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Many datamodelsdo not directly supportn-ary relationshipsln mostcasesthey areeitherreducedo some

of their binary projectionsor directly translatednto an n-ary “relationshiprelation” in the relationalmodel.
This paperaddressethe reificationof ann-ary relationshipinto a new classwith n binary relationshipsand
studieshe preseration of semanticsn thetranslation.lt shavs thatsomesemanticsnaybelostunlesssome
explicit constraintsaareaddedto thebinary schema.

1 INTRODUCTION

Informationmodelirg focusen captuing andreple-
sentingcertainaspect®f therealworld relevantto the
functions of aninformationsystem.The centrd con-
structsin information mocels are classes(or types,
entities), representingimportart things of the appli-
cation domain, and relationshig amongclasses. It
is relatively easyto identify classeshatapprgriately
capturereal-word objects: they directly correspnd
to the important conceps naturally maripulated by
staleholdesin theapplication dormain. Thechoiceof
appr@riaterelationslips to associatelassess com-
paratvely more difficult.

Binary relationshig are most frequent in infor-
mation modds. Still, somesituationsare natually
modeledwith ternay andhigher-degreerelationslips.
Few modelsdirectly suppat both binary and n-ary
relationshig (see,e.g.,(Dey etal., 199)). Most of-
ten, n-ary relatiorshipsare dealtwith in one of two
ways(Batini etal., 199; ElmasriandNavathe,2000;
JonesandSong,1993 Jonesand Song,200Q Ling,
1985 McAllister and Sharpe,1998 Teorg, 199%;
Thalheim 2000)):

(i) reducethe n-ary relatiorship to relatiorships of
lower degree. This is not alwaysdonecorrectly as
pointedoutin, e.g, (Batinietal.,1992 EImasriand
Navathe, 2000). The literature mostly addesses
the corditions underwhich this deconpositionis
correctanddiscussesvhetherthe semanticof the
origind relatiorship is presevedin the deconpo-

sition.

To illustrate this apprach, considerrelatiorship
works(Team,Project,Budget) (Figure 1(a),
giving information abou teams working on
projects with the budgets allotted. Rela-
tionship works can be modeled as three bi-
nary relationshig worksOn(Team,Project),
fundedBy(Project,Budget), and
usedBy(Team,Budget) (Figure 1(b)), only if
aconstraim similar to arelatioral join degendeng
holdsbetweenTeam, Budget, andProject in the
ternaryrelatiorship.

(ii) evacuate the problem into relationd modelirg by

defininga “relationshiprelation”thatdirectly mod
elsthen-aryrelationslip amongn classessarela-
tion with n attributes,eachlinking, through arefer
entialintegrity constrain, to the primary key of an
“entity relation” representingan entity classof the
n-aryrelatiorship. Theprodemwith thisrepresen-
tationis thatthe shadef meanimg of the original
n-aryrelatiorshipareblurredby thepoaer expres-
sive power of therelationalmocel.

Thispaperdiscusseasystemati@pprach,wholly
within the entity-relatioxshipmodel,to model ann-
ary relatiorship as binary relatiorships. The ap-
proad, which couldbe calledreificationor objedifi-
cation, pernits to take advantageof thericherseman-
tics of theentity-reldionshipmodelfor re-expressing
the semanticof the n-ary relatiorship. Our presen-
tationis in line with our earlierwork on genericrela-
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Figure1: Modeling a ternaryrelationshipwith a setof bi-
naryrelationships.

tionships(seeg.g.,(Dahchair, 2001 Dahchair etal.,
1999).

To give the flavor of the appioach, consicr
again relationship works(Team,Project,Budget).
It can be reified as new class Works with three
binary relationshig: teamW/(Team,Works),
projectW(Project,Works), and bud-
getW(Budget,Works) (seeFigure 1(c)).

Therestof the paperis organizedasfollows. Sec-
tion 2 presentsa commonsemanticgfor binary and
n-ary relationslips. Section3 presentshereification
techniqe of n-ary relationshi, shavs how the se-
manticsof an n-ary relatiorship canbe describedn
termsof the n binary relationslips thatrepresenit,
anddiscussesomeprobdemsraisedby reification It
is shavn thatsomeof theoriginal semantic®f then-
ary relationshipmay be lost by reificationunlessad-
ditional constraits aremadeexplicit. Sectiond sum-
marizesandconclulesthe pape.

