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ABSTRACT

Terminolggies or contwlled vocahularies are importantas
they provide a framavork within which communitiescan
shae knowledg. We describethreeapplicationsusingater-
minology representedn a DescriptionLogic and delivered
via a Terminolgy Serverand suggestthat suc a service
orientedarchitectue is essentialto the adoption of termi-
nologieswithin thecomponenbasedarchitectuesoftoday’s
softwae ervironments.

1 Intr oduction

The use of terminologiesor controlled vocahularies is
widespreadvithin communitiesvhich have aneedor desire
to unambiguouslgharestandardisethformation. Suchter
minologiesareimportantasthey provide aframewvork within
which communitieccancommunicatendexpressdeasin a
consistentnanner

A terminologyis a collectionof termsor conceptawith rela-
tionshipsbetweerthem,particularlytheis-a or subsumption
relationshipwhich is usedto build a classifiedhierarchy of
concepts. Classificationsupportsnotionssuchas general-
ization and specialization- descriptionscanbe refined,in-
crementallyaddingmoredetailwhennecessaryandqueries
canusethesubsumptiorhierarchyto askgeneralquestions.
The applicationof terminologiess now receving attention
from the more generalinformation managementommu-
nity becausdhey appearparticularly powerful for describ-
ing semi-structuredhformationflexibly but with coherence
andrigour. Furthermorethey areextensiblein thatdatain-
stanceganbeincrementallydescribed- extremelyusefulif
we cannotalwayspredicthow we wish to describea datain-
stanceat the outset. An instancecanbe describedisingthe
terminologyin aflexible way — this effectively typesthein-
stancewith the description. As the descriptionchangesso
doesthetype. Terminologiesarea promisingrepresentation
for metadatdor severalareas.

Content-descriptiomf semi-structued information: the de-
scriptionof the contentof informationinstancesuchasdoc-
umentsor imagescannotnecessarilye strictly typedat the

outsetunlike classicadatabasschemavhereinstancepop-
ulate a predefined static and completeschema. Applica-
tion examplesinclude: digital librariesanddocument/image
archives[19], broadcastideoarchives[10], the World Wide
Webandopenhypermediasystemg7].

The descriptionof highly complex domains: domainssuch
asmedicineand art are so comple&, and the variability of
descriptionof instancess so great,thata statictype system
is impracticablevithout massie lossof descriptie richness
[13].

Ontolagically-supportedmediation betweendiverse infor-
mation sources: a terminologycan be usedto representa
commonontologythatdifferentinformationsourcesanmap
to. The commondescriptionmustbe rich enoughto be all
encompassingndthe mappingswill beincompletejmpre-
ciseandchangeabla@s sourceshave missingdataor areal-
tered.As sourcesredescribedhey shouldbeclassifiedvith
respecto oneanotherto supportimprecisecross-mappings
[1].

Sdema consistencychedking: the consisteng of ER
schemasanbe checledby translatinghe schemanto ater-
minologicalframewvork with a rigoroussemanticsuchasa
DescriptionLogic [8].

Most of the above applicationshave similar requirement®f
their metadata:

¢ the datato be describeds complex andfrequentlyun-
structuredor semi-structuredequiring a rich and ex-
pressve metadatanodel,

¢ the datais gatheredand processedncrementallyover
time, collecting metadatge.g. imagescollect annota-
tions)sothatthefundamentaassumptiorthatall meta-
datais known atdatacapturetime is flawed;

¢ informationis incompleteandimpreciseas we cannot
alwayspredicthow we wish to describea datainstance
such as a document, unlike corventional databases
wherethe datainstancesrestrictly typedattheoutset;

¢ datadescriptionsaredynamicandevolutionary. Flex-
ible extensibledescriptionsare requiredas the same



datamay be reusedfrom mary differentperspecties,
and dynamically classifiedby mary different, unpre-
dictable, and possibly contradictoryinterpretationsof
the samecontents,requiring datato be multiply clas-
sifiedasdescriptionsareelaboratecnddatais reused;

