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Abstract

In previous work, we have modeleda vocabulary given asa semanticnetwork by an OODB (Object-Oriented
Database).TheOODB schemathusobtainedprovidesa compactabstractview of thevocabulary. This enablesfast
traversalof thevocabulary by a user. In thesemanticnetwork vocabulary, theIS-A relationshipsexpressthespecial-
izationhierarchy. In ourOODBmodelingof thevocabulary, theSUBCLASSrelationshipexpressesthespecialization
hierarchyof theclassesandsupportstheinheritanceof their properties.A typical IS-A pathin thevocabulary hasa
correspondingshorterSUBCLASSpathin theOODBschema.

In the currentpaperwe exposeseveral caseswherethe SUBCLASShierarchyfails to fully correspondto the
IS-A hierarchyof thevocabulary. In thesecasesthereexist traversalpathsin thesemanticnetwork for which there
are no correspondingtraversalpathsin the OODB schema. The reasonfor this failure is the existenceof some
IS-A relationshipsbetweenconceptsof two classes,that are not connectedby a SUBCLASSrelationship. This
phenomenonweakenstheaccuracy of our modeling.

To rectify thesituationwe introducea new OODBsemanticrelationshipIS-A' to representtheexistenceof IS-A
relationshipsbetweenconceptsof a pair of classeswhich arenot connectedvia a SUBCLASSrelationship. The
resultingschemacontainsbothSUBCLASSrelationshipsandIS-A' relationshipswhich completelymodelsthe IS-
A hierarchyof the vocabulary. We de�ne a mixed classlevel traversalpathto containeitherSUBCLASSor IS-A'
relationships.Consequently, eachtraversalpathin the semanticnetwork hasa correspondingmixed traversalpath
in theOODB schema.Hencethe introductionof thesemanticOODB IS-A' relationshipimprovesthemodelingof
semanticnetwork vocabulariesby OODBs.

KEYW ORDS: Object-OrientedDatabases,Object-OrientedModels,Object-OrientedSystems,KnowledgeRepre-
sentation,DatabaseModels,Vocabulary Systems,Object-OrientedHierarchicalRelationships,Object-OrientedSe-
manticRelationships

1 Intr oduction

A controlledvocabulary (CV) is a software systemthat uni�es the terminologyof large applicationdomains[3].

With sucha systemin anenterprise,costlyandtime-consumingtranslationtaskscanbeeliminatedbetweendifferent

organizationsandsoftwareapplications.Thehealthcaredomainis a typical examplewhereseverallargevocabularies

have beenbuilt suchasMeSH [13], CPM93 [5], CPT98[1], SNOMED [4], ICD9-CM [19], the Medical Entities

Dictionary(MED) [2], (all of whichhavebeenintegratedinto theUni�ed MedicalLanguageSystem(UMLS) [7, 8]),

andtheGALEN CoreModel [16], (expressedin GRAIL [17]).

We have developeda techniquefor modelinga CV asan object-orienteddatabase(OODB) [12, 20], which we

cancall anObject-OrientedVocabularyRepository(OOVR) [9, 11]. Usingourmethodology, wehavecreatedOOVRs

�
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basedontheMED andInterMED[14], aderivativeof theMED. BothOOVRsarerepresentedin ONTOSDB/Explorer

[15, 18], a commercialOODB managementsystem.The databaseschemaof an OOVR, calledtheOOVR schema,

givesusersanabstractview of thevocabulary, comparedto the tensof thousandsconceptsin thevocabulary itself.
�

An OOVR schemacanbeutilized by differenttypesof vocabulary users[6]. For instance,casualuserscanuseit to

browsethe contentsof the vocabulary. A vocabulary administratoron the otherhandcanusethis abstractview to

maintainthevocabulary. In this paper, we identify severalcasesin which theOODB paradigmcannotfully capture

thesemanticsof theIS-A relationshipsin thesemanticnetwork. As a result,theOOVR schemagivesusersa partial

abstractview of theCV. In orderto resolve this problem,we introducea new typeof relationshipcalledIS-A
�

(IS-A

Prime)for theOOVR schema.IS-A
�

relationshipscapturethoseIS-A links of thesemanticsnetwork thatcannotbe

properlyre�ectedby theSUBCLASSrelationshipsof theOOVR schema.With theIS-A
�

relationship,usersobtaina

morepreciseabstractview of thevocabulary.

Theremainderof thispaperis organizedasfollows. In Section2, wedescribeour techniqueof mappingavocabu-

lary into anOOVR. OOVR schemabrowsingis discussedin Section3. Section4 describesdif�culties thatcanarisein

certainspecialcasesof schemabrowsingin theOOVR. In Section5, we introducetheIS-A
�

semanticrelationshipfor

anOOVR schema.Then,in Section6, wedemonstratehow IS-A
�

modelingcanovercomethedif�culties in Section4.

Conclusionsfollow in Section7.

2 OODB Representationof a Vocabulary

In [9, 10, 11], wepresentedalgorithmsfor derivinganOODBschemafor agivenvocabularyrepresentedasasemantic

network. A semanticnetwork consistsof conceptsconnectedvia IS-A relationships.Eachconceptmay have prop-

ertiesof two kinds,attributesandrelationships.Attributeshave valuesof datatypes(suchasintegeror text string).

Relationshipshavevalueswhicharereferencesto otherconceptsin thevocabulary. Thesetof propertiesof a concept

x is denotedby P(x). We referto theconceptsin theIS-A hierarchywith family termssuchaschild, parent,ancestor,

etc.A conceptinheritsthepropertiesof its parentsalongtheIS-A links.

