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Abstract

In previous work, we have modeleda vocahulary given as a semanticnetwork by an OODB (Object-Oriented
Database)The OODB schemahusobtainedprovidesa compactabstractview of the vocahulary. This enabledast
traversalof thevocalulary by auser In the semantimetwork vocalulary, thelS-A relationshipsxpressthe special-
izationhierarchy In our OODB modelingof thevocahulary, the SUBCLASSrelationshipexpresseshespecialization
hierarchyof the classesandsupportghe inheritanceof their properties.A typical IS-A pathin the vocalulary hasa
correspondinghorterSUBCLASSpathin the OODB schema.

In the currentpaperwe exposeseveral casesvherethe SUBCLASShierarchyfails to fully correspondo the
IS-A hierarchyof the vocahulary. In thesecaseghereexist traversalpathsin the semanticnetwork for which there
are no correspondingraversal pathsin the OODB schema. The reasonfor this failure is the existenceof some
IS-A relationshipsbetweenconceptsof two classesthat are not connectecby a SUBCLASS relationship. This
phenomenomvealenstheaccurag of our modeling.

To rectify the situationwe introducea nev OODB semantiaelationshiplS-A' to representhe existenceof I1S-A
relationshipshetweenconceptsof a pair of classeswhich are not connectedvia a SUBCLASSrelationship. The
resultingschemacontainsboth SUBCLASSrelationshipsaandIS-A' relationshipsvhich completelymodelsthe IS-
A hierarchyof the vocahlulary. We de ne a mixed classlevel traversalpathto containeither SUBCLASSor IS-A
relationships.Consequentlyeachtraversalpathin the semanticnetwork hasa correspondingnixed traversalpath
in the OODB schema.Hencethe introductionof the semanticOODB IS-A' relationshipimprovesthe modelingof
semantimetwork vocahulariesby OODBSs.

KEYW ORDS: Object-OrientecdDatabasesQbject-OrientedModels, Object-OrientedSystems Knowledge Repre-
sentation,DatabaseéModels, Vocahulary SystemsObject-OrientecHierarchicalRelationshipsObject-OrientedSe-
manticRelationships

1 Intr oduction

A controlledvocahulary (CV) is a software systemthat uni es the terminologyof large applicationdomains|[3].
With sucha systemin anenterprisecostly andtime-consumindranslationtaskscanbe eliminatedbetweerdifferent
organizationandsoftwareapplications.The healthcarealomainis atypical examplewheresererallargevocahularies
have beenbuilt suchasMeSH [13], CPM93[5], CPT98[1], SNOMED [4], ICD9-CM [19], the Medical Entities
Dictionary (MED) [2], (all of which have beenintegratedinto theUni ed MedicalLanguageSystem(UMLS) [7, 8]),
andthe GALEN CoreModel [16], (expressedn GRAIL [17]).

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

cancall anObject-Oriented/ocalulary Repositorf OOVR) [9, 11]. Usingourmethodologywe have createdOVRs
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basednthe MED andinterMED [14], aderivativeof theMED. Both OOVRsarerepresenteth ONTOSDB/Explorer
[15, 18], a commercialOODB managemensystem. The databaseschemaof an OOVR, calledthe OOVR schema,
givesusersanabstractview of the vocahulary, comparedo the tensof thousandsonceptsn the vocalulary itself.
An OOVR schemacanbe utilized by differenttypesof vocahulary userg[6]. For instance casualuserscanuseit to
browsethe contentsof the vocalulary. A vocahulary administratoron the other handcan usethis abstractview to
maintainthe vocalulary. In this paper we identify several casesn which the OODB paradigmcannotfully capture
the semanticof the IS-A relationshipsn the semantimetwork. As aresult,the OOVR schemagivesusersa partial
abstractview of the CV. In orderto resol\e this problem,we introducea new type of relationshipcalledIS-A (IS-A
Prime)for the OOVR schemal.lS-A relationshipscapturethoselS-A links of the semanticsietwork that cannotbe
properlyre ected by the SUBCLASSrelationshipof the OOVR schemaWith thelS-A relationship usersobtaina
morepreciseabstracview of thevocaklulary.

Theremaindeof this paperis organizedasfollows. In Section2, we describeour techniqueof mappingavocahu-
lary into anOOVR. OOVR schemarowsingis discussedh Section3. Sectiond describedlif culties thatcanarisein
certainspecialcaseof schemarowsingin the OOVR. In Section5, we introducethelS-A semantiaelationshipfor
anOOVR schemaThen,in Section6, we demonstratbow IS-A modelingcanovercomehedif culties in Sectiord.

Conclusiondollow in Section?.

2 OODB Representationof a Vocalulary

In[9, 10, 11], we presentedlgorithmsfor deriving anOODB schemdor a givenvocalularyrepresentedsasemantic
network. A semanticnetwork consistsof conceptsconnectedria IS-A relationships.Eachconceptmay have prop-
ertiesof two kinds, attributesandrelationships.Attributeshave valuesof datatypes(suchasinteger or text string).
Relationshipdave valueswhich arereferenceso otherconceptsn thevocahulary. The setof propertiesof aconcept
x is denotedby P(x). We referto the conceptsn thelS-A hierarchywith family termssuchaschild, parent,ancestar
etc. A conceptinheritsthe propertiesof its parentsaalongthelS-A links.