¢ incompletedescriptiondeadto imprecisequeriesand
incompleteesultsvheretheansweto aquestiormight
well justbeaninitial reductionof the searchspace For
example, (1) we may wish to presentan examplede-
scriptionandanswerthe question‘retrieve objectsthat
are similar to this” wherethe similarity is a metric of
how closelythe descriptionsare classifiedw.r.t. to one
anothery2) uponpresentationf arequesfor animage
containinga malepolitician, if the answeris emptywe
wouldlike to be offeredimagesof politiciansasa more
generahlternatie by relaxingthe queryconstraints.

We proposethe useof terminologiesimplementedhrough
DescriptionLogics for describingmetadataand a service-
orientedarchitecturethat encapsulatethe descriptionlogic
in a Terminology Sewver — aresourcehatdeliversa range
of terminologicalservices.

In this paperwe will describghreeapplicationghatcharac-
terisethefeaturedescribedibore. The TAMBIS projectin-
tegratesbiologicalinformationsourcesusinga Description
Logic modelasamediator In STARCH, we usea Descrip-
tion Logic to provide termsfor semanticmetadatan pic-
ture cataloguesFinally, the GALEN andGALEN-IN-USE
projectsprovide terminologicalservicedor clinical applica-
tionsin the medicaldomain.Descriptionf the projectsare
usedto illustratethearchitecture.

2 Description Logics

DescriptionLogics (DLs) area family of knowledgerepre-
sentatioanguageshatallow reasoningvith compositional
structuredinformation. In particulay a DL supportshierar
chical classificationthroughthe use of a well-definedno-
tion of subsumptionFor afull descriptionof DLs andtheir
usessee[5]. DLs arecloselyrelatedto propositionamodal
anddynamiclogics— recentwork hasprovideda soundfor-
mal basisfor severalDLs alongwith resultsconcerningheir
compleity andexpressivenesg6, 1§].

A DL modelsan applicationdomainin termsof concepts
(classes)roles(relations)andindividuals(objects). The do-
main is a setof individuals,anda conceptis a description

of agroupof individualsthatsharecommoncharacteristics.

Formally, a concepts interpretedasa subsebf theindivid-
ualswhich make up the domain. Rolesmodelrelationships
betweenor attributesof, individuals,andaroleis interpreted
asa setof binarytuplesrelatingpairsof individuals. Com-
positionalconceptescriptionsanthenbebuilt up usingre-
cursie termconstructorswheretermsareconceptr roles.
Individualscanbeassertedo be instance®f particularcon-
ceptsandpairsof individualscanbeassertedo beinstances
of particularroles.

2.1 ReasoningSeices

DLs provide avarietyof service§2] thatmake themparticu-
larly attractive asmodelsfor describingsemi-structureéind
complec information([5].

Subsumption The power of DLs is derived from the auto-
matic determinatiorof subsumptiorbetweerncompositional
descriptions. Given two conceptualdefinitions A and B,
we can determinewhetherA subsumed, in other words
whetherevery instanceof B is necessarilyan instanceof
A. Formally, subsumptionis defined as an implicit sub-
set/supersetelationshipbetweenthe interpretationsof the
two concepts.

Classification A collectionof conceptuatlefinitionscanbe
organisednto a partial order basedon the subsumptiorre-
lation. This providesa multi-axial hierarchyof definitions,
ranging from the generalto the specific. Primitive con-
ceptshave no characterisingattributesand mustbe explic-
itly placedin the hierarchyby the systemdesignerbut new,
composeddefinitions have their position determinedauto-
matically Thus classificationis a dynamicprocesswhere
new compositioncanbeaddedo anexisting hierarchy
Retrieval Givena conceptdefinition,we canretrieve all the
instancef that concept(which of courseincludesall in-
stance®f subsumedaoncepts).