The hierarchyof an OODB schemaconsistsof classesconnectedvia SUBCLASSrelationships. We refer to

theclassesin theOODB hierarchywith termssuchassubclassandsuperclass,composed,if necessary, with family

terminology. For instance,“subclassdescendants”of a classA refersto every classfrom which thereexist a pathof

SUBCLASSrelationshipsto theclassA. TheextentE(A) of a classA is thesetof its objects.

�

For the56,000conceptsof theMED, theMED OOVR schemacontains124classes.
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In our OODB representationof a vocabulary, theextentof a classconsistsof objects,with thesamestructureand

similar semantics.Thestructureof anobjectis its setof properties.Hence,all theobjectsof a classA sharethesame

setof properties,denotedby P(A). A root r � of a classA is anobjectof theclasswhoseparentobjectsarenot in A.

In our OODB representation[10], eachclasshasa uniqueroot; all theobjectsof a classaredescendantsof its root.

Hence,eachobjectin theclassrepresentsa speci�cationof themoregeneralobjectof the root. For example,if the

root of a classis theobjectVirus, thenall theobjectsof theclasswill representspeci�c virusesandspeci�c families

of viruses.Hence,all theobjectsof a classhave a semanticswhich is similar to thesemanticsof theroot. To capture

thesemanticsof a class,it is namedafter its root object. Hence,in our OODB representationtheobjectsof a class

show thesamestructureandsimilar semanticsasrequiredfor anOODBclass.

To completethespeci�cationof ourOODBrepresentationof avocabulary, weneedalsoto de�ne theSUBCLASS

relationshipsbetweenclasses.TheSUBCLASSrelationshipsform thehierarchyof theOODBschemaandenablethe

inheritanceof propertiesamongclasses.

A classA with a root r � is aSUBCLASSof aclassB if thereis aconceptb in B suchthatin thesemanticnetwork

r � IS-A b. In this way, theroot r � inheritsall thepropertiesof theclassB. Thosepropertiesarefurther inheritedto

all conceptsof A. Thus,wehaveclassA inherit thepropertiesof classB.

We hevedistinguishedamongthreedifferentkindsof classes[10].

1. Property-introducingclasses.

2. Intersectionclasses.

3. Articulationclasses.

Thesethreekindsof classesarede�ned by thecharacteristicsof their roots.

De�nition 1: (Property-intr oducing class): A classA is a property-introducingclassif a propertywhich wasnot

de�ned for any of its superclassesis introducedat the root objectr � . That is,
�����

P(r � ) suchthat ���
	 whereA

SUBCLASS �
	 , x �

�

P(�
	 ).

De�nition 2: (Property-intr oducing object): The root of a property-introducingclassis a property-introducing

object.

De�nition 3: (Intersection class): A classA is anintersectionclasswith � superclasses��
�������������� , ����� , if it is not

a property-introducingclassandits root r � hasparentsb � in all superclassesB� of A, ����� �������!�"� , all of which have
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a differentsetsof propertiesthanr � . That is, � � ���

�

�

�

� , suchthatA SUBCLASSB� ,
�����

suchthatb �

�

B� and

P(r � ) �� P(b � ).

De�nition 4: (Intersection object): Therootof anintersectionclassis anintersectionobject.

For bothcasesof property-introducingclassandintersectionclass,aclassA satis�esthefollowing condition: � B �

suchthatA SUBCLASSB� , P(A) �� P(B� ).

However, the reasonsaredifferent. For a property-introducingclass,this is becausea new popertyis introduced

at the root of theclass.For an intersectionclass,no new propertiesareintroduceedat the root. However, the class

inheritspropertiesfrom differentsuperclassesin away thatit hasmorepropertiesthanany of thesuperclasses.

In Figure 1, we presenta small CV which illustratesall thesede�nitions and cases. This �gure will also be

usedlater to illustratethede�nitions of articulationobjectandarticulationclass.Theobjectsof a classareenclosed

within a box. For example,theobjectsA, A � , A � , andA � , enclosedwithin the top block, all belongto theclassA,

namedafter its root A. The objectsA, B, C, D, andK areproperty-introducingobjects. The objectsE, F, G, and

J areintersectionobjects.TheOODB schemafor this CV is shown in Figure2. The classesA, B, C, D, andK are

property-introducingclasseswhich introducetheattributesa, b, c, d, andk, respectively. TheclassesB andC further

introducetherelationshipr andits inverser' , respectively. P(A)= � a 	 , P(B)= � a,b,r 	 , P(C)= � a,c,r' 	 , P(D)= � a,b,d,r 	 ,

P(K)= � a,b,c,k,r,r' 	 . ClassJ is an intersectionclass,whereP(J)= � a,b,c,r,r' 	 . The classesE, F, and G are also

intersectionclassesandP(E)=P(F)=P(G)= � a,b,c,d,r,r' 	 .

We will now discussthe third kind of class,calledarticulationclass. An articulationclasshasthe samesetof

propertiesasits parentclasses,which maybe intersectionclassesor otherarticulationclasses.This implies that for

eacharticulationclassthereexist several intersectionclassesor articulationclasseswith thesamesetsof properties.

Thereasonwhy theseintersectionclassesareseparatedis thattheir extentsdonot sharesimilar semantics.Eachsuch

intersectionclasshasa differentroot althoughall theserootssharethesamesetof properties.For example,thethree

intersectionclassesE, F andG sharethesamesetof properties,but havedifferentroots.

De�nition 5: (Articulation class): A classA is anarticulationclassif it is neitheraproperty-introducingclassnoran

intersectionclassandits root is anarticulationobject.

Thenotionof anarticulationobjectandanalgorithmfor determiningthearticulationobjectsandtheobjectsof an

articulationclassarecomplex andarefully discussedin [10]. In thispaper, weavoid repeatingtheexactde�nition for
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Figure1: A smallCV with 30concepts

brevity reasonsandwill provide an intuitive explanationandan exampleto clarify thenatureof articulationclasses

andobjects.