2 BINARY AND N-ARY
RELATIONSHIPS

This sectionpreseirs acomma semanticgor binary
andn-ary relationslips alongseveraldimersions,in-
cluding cardindlity, existencedepenlency attribute
propagation, exclusion andinclusion Otherdimen
sions Jlikesymmetry/asymmefmecursivity, andtran-
sitivity arenot discussedhere,asthey specificto bi-
nary relatiorships. As for notations binawy relation
shipsaredravn asstraightlinesasin UML, while n-
aryrelatiorshipsaredepictedcasdiamads. Thename
of arelationslip (resp.class)begins with alowercase
(resp.uppecase)etter

2.1 Cardinality

The cardinality dimensionconstrainghe nunmber of

objectsrelatedby a relatiorship. Let R be a bi-

nary relatiorship associatinglassesC; andC,, and
(cmins> cmaz) bethe cardinalityat the sideof C;. It

readsas follows: eachinstanceof C; must partici-
patein at leastc,,i, andat mostcmq, linkst in R

at all time€. The most frequent cardinalitiesare:
(0,1) (at mostone) (1,1) (exadly one) (0,n) or

(0,%) (ary numbe, theuncorstrainedcase) and(1,n)

(at leastone) For exampe, considerrelatiorship
employs(Company(0,n),Person(0,1)). The (0,1)

cardirality at the side of Person mears thatan em-
ployeecanwork for at mostonecompany. The (0,n)

cardirality at the sideof Company mears thateach
compry can be relatedto ary numter of employ-

ees.Considemow ternay relationslip works of Fig-

ure 1(a). The (0,n) cardinality at the side of Team

meansthat a teamcanbe associatedo ary numter

of (prgect,budget) pairs. The othercardindities can
be readin a similar way. An interestingdiscussion
abou thedefinitionof cardinality andtherelatedno-

tationsandinterpretationscan be found in (Génova

etal., 200L; Castellanietal., 200).

2.2 ExistenceDependency

Existencalepenéng charactezeswhetheror notan
objectcanexist indegendentlyof relatedobjeds®:

m depenéncemeansthat the existenceof an object
of C; deperls on the existene@ of objectsof C»
relatedto C; by a binaw relationshipR. This is
known asmanddory participationin ER modelirg
andexpressedy a minimum cardnality greateror
equalto 1 atthesideof C; in R.

m indepemencemeanghattheexistenceof anobject
of C; is independenbf the existenceof relatedob-
jectsof C,. Thisis known asoptiond participatio
in ER mockling andexpressedby a minimum car
dinality equalto 0 atthesideof C; in R.

Existencedepedengy alsospecifieshow insertion
or deletionof oneobjectcaninfluerce the existence
of comectedobjeds. Let o; andos betwo objeds
relatedby link r. Therearethreeoptionsfor deletion
operdionsto maintainthe existencedepeidengy:

l«Link” is usedfor “instanceof a relationship”. Links
relateindividual objectsor entities.

2\We preferthis versionof cardinalitiesattachedto the
“source” classof the relationshipto that of UML, where
they areattachedo the “target’class,n particularbecawse
this versionextendssmoothlyto n-ary relationships

SExistencedepen@ngy is sometimeseferredto asref-
erential integrity, which definesan inclusion relationship
amongtwo attributesdefinedon the samedomainin differ-
ententities.



o defaultdeletion the deletionof an objectimplies
thedeletionof all links referencingit (e.g.,deletion
of o, impliesdeletionof r);

e cascadaleletion thedeletionof anobjectimplies
the deletionof all links refeencingit aswell asof
thoseobjects themseles (e.g, deletionof o1 im-
pliesdeletionof r ando-);

e restrict deletion the deletionof an objectis pro-
hibitedif it is referedto by atleastoneobject(e.g,
deletionof oy is disalloved).

>
employs (cascade 1,1
Department ploys { ) @) Employee

(0,n)  worksOn (default)
<

@

offeredBy

Room

(b)
Figure2: Existencedepenieng.

Deletionoptionscanbe associatedvith eachclass
(or role) of a relationslip. For example in Fig-
ure 2(a) cascadealeletionassociatedvith classDe-
partment (or role employs) meansthat deletinga
departrent entails deleting all its emplo/ees. De-
faultdeletion associatewvith classEmployee (orrole
worksOn) statesthatdeletingan emplo/eeonly im-
pliesdeletingits link to a depatment. For theternay
relationshipoffering in Figure2(b), default deletion
associatedwith class Course (or role offeredBy)
meanghatdeletinga courseonly impliesdeletingits
links in offering.