Realization Given an individual, we can provide the most
specificconceptgw.r.t. subsumptionjhatthe individual is
aninstanceof.

2.2 Benefitsof a Description Logic

The servicesdescribedabove allow a DL to be usedin two
ways.

2.2.1 A typesystem.

The conceptuahierarchycanbe usedasatype system.The
expressiity of DLs makeit possibleo expresghesemantics
of information systemsand are often more expressve than
traditional SemanticData Models or Object Orienteddata
models. Type refinemenis provided automaticallythrough
the subsumptiororderingon descriptionsand henceprov-
ably correctsubsumptionalgorithmscan be usedfor type
checking. By checkingwhethera compositionalconcepts
descriptiorwill classifyweareableto verify aschemascon-
sisteny. Finally, eachcompositionaldescriptioncontains
only the necessanand sufficient descriptionsfor the con-
cept. Hencetermsthat are expressedn differentways but
comedown to the samedescriptionare equivalentand re-
dundang is reduced.

2.2.2 An indexing/query system.

Whencombinedvith aninstancespacethehierarchyof con-
ceptdefinitionscanbeusedasanindex. DLs form adynamic
multiaxial classificatiorschemawvhich supportincremental
elaborationand partialinformation. Conceptanbe incre-
mentallyspecialisedwith the automaticclassificationcapa-
bilities of a DL taking care of relationshipsbetweencon-
cepts. As moreinformationis attributedto the description,



theconcepmigrateghroughtheclassificatiorhierarchy Im-

precisequeryingand query generalisation/specialisatida

supportedby a) generalisingor specialisingconceptterms;
b) relaxingor restrictingcardinalityconstraintor ¢) adding
or removing termsto navigatethroughtheconceptierarchy
and explore potentialrelationshipshetweentermsandtheir
associatethstancesFinally, DLs arenaturallysuitedfor ex-

pressingqueriesanddefiningviews, asthe subsumptiomnre-

lationshipcanbe usedto organisequeriesautomaticallyand
views, hencesupportingdataexplorationandquery optimi-

sation.

3 A Terminology Sewvice

Interactingwith DL implementationgan often prove diffi-
cult. In the past,solutionsinvolved embeddinghe logic in
large monolithic systemswith all the attachedoroblemsof
maintenanceand implementationJack of consisteng, and
the hamperingthe exchangeof termsbetweenapplications.
A terminologicalresourcecanbe usedto drive, or interact
with, a numberof differentsystemsandthereforeshouldbe
percevedasa separateomponent.

We proposea move towardsa service-oriente@rchitecture
andthe encapsulatiof a DL in a Terminology Server or
TeS—aresourcahatdeliversa rangeof terminologicalser
vices. Theseservicesare usedby a variety of applications
suchasmodellingtools, queryenginesdataentryinterfaces
andsoon. A terminologysener approachs essentialf we
areto build generic*plug andplay” mixed systemsfor ex-
ampleif asemantidiypermediasystemis to usethe TeSasa
link resolutionservicealongwith corventionallink follow-
ing or informationretrieval serviceq15].

3.1 Sewices

The servicesprovided by a TeS can be broken down into
threemain types: pureontologicalor conceptservices)an-
guageor linguistic services,and extrinsic information ser
vices.

Concept Sewices. Along with maintainingthe representa-
tion of the conceptsthe servicesinclude operationsvhich
both extendandquerythe contentof the model;theseoper
ationsarecommonlyknown asTELL andASK [5]. Oper
ationsfor extensioninclude the introductionof new primi-
tive conceptstheintroductionof new relations,andthe ad-
dition of new constrainton roles. Queriesincludethoseto
determinethe primitive conceptsandrelations;requestgor
the parentg(generalizationsdr children(specializationspf
a conceptdefinition (w.r.t. the subsumptiorhierarchy);us-
ageof conceptandinformationabouthow conceptsandre-
lations canbe combinedto createnew potentialcomposite
concepts.