As mentionedbefore,theneedfor anarticulationclassarisesonly whenthereareseveral intersectionclassesB � ,

�

�

�

�

� with identicalpropertysets.We denoteby DSN(x) thesetof all objectswhich aredescendantsof objectx

in theCV.

In caseDSN(r ��� ) � DSN(r ��� ) ��� for all pairs(i,k) suchthat �

�

���
	

�

� , that is, thereareno objectsin the

CV which aredescendantsof morethatoneof therootsr ��� , ����� , r ��
 , thereis no needfor introducinganarticulation

classwith thesamesetof properties.Theneedfor a new articulationclassariseswhentwo or moresuchrootsshare
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Figure2: TheOODBschemafor theCV shown in Figure1

commondescendants.If, for example,r � � andr �

� haveacommondescendant,thenit cannotbelongsimultaneously

to both classesB � andB� . This is dueto the OODB rule that an objectcannotbelongto morethanoneclass. To

resolve this con�ict, we pick anobjectX whoseparentsdo not have this con�ict, that is they aredescendantsof only

oneof therootsr �
� andr �

� . SuchanobjectX is calledanarticulationobjectandits own descendantswhich arein

DSN(r �
� ) � DSN(r �

� ) areput in thearticulationclassrootedby X. (NotethatX is nota property-introducingobject

sincein sucha case,it would not bea candidateobjectfor theintersectionclassesB � andB� , but would startits own

property-introducingclass.)In Figure2, classH is anarticulationclass,sinceobjectH
�

DSN(F) � DSN(G) is an

articulationobjectin Figure1.

More articulationclassesmay be necessaryas two articulationobjects(or one articulationobject and one in-

tersectionobject)A � andA � may have joint descendants.In sucha case,a new articulationclassto containthese

joint descendantsneedsto be de�ned. ClassI , in Figure2, is suchan articulationclasssinceobjectI
�

DSN(E) �

DSN(H) is anarticulationobjectin Figure1. In [10], we provideda recursivede�nition andanalgorithmto identify

all articulationobjectsandarticulationclassesfor a givenCV.
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3 Vocabulary SchemaBrowsing

In order to demonstratethe browsing of the CV andits OODB schema,we introducetwo notions: an object level

browsingpathanda schemalevel browsingpath.

De�nition 6: (Object Level BrowsingPath) An objectlevel browsingpathis asequenceof objectsP� � (c� ,c� ���������

c� ) suchthatc���

� IS-A c� in thesemanticnet, �

�

� ��� . �

De�nition 7: (SchemaLevelBrowsingPath) A schemalevelbrowsingpathisasequenceof classesP� � (A� ,A� ���������

A� ) suchthatclassA���

� is SUBCLASSof classA� , �

�

� � 	 . �

NotethatwerestricttheSUBCLASSrelationshipsto directSUBCLASSassociationsfor theschemalevel brows-

ing path.In Figure2, theclassD is aSUBCLASSof theclassB andtheclassB is aSUBCLASSof theclassA. Thus,

thereis a schemalevel browsing pathfrom A to D:
�

A � B � D 	 . However,
�

D � A	 is not considereda valid browsing

patheventhoughtheclassD is a SUBCLASSof theclassA, by transitivity. Thereasonwhy we rule out transitively

implied SUBCLASSrelationshipsis becausethis may result in pathswhich omit certainclasseswhich expressthe

speci�c semanticsof thepathin theOODBschema.

Now we cande�ne the conditionsthat have to hold for all the SUBCLASSrelationshipsto properlyre�ect the

IS-A relationshipsof theCV. For every browsingpathP� � (c� ,c�
��������� c� ) on the objectlevel of a CV, theremust

exist a parallelbrowsingpathP�
� (A� ,A�

��������� A� ) on theschemalevel whichsatis�esthefollowing conditions.

1. Objectc� is aninstanceof classA � .

2. Objectc� is aninstanceof classA� .

3. Thereexistsapartitionof P� into disjointconsecutivesubpaths,say(c
�� ��������� c
�
 ) whicharepathsin theinduced
subnetwork of classA
 , �

�

�

�

	 .

For example,in Figure1, theobjectlevel browsingpath(A,A � ,B,B � ,D,D � ,D � ,F,F � ,H,H � ) hasa parallelschema

level browsingpath(A,B,D,F,H) in Figure2. While browsingaconceptlevel path,theuserneedsto scanthechildren

of eachobjectto pick thecorretconceptwith which to continue.A similar situationexists whenscanningthesub-

classesof a classin schemalevel browsing. Theobjectlevel pathrequiresa scanof a total of 18 children,while the

classpathrequiresthescanningof only 9 classesandoneIS-A relationshipfrom H to H � , asthebrowsingswitches

to theobjectlevel whenreadingthelastclass.Thisexampledemonstratesthattypically aschemalevel browsingpath

is shorterandrequireslessscanningthananobjectlevel browsingpath(see[10] for a detaileddiscussion).
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4 Problemsfor Utilizing the OODB Paradigm to Model a CV

In the previous section,we demonstratedthe accelerationand simpli�cation of browsing a CV due to utilizing a

schemalevel browsing path. However, in somespecialcaseswhich we shall see,the OODB schemaderived for

the CV doesnot supportall possibleobject level browsing paths. The reasonfor theseproblemsis a de�ciency of

SUBCLASSrelationshipsrepresentingall theIS-A relationshipsin thesemanticnetwork. In thissection,examplesof

threedifferentkindsof problemsarepresented.

