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ABSTRACT

Inrecentyears,graphdatabasesystemshavebecomeverypopularandbeendeployedmainly in
situationswheretherelationshipbetweendataissignificant,suchasinsocialnetworks.Althoughthey
donotrequireaparticularschemadesign,adatamodelcontributestotheirconsistency.Designing
diagramsisanapproachtosatisfyingthisdemandforaconceptualdatamodel.Whileresearchersand
companieshavebeendevelopingconceptsandnotationsforgraphdatabasemodeling,theirnotations
focusontheirspecificimplementations.Inthisarticle,theauthorsproposeadiagramtoaddressthis
lackofagenericandcomprehensivenotationforgraphdatabasesmodeling,namedGRAPHED(Graph
DescriptionDiagramforGraphDatabases).Theauthorsverifiedtheeffectivenessandcompatibility
ofGRAPHEDintwocasestudies:fraudidentification,andabiologicalnetworkmodel.
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INTRoDUCTIoN

Datamodeling isanessentialpartof thedevelopmentofquality informationsystems.Thereare
sufficientreasonssuchasleverage,consistencyanddataqualitywhydatamodelingshoulddeserve
moreattentionthanothercomponentsofasystem(BeraandPoels,2017;SabeghandRecker,2017).
Datamodelingofrelationaldatabasesiswellestablishedandstandardized.Theacademicandbusiness
communitywidelyaccepttheentity-relationshipmodel.However,newwaysofstoringdataarosewith
theemergenceofsocialnetworks,mobiledevices,webtechnologiesandtheInternetofThingscalled
NoSQLdatabases(Davoudian,Chen,andLiu2018).Thesenewtechnologiesofstoringdatalike
document-oriented,key-value,columnandgraphshavepropertiesthatallowbetterperformancewhen
storingalargeamountofdata(GilandSong,2016;Batini,Rula,Scannapieco,andViscusi,2015).
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Theimportanceofinformationabouttherelationshipsamongobjectsisincreasinginapplications.
Thosesolutionsareusedforproblemsinseveralareassuchasbusinessintelligence(Matéetal.,
2015),chemicalandbiologicalnetworks(Silva,2018),relationshipstructures,connectedcircuitsin
engineering,friends,andpartnersinsocialmediaoreventhesearchforandidentificationofcriminal
cellsare justsomeof theexamplesof the importanceofrelationshipsamongobjects(Srinivasa,
2011).Graphsoftenrepresentsuchdatasetsandtheirrelationships.

Graphscanbedefinedgenerallyasconsistingofasetofvertices(ornodes)connectedbyedges
definingsomerelationshipbetweenthem(Deo,1994).Graphalgorithmsprovidesolutionstoseveral
problemssuchasfindingfriendsoffriendsinasocialnetwork,bestpathsbetweenplacesinacity
onamap,orpeoplewithsimilarinterestsine-commerce(BatraandTyagi,2012).Thus,applications
thataddressthesekindsofproblemscanbeenhancedusingpersistentgraphs.

Usingagraphastheprimarystructureindatabasesisnotanewidea(AnglesandGutierrez,
2008).Moreover,thenumberofinitiativesthatusegraph-basedstructuresindatabaseshasincreased
(Ruflin,Burkhart,andRizzotti,2011;Angles,Prat-Pérez,Dominguez-Sal,andLarriba-Pey,2013).
Severalgroupsandcompanieshavedevelopedandimproveddatabasesystemsthatcanstoreagraph
initsnativeform.Suchinitiativesincludestructuresandquerymechanismsthatsimplifytheworkof
processinghighlyconnecteddata(KaurandRani,2013;Angles,2012;HechtandJablonski,2011;
Vicknairetal.,2010).

However,althoughtherehavebeenadvancesingraphdatabasetechnology,anotationtorepresent
theconceptualgraphmodelcontinuestopresentachallenge.Thereisnoapproachfordatamodel
widelyacceptedbytheacademicandbusinesscommunityinthegraphdatabases.Severalspecific
proposalsofnotationsfordiagramdesignscanbefoundinspecializedliterature(AnglesandGutierrez,
2008;Gyssens,Paredaens,andvanGucht,1990;AmannandScholl,1992;MainguenaudandSimatic,
1992;KuperandVardi,1993;HiddersandParedaens,1994;LeveneandLoizou,1995;Leveneand
Poulovassilis,1991;Hidders,2003).Almostallofthembringschemasandinstancestofacilitate
comprehension;however,theyarefocusedontheirparticularimplementations.

Inthiscontext,thispaperproposesGRAPHED-GraphDescriptionDiagramforGraphDatabases
(VanErven,Holanda,andCarvalho,2017),designedtobeanindependentnotationforconceptual
graphdatamodeling.GRAPHEDformalizesrepresentationsofobjectscontainedingraphstoprovide
adiagramrepresentingthedatamodelforgraphdatabases.Withinitsbasicelements,itsupports
theideaofalabelforthedomainoftherelationshipintheschema,andvaluesininstances,besides
notationforweightandtypes.Italsocovershyperedgesandhypernodesbyrespectivelygeneralizing
thesimpleedgeandusingarestructuredconceptfromthehypernode.

Related Works
Severalstudieshavefocusedongraphdatamodels(AnglesandGutierrez,2008)andtheresearch
onthistopicwanedconsiderablywiththeworkonNoSQLdatabases(Angles,2012).Certainpapers
proposedanorganizationandnotationfortheirdatamodels.PrimeexamplesareGOOD(Gyssens,
Paredaens,andvanGucht,1990),Gram(AmannandScholl,1992),Simatic-XT(Mainguenaudand
Simatic,1992),LDM(KuperandVardi,1993),GOAL(HiddersandParedaens,1994),Hypernode
(LeveneandLoizou,1995),GROOVY(LeveneandPoulovassilis,1991)andGDM(Hidders,2003).

TheLDM(KuperandVardi,1993)usesalabeleddirectedmultigraph(graphsthatcanhave
severaledgesbetweenthesamepairofvertices)todescribetheschema.Alltheinternalnodeshave
asymbolthatcanrepresentiterationsofdomainsetsasthenamesofdifferentpeople,whichcan
defineacartesianproductofthesetofnames.Thenodesarethebasictypeandrepresentattributes.
However,themodellacksadatatypedescriptionfortheattributes.

Gram(AmannandScholl,1992)isasimplemodelfordataorganizedasgraphs,whichusesthe
entity’snameasthenodelabel.Theedgesarearrowsthatlinktheentities,andtheirlabelsindicate
thedomainoftherelationshipintheschema.Theinstancescanusethevaluesofthedomainfor
vertices(e.g.,ParisforCity),aswellasedges.
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