Classificatioroperationgake a conceptuatiefinitionandde-
termineits placein the hierarchy(accordingto therulesde-
finedin thelogic). Suchan operationmay alsoperformva-
lidity checkingthat the conceptis consistentand fits with
ary constraintghe modelimposes- in thisway theseneris
providing aform of type-systen{seeSection2.2.1). Table1

ASK Typecheding: Is this alegal expression?
Are thesetwo definitionsthesame?
Typeexploration: whatfurthercanbesaid
abouttheexpression-i.e. how canl spe-
cializeit?

Classification Wheredoesheexpression
sitin thehierarchy?

Queryrelaxation How canl generalize
theexpression?

Querytightening How can| specialize
theexpression?

Introducingnew elementaryconcepts;
Introducingnew rulesabouttermcompo-
sition;

Type
Based

Index-
based

TELL

Tablel: ConceptServices

ASK Languayerendering Whatarethenatural
languageexpressiongor this concept?
Mediation& Translation How doesthis
expressioncorrespondto some external
representatioh have?
Namingconceptefinitions;

Providing mapsto external representa-
tions

TELL

Table2: OtherServices

includessomeexamplesof a concepiservices operations.
Linguistic Sewices. The sener dealswith concepts.In or-
derto aid interactionwith theseconceptsandfor userinter-
facesthey shouldbe availablein representationstherthan
the underlyingoneusedby the DL. Thusthe sener should
offer linguistic servicesvhich provide the corversionto and
from naturalandotherlanguagexpressionsTheseparation
of conceptuabndlinguistic servicescanfacilitate the sup-
port of multiple languagesby makingclearthe distinction
betweena conceptuablefinition andthe representationsed
to renderit.

Extrinsic Information Sewvices.Conceptandlinguisticser
vicesdealwith the terminologyin isolation. In additionto
these we may expectto be ableto relatetermsfrom theter
minologyto objectsfrom therestof theworld. As thisinfor-
mationassociatedvith the terminologyhasno effect on the
underlyingclassificationwe referto theseasextrinsic infor-
mation services. Theseoperationsare of coursenot com-
pletely divorcedfrom the ontologicaloperations- services
may well usethe classificatiorin orderto sparselydecorate
the hierarchyandallow generalquerying. Table 2 includes
examplesof linguistic andextrinsic services.

In addition,terminologiecanbe usedasmediatorsbetween
information sources— the sener can provide information
aboutthe concreterepresentationf a conceptuabefinition
in a particularinformationsource.Thesemappinggo other
representationsanbeseemsexamplesof extrinsicinforma-
tion serviceq1].

One could ague that it is simply the conceptualservices
which shouldbe encapsulateth the sener. However, aswe



discussn Section4, servicessuchaslinguistic servicesare

essentialf applicationsareto renderconceptuablefinitions
in areadabldormat. Similarly, the ability to relateconcepts
with externalrepresentations essentialf a new systemis

to prove compatiblewith existing work — domainsin which

aterminologysener would prove usefulareoftenthosedo-

mainswhich alreadyhave existing terminologies.For these
reasonswe feel thatlinguistic andextrinsic serviceshould
be consideredscoreserviceof aTeS.

By encapsulatinghe logic and operationsas a collection

of servicesthe terminologycanbe usedasa resourcen a

distributed system;for exampleas a commonfacility in a

CORBA distributedernvironment.

4  Applications

Herewe provide a brief descriptionof threeprojectswhich
areusinga DL, deliveredthrougha TeS.We highlight some
of the requirementsvhich the sytemshave andrelatethese
to theserviceghata TeScanprovide.