4.1 Removing of “Short Cut” Relationships

Let usconsiderthe�rst suchproblemin which someIS-A relationshipsarenot representedby SUBCLASSrelation-

ships.Figure3 shows a smallCV with theextentsof theclassesshown asenclosingboxes.Notethatobjectsw and

x have the samesetsof properties.Thesefour objectswill generatethreeproperty-introducingclassesasshown in

Figure4.

y
b

z
c

x

w
a

Figure3: An exampleCV with a “short cut” problem

c

b

a
W

Y

Z

Figure4: Theschemafor theCV shown in Fig-
ure3

Note that the root z of the classZ hasparentsin the classesW andY, whereY is a SUBCLASSW. Thus,we

would needa SUBCLASSrelationshipfrom Z to W andto Y. In sucha case,the link betweenthe classZ andthe

classW is calleda“shortcut” relationship.In general,aSUBCLASSrelationshipfrom aclass� to aclass� is called

a shortcut if thereis a pathof at leasttwo SUBCLASSrelationshipsfrom � to � . Referringto the SUBCLASS

relationship,using family terminology, a short cut is a SUBCLASSrelationshipto an ancestorsuperclass.In the

OODB paradigm,it doesnot make any senseto de�ne a SUBCLASSrelationshipfrom Z to W or asany shortcut,

sincetheSUBCLASSrelationshipsaretransitiveby de�nition. Shortcut SUBCLASSrelationshipsarenot contained
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Image-guided Interventional Procedure

ICD9 (or CPT) Procedure

CPMP Radiology Term

...
ICD9 Element

... Health Care Activity (Procedure)

Therapeutic Or Preventive Procedure

...
Figure5: A “short cut” examplefrom theMED

in theschema(Figure4). In otherwords,thereis noSUBCLASSrelationshipfrom Z to W. Thisomissionwill nothave

any effect on propertyinheritance,sincetheclassZ inheritstheclassW's propertiesvia theclassY. Fromtheview

pointof propertyinheritance,theclassZ will havethecorrectpropertysetevenwithout the“shortcut” relationshipin

theschema.

However, from thepointof theview of connectionsbetweenclasses,theremoval of suchrelationshipsresultsin a

lossof information.Theresultingproblemcanbeviewedfrom two aspects.First,givena schemalikeFigure4, there

is no way to tell whetherthereoriginally wasa shortcut SUBCLASSor not. Thereis no informationin theschema

indicatingwhetherwe removeda shortcut SUBCLASSor whetherit wasnot thereto begin with. Second,a schema

like Figure4 hasnoschemalevel browsingpathparallelto theobjectlevel browsingpath(w, x, z). This is dueto the

lackof representationin theschemathatre�ects thatin theCV w IS-A z.

Figure5 showssuchanexamplefrom theMED. In thisexcerptof theMED, thereare� veclasses:HealthCareAc-

tivity Procedure, ICD9 Element, ICD9 or CPTProcedure, CPMCRadiology Term, andImage-guidedInterventional

Procedure. Note that only a portion of their objectsareshown in this picture. The root of Image guidedInterven-

tional Procedure, Image-guidedInter ventional Procedure, is connectedby IS-A to threeobjects:ICD9 (or CPT)

ProcedureandCPMC RadiologyTerm andTherapeutic Or PreventiveProcedure. Correspondingto the�rst two

of theseIS-A relationships,thereareSUBCLASSrelationshipsto the classesrootedat the correspondingobjects.

9



TheSUBCLASSrelationshipto thethird parentis a “short cut” relationshipandis omittedfrom theschema.When

we browsethis schema,we have no ideathatobjectsin Image-guidedInterventionalProcedure have parentsresid-

ing in HealthcareActivity Procedure sincetheSUBCLASSrelationshipbetweenthesetwo classeswasremovedasa

shortcut. Thusthereis noschemalevel browsingpathcorrespondingto theobjectlevel browsingpath(Health Care

Activity (Procedure), Therapeutic Or PreventiveProcedure, Image-guidedInter ventional Procedure.)

4.2 The Problemof “Missing” SUBCLASSRelationships

We have found that the instancesof two unrelatedclassesmay be connectedby IS-A relationships.This kind of

abstractioninaccuracy makestheuseof theOODB schemalesseffective for browsingthecontrolledvocabulary. We

call thiskind of problemthe“missingSUBCLASSrelationshipproblem”(or missinglink problem,for short).

a
A C

...
c

D
b
B

d

F

E

G
g

H

Figure6: A CV with amissinglink problem

An exampleof sucha caseis shown in Figure6 which containseightobjects,A throughH. TheobjectsA, B, C,

D, andG areproperty-introducingobjectsandintroduceattributesa, b, c, d, andg, respectively. TheobjectsE andF

areintersectionobjectswith propertysets� a, b 	 and � c, d 	 , respectively. In Figure6, objectswithin a box constitute

a classandhave thesameproperties.ObjectsG andH have thesamepropertysets � a, b, c, d, g 	 . Therefore,they

shouldresidein oneclass,namedG sinceG is theroot of this class.By our mappingmethod,thesuperclassesof the

classG aretheclassesC, D, andE. This resultsin theschemaof Figure7.

Unfortunately, Figure7 shows no relationshipbetweentheclassG andtheclassF. However, theobjectH in the

classG is a child of theobjectF in theclassF. This IS-A relationshipbetweenH andF will not be representedin

theschema,sinceobjectH is not theroot of its class.Thusthereis no schemalevel browsingpathin theschemaof
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...

g

dcba

G

F

DCBA

E

Figure7: Thesingly-rootedschemaof theCV shown in Figure6

Figure7 correspondingto theobjectlevel browsingpath(D, F, H).

