
DOI: 10.4018/JDM.2017010104

Journal of Database Management
Volume 28 • Issue 1 • January-March 2017


Copyright©2017,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



Improving the Domain Independence 
of Data Provenance Ontologies:
A Demonstration Using Conceptual 
Graphs and the W7 Model
Jun Liu, College of Business and Information Systems, Dakota State University, Madison, SD, USA

Sudha Ram, Eller College of Management, University of Arizona, Tucson, AZ, USA

ABSTRACT

Provenanceisbecomingincreasinglyimportantasmoreandmorepeopleareusingdatathatthey
themselvesdidnotgenerate.Inthelastdecade,significanteffortshavebeendirectedtowarddeveloping
generic,shareddataprovenanceontologiesthatsupporttheinteroperabilityofprovenanceacross
systems.Anissuethatisimpedingtheuseofsuchprovenanceontologiesisthatagenericprovenance
ontology,nomatterhowcompleteitis,isinsufficientforcapturingthediverse,complexprovenance
requirementsindifferentdomains.Inthispaper,theauthorsproposeanovelapproachtoadapting
andextendingtheW7model,awell-knowngenericontologyofdataprovenance.Relyingonvarious
knowledgeexpansionmechanismsprovidedbytheConceptualGraphformalism,theauthors’approach
enablesustodevelopdomainontologiesofprovenanceinadisciplinedyetflexibleway.
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INTRODUCTION

Sincethestartofthenewmillennium,peoplehavebeensharingdatainanunprecedentedscaleand
richness.Inscientificdomainssuchasbiologyandchemistry,thetrendof“bigscience”signifiedby
largescalecollaborativeprojectssuchastheiPlantCollaborative(http://www.iplantcollaborative.org)
demandsthesharingofdataoverorganizationalboundariesandevenacrossdisciplines.Forbusinesses,
BigDataisakeycomponentincompetition,growthandinnovation,andmuchofBigDataoriginates
outsideofthecompanythatisabsorbingit.Withthelarge-scaleproliferationandsharingofdata,
questionssuchas“Wheredidthisdatacomefrom?”,“Whoelseisusingthisdata?”,and“Whyis
thispieceofdatahere?”arebecomingincreasinglycommon(Ram&Liu,2012).Dataprovenance,
oftenreferredtoas“origin”,“lineage”“history”,or“pedigree”ofdata,containstheanswerstothe
questions.Whendatatravelbeyondthespecificsettinginwhichtheyaregenerated,itisimperative
thattheprovenanceofthedataneedstobecapturedtoensurethetrustworthinessofthedata.

Inthelastdecade,significantresearchhasbeenconductedtostandardizethesemanticsofdata
provenanceanddevelopasharedprovenanceontologythatallowsunambiguousinterpretationof
provenance,supportsinteroperabilityofdataprovenancebetweensystems,andimprovestheusability
ofdataprovenancebyenablingricherqueries.Oneoftheearliesteffortsinstandardizingprovenance
semanticsisthedevelopmentoftheW7model(Ram&Liu,2007).TheW7modelconceptualizes
provenanceasconsistingsevenWsincludingwhat,when,where,how,who,whichandwhy,andit
hasbeenadoptedinresearchsuchas(Lupellietal.,2015;Narock,Yoon,&March,2014;Prat&
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Madnick,2008),etc.AnotherwidelyusedprovenancemodelistheOpenProvenanceModel(OPM)
(Moreauetal.,2011).TheOPMrepresentstheprovenanceofobjectsbyanannotatedcausalitygraph.
Acausalitygraphcapturesthecausaldependenciesbetweenthreetypesofnodes:artifacts,processes
and agents. Other well-known provenance ontologies include Provenance Vocabulary (Hartig &
Zhao,2010)andPROV-DMmodel(Belhajjameetal.,2012).Thesegenericprovenanceontologies
aredesignedtobedomainandarchitectureindependent.Theysupportadigitalrepresentationof
provenanceforany“thing”sothatprovenancecanbeexchangedbetweensystemsbymeansofa
compatibilitylayerbasedonasharedprovenancemodel(Moreauetal.,2011).

