,2013)anddiversityofcreatedconceptualdatamodels(CDMs)forthesame
businessdomain(Jabbari,Sabegh&Recker,2017),withawideoccurrenceofsynonyms.Therefore,
conceptualdatamodelingisconsideredacriticalphaseofinformationsystemdevelopment(Hannola
&Ovaska,2011).Inpractice,conceptualdatamodelsaretransformedintootherimplementation-
orienteddatamodels—relationalschemas(An,Hu,&Song,2010),andobject-orienteddatamodels,
i.e.UMLclassdiagrams(Keet,&Fillottrani,2015).Synonymsinconceptualdatamodelsshouldbe
managedcarefully,becauseoftheirpossibletransfertodatabaseandsoftwareelements.
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Thispaperelaboratesontheapproachtosynonymsdetectioninaconceptualmodelbyusing
ontologyandautomatedreasoning,whichisbrieflyintroducedinKazi,Kazi,andRadulovic(2016).
Theapproachisbasedonmappingelementsoftheconceptualdatamodel(CDM)createdwithER
modelinggrammartoelementsofontology,bothcreatedwithinthesamedomain.Bothmodelsare
createdusingappropriatetools(ERmodelwithinCASEtoolandontologywithinontologytool).A
speciallycreatedDataModelValidator(DMV)tooltransformstheiroriginalform(XMLformofCDM
modelandOWLformofontology)intoProlog-likeclausesandintegratesthemwiththeexternally
storedreasoningruleswrittenitProlog-suitableform.Thisway,integratedPrologprogramiscreated
withintheDMVtool.ThistoolpassesthePrologprogramintoPrologforprocessingqueries,which
extractssynonymsforallcategoriesofERmodelelements.Thispaperwillpresentacompleteset
ofreasoningrulesfordetectionofsynonyms,detailedexampleofanontologyandappropriateCDM
diagramwiththeirformalizationintoPrologfacts,comprehensivedescriptionofthereasoningrules
applicationprocesswithexamplesforeachreasoningrulestesting,aswellastheempiricalstudythat
demonstratesapplicabilityoftheproposedapproachandthedevelopedDMVtool.

Theremainderofthepaperisorganizedasfollows:thesection“Background”describestheoretical
conceptsandprovidesabroadercontextoftheresearch,thesection“Related”workpresentsliterature
reviewresults,thesection“Systemfordetectingsynonymsinconceptualdatamodel”presentsthe
proposedapproachandtheprocessofsynonymsdetectionwithreasoningrules.Section“Example”
presentsasimpleontologyandappropriateCDM,queriesandresultsinextractedsynonyms.Section
“EmpiricalStudy”presentsresearchmethodologyandresultsoftestingtheproposedapproachwith
students’exams,andsectionConclusiongivesanoverviewof the results,applicationareas,and
futureresearchimplications.

BACKGROUND

Dataquality,asawidecategory,includesthequalityofdatamodels(Scannapieco,Missier,&Batini,
2005).Entity-relationship(ER)grammar(Chen,1976)wascommonlyusedinconceptualmodeling
untilthewideapplicationofontologylanguages(Bera,Krasnoperova,&Wand,2010).Ageneral
definitionofontologycategorizesitasatypeofconceptualdatamodel(Spaccapietra,March,&
Kambayashi,2002).Conceptualdatamodelsareconsideredasseparateconceptsinpractice(Weber,
2002), asdatamodels areoften task-specific and implementation-oriented,whileontologies are
genericandtask-independent.(Spyns,Meersman,&Jarrar,2002).

Ontologycouldimprovethequalityoftheconceptualmodel,therebyreducingerrorsandsaving
resourcesinsoftwaredevelopment(Shanks,Tansley,&Weber,2003;Keet&Artale,2008).Ontology
canbeenrichedwithsynonyms,whichbroadentheontologyusagepossibilities(Kastrati,ShariqImran,
&Yildirim-Yayilgan,2016).Theselexicaldataaresuitablefordetectingsimilaritiesorsynonyms
inothertypesofmodelsthatcanbemappedwithontology(Kastratietal.,2016).Suchenriched
ontologycouldbeusedtorefinethedesignofaconceptualmodel.Theinclusionofsynonymsin
ontologyhelpstoidentifythemostappropriatelabelforanentity,attribute,orrelationshipinCDM,
assumingthatthetermsusedintheontologyarethemostappropriate(Sugumaran&Storey,2006).

Synonymscouldbedefinedasarelationshipbetweenwordsusuallybasedonthewordsense(not
form)andthesynonymrelationsbetweenwordsarecontextordomaindependent(Shindo,Fujino,
&Nagata,2010).Synonym-relatedresearchisprimarilyconductedintheareaoflexical(textual)
analysisinapplicationssuchaslibrarymanagementsystems(Beal,2008),semanticweb(Mousavi,
Gao,&Zaniolo,2013),andwebsearchengines(Hu,Shao,&Ruan,2015).

ReLATeD wORK

Synonym-relatedresearchresultsintheareaofdatamodels,databasesanddataprocessingarefound
withinbroaderresearchrelatedtosemanticsissues(Naimen,&Ouksel,1995).Synonym-relatedissues
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