The hierarchyof an OODB schemaconsistsof classesconnectedvia SUBCLASS relationships. We refer to
the classesn the OODB hierarchywith termssuchassubclassandsuperclasscomposedif necessarywith family
terminology For instance,'subclassdescendantsdf a classA refersto every classfrom which thereexist a pathof

SUBCLASSrelationshipgo theclassA. TheextentE(A) of aclassA is thesetof its objects.

For the 56,000conceptof the MED, the MED OOVR schemacontainsl24classes.



In our OODB representationf a vocahulary, the extentof a classconsistsof objectswith the samestructureand
similar semanticsThe structureof anobjectis its setof propertiesHence all the objectsof a classA sharethe same
setof propertiesdenotedoy P(A). A rootr of aclassA is anobjectof the classwhoseparentobjectsarenotin A.
In our OODB representatiofil0], eachclasshasa uniqueroot; all the objectsof a classaredescendantsf its root.
Hence,eachobjectin the classrepresents speci cation of the moregeneralobjectof theroot. For example,if the
root of a classis the objectVirus, thenall the objectsof the classwill represenspeci ¢ virusesandspeci ¢ families
of viruses.Hence all the objectsof a classhave a semanticsvhich is similar to the semantic®f theroot. To capture
the semanticof a class,it is namedafterits root object. Hence,in our OODB representatiotthe objectsof a class
shav the samestructureandsimilar semanticasrequiredfor anOODB class.

To completethe speci cationof our OODB representatioof avocahlulary, we needalsoto de ne the SUBCLASS
relationshipdetweerclassesThe SUBCLASSrelationshipgorm the hierarchyof the OODB schemandenablethe
inheritanceof propertiesamongclasses.

A classAwith arootr isaSUBCLASSof aclassB if thereis aconcepb in B suchthatin the semantimetwork
r IS-Ab. Inthisway, therootr inheritsall the propertiesof the classB. Thosepropertiesarefurtherinheritedto
all conceptof A. Thus,we have classA inheritthe propertiesof classB.

We heve distinguishecamongthreedifferentkinds of classes[1D

1. Property-introducinglasses.

2. Intersectiorclasses.

3. Articulation classes.

Thesethreekindsof classesrede ned by the characteristicsf their roots.

De nition 1: (Property-intr oducing class) A classA is a property-introducingclassif a propertywhich was not
de ned for ary of its superclassess introducedat the root objectr . Thatis, P( ) 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 classAis anintersectiorclasswith  superclasses , , if itis not
aproperty-introducinglassandits rootr hasparentsd in all superclasseB of A, , all of which have



adifferentsetsof propertiegshanr . Thatis, , suchthatA SUBCLASSB , suchthatb B and

Pt ) Pb).

De nition 4: (Intersection object): Therootof anintersectiorclassis anintersectiorobject.

For bothcaseof property-introducinglassandintersectiorclass,a classA satis esthefollowing condition: B
suchthatA SUBCLASSB , PA) P@®B).

However, the reasonsaredifferent. For a property-introducinglass,this is becausea new popertyis introduced
at the root of the class. For anintersectionclass,no new propertiesareintroduceecat the root. However, the class
inheritspropertiesfrom differentsuperclasseis away thatit hasmorepropertiegshanary of the superclasses.

In Figure 1, we presenta small CV which illustratesall thesede nitions and cases. This gure will alsobe
usedlaterto illustratethe de nitions of articulationobjectandarticulationclass. The objectsof a classareenclosed
within abox. For example,the objectsA, A , A , andA , enclosedwithin the top block, all belongto the classA,
namedafterits root A. The objectsA, B, C, D, andK are property-introducingobjects. The objectsE, F, G, and
J areintersectionobjects. The OODB schemdor this CV is shovn in Figure2. The classesA, B, C, D, andK are
property-introducinglassesvhich introducetheattributesa, b, c, d, andk, respectrely. Theclasse® andC further
introducethe relationshipr andits inverser', respectiely. P(A)= a , PB)= ab,r ,PC)= ac,r ,PD)= abd,r ,
PK)= ab,ckr,r" . ClassJ is an intersectionclass,whereP@)= ab,c,r,r' . Theclassess, F, andG are also
intersectiorclasseandP(E)=PF)=P(G)= ab,c,d,r,r

We will now discussthe third kind of class,called articulationclass. An articulationclasshasthe sameset of
propertiesasits parentclassesyhich may be intersectionclasser otherarticulationclasses.This implies that for
eacharticulationclassthereexist severalintersectionclassesr articulationclassesvith the samesetsof properties.
Thereasorwhy theseintersectiorclassesreseparateds thattheir extentsdo not sharesimilar semanticsEachsuch
intersectiorclasshasa differentroot althoughall theserootssharethe samesetof properties For example thethree

intersectiorclasseE, F andG sharethe samesetof propertiesput have differentroots.

De nition 5: (Articulation class) A classA is anarticulationclassif it is neithera property-introducinglassnoran

intersectiorclassandits rootis anarticulationobject.

Thenotionof anarticulationobjectandanalgorithmfor determininghe articulationobjectsandthe objectsof an

articulationclassarecomplex andarefully discussedh [10]. In this paperwe avoid repeatinghe exactde nition for
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Figurel: A smallCV with 30 concepts

brevity reasonsandwill provide anintuitive explanationandan exampleto clarify the natureof articulationclasses

andobjects.