ThegenericprovenanceontologiessuchastheW7modelandOPMdescribethesemanticsof
dataprovenanceandare independentfromaspecific taskordomain.However,usersoftenhave
domain-specificandapplication-specificprovenancerequirements.Whichprovenanceinformationis
requiredandatwhatlevelofdetailsignificantlyvarybydiscipline,datatype,purpose,andproject.A
softwareapproachthatrequiresthemeaningandformatofprovenancetobestandardizedisthought
bysomeresearcherstobeunlikelytomeettheneedsofvariousmulti-scaleresearchcommunities
(Myersetal.,2003).Indeed,genericontologiessuchtheW7andtheOPM,eventhoughtheyare
intended tobegeneral andcomprehensiveenough to cover abroad rangeofprovenance-related
vocabularies,arestillinsufficientforcapturingprovenanceforalltypesofdatainaspecificdomain
withoutbeingsubstantiallyextended.Forinstance,theprovenanceofdataonaplantgenemayinclude
notonlytheexperimentalprocessbywhichthedatawasderived,butalsoinformationaboutwhat
plantpartandsamplewasusedintheexperimentandhowthesamplewasmanipulated.Moreover,
adetaileddescriptionoftheplant,suchasitsmorphology,itsPhenotypicinformation,itsecological
environmentanddevelopmentstage isalsocriticalprovenance information.Hence,asignificant
gapexistsbetweendiverse,complex,anddomain-specificprovenancerequirementsandthegeneric
provenancemodelssuchastheW7modelandtheOPM.Nomatterhowcompletetheyare,these
genericprovenancemodelsarefarfrombeingsufficienttocaptureprovenanceforalltypesofdata
inalldomainswithoutbeingadaptedandextended.

Thegoalofourresearchistodevelopanovelapproachtobridgingtheaforementionedgap.
FocusingontheW7model,awell-knowngenericprovenanceontology,weproposeaconceptual
graph-basedapproachthatenablesustoeasilyadaptandextendthegenericW7modeltodevelop
domain ontologies that capture domain-specific provenance requirements. We illustrate the
applicabilityofourapproachtodifferentdomainsbydevelopingdomainontologiesofprovenance
fortheiPlantprojectandforthedomainofnewproductdesignanddevelopment.

THe W7 MODeL

ThetheoreticunderpinningoftheW7ModelliesinBunge’sontology(Bunge,1977)thatincludes
constructsrelatedtoeventsandhistoryofthings.InBunge’sview,theworldismadeupofthingsthat
haveproperties.WandandWeber(1990,1993,1995)appliedBunge’sontologytomodelingobjects
ininformationsystemsandprovidedanumberofexamples.Forinstance,acustomerorderasathing
havepropertiesincludingordernumber,customernumber,qualityordered,qualitysupplied,price,
date,anda“processed”flag.Dataarealsothings.Adataobject(e.g.,animage,atupleinadatabase,
etc.)hasalargevarietyofpropertiesincludingitscontent,format,ownership,storagelocation,access
rights,andanumberofflagssuchasisArchived,isPublished,andisAnnotated.Moreover,according
toBunge,“allthingsareinflux”(Bunge,1977).Astateofathingcomprisesasetofpropertyvalues
ofthethingataspecificpointinspaceandtime,andaneventoccurstothethingwhenthething
changesitsstate.Asequenceofevents(orchangesofstates)thatoccurtoathingduringitslifetime
manifeststhehistoryofthething.Provenanceisoftenreferredtoasthepedigreeorhistoryofdata.
Hence,intheW7model,dataprovenanceisconceptualizedasconsistingofvariousevents(i.e.,state
changes)thathappensduringthelifetimeofthedatafromitscreationtodestruction(Ram&Liu,
2007).ThecenterpieceoftheW7modelis“what”,whichrepresentstheevents.AccordingtoBunge
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