2.3 Attrib ute Propagation

Attributes can propagatethrowgh relationshig from
oneclassto anotter. Propagted attributesaresome-
timessaidto bederived. For exanple, considerela-
tionshippublish(Article,Journal), whereclassJour-
nal hasan attributeissueDate. An explicit attribute
publicationDate is not necessann classArticle, as
the informationcanbe derived from attribute issue-
Date of Journal viarelatiorshippublish. Suchprop-
agationmecharsms are expressedn ODMG (Cat-
tell et al., 2000 by the so-calledpath expressions
For exampe, the pulication dateof an article arti-
cle#1 canbe expressedoy the path expressionarti-
cle#l.journal#1.issueDate which returrs the issue
dateof journal#1 wherearticle#1 appeaed.
Attributesmayalsopropagatethroughternay rela-
tionships.As anexampe, considerelatiorshipoffer-
ing(Professor,Course,Room), whereclassCourse

has an attribute #Hour giving the total nurmber of
houss for a course. The value of an attribute #Hour
for class Professor, to repesentthe total numker
of hoursthat a professordevotesto teaching,canbe
computedasthesumof #Hour valuesfor thecourses
taugh. For exanple, John.#Hour=sum(c.#Hour)
wherec belongs to the setof coursestaugh by John
i.e., {c;eCourse: IreRoom offering(John, ¢;, r)}.

2.4 Exclusion

We retain both cateyories of exclusion defined
in (Habrias,199B), calledrole andrelationshipex-
clusion. Exclusive roles/relatimshipsare noted asa
dashedine labeled{xor}.

Roleexclusion. LetR; andR; betworelationshig
sharinghesameclassC, atoneend,andwith classes
C, andC,, respectiely, attheotherend Let pc,(R;)
dende the role playal by C, in relatiorship R; and
¢, (R;) denotethesetof instance®f Cq participating
in relationshipR;.

Exclusionbetweerntwo rolespc,(R1) andpc, (Rz)
meansthat the sets ¢, (Ry) and 7¢,(R2) are dis-
joint. Formally, pc,(R1) {xor} pc,(R2) = m¢,(R1)
N mc,(R2) = 0. For exampe, exclusion between
roles papartment(rent) andpapartment(Sell) in Figure3
meanshatthe sameapartmat canna be simultane-
ouslyrentedandsold.
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Figure3: Roleexclusion

An exanmple of role exclusionbetweertwo ternay
relationslipsis shavnin Figure 3(b): proom (Offering)
{xor} proom(€Xam) expresseshata roomcanna si-
multan®usly hold a courseandanexam.

Relationship exclusion. Let R; andR, betwo re-
lationships sharingthe sameclasseattheirends.Ex-
clusionbetweerrelationslips R; andR, meanghat
the setof links of Ry andthe setof links of R, are
disjoint. Formally, Ry {xor} Rs = Ry N Ry ={. For
exampe, Figure4(a) shavs two exclusive binaryre-
lationships borrows andreserves, with themeaniry



that a studentcanrot simultaneosly borrow andre-
senethesamebook
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Figure4: Relationshipexclusion.

An exampe of relationshipexclusionbetweertwo
ternaryrelationslips is depictedn Figure4(b). It ex-
presseghata docta doesnot both prescribeandfor-
bid the samedrug to the samepatient.

2.5 Inclusion

Like exclusion the inclusian dimersion can be de-
fined for both roles and relationshig. Inclusive
roles/relatioships are noted as a dashedarrow la-
beled{subset}.

Role inclusion. Inclusion of role pc,(R;) in role
pc, (R2) meansthat the set of instancesof Cy par
ticipatingin R; is a subsetf the setof instancef
Cy participding in Rs. Formally, pc,(R1) {subset}
pco(R2) = me(R1) C me,(R2). For exanple, Fig-
ure5(a)shawvsinclusionof role psiudent(practices) in
role psiudent (registers), with the meaningthata stu-
dentwho practicesa sporthasnecessarilyegisterel
for thatsport.
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|
|
i {subset} | Sport
|
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(@)

SocialSecurity
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,,,,,,
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Figure5: Roleinclusion.

An examge of role inclusioninvolving ternaryre-
lationships prescription(Doctor,Drug,Patient) and

reimbursement (SocialSecurity,Drug,Patient)
is showvn in Figure 5(b). Inclusion of role
porug(reimbursement) in role pprg(prescription)
meansthat drugs reimbursedby Social Securityare
necessarilypresciption drugs.

Relationship inclusion. Inclusion of R; in Ry

meanghatthe setof links of R is asubsebf theset
of links of Re. Formally, R; {subset} R, = R; C

R,. For examge, Figure6(a)shaonsinclusionof rela-
tionshippublished in relationshipaccepted, mean-
ing thatanarticle pulishedin ajourmal hasnecessar
ily beenacceptedor pulicationin thatjoumal.
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Figure6: Relationshignclusion.