As mentionedbefore the needfor anarticulationclassarisesonly whenthereareseveralintersectiorclasses8 ,

with identicalpropertysets.We denoteby DSN(x) the setof all objectswhich aredescendantsf objectx

intheCV.

IncaseDSN(f ) DSN(f ) for all pairs(i,k) suchthat , thatis, thereareno objectsin the

CV which aredescendantsf morethatoneof therootsr , ,r , thereis noneedfor introducingan articulation

classwith the samesetof properties. The needfor a new articulationclassariseswhentwo or moresuchrootsshare
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Figure2: The OODB schemdor the CV showvnin Figurel

commondescendantdf, for example,r andr have acommondescendanthenit cannotbelongsimultaneously
to bothclasseB andB . Thisis dueto the OODB rule that an objectcannotbelongto morethanoneclass. To
resole this con ict, we pick anobjectX whoseparentsdo not have this con ict, thatis they aredescendantsf only
oneof therootsr andr . SuchanobjectX is calledanarticulationobjectandits own descendanthich arein
DSN(F ) DSN( ) areputinthearticulationclassrootedby X. (NotethatX is nota property-introducingpbject
sincein sucha casejt would not be a candidateobjectfor theintersectiorclasse®8 andB , but would startits own
property-introducinglass.) In Figure 2, classH is anarticulationclass,sinceobjectH DSNEF) DSN(G) is an
articulationobjectin Figurel.

More articulationclassesnay be necessanas two articulationobjects(or one articulationobjectand one in-
tersectionobject) A andA may have joint descendantsln sucha case,a new articulationclassto containthese
joint descendanteeedso be de ned. Classl, in Figure2, is suchan articulationclasssinceobjectl DSN(E)
DSNH) is anarticulationobjectin Figurel. In [10], we provideda recursve de nition andanalgorithmto identify

all articulationobjectsandarticulationclassegor agivenCV.



3 Vocahlulary SchemaBrowsing

In orderto demonstratehe browsing of the CV andits OODB schemaywe introducetwo notions: an objectlevel

browsingpathanda schemdevel browsingpath.

De nition 6: (Object Level Browsing Path) An objectlevel browsingpathis asequencef objectsP (¢ ,c

¢ ) suchthatc  IS-A ¢ in thesemantimet,

De nition 7: (SchemalLevel BrowsingPath) A schemaevel browsingpathis asequencefclasse® (A A

A ) suchthatclassA  is SUBCLASSof classA ,

Notethatwe restrictthe SUBCLASSrelationshipgo direct SUBCLASSassociation$or the schemdevel brows-
ing path.In Figure2, theclassD is a SUBCLASSof theclassB andtheclassB is a SUBCLASSof theclassA. Thus,
thereis a schemdevel browsing pathfrom Ato D: A B D . However, D A is not considerech valid browsing
patheventhoughthe classD is a SUBCLASSof the classA, by transitvity. Thereasonwvhy we rule out transitvely
implied SUBCLASSrelationshipds becausehis may resultin pathswhich omit certainclassesvhich expressthe
speci ¢ semantic®of the pathin the OODB schema.

Now we cande ne the conditionsthat have to hold for all the SUBCLASSrelationshipso properlyre ect the
IS-A relationshipsof the CV. For every browsingpathP (¢ ,c ¢ ) ontheobjectlevel of a CV, theremust
exist aparallelbrowsingpathP (A JA A ) ontheschemdevel which satis esthefollowing conditions.

1. Objectc is aninstanceof classA .

2. Objectc is aninstanceof classA .

3. Thereexistsapartitionof P into disjointconsecutie subpathssay(c ¢ ) whicharepathsin theinduced

subnetverk of classA |,

For example,in Figure 1, the objectlevel browsingpath(A,A ,B,B ,D,D ,D ,F,F ,H,H ) hasaparallelschema
level browsingpath(A,B,D,F,H) in Figure2. While browsinga conceptevel path,theuserneedso scanthe children
of eachobjectto pick the corretconceptwith which to continue. A similar situationexists whenscanningthe sub-
classedf a classin schemdevel browsing. The objectlevel pathrequiresa scanof atotal of 18 children,while the
classpathrequiresthe scanningof only 9 classesandonelS-A relationshipfrom H to H , asthe browsing switches
to theobjectlevel whenreadingthelastclass.This exampledemonstratethattypically a schemdevel browsingpath

is shorterandrequiredessscanninghananobjectlevel browsingpath(seg[10] for a detaileddiscussion).



4 Problemsfor Utilizing the OODB Paradigm to Model a CV

In the previous section,we demonstratedhe acceleratiorand simpli cation of browsing a CV dueto utilizing a
schemalevel browsing path. However, in somespecialcaseswhich we shall see,the OODB schemaderived for
the CV doesnot supportall possibleobjectlevel browsing paths. The reasonfor theseproblemsis a de ciency of
SUBCLASSrelationshipsepresentingll thelS-A relationshipsn thesemantimetwork. In this section gxamplesof

threedifferentkinds of problemsarepresented.

