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ABSTRACT

Bigdatahavereceivedagreatdealofattentioninrecentyears.Notonlyistheamountofdataona
completelydifferentlevelthanbefore,butalsotheauthorshavedifferenttypeofdataincludingfactors
suchasformat,structure,andsources.Thishasdefinitelychangedthetoolsoneneedstohandlebig
data,givingrisetoNoSQLsystems.WhileNoSQLsystemshaveproventheirefficiencytohandle
bigdata,it’sstillanunsolvedproblemhowtheautomaticstorageofbigdatainNoSQLsystemscould
bedone.ThispaperproposesanautomaticapproachforimplementingUMLconceptualmodelsin
NoSQLsystems,includingthemappingoftheassociatedOCLconstraintstothecoderequiredfor
checkingthem.Inordertodemonstratethepracticalapplicabilityofthework,thispaperhasrealized
itinatoolsupportingfourfundamentalOCLexpressions:iterate-basedexpressions,OCLpredefined
operations,Ifexpression,andLetexpression.
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INTRODUCTION

Bigdatahavereceivedagreatdealofattentioninrecentyears.Notonlytheamountofdataisona
completelydifferentlevelthanbefore,butalsowehavedifferenttypeofdataincludingfactorssuch
asformat,structure,andsources.Inaddition,thespeedatwhichthesedatamustbecollectedand
analyzedisincreasing.ThishasdefinitelyimpactedthetoolsrequiredtostoreBigData,andnew
kindsofdatamanagementtoolsi.e.NoSQLsystemshavearisen(Cattell,2011).Comparedtoexisting
systems,NoSQLsystemsarecommonlyacceptedtosupportlargervolumeofdata,providefaster
dataaccess,betterscalabilityandhigherflexibility(Angadietal.,2013).

OneoftheNoSQLkeyfeaturesisthatdatabasescanbeschema-less.Thismeans,inatable,
meanwhiletherowisinserted,theattributesnamesandtypesarespecified.Unlikerelationalsystems
wherefirsttheuserdefinestheschemaandcreatesthetables,secondheinsertsdata,theschema-less
propertyoffersundeniableflexibilitythatfacilitatesthephysicalschemaevolution.End-usersareable
toaddinformationwithouttheneedofdatabaseadministrator.Forinstance,inthemedicalprogram
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thatfollows-uppatientssufferingfromachronicpathology–caseofstudydetailedinILLUSTRATIVE
EXAMPLESection–oneofthebenefitsofusingNoSQLdatabasesisthattheevolutionofthedata
(andschema) is fluent. Inorder to follow theevolutionof thepathology, information isentered
regularlyforacohortofpatients.Butthesituationofapatientcanevolverapidlywhichneedsthe
recordingofnewinformation.Thus,fewmonthslater,eachpatientwillhavehisowninformation,
andthat’showdatawillevolveovertime.Therefore,thedatamodel(i)differsfromonepatientto
anotherand(ii)evolves inunpredictablewayover time.Weshouldhighlight that this flexibility
concernsthephysicalleveli.e.thestoreddatabaseexclusively(Herreroetal.,2016).

In information systems, the importance and the necessity of conceptual models are widely
recognized.Theconceptualmodelprovidesahighlevelofabstractionandasemanticknowledge
elementclosetohumancomprehension,whichguaranteesefficientdatamanagement(Abelló,2015).
Furthermore,thismodelisadocumentofinterchangebetweenend-usersanddesigners,andbetween
designersanddevelopers.Also,theconceptualmodelisusedforsystemmaintenanceandevolution
thatcanaffectbusinessneedsand/ordeploymentplatform.TheUnifiedModelingLanguage(UML)
iswidelyacceptedasthestandardofinformationsystemmodeling.

Ontheonehand,NoSQLsystemshaveproventheirefficiencytohandleBigData.Ontheother
hand,theneedsofaconceptualmodelinganddesignapproachremainup-to-date.Therefore,weare
convincedthatit’simportanttoprovideapreciseandautomaticapproachthatguidesandfacilitates
theBigDatabaseimplementationtaskwithinNoSQLsystems.Thisapproachwillassistthedevelopers
tomapBigDatabaseUMLconceptualmodelintoNoSQLphysicalmodels.It’salsorequiredtohave
atooltomaintaindataconsistencysincemostoftheNoSQLsystemslacksofconstraintschecking
andenforcementmechanism.

Forthis,weproposethe“Object2NoSQL”MDA-basedapproach.TheModelDrivenArchitecture
(MDA)iswell-knownasaframeworkformodelsautomatictransformations.TheObject2NoSQL
approach starts froma conceptualmodel (PIM) (UMLclassdiagramandOCLconstraints) and
transformsitintoaunifiedlogicalmodelcompatiblewiththefourtypesofNoSQLdatabase(column,
document,graphandkey-value).Theconceptualmodelisautomaticallytransformedintoalogical
modelusingQVTrules.Then,logicalmodelistransformedintoaphysicalmodel(PSMafterchoosing
oneofthefourplatforms:Cassandra,MongoDB,Neo4JorRedis).Inthispaper,wefocusonhowto
automaticallytransformUML/OCLconceptualmodelintoNoSQLphysicallevel.Asdiscussedin
therelatedwork,fewsolutionshavedealtwiththeNoSQLdatabasesconceptualmodeling.Tothe
bestofourknowledge,noneoftheexistingcontributionhastreatedtheOCLconstraintsandtheir
implementationintoNoSQLdatabases.

The remainder of the paper is structured as follows. ILLUSTRATIVE EXAMPLE Section
motivatesourworkusingacaseofstudyinthehealthcarefield.OBJECT2NOSQLAPPROACH
Sectiondefinesourmodelstransformationapproach.OCL2JAVAAPPROACHSectionintroduces
ourOCLconstraints transformationapproachandshows two transformationprocesses.The first
onecreatesalogicalmodelstartingfromanOCLconceptualmodel,andthesecondonegenerates
thejavacoderequiredtochecktheconstraintswithinNoSQLdatabase.RELATEDWORKSection
reviewspreviouswork.Finally,CONCLUSIONSectionsummarizes theobjectivesachievedand
announcesfuturework.

ILLUSTRATIVe eXAMPLe

Tomotivateandtoillustrateourwork,wepresentacasestudyinthehealthcarefiled.Thiscasestudy
concernsinternationalscientificprogramsformonitoringpatientssufferingfromseriousdiseases.
Themaingoalofthisprogramis(1)tocollectdataaboutdiseasesdevelopmentovertime,(2)to
studyinteractionsbetweendifferentdiseasesand(3)toevaluatetheshortandmedium-termeffects
oftheirtreatments.Themedicalprogramcanlastupto3years.Datacollectedfromestablishments
involvedinthiskindofprogramhavethefeaturesofBigData(the3V):
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