TheOODBschemain Figure7 is notincorrectfrom theperspectiveof capturingpropertyinheritance,sinceobjects

areinstancesof theclasseswith thecorrectpropertysets.Theonly problemis thatwhenwe usetheOODB schema

for browsing, themissinglinks may causedif�culties. Adding a SUBCLASSrelationshipbetweenG andF would

createtwo additionalproblems.First, it wouldcreatetwo shortcut relationshipsin theschema(from G to C andto D).

Shortcut SUBCLASSrelationshipswerementionedbeforeasharmful. Second,if we de�ne G to bea SUBCLASS

F, theschemamaymisleadusersto think thefactthatG IS-A F doeshold.

4.3 Boundary-CrossingRelationships

In oneof our mappingmethodologies[10], all multi-rootedintersectionclassesare further partitionedinto singly-

rootedclasses.This partitioningprocessis executedwithin eachmulti-rootedintersectionclass. The missinglink

problemmayalsohappenin asingly-rootedschema.

Wewill now developsuchanexample.Figure8 showstheobjectsA, B, andC which introducetheattributesa, b,

andc, respectively. Theobjectsx � , x � , y � , andy � areintersectionobjects.As beforeobjectswith thesameproperty

setsaredisplayedin onebox representingtheir class.TheOOVR schemaof Figure8 is shown in Figure9. Via the

SUBCLASSrelationships,eachclasswill inherit thecorrectpropertysetfor its instances.For example,classY� has

thepropertyset � a, b, c 	 andclassX � hasthepropertyset � a, b 	 . Note thatsincey � is not a root, X � is not a parent

classof Y� . As we mentionedin [10], modelinga multi-rootedintersectionclassin sucha way mayposeproblems

whenbrowsingthe OOVR schema.For example,theobjectlevel browsingpath(B, x � , y � ) hasno parallelschema

level browsingpathsincethereis no link from Y� to X� to representthelink betweenobjectsx � andy � .

11



1y

x1 x2

y2

y3

...

a
A

C
c

B
b

Figure 8: An exampleCV with eight objects,three
property-introducingobjectsandfour intersectionob-
jects

1Y

1X

...

c

ba

C

BA

Figure9: TheOOVR schemafor theCV shown
in Figure8

2Y1Y

2X1X

...

c

ba
A B

C

Figure10: Thesingly-rootedschemafor theCV shown in Figure8

Figure10 shows the singly-rootedschemafor Figure8. The intersectionclassX � hasbeenpartitionedinto two

classes:X � andX� . Similarly theintersectionclassY� hasbeenpartitionedinto two classes:Y� andY� . This schema

still re�ects theproblemof misleadingusersinto thinkingthattherearenoIS-A relationshipsbetweentheobjectsof X �

andY� . In spiteof thesingly-rootedmodelingthereis still noschemalevel browsingpathcorrespondingto theobject

level browsingpath(B, x � , y � ). Sincex � is not in thesameintersectionclassasy � , the IS-A relationshipsbetween

themwill not beconsideredwhentheclassdiagramis generated.Therefore,theobjecty � will not beconsideredan

articulationobject.

Figure11 shows a morecomplicatedexample.This exampleis thesameasin Figure8, exceptthat therearetwo
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x1

1y

x2

a
A

x3 y2

y3

C
c

B
b

y4

...

Figure11: An exampleCV with tenobjects,threeproperty-introducingobjectsandfour intersectionobjects

extra objects,x � andy � . The objectx � hastwo parents:x � andx � . The objecty � hastwo parents:y � andy � . For

Figure11, Figure9 shows the OOVR schemawhich did not change.The singly-rootedschemafor this exampleis

shown in Figure12. We canseethatcomparedto Figure10, therearetwo extra classes,X � andY� . This is thecase

because,accordingto ourde�nition, objectsx � andy � arearticulationobjects.However, objecty � is notanarticulation

objectbecauseour methodologyis executedwithin agivenclass.Thepartitioningof amulti-rootedintersectionclass

hasno effect on representingSUBCLASSlinks betweenits resultingclassesto externalclasses.Consequently, this

singly-rootedschemawill still misleadusersinto thinkingthattheobjectsin x � andtheobjectsin y � donothaveIS-A

relationshipscorrectingthem. That,of course,is in this casenot true. Similar to thepreviouscase,theobjectlevel

browsingpath(B, x � , x � , y � ) hasnoparallelschemalevel browsingpath.In addition,Figure12showsamoreserious

problemwhich doesnot appearin a simpleCV like that of Figure8. In Figure12, thereis no pathfrom Y� to X� .

Therootsof thesetwo classesarex � andy � , andthey dohave a pathconnectingthemin theobjectnetwork. In other

words,y � is adescendantof x � . Thismissingpathmakesthesingly-rootedschemamodelingunsatisfactory. While in

Figure10,we did not havea schemalevel browsingpathto anobjectwhich is nota root of its class,in Figure12,we

donotevenhavesucha pathto anobjectwhich is a root of its class.This is anevenbiggermodelingde�ciency.

We �nd many suchexamplesin the singly-rootedMED OOVR schema.This kind of problemusuallyinvolves

4 to 5 classes.We startour explanationwith Figure13, an excerptfrom theMED OOVR schema.Thebottomtwo

classesaremulti-rootedintersectionclasses.NotethattheclassSymptomsInvolvingDigestiveSystemis not a parent

of theclassMentalor Behavioral Dysfunction. Thatis becausetheobjectMental or Behavioral Dysfunction aswell
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Figure12: Thesingly-rootedschemafor theCV shown in Figure11

astheotherrootsof this classdonothaveparentsresidingin SymptomsInvolvingDigestiveSystem.

...

ICD9 Code

...

Etiology

Causes_Diseases

...
Related Chemical

...

...