4.1 Removing of “Short Cut” Relationships

Let usconsiderthe rst suchproblemin which somelS-A relationshipsarenot representetty SUBCLASSrelation-
ships. Figure3 shavs a small CV with the extentsof the classeshavn asenclosingboxes. Note thatobjectsw and

x have the samesetsof properties. Thesefour objectswill generatghreeproperty-introducinglassesasshowvn in

Figure4.

o=

[

O] <

Figure4: The schemdor the CV shawn in Fig-
Figure3: An exampleCV with a*“shortcut” problem ure3

Note thatthe root z of the classZ hasparentsin the classedN andY, whereY is a SUBCLASSW. Thus,we
would needa SUBCLASSrelationshipfrom Z to W andto Y. In sucha case thelink betweenthe classZ andthe
classW is calleda“shortcut” relationship.ln generala SUBCLASSrelationshigrom aclass toaclass iscalled
a shortcutif thereis a path of at leasttwo SUBCLASSrelationshipdfrom to . Referringto the SUBCLASS
relationship,using family terminology a shortcut is a SUBCLASS relationshipto an ancestorsuperclass.In the
OODB paradigm,it doesnot make ary senseo de ne a SUBCLASSrelationshipfrom Z to W or asary shortcut,

sincethe SUBCLASSrelationshipsaretransitive by de nition. Shortcut SUBCLASSrelationshipsarenot contained
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Figure5: A “shortcut” examplefrom the MED

in theschemdFigure4). In otherwords,thereis no SUBCLASSrelationshigrom Z to W. Thisomissiorwill nothave
ary effect on propertyinheritance sincethe classZ inheritsthe classW's propertiesvia the classY. Fromthe view
pointof propertyinheritancetheclassZ will have thecorrectpropertysetevenwithoutthe“short cut” relationshipin
theschema.

However, from the point of theview of connectiondetweerclassestheremoval of suchrelationshipsesultsin a
lossof information. Theresultingproblemcanbeviewedfrom two aspectsFirst, givena schemdik e Figure4, there
is no way to tell whetherthereoriginally wasa shortcut SUBCLASSor not. Thereis no informationin the schema
indicatingwhetherwe removeda shortcut SUBCLASSor whetherit wasnot thereto begin with. Seconda schema
like Figure4 hasno schemdevel browsingpathparallelto the objectlevel browsingpath(w, X, z). Thisis dueto the

lack of representatiom the schemahatre ectsthatin theCV w IS-A z.

Figure5 shavs suchanexamplefrom theMED. In this excerptof theMED, thereare veclassesHealthCare Ac-
tivity Proceduk, ICD9 ElementICD9 or CPT Procedue, CPMC Radiolayy Term, andImage-guidedinterventional
Procedue. Note that only a portion of their objectsare shavn in this picture. The root of Image guidedInterven-
tional Procedue, Image-guidedInter ventional Procedure, is connectedy IS-A to threeobjects:ICD9 (or CPT)
ProcedureandCPMC Radiology Term andTherapeutic Or Preventive Procedure. Correspondingo the rst two

of theselS-A relationshipsthereare SUBCLASSrelationshipgto the classegootedat the correspondingbjects.



The SUBCLASSrelationshipto the third parentis a “short cut” relationshipandis omittedfrom the schema.When
we browsethis schemawe have no ideathat objectsin Image-guidedinterventionalProcedue have parentsresid-
ing in Healthcae Activity Procedue sincethe SUBCLASSrelationshipbetweerthesetwo classesvasremovedasa
shortcut. Thusthereis no schemdevel browsing pathcorrespondindo the objectlevel browsingpath(Health Care

Activity (Procedure), Therapeutic Or Preventive Procedure, Image-guidedinter ventional Procedure.)

4.2 The Problem of “Missing” SUBCLASSRelationships

We have found that the instancesof two unrelatedclassesmnay be connectedby IS-A relationships. This kind of
abstractionnaccuray makesthe useof the OODB schemdesseffective for brawsingthe controlledvocatulary. We

call thiskind of problemthe “missing SUBCLASSrelationshipproblem”(or missinglink problem for short).

Figure6: A CV with amissinglink problem

An exampleof sucha caseis shavn in Figure6 which containseightobjects,A throughH. TheobjectsA, B, C,
D, andG areproperty-introducingpbjectsandintroduceattributesa, b, c, d, andg, respectiely. The objectskE andF
areintersectiorobjectswith propertysets a,b and c, d , respectiely. In Figure6, objectswithin abox constitute
a classandhave the sameproperties.ObjectsG andH have the samepropertysets a, b, ¢, d, g . Therefore they
shouldresidein oneclass,namedG sinceG is theroot of this class.By our mappingmethod the superclassesf the

classG aretheclasse<C, D, andE. This resultsin the schemaof Figure?.

Unfortunately Figure7 shavs no relationshipbetweerthe classG andthe classF. However, the objectH in the
classG is a child of the objectF in the classF. This IS-A relationshipbetweenH andF will not be representetch

the schemasinceobjectH is nottheroot of its class. Thusthereis no schemdevel browsing pathin the schemaof

10
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Figure7: Thesingly-rootedschemanf the CV shavnin Figure6

Figure7 correspondingo the objectlevel browsingpath(D, F, H).