An exampge of inclusion betweentwo ternay
relationslips is shovn in Figure 6(b). Relation-
ship selection(Employer,Applicant,Job) gives in-
formation aboutjob selection. Relationshipinter-
view(Employer,Applicant,Job) gives information
abou job interviews. Inclusionof selection in in-
terview mears thatapplican a selectecby employer
e for job j wasnecessarilyntervieved by e abou j.

3 REIFYING N-ARY
RELATIONSHIPS

This sectiorfirst presets thereificationtechnquefor
n-aryrelationslips. Then it shavs how thesemantics
of ann-aryrelationshipcanbedescribe from the se-
manticsof n binaryrelationshig anddiscussesome
prodemsraisedby thisreification A classrepresent-
ing a reified relationshipis given the samenameas
therelationshipwith its first letter capitalized

3.1 Reification

Let R be ann-aty relatiorshipamongn classe<C,
C,, ..., C,. Reifying (or objectifying) R consistan



creatinga new class,sayRClass*, relatedby binary
relationshigRy, Rs, ..., R, to eachof then original
classeCy, Co, ..., C,, respectiely. Thecardirality
of RClass in R; (1 < ¢ < n)is (1,1) andthatC;
in R; (1 <4 < n) is the sameasthe cardindity of
C; in R. As anexampe, relationslip prescription in
Figure7(a) is reified as classPrescription involved
in threebinaryrelationshig asshavn in Figure7(b).

Doctor rescription Patient

(0.n)

@

doctorP
Doctor Patient

Figure7: Reificationof aternaryrelationship.

3.2 Cardinality

For the threebinaly relationshig in Figure7(b), the
cardinalityatthe sideof classedoctor, Patient, and
Drug (i.e., (0,n)) is the sameasthe cardirality of the
correspading classin the ternaryrelationslip pre-
scription of Figure7(a). The cardinalityat the side
of classPrescription is (1,1) for all threebinaryrela-
tionshipsmeaninghataninstanceof classPrescrip-
tion correspondgo exactly one docta, one patient,
andonedrug.

3.3 ExistenceDependency

For the exanple in Figure 8(a), considerlink offer-
ing(p,c,r) relatingprofessorp, coursec, androomr.
The defadt modein Figure 8(a) statesthat deleting
¢ entailsdeletinglink offering(p,c,r) only, while pre-
servingobjectsp andr.

After reifying relationslip offering in class
Offering (see Figure 8(b)), link offering(p,c,r)
is repesentedby three links: professorO(p,0),
courseO(c,0), and roomO(r,0) whereo is an in-
stanceof classOffering. The defaut mode associ-
atedwith offeredBy in Figure8(a) canbe expressed
by the following moces (seeFigure 8(b)) perfamed
in order: (i) cascadeassociatedvith Course in re-
lationshipcourseO, and(ii) default, associatedvith
Offering in courseO, professorO, androomO.

“In ER modeling this new classis sometimesalleda
weakentity (EImasriandNavathe,2000).

offeredBy

<« (default)

@
<(default) < (cascade)
i
Professor ‘M‘ Offering

(default) >
roomo|(default)

Room

(b)

Figure8: Existencedepemieny afterreification.

Mode (i) ensure that the deletionof C1 implies
the deletionof 0. Mode (ii) thenensuesthat, upm
deletionof o, links professorO(p,0) androomO(r,0)
aredeletedput p andr arenot.

To generalizeconsidematernaryrelationshipR as-
sociatingclasse<Cy, Co, andCjs. AssumethatR rei-
fies asclassRClass with threebinary relationshifs
R1, Rs, andRj3 to the given classesC, C», andCs,
respectiely. Table1 shavs how the deletionoptiors
associatevith R canbeexpressedn termsof the bi-
nary relationshig thatrepresenit. The deletionop-
tion d associatewith roler is representedn thetable
aspair (r,d). Thefirstline of thetablecorrespadsto
theexampe of Figure8.

| R beforereification | R after reificaion |
(pc;(R), default) (pci(R;), cascade),
(Preiass(R;), default)

(1<j<3)

(pc,(Ri), cascade),
(Preiass(R;), cascade)
(1<j<3)

(pc,(R;),  restrict),

(preiass(R;), restrict)

1<j<3)

(pc (R), cascade)

(pc(R), restrict)

Tablel: Theexistencedegendeny of aternay rela-
tionshipafterreification.