Symptoms Involving Digestive System

Mental or Behavioral Dysfunction

ICD9 Element Patient Problem

Disease or Syndrome Etiologic Agent

Figure13: An excerptof theMED OOVR schema

Figure14 shows someobjectsof somesingly-rootedclassescorrespondingto the two multi-rootedintersection

classesshown in Figure13. TheclassMentalor Behavioral Dysfunctionhas29rootsin total,only someof whichare

shown, andtheclassSymptomsInvolvingDigestiveSystemhas13roots.Dashed-lineboxesenclosetheoriginalmulti-

rootedintersectionclasses.Oneof the rootsof themulti-rootedclassMental or Behavioral Dysfunction, theobject

Unspeci�ed Endocrine Disorder, is anancestor(but not a parent)of theobjectDiabetesMellitus in this class.The

objecton thepathconnectingthemis Pancreatic Inter nal Secretion Disorder thathasonly oneparentUnspeci�ed

Endocrine Disorder. TheobjectDiabetesMellitus hasanotherancestorFactor In�uencing Health Statuswhich is
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a root of its intersectionclassSymptomsInvolvingDigestiveSystem. TheobjectDiabetic Myopathy hastwo parents

DiabetesMellitus andMyopathy, Unspeci�ed, a child of Unspeci�ed Disorder of NervousSystem. Accordingto

oursingly-rootedmappingmethodology, it will beconsideredanarticulationobject.

Patient Problem

ICD9 Symptom

Diabetic Myopathy

Diabetes Mellitus

Disease or Syndrome

Unspecified Disorder of Nervous System

Factor Influencing Health Status

Mental or Behavioral Dysfunction

Symptom

ICD9 Disease

...

Sign

...

... ...

Unspecified Endocrine Disorder...

Symptoms Involving Digestive System

Symptoms Involving Digestive System

...

Mental or Behavioral Dysfunction

Myopathy, Unspecified

Figure14: TheexcerptCV for theschemashown in Figure13

If we apply our singly-rootedmappingmethodologyto the MED, the two intersectionclassesin Figure14 will

bepartitionedinto severalclasses.Figure15 is anexcerptof thesingly-rootedMED OOVR schemathatre�ects the

objectsshown in Figure14. NotethattheobjectDiabetesMellitus will notbeconsideredanarticulationobject,since

it hasonly onepathto oneintersectionobject,Unspeci�ed Endocrine Disorder, in its multi-rootedintersectionclass.

The objectFactor In�uencing Health Status is an intersectionobject,but this fact doesnot have any effect when

we furtherpartitiontheclassMentalor Behavioral Dysfunctionin Figure13. If DiabetesMellitus is anarticulation

object, then we will useits IS-A con�guration to de�ne the parentof its class. Unfortunately, becauseDiabetes

Mellitus is not an articulationobject,theclassit belongsto will not have any informationto indicatethe IS-A link

betweentheobjectDiabetesMellitus andtheobjectFactor In�uencing Health Status. Notethat thepropertysets

of theobjectDiabetesMellitus andtheobjectUnspeci�ed Endocrine Disorder areidenticalandarea supersetof
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thepropertysetof theobjectFactor In�uencing Health Status. Furthermore,in Figure15, thereis no schemalevel

browsingpathbetweenFactorIn�uencingHealthStatusandDiabeticMyopathy. Thatmakesthesingly-rootedschema

unsatisfactorysincetheobjectFactor In�uencing Health Statusis anancestorof theobjectDiabetesMellitus and

Diabetic Myopathy. Thesingly-rootedschemastill cannotovercometheboundary-crossingproblemasit occursin a

realmedicalvocabulary.

...
ICD9 Code

...

...

...

...

Related Chemical

...

Factor Influencing Health Status

ICD9 Element

Symptoms Involving Digestive System

Diabetic Myopathy

Patient Problem

Disease or Syndrome

Unspecified Endocrine Disorder

Unspecified Disorder of Nervous System

Mental or Behavioral Dysfunction

Figure15: An excerptof thesingly-rootedschemafor theCV shown in Figure14

Theproblemswe have presentedin this sectionaresummarizedby Figure16. TheIS-A relationship(D, A � ) is a

shortcut. TheIS-A relationship(K � , J) will generatea missinglink in schema.TheIS-A relationship(G � , J � ) is a

boundary-crossingrelationship.

5 IS-A
�

SemanticRelationship

Thethreeproblemsthatwerepresentedin theprevioussection,shortcut relationships,missinglinks, andboundary-

crossingrelationships,arisefrom the fact that the SUBCLASSrelationshipsconnectingclassesin a schemacannot

fully re�ect the IS-A relationshipsof all instancesof a CV. Without a properlink to re�ect someimportantIS-A

relationshipsthatarenot capturedby SUBCLASSrelationships,theOOVR schemais not aneffective abstractionof

16



D2

D4

I

c
C

1 2CC

A 1

a
A

AA 2 3

1 2K K

1D

B
b

D
d

1 32B B B

E GF

H

J
K
kD3

1 1F G

1J

1E

r

r'

Figure16: A CV with all threetypeof problems

a vocabulary. As demonstratedin theprevioussection,this manifestsitself by theexistenceof objectlevel browsing

pathsfor which thereareno correspondingschemalevel browsingpaths.To overcometheseproblems,we de�ne a

new kind of relationship,calledIS-A
�

(IS-A PRIME) for theschema.TheSUBCLASSrelationshipsin theschema

remainthesame.

De�nition 8: (IS-A
�

Relationship) Let
�

and � bedistinctclassessuchthat � is not a SUBCLASSof
�

. If there

existsanobjectc in � andanobjectd in
�

suchthatc IS-A d, thenwede�ne link IS-A
�

from � to
�

. �

Aswasmentionedbefore,theIS-A relationshipin aCV hastwo functions.It is amechanismfor providingproperty

inheritance.It alsoexpressesspecialization/generalizationknowledge. The IS-A
�

relationshipin an OOVR schema
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re�ects thesecondfunctionof theIS-A relationshipwherever it is notexpressedby a SUBCLASSrelationship.