4.1 TAMBIS

There are an increasingnumberof biological information
sourcesncluding on-line databasegpols and applications,
andflat files. In orderto accesshesourcesusersmustknow
boththelocationof the source andthe accessnethod-e.qg.
SQL for databasesppropriateommandgor tools,or some
searchingmechanisnbasedon the format of a file. This
is unsatisctory leadingto underuseof thesedistributed
sources. TAMBIS [11] aimsto answertheseproblemsby
actingasa singleinterfaceto the informationsourcespro-
viding the illusion of a singlesource. This is donethrough
the useof a conceptuamodelof the biologicaldomain,ex-
pressedn a DL. A sourcesand servicesmodelprovidesa
mappingbetweenthe conceptuabefinitionsin the DL and
the existing informationsources- for examplerecordingthe
factthatinstance®f of the conceptProteinmaybefoundin
databas&wissprotusingthe queryQ. Userqueriesarethen
expressedn termsof theDL andneednotreferto particular
sourcesFor examplethe usercannow askfor Motifs which
occurin Aardvark Proteins The systemrewrites the query
expressiorto requestso appropriatesources.Sourcewrap-
persdealwith differencedn sourceformat. DLs have been
usedfor informationintegrationin this way in projectssuch
asSIMS[1].

It would be unreasonabl&o expectusersto interactdirectly
with the DL — a form basednterfaceis provided which al-
lowstheuserto build up queriesnteractively andin agraph-
ical fashion.

TAMBIS malkesparticularuseof conceptservicesfor navi-
gation of the concepthierarchy determininghow concepts
can be specializedand combinedand the classificationof
composites.In addition, interfacesrequiretext (possiblyin
several languagespeneratedrom the conceptexpressions
for useon buttons fieldsetc,andmappingsfrom naturallan-
guageto concepexpressionareusedto provideentrypoints
to themodel.

‘ User Query Interface ‘ 4

Prces

Results

Terminological
Model

«—» Rewriter

Source controller

‘ File || Tool ‘ ‘ Database ‘

Figurel: Tambisarchitecture

The sourcesandservicesmodelusedin TAMBIS, mapping
conceptdo particularsourceds an exampleof extrinsic in-

formation.

A diagramof thesystemarchitecturealemonstratinghecom-
municationbetweerthe interface,rewriter andterminologi-
calmodelis shavn in Figurel.

The separatiorof the biologicalterminologicalmodelinto a
networked resourceacilitatesthe useof the terminologyin

projectsotherthanTambis— the modelis how beingusedin

taskssuchasannotatiorcheckingandfunction prediction.

4.2 STARCH

STARCH [3] is aprojectwhich aimsto useaterminological
modelto represensemanticmetadatdor picture archives.
Traditionally, keywords or free text annotationshave been
usedto representhe contentof imagesin cataloguesput
thesehave their problemsasdiscussedn [3]. Representing
thetermsin aDL bringsadwantageselatingto thecoherenyg
and consisteng of the model, allows the supportof mul-
tiple views throughmulti-axial classification,and can pro-
vide a spacearoundwhich the usercannavigate,supporting
serendipitoubrowsing.

The use of the concepthierarchyas an index (see Sec-
tion 2.2.2)allowsflexible query in particularthroughtheuse
of abstractjueriesandgeneralization

Starchhassimilar requirementso TAMBIS, with additional
requirement®of the conceptuakervices,jn particularto do
with retrieval of instances.

TourisT[7] is a relatedproject,usingthe conceptuamodel
to managdinks in a semantichypermediasystem.Extrinsic
servicesareusedto manageviews of the conceptuamodel,
andlinguistic servicesareimportantwhenvisualisinglinks
in awebbasedrowsingsystem.

4.3 GALEN-IN-USE

The GALEN project[16] wasconcernedvith providing ad-
vancederminologicakervicedor clinical applicationsn the
medicaldomain— mary of the ideasconcerningterminol-
ogy senersdiscussedn this paperwere developedduring
GALEN. In the follow on GALEN-in-USE project, a TeS
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Figure2: Thearchitectureof asener

is beingusedto helpin constructingthe next generatiorof

medicalcodingscheme$17], relyingontheautomatedlas-
sificationto improve the consisteng and coherenyg of the

staticschemesMultilingual supportis provided,facilitating

the sharingof terminologieshetweeninternationalcommu-
nities,andextractionmechanismareprovidedwhichenable
localterminologysnapshot$o betakenandusedlocally, but

which arecoherentvith othersandthecommonmodel.

A fundamentapartof the GALEN work is the productionof

a modelof medicalterminology A large suite of toolswas
developedto aid in both the modelling procesg(i.e. build-

ing the models)andin the useof the modelsby classifica-
tion centres- suchtools canbe seenas an importantclass
of applicationin their own right. In the past,DL systems
have beensuppliedwith minimal tool sets,oftenbasedon a

commandine interface.Building andmaintainingargecon-

ceptualmodels(the GALEN modelhasover 12,000concep-
tual definitions,implying mary millions of compositedef-

initions) andrelatingthemto existing schemeswithout the

helpof browsingandnavigationtoolswould beanextremely
difficult, if notimpossibletask.

5 Architecture

The identificationof classeof servicedeadsto aninternal
architectureas shawvn in Figure 2. Thereare three cen-
tral moduleseachwith a rough responsibilityfor services
describedabore. Eachmodulehasa well-definedinterface
throughwhich othermodulescommunicate- this allows for
easyreplacementf arny particularcollectionof servicesFor
example differentapplicationgmaywish to malke useof dif-
ferentclassificatioror subsumptioralgorithms.
Referencemanagemen&and communicatiorbetweenmod-
ulesis controlledby a sener managemerievel.
Theseneris adynamicresource- ratherthanhaving appli-
cationshold on to conceptualdefinitionswhich containall
the requiredinformation, the sener handsout referenceso
conceptsheldin the ConceptModule. Whenfurther infor-
mationaboutaconcepis required theapplicationwill query
thesener. Referencearethusopaqueandcarrynostructure.
We can ervisage multiple Terminology Senersin a dis-
tributed ervironmentwith applicationscoupledto a local

sener occasionallyusingotherseners. A sener might also
supportmultiple conceptmodels.This leadsto two possible
forms of referencingconcepts:persistenglobal references,
interchangeablbetweenseners,andlocal referencegor a
particularsener. We canalsoseethe requiremenfor tran-
sient but fast session-dependemferencedor a particular
sener. Referencingoliciesarediscussedn moredetailin
[4].

Referencegrovide a namingservice,with local references
formingalocalnamespacegvalid for aparticularsener)and
globalreferences globalnamespacgvalid for all seners).
Thesereferenceseferto conceptdn aninternalrepresenta-
tion; applicationswill alsoneedto referto themas(natural)
language=xpressionandin termsof existing hierarchiesor
schemes.

6 RelatedWork

There are several current initiatives aimed at identifying
the serviceswhich a TeS or TeS-like objectshouldsupply
Theseincludethe CorbaMED Lexical Query Service[14],
the GenericFrameProtocol(GFP)[12, 9] andsystemssuch
as Ontolingua,which can be seenas a resourceproviding
terminologicalmodelsratherthanterminologicalservices.
The DL communityhasalso recognisedhe advantagesof
componentbasedarchitectureswithin the implementations
of representationsyith proposalfor standardise@rchitec-
tureswhich will allow buildersof systemso plug andplay
with theinternals,for exampleselectingan appropriateea-
soningmodulefor a particularapplication.

7 Conclusions

Terminologiesand DescriptionLogics can be usefulin a
wide rangeof applications- howeverthey shouldnotbeem-
beddedn applicationshut shouldbe sharedasa distributed
resourceBy identifying the servicegequiredandproviding
themthrougha centralresourcea terminologycanplay an
importantpartin a distributedinformationsystem.
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