TheOODBscheman Figure? is notincorrectfrom theperspectie of capturingpropertyinheritancesinceobjects
areinstancef the classeswith the correctpropertysets. The only problemis thatwhenwe usethe OODB schema
for browsing, the missinglinks may causedif culties. Adding a SUBCLASSrelationshipbetweenG andF would
createtwo additionalproblems.First, it would createtwo shortcutrelationshipsn theschemgfrom G to C andto D).
Shortcut SUBCLASSrelationshipsverementionedoeforeasharmful. Secondjf we de ne G to bea SUBCLASS

F, theschemanay misleaduserso think thefactthatG IS-A F doeshold.

4.3 Boundary-CrossingRelationships

In one of our mappingmethodologieg10], all multi-rootedintersectionclassesare further partitionedinto singly-
rootedclasses.This partitioning processs executedwithin eachmulti-rootedintersectionclass. The missinglink

problemmayalsohapperin asingly-rootedschema.

We will now developsuchanexample.Figure8 shavstheobjectsA, B, andC whichintroducethe attributesa, b,
andc, respectiely. Theobjectsx , x ,y , andy areintersectiorobjects.As beforeobjectswith the sameproperty
setsaredisplayedin onebox representingheir class. The OOVR schemaof Figure8 is shovn in Figure 9. Via the
SUBCLASSrelationshipseachclasswill inheritthe correctpropertysetfor its instancesFor example,classY has
the propertyset a, b, c andclassX hasthepropertyset a, b . Notethatsincey isnotaroot, X is notaparent
classof Y . As we mentionedn [10], modelinga multi-rootedintersectionclassin sucha way may poseproblems
whenbrowsingthe OOVR schema.For example,the objectlevel browsingpath(B, x , y ) hasno parallelschema

level browsing pathsincethereis nolink fromY to X to representhelink betweerobjectsx andy .

11
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Figure 8: An exampleCV with eight objects,three _
property-introducingbjectsandfour intersectiorob-  Figure9: The OOVR scheméor the CV shawn

jects in Figure8
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Figure10: Thesingly-rootedschemdor the CV shovnin Figure8

Figure 10 shaws the singly-rootedschemafor Figure8. The intersectionclassX hasbeenpartitionedinto two
classesX andX . Similarly theintersectiorclassY hasbeenpartitionedinto two classesY andY . Thisschema
still re ectstheproblemof misleadinguserdnto thinkingthattherearenoIS-A relationshipdetweertheobjectsof X
andY . In spiteof the singly-rootedmodelingthereis still no schemdevel browsing pathcorrespondingo the object
level browsingpath(B, x , y ). Sincex is notin the sameintersectionclassasy , theIS-A relationshipshetween
themwill not be consideredvhenthe classdiagramis generatedTherefore the objecty will not be consideredan

articulationobject.

Figure11 shovs a morecomplicatedexample. This exampleis the sameasin Figure8, exceptthattherearetwo

12



Figure1l: An exampleCV with tenobjects threeproperty-introducingbjectsandfour intersectiorobjects

extraobjects,x andy . Theobjectx hastwo parents:x andx . Theobjecty hastwo parents:y andy . For
Figure 11, Figure 9 shavs the OOVR schemawhich did not change.The singly-rootedschemdor this exampleis
shawvn in Figure12. We canseethatcomparedo Figure 10, therearetwo extraclassesX andY . Thisis thecase
becauseaccordingo ourde nition, objectsx andy arearticulationobjects.However, objecty isnotanarticulation
objectbecaus®ur methodologyis executedwithin a givenclass.The partitioningof a multi-rootedintersectiorclass
hasno effect on representingsUBCLASSIinks betweerits resultingclassedo externalclasses.Consequentlythis
singly-rootedschemawill still misleadusersnto thinkingthattheobjectsin x andtheobjectsiny donothavelS-A
relationshipscorrectingthnem. That, of course,is in this casenot true. Similar to the previous case the objectlevel
browsingpath(B, x , x ,y ) hasno parallelschemdevel browsingpath.In addition,Figure12 shovs amoreserious
problemwhich doesnot appearin asimpleCV like thatof Figure8. In Figure12, thereis no pathfromY to X .
Therootsof thesetwo classesrex andy , andthey do have a pathconnectinghemin the objectnetwork. In other
words,y isadescendaraf x . This missingpathmakesthe singly-rootedschemanodelingunsatiséctory While in
Figure10, we did not have a schemdevel browsing pathto anobjectwhichis notaroot of its class,n Figure12,we

do notevenhave sucha pathto anobjectwhichis aroot of its class.This is anevenbiggermodelingde ciency.

We nd mary suchexamplesin the singly-rootedMED OOVR schema.This kind of problemusuallyinvolves
4 to 5 classes.We startour explanationwith Figure 13, an excerptfrom the MED OOVR schema.The bottomtwo
classearemulti-rootedintersectiorclassesNote thatthe classSymptoménvolving DigestiveSystems not a parent

of theclassMentalor Behavioal Dysfunction Thatis becaus¢he objectMental or Behavioral Dysfunction aswell

13
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Figure12: Thesingly-rootedscheméor the CV shawvn in Figurell

astheotherrootsof this classdo not have parentgesidingin Symptomsnvolving DigestiveSystem

ICD9 Element Patient Problem

ICD9 Code Related Chemical

- Etiology
Disease or Syndrome ’: Etiologic Agent
Causes_Diseas

A

Symptoms Involving Digestive System ‘

‘ Mental or Behavioral Dysfunction ‘

Figure13: An excerptof the MED OOVR schema

Figure 14 shavs someobjectsof somesingly-rootedclassesorrespondingo the two multi-rootedintersection
classeshawvn in Figure13. TheclassMentalor Behavioal Dysfunctiorhas29 rootsin total, only someof which are
shawvn, andtheclassSymptom#nvolving DigestiveSystenhas13roots. Dashed-lindboxesenclosehe original multi-
rootedintersectionclasses.Oneof the roots of the multi-rootedclassMental or Behavioal Dysfunction the object
Unspeci ed Endocrine Disorder, is anancestolbut not a parent)of the objectDiabetesMellitus in this class.The
objecton the pathconnectinghemis Pancreatic Inter nal Secretion Disorder thathasonly oneparentUnspeci ed

Endocrine Disorder. TheobjectDiabetesMellitus hasanotherancestoFactor In uencing Health Statuswhichis

14



aroot of its intersectiorclassSymptomsnvolving DigestiveSystem The objectDiabetic My opathy hastwo parents
DiabetesMellitus andMyopathy, Unspeci ed, a child of Unspeci ed Disorder of Nervous System Accordingto

our singly-rootedmappingmethodologyit will be considereagnarticulationobject.

Patient Problem

Ly
Disease or Syndrome

ICD9 Disease

ICD9 Symptom

i
<Factor Influencing Health Status>
A

CUnspecified Endocrine Disorder)
<Unspecified Disorder of Nervous Syster’r)

|

|

|

|

T |
|

|

|

:

= |
Myopathy, Unspecified :
o |
|

|

|

|

|

|

|

|

|

|

Diabetes Mellitus /
I Q/Iental or Behavioral DysfunctiorD
Diabetic Myopathy

Figurel4: TheexcerptCV for theschemashovnin Figure13

If we apply our singly-rootedmappingmethodologyto the MED, the two intersectionclassesn Figure 14 will
be partitionedinto several classesFigure 15 is an excerptof the singly-rootedMED OOVR schemahatre ects the
objectsshavnin Figure14. Notethatthe objectDiabetesMellitus will notbeconsiderednarticulationobject,since
it hasonly onepathto oneintersectiorobject,Unspeci ed Endocrine Disorder, in its multi-rootedintersectiorclass.
The objectFactor In uencing Health Statusis anintersectionobject, but this fact doesnot have ary effect when
we further partitionthe classMental or Behavioal Dysfunctionin Figure13. If DiabetesMellitus is anarticulation
object, thenwe will useits IS-A con guration to de ne the parentof its class. Unfortunately becauseDiabetes
Mellitus is not anarticulationobject,the classit belongsto will not have ary informationto indicatethe IS-A link
betweerthe objectDiabetesMellitus andthe objectFactor In uencing Health Status. Notethatthe propertysets

of the objectDiabetesMellitus andthe objectUnspeci ed Endocrine Disorder areidenticalandarea supersebf
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the propertysetof the objectFactor In uencing Health Status Furthermorejn Figure15,thereis no schemdevel
browsingpathbetweerfFactorIn uencing Health StatusandDiabeticMyopathy Thatmalesthesingly-rootedschema
unsatisctorysincethe objectFactor In uencing Health Statusis anancestoof the objectDiabetesMellitus and
Diabetic Myopathy. Thesingly-rootedschemastill cannotovercomethe boundary-crossingroblemasit occursin a

realmedicalvocalulary.

ICD9 Element Patient Problem
ICD9_C0de Related Chemical

Disease or Syndrome
\ A

Factor Influencing Health Status ‘

Symptoms Involving Digestive System ‘

R

‘ Unspecified Disorder of Nervous System ‘

A

‘ Unspecified Endocrine Disorder

‘ Mental or Behavioral Dysfunction ‘

‘ Diabetic Myopathy ‘

Figure15: An excerptof thesingly-rootedschemdor the CV shovnin Figure14

The problemswe have presentedn this sectionaresummarizedy Figure16. TheIS-A relationship(D, A )isa
shortcut. ThelS-A relationship(K , J) will generatea missinglink in schema.The IS-A relationship(G ,J )isa

boundary-crossingelationship.

5 IS-A SemanticRelationship

Thethreeproblemsthatwerepresentedn the previous section,shortcut relationshipsmissinglinks, andboundary-
crossingrelationshipsarisefrom the fact thatthe SUBCLASSrelationshipsconnectingclassesn a schemacannot
fully re ect the IS-A relationshipsof all instancesf a CV. Without a properlink to re ect someimportantlS-A

relationshipghatarenot capturedoy SUBCLASSrelationshipsthe OOVR schemads not an effective abstractiorof

16



Figure16: A CV with all threetypeof problems

avocahulary. As demonstrateth the previous sectionthis manifeststself by the existenceof objectlevel browsing
pathsfor which thereareno correspondingchemadevel browsing paths. To overcometheseproblemswe de ne a
new kind of relationshipcalled1S-A (IS-A PRIME) for the schema.The SUBCLASSrelationshipsn the schema

remainthe same.