TheIS-A
�

relationshipis a hierarchicalsemanticrelationship.It is hierarchicalin nature,sinceit is derivedfrom

thehierarchicalIS-A relationshipsof theCV, asis theSUBCLASSrelationship.However, in contrast,whena class

� is SUBCLASSof a class� thenfor every instancea of � , thereexistsaninstanceb of theclassB suchthatthere

is anIS-A relationshipor a chainof IS-A relationshipsin theCV leadingfrom a to b. Henceeveryobjectin theclass

B inheritsall propertiesof everyobjectof classA. Thuswede�ne theSUBCLASSrelationshipto supportinheritance

of propertiesbetweenclasses.However, when � IS-A
�

� , this only guaranteesthe existenceof someinstanceor

instancesof � with anIS-A relationship(or a chainof suchrelationships)to someinstance(s)of � . Thus,theIS-A
�

relationshipsdonotprovidepropertyinheritancebetweenclasses,asopposedto theSUBCLASSrelationships.

The IS-A
�

relationshipsdo not satisfy transitivity, either. As we saw, IS-A
�

modelsexceptionalcasesin the

vocabulary, e.g.,an IS-A relationshipfrom a non-rootinstanceof the class � to an objectof the class � whereno

root of � hassuchan IS-A relationship. Anotherexampleis whenoneof the rootsof a multi-rootedintersection

classdoesnot have connectionsto all the parentclassesas the other roots. The problemof missingrelationships

crossing-boundariesthatinterruptbrowsingpathsis handledby addingtheIS-A
�

relationshipafterthepartitioning.

UserscannavigatetheOOVR schemausingSUBCLASSaswell asIS-A
�

relationships.Hence,thede�nition of

schemalevel browsingpathcanbeextendedto includetheIS-A
�

relationshipsasfollows.

De�nition 9: (Mixed SchemaLevel Browsing Path) A mixedschemalevel browsingpathis a sequenceof classes

P� � (A� ,A� ��������� A� ) suchthatA� �

� is SUBCLASSof A� or A���

� IS-A
�

A� . �

6 The Singly-rootedSchemawith IS-A
�

Relationships

Wenow applytheIS-A
�

modelingto all theexamplesmentionedin Section4. Figure17(b) showstheOOVR schema

with IS-A
�

relationshipsfor theCV shown in Figure17 (a). We usea dashedarrow to representIS-A
�

in a diagram.

TheIS-A link from z to x in Figure17(a) inducestheIS-A
�

betweentheclassZ andtheclassW in Figure17(b). The

schemasubgraphconsistingof all theSUBCLASSrelationshipshasno shortcuts. Theshortcut from theclassZ to

theclassW is capturedby the IS-A
�

relationship.Thesemanticsrepresentedby this IS-A
�

relationshipis that there

existsanobject(z) in Z andanobject(x) in W suchthat in theCV z IS-A x. Theothertwo IS-A relationshipsin the

CV of Figure17 (a),namely, z IS-A y andy IS-A w, arerepresentedby thetwo SUBCLASSrelationshipswhichalso

supporttheinheritanceof theattributesa andb. Consequently, theschemaof Figure17(b) containsthemixedschema
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level browsingpath(W, Z) parallelto theobjectlevel browsingpath(w, x, z).

y
b

z
c

x

w
a

(a) (b)

c

a

b

Z

Y

W

Figure17: Thesingly-rootedschemawith anIS-A
�

relationship(b) for theCV in (a)

Themissinglink problemdescribedin Section4.2canalsobesolvedby addingIS-A
�

relationshipsto a schema.

Figure18(b) showsthesingly-rootedschemafor theCV of Figure18(a)with anIS-A
�

relationship.SinceG IS-A
�

F,

usersareinformedthatsomenon-rootobjectsin G have parentsin F. With this IS-A
�

relationship,userscantraverse

from G to F or vice versa. The schemaof Figure18 (b) containsthe mixed schemalevel browsing path(D, F, G)

parallelto theobjectlevel browsingpath(D, F, H).

...

a
A C

c
D

b
B

d

F

E

G
g

H

g

dcba

...

(a) (b)

G

E

A B C D

F

Figure18: Thesingly-rootedschemawith anIS-A
�

relationship(b) for theCV in (a)

Theproblemof thepartitioningboundarydescribedin Section4.3 canalsobesolvedby introducingIS-A
�

rela-

tionships.That is because,by de�nition, IS-A
�

relationshipsarenot restrictedto onemulti-rootedintersectionclass.

In otherwords,sucha relationshipcancrosstheboundaryof a multi-rootedintersectionclass.Figure19 (b) shows
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thesingly-rootedschemawith IS-A
�

relationshipsfor theCV shown in Figure19 (a). In Figure19 (b), all the links

betweenclassesareSUBCLASSrelationships,exceptfor theIS-A
�

betweenX � andY� . With this relationship,users

aremadeawarethatthereexistsat leastonepairof objectsin thesetwo classesconnectedby anIS-A relationship.For

instance,theschemaof Figure19 (b) containsthemixedschemalevel browsingpath(B, X � , Y� ) parallelto theobject

level browsingpath(B, x � , y � ) in Figure19 (a).

1y

x1 x2

y2

y3

a
A

C
c

B
b

...

1Y 2Y

2X1X

(a)

...