3.4 Attrib ute Propagation

Consider the propayation of attribute #Hour in
relationslip offering of Figure 9(a). After the
reification of offering as showvn in Figure 9(b),
the value of #Hour for John can be com-
puted as: John.#Hour=sum(c.#Hour) wherec €
{c;eCourse: FoeOffering, professorO(John,o)
andcourseO(¢;,0)}.
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Figure9: Attribute propagatiorafterreification.

3.5 Exclusion

Role exclusion. When both ternay relatiorships
offering and exam of Figure 3(b) are reified as
shawvn in Figure 10, the exanple of role exclusian
in Figure 3(b) can be expressedin terms of ex-
clusion betweenroles of two binary relatiorships
roomO and roomE, naméy, proom(roomO) {xor}
PRoom(FOOME) (i.e., a room cannotsimultaneosly
hold acourseandanexam).

roomO

professorO courseO

‘ Roomi‘ ) :{xor)

I
roomE t -~
Exam

professorE L

Professor ‘

courseE

Figure10: Roleexclusionof Figure3(b) afterreification.

Relationship exclusion. Unlike role exclusion, re-
lationshipexclusionfor n-ary relationslips canna be
expressedn termsof exclusionbetweerbinay rela-
tionships.

doctorP| patientP

Figurell: Relationshipexclusionof Figure4(b)is lostafter
reification.

Figure 11 shaws the reification of both ternay
relationshig prescription and interdiction of Fig-
ure4(b) asclassedrescription andinterdiction, re-
spectvely.

The exampe of relatiorship exclusion in Fig-
ure 4(b) (i.e., a dodor does not both prescrite and

forbid the samedrug to the samepatient)canna be
expressedin termsof the threerole exclusian con-
straintsshavn in Figure11.

To accuately expressthe exampe of exclusionin
Figure4(b), thefollowing addtional constraintis re-
quired

Vdo:Doctor, pa:Patient,dr:Drug
[3pr:Prescription(doctaP(do,pr) A
drugP(dr,pr) A patientPpa,pr))] =
[— (Fi:Interdiction(doctal(do,i) A
drud(dr,i) A patientlpa,i)))]

3.6 Inclusion

Role inclusion. After reifying both ternay rela-
tionshipsreimbursement and prescription of Fig-
ure5(b) asshowvn in Figure 12, the role inclusionin
Figure5(b) canbe expressedn termsof inclusionof
role pprg (drugR) in role ppy,g (drugP).

SocialSecurit: N
.

ﬂa(,'e
SocialSec# & i doctorP

drugP —
‘Reimbursemenl }druigﬁ‘ Drug ’/‘\—g{ Prescription
|

{subset}

Figurel2: Roleinclusionof Figure5(b) afterreification.

Relationship inclusion. Like relatiorship exclu-
sion, relationslip inclusion in Figure 6(b) cannot
be expressedby the conjunction of the threerole-
inclusionconstraintshovn in Figure13.

applicantS

employerS{xor}

,,,,,,

‘ Employer ‘ | :‘ Applicant ‘

Scubsen =7 " liobl —er )
employerl| {subset} J {subset} " | applicant

Interview

Figurel3: Relationshipexclusionof Figure4(b)is lostafter
reification.

To accuntelyexpresstheexanple of inclusioncon-
straintin Figure 6(b), the following additinal con-
straintis needed:

Ve:Enmployer, a:Applicant, j:Job

( 3s:SelectionlemploerSe,s) A jobS(j,s) A

apgicantS@,s))) =

(Fi:Interview (employerl(ei) A jobl(j,i) A

applicanl(a,:)))

4 CONCLUSION

This paperdiscussedhereificationof n-aryrelation-
shipsasnew classeswith n binaryrelationshig. We



first defineda comma semanticgor bothbinaryand
n-ary relationshig alongseveraldimersions,includ
ing cardinality existencedepenéngy, attribute prop-
agation exclusion andinclusion. We thenpresentd
thereificationappoach,which consistdan transfam-
ing ann-aryrelationshipinto a new classwith n new
binary relatiorships. We thendiscussedomeprob
lems raisedby this transfomation. Although reifi-
cationis oftenassumedo fully presere the original
semantic®f thereifiedrelationshig, we shavedthat
thisis only truein part. Thesemantic®of cardnality,
existencedepemnleng, attribute propagation role ex-
clusion,androle inclusionareindead presered, but
relationshipexclusionandinclusionarelost. We pro-
posedaddtional constraintgo fully recaptue them.
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