De nition 8: (IS-A Relationship) Let and bedistinctclassesuchthat is nota SUBCLASSof . If there

existsanobjectcin andanobjectd in  suchthatc IS-A d, thenwede ne link IS-A from to

Aswasmentionedefore thelS-A relationshign aCV hastwo functions.|t is amechanisnfior providing property

inheritance. It alsoexpressespecialization/generalizatidnowledge. The IS-A relationshipin an OOVR schema
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re ects thesecondunctionof theIS-A relationshipwhereverit is notexpressedy a SUBCLASSrelationship.
ThelS-A relationshipis a hierarchicalsemantiaelationship.lt is hierarchicalin nature sinceit is derivedfrom
the hierarchicallS-A relationshipsof the CV, asis the SUBCLASSrelationship.However, in contrastwhena class
is SUBCLASSof aclass thenfor everyinstancea of , thereexistsaninstanceb of the classB suchthatthere
is anlS-A relationshipor a chainof I1S-A relationshipsn the CV leadingfrom a to b. Henceevery objectin the class
B inheritsall propertiesof every objectof classA. Thuswe de ne the SUBCLASSrelationshipto supportinheritance
of propertiesbetweenclasses.However, when IS-A , this only guaranteeshe existenceof someinstanceor
instance®f with anlS-A relationship(or a chainof suchrelationshipsYo someinstance(spf . Thus,thelS-A
relationshipsio not provide propertyinheritancebetweerclassesasopposedo the SUBCLASSrelationships.

The IS-A relationshipsdo not satisfy transitvity, either As we saw, IS-A modelsexceptionalcasesin the
vocahlulary, e.g.,an IS-A relationshipfrom a non-rootinstanceof the class to an objectof the class whereno
rootof hassuchan IS-A relationship. Another exampleis when one of the roots of a multi-rootedintersection
classdoesnot have connectiondo all the parentclassesasthe otherroots. The problemof missingrelationships
crossing-boundarighatinterruptbrowsing pathsis handledby addingthe IS-A relationshipafterthe partitioning.

Userscannavigatethe OOVR schemausingSUBCLASSaswell asIS-A relationshipsHence the de nition of

schemdevel browsingpathcanbe extendedo includethelS-A relationshipsasfollows.

De nition 9: (Mixed Schemalevel Browsing Path) A mixedschemdevel browsing pathis a sequencef classes

P (AA A ) suchthatA  isSUBCLASSof A orA IS-A A.

6 The Singly-rooted Schemawith 1S-A Relationships

We now applythelS-A modelingto all theexamplesmentionedn Sectiond. Figurel7 (b) shavsthe OOVR schema
with IS-A relationshipgor the CV showvn in Figure17 (a). We usea dashedarrow to representS-A in adiagram.
ThelS-Alink from zto x in Figure17 (a)induceshelS-A betweertheclassZ andtheclasswW in Figurel7 (b). The
schemasubgraptronsistingof all the SUBCLASSrelationshipshasno shortcuts. The shortcut from the classZ to
the classW is capturedby the IS-A relationship. The semanticgepresentedby this IS-A relationshipis thatthere
existsanobject(z) in Z andanobject(x) in W suchthatin the CV z IS-A x. The othertwo I1S-A relationshipsn the
CV of Figurel7 (a),namely z IS-A y andy I1S-A w, arerepresentely thetwo SUBCLASSrelationshipsvhich also

supportheinheritanceof theattributesa andb. Consequentltheschemaof Figure17 (b) containghe mixedschema
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level browsingpath(W, Z) parallelto the objectlevel browsingpath(w, X, z).

Z
2 z C
C
(a) (b)

Figurel7: Thesingly-rootedschemawith anIS-A relationship(b) for the CV in (a)

Themissinglink problemdescribedn Section4.2 canalsobe solvedby addinglS-A relationshipgo a schema.
Figure18 (b) shavsthesingly-rootedschemdor the CV of Figure18(a)with anlS-A relationship.SinceG IS-A F,
usersareinformedthatsomenon-rootobjectsin G have parentdn F. With thisIS-A relationshipuserscantraverse
from G to F or vice versa. The schemaof Figure 18 (b) containsthe mixed schemadevel browsing path(D, F, G)

parallelto the objectlevel browsingpath(D, F, H).

N/

N
X

-

@) (b)

Figure18: Thesingly-rootedschemawith anIS-A relationship(b) for the CV in (a)

The problemof the partitioningboundarydescribedn Section4.3 canalsobe solved by introducinglS-A rela-
tionships.Thatis becauseby de nition, IS-A relationshipsarenot restrictedto one multi-rootedintersectiorclass.

In otherwords,sucha relationshipcancrossthe boundaryof a multi-rootedintersectionclass. Figure 19 (b) showvs
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the singly-rootedschemawith 1S-A relationshipgor the CV shavn in Figure 19 (a). In Figure19 (b), all the links
betweerclassesare SUBCLASSrelationshipsexceptfor theIS-A betweenX andY . With this relationshipusers
aremadeawarethatthereexistsatleastonepair of objectsin thesetwo classesonnectedy anlS-A relationship.For
instancethe schemaof Figure19 (b) containghe mixedschemdevel browsingpath(B, X , Y ) parallelto the object

level browsingpath(B, x ,y ) in Figurel9 (a).

(A |[B])
b J

\

(@ (b)

Figure19: Thesingly-rootedschemawith IS-A relationshipgb) for theCV in (a)

Figure20 (b) shaws the singly-rootedschemawith I1S-A relationshipdor the CV shavn in Figure20 (a). In this
gure, thereis only onelS-A relationshiptheonebetweenX andY . Fromthis example,we canseehow important
anlS-A relationshipcanbe. Sinceobjecty is not a descendandf x , it maylook correctto have no relationship
betweenY andX . However, objecty is notonly adescendandfy but alsoadescendandf x . Without a link
betweeny andX , theschemas de cient becausét hasnopathbetweenX andY . ThelS-A relationshigbetween
Y andX makesup for the missinglink andcreatesa mixed pathcomposedf SUBCLASSandIS-A relationships
betweenY andX . Forinstancethe schemaof Figure20 (b) containsthe mixed schemdevel browsingpath(B, X ,

X, Y ,Y ) parallelto the objectlevel browsingpath(B, x , X ,y ,Vy ).

Figure 21 shaws the singly-rootedschemawith IS-A relationshipsfor the CV shown in Figure 14. The IS-
A link betweenDiabetesMellitus and Factor In uencing Health Statusis representedby the IS-A relationship
betweenUnspeci edEndocrineDisorder and Factor_In uencing_Health. Status This IS-A relationshipfacilitates
animportantindirect connectiorbetweenFactor_In uencing_Health_Statusand Diabetic Myopathy Withoutit, the

singly-rootedschemads incorrectsincethe pathfrom Diabetic Myopathy to Factor In uencing Health Statusis
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Figure20: Thesingly-rootedschemawith anIS-A relationship(b) for the CV in (a)

notre ected. In otherwords,the objectlevel browsing path(Factor In uencing Health Status DiabetesMellitus,
Diabetic My opathy) hasaparallelmixedschemdevel browsingpath(Factor_In uencing_Health StatusUnspeci ed-
_EndocrineDisorder, Diabetic. Myopathy in Figure21 while it doesnot have a parallelschemdevel browsing path

in the schemaof Figure15.

By usingthelS-A relationshipsthe singly-rootedschemasolvesthe problemsdescribedn Sectiond. Moreover,
with theadditionof anIS-A relationshign every placewherealink wasmissingin theschemathereis now a mixed
schemadevel browsing path for every objectlevel browsing pathin the CV. Hencethe singly-rootedschemawith
IS-A links completelycaptureghe abstractiorof the CV, sincethereis anabstractiorfor every possibleobjectlevel

browsingpath.

In Figure 22, we show the singly-rootedschemawith 1S-A relationshipgor the CV in Figure 16. This schema
containsthreelS-A relationshipsbetweenthreepairsof classeK andJ, G andJ, andD andA. The objectlevel
browsingpath(A,A ,C,C ,J,J , G , H) hasaparallelmixedschemdevel browsingpath(A, C, J, G, H). Notethat
thelS-A relationshipbetweerthe objectsG andJ is capturedy IS-A betweenG andJ in theschemaTheobject
level browsingpath(A, A , B, B , J, K ) hasaparallelmixedschemdevel browsingpath(A, B, J, K). Similarly, the

objectlevel browsingpath(A, A ,D,D , D , F, F ) hasaparallelmixedschemdevel browsingpath(A, D, F).
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ICD9 Element Patient Problem
ICD9_Code Related Chemical

Disease or Syndrome
A A

‘ Unspecified Disorder of Nervous System ‘

A

Factor Influencing Health Status ‘

Symptoms Involving Digestive System ‘

‘ Unspecified Endocrine Disorder

Mental or Behavioral Dysfunction

‘ Diabetic Myopathy ‘

Figure21: Thesingly-rootedschemawith IS-A relationshipdor theCV in Figure14

7 Conclusions

In this paper we solved three problemsencounteredn modelinga semanticnetwork vocalulary usingan OODB.
The OODB schemaobtainedoffers a compactabstractview of the vocalulary. Sucha schemacontributesto the
comprehensioof the structureandcontentof the vocahulary. Furthermoreit enableghe userto traversethe smaller
schemauntil the right classis found and thentraversethe conceptsof that classratherthanto traversethe larger
vocalulary ontheconceptevel.

We identi ed threeproblematiccasesvherethe SUBCLASSrelationshipgailed to modelIS-A relationshipsn
thevocahlulary. As aconsequencén thosecasef “Short Cutrelationship, “Missing SUBCLASSrelationship, and
“Boundarycrossingelationship”therewereno schemadevel browsingpathsparallelto existing objectlevel browsing
paths.

As asolution, IS-A relationshipswereintroducedin the OOVR schemao capturelS-A links betweenobjects
whichwerenotproperlyre ectedby the SUBCLASSrelationshipsn theschemaMore preciselytwo classesvithout
aSUBCLASSrelationshipbetweerthemmayhave instancesvith IS-A links betweerthem. In sucha situation,users
may facedif culties during browsing the OOVR schema. By de ning the IS-A relationshipone can use Mixed

Schemalevel Browsing Paths containingSUBCLASSandIS-A relationshipgo browsethe OOVR schema.The
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Figure22: Thesingly-rootedschemawith IS-A relationshipgor theCV in Figure16

problemsof “Short Cut relationships, “Missing SUBCLASSrelationships, and “Boundary crossingrelationships”
disappearExampleshave beenpresentedo shov how IS-A relationshipscanhelpin browsingthe OOVR schema.

Every objectlevel brawsingpathhasnow a correspondingnixedschemdevel browsing path.
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