(b)

a b

c
C

BA

Figure19: Thesingly-rootedschemawith IS-A
�

relationships(b) for theCV in (a)

Figure20 (b) shows thesingly-rootedschemawith IS-A
�

relationshipsfor theCV shown in Figure20 (a). In this

�gure, thereis only oneIS-A
�

relationship,theonebetweenX� andY� . Fromthisexample,wecanseehow important

an IS-A
�

relationshipcanbe. Sinceobjecty � is not a descendantof x � , it may look correctto have no relationship

betweenY� andX� . However, objecty � is not only a descendantof y � but alsoa descendantof x � . Without a link

betweenY� andX� , theschemais de�cient becauseit hasnopathbetweenX � andY� . TheIS-A
�

relationshipbetween

Y� andX� makesup for themissinglink andcreatesa mixedpathcomposedof SUBCLASSandIS-A
�

relationships

betweenY� andX� . For instance,theschemaof Figure20 (b) containsthemixedschemalevel browsingpath(B, X � ,

X� , Y� , Y� ) parallelto theobjectlevel browsingpath(B, x � , x � , y � , y � ).

Figure 21 shows the singly-rootedschemawith IS-A
�

relationshipsfor the CV shown in Figure 14. The IS-

A link betweenDiabetesMellitus andFactor In�uencing Health Status is representedby the IS-A
�

relationship

betweenUnspeci�edEndocrineDisorder andFactor In�uencing Health Status. This IS-A
�

relationshipfacilitates

an importantindirectconnectionbetweenFactor In�uencing Health StatusandDiabetic Myopathy. Without it, the

singly-rootedschemais incorrectsincethe pathfrom Diabetic Myopathy to Factor In�uencing Health Status is
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Figure20: Thesingly-rootedschemawith anIS-A
�

relationship(b) for theCV in (a)

not re�ected. In otherwords,theobjectlevel browsingpath(Factor In�uencing Health Status, DiabetesMellitus,

DiabeticMyopathy) hasaparallelmixedschemalevelbrowsingpath(Factor In�uencing Health Status, Unspeci�ed-

EndocrineDisorder, Diabetic Myopathy) in Figure21 while it doesnot have a parallelschemalevel browsingpath

in theschemaof Figure15.

By usingtheIS-A
�

relationships,thesingly-rootedschemasolvestheproblemsdescribedin Section4. Moreover,

with theadditionof anIS-A
�

relationshipin everyplacewherea link wasmissingin theschema,thereis now amixed

schemalevel browsing path for every object level browsing path in the CV. Hencethe singly-rootedschemawith

IS-A
�

links completelycapturestheabstractionof theCV, sincethereis anabstractionfor everypossibleobjectlevel

browsingpath.

In Figure22, we show thesingly-rootedschemawith IS-A
�

relationshipsfor theCV in Figure16. This schema

containsthreeIS-A
�

relationshipsbetweenthreepairsof classesK andJ, G andJ, andD andA. The object level

browsingpath(A, A � , C, C � , J, J � , G � , H) hasaparallelmixedschemalevel browsingpath(A, C, J, G, H). Notethat

theIS-A relationshipbetweentheobjectsG � andJ � is capturedby IS-A
�

betweenG andJ in theschema.Theobject

level browsingpath(A, A � , B, B � , J, K � ) hasaparallelmixedschemalevel browsingpath(A, B, J, K). Similarly, the

objectlevel browsingpath(A, A � , D, D � , D � , F, F � ) hasaparallelmixedschemalevel browsingpath(A, D, F).
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ICD9 Code

...

...

...

...

Related Chemical

...

Symptoms Involving Digestive System

Factor Influencing Health Status

ICD9 Element Patient Problem

Disease or Syndrome

Unspecified Endocrine Disorder

Unspecified Disorder of Nervous System

Mental or Behavioral Dysfunction

Diabetic Myopathy

Figure21: Thesingly-rootedschemawith IS-A
�

relationshipsfor theCV in Figure14

7 Conclusions

In this paper, we solved threeproblemsencounteredin modelinga semanticnetwork vocabulary usingan OODB.

The OODB schemaobtainedoffers a compactabstractview of the vocabulary. Sucha schemacontributesto the

comprehensionof thestructureandcontentof thevocabulary. Furthermore,it enablestheuserto traversethesmaller

schemauntil the right classis found and then traversethe conceptsof that classratherthan to traversethe larger

vocabularyon theconceptlevel.

We identi�ed threeproblematiccaseswheretheSUBCLASSrelationshipsfailed to modelIS-A relationshipsin

thevocabulary. As aconsequence,in thosecasesof “ShortCut relationship,” “Missing SUBCLASSrelationship,” and

“Boundarycrossingrelationship”therewerenoschemalevel browsingpathsparallelto existingobjectlevel browsing

paths.

As a solution, IS-A
�

relationshipswereintroducedin the OOVR schemato captureIS-A links betweenobjects

whichwerenotproperlyre�ectedby theSUBCLASSrelationshipsin theschema.Moreprecisely, two classeswithout

aSUBCLASSrelationshipbetweenthemmayhaveinstanceswith IS-A links betweenthem.In suchasituation,users

may facedif�culties during browsing the OOVR schema. By de�ning the IS-A
�

relationshiponecan useMixed

SchemaLevel Browsing Paths containingSUBCLASSandIS-A
�

relationshipsto browsetheOOVR schema.The
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Figure22: Thesingly-rootedschemawith IS-A
�

relationshipsfor theCV in Figure16

problemsof “Short Cut relationships,” “Missing SUBCLASSrelationships,” and“Boundarycrossingrelationships”

disappear. Exampleshave beenpresentedto show how IS-A
�

relationshipscanhelp in browsingtheOOVR schema.

Everyobjectlevel browsingpathhasnow acorrespondingmixedschemalevel browsingpath.
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