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ABSTRACT

Terminologies or controlled vocabularies are important as
they provide a framework within which communitiescan
shareknowledge. Wedescribethreeapplicationsusinga ter-
minology representedin a DescriptionLogic and delivered
via a Terminology Serverand suggest that such a service
orientedarchitecture is essentialto the adoptionof termi-
nologieswithin thecomponentbasedarchitecturesof today’s
software environments.

1 Intr oduction

The use of terminologies or controlled vocabularies is
widespreadwithin communitieswhichhavea needor desire
to unambiguouslysharestandardisedinformation.Suchter-
minologiesareimportantasthey provideaframeworkwithin
which communitiescancommunicateandexpressideasin a
consistentmanner.
A terminologyis a collectionof termsor conceptswith rela-
tionshipsbetweenthem,particularlythe is-aor subsumption
relationship,which is usedto build a classifiedhierarchy of
concepts. Classificationsupportsnotionssuchas general-
ization andspecialization– descriptionscanbe refined,in-
crementallyaddingmoredetailwhennecessary, andqueries
canusethesubsumptionhierarchyto askgeneralquestions.
The applicationof terminologiesis now receiving attention
from the more generalinformation managementcommu-
nity becausethey appearparticularlypowerful for describ-
ing semi-structuredinformationflexibly but with coherence
andrigour. Furthermore,they areextensiblein thatdatain-
stancescanbeincrementallydescribed– extremelyusefulif
wecannotalwayspredicthow wewish to describea datain-
stanceat theoutset.An instancecanbedescribedusingthe
terminologyin a flexible way – this effectively typesthein-
stancewith the description.As the descriptionchanges,so
doesthetype. Terminologiesarea promisingrepresentation
for metadatafor severalareas.
Content-descriptionof semi-structured information: thede-
scriptionof thecontentof informationinstancessuchasdoc-
umentsor imagescannotnecessarilybestrictly typedat the

outsetunlikeclassicaldatabaseschemawhereinstancespop-
ulate a predefined,static and completeschema. Applica-
tion examplesinclude:digital librariesanddocument/image
archives[19], broadcastvideoarchives[10], theWorld Wide
Webandopenhypermediasystems[7].
Thedescriptionof highly complex domains: domainssuch
as medicineand art are so complex, and the variability of
descriptionof instancesis sogreat,thata statictypesystem
is impracticablewithout massive lossof descriptive richness
[13].
Ontologically-supportedmediationbetweendiverse infor-
mation sources: a terminologycan be usedto representa
commonontologythatdifferentinformationsourcescanmap
to. The commondescriptionmustbe rich enoughto be all
encompassing,andthemappingswill beincomplete,impre-
ciseandchangeableassourceshave missingdataor areal-
tered.As sourcesaredescribedthey shouldbeclassifiedwith
respectto oneanotherto supportimprecisecross-mappings
[1].
Schema consistencychecking: the consistency of ER
schemascanbecheckedby translatingtheschemainto a ter-
minologicalframework with a rigoroussemanticssuchasa
DescriptionLogic [8].
Most of theaboveapplicationshave similar requirementsof
theirmetadata:

� the datato be describedis complex andfrequentlyun-
structuredor semi-structuredrequiring a rich and ex-
pressivemetadatamodel;

� the datais gatheredandprocessedincrementallyover
time, collectingmetadata(e.g. imagescollect annota-
tions)sothatthefundamentalassumptionthatall meta-
datais known atdatacapturetime is flawed;

� informationis incompleteand impreciseaswe cannot
alwayspredicthow we wish to describea datainstance
such as a document, unlike conventional databases
wherethedatainstancesarestrictly typedat theoutset;

� datadescriptionsaredynamicandevolutionary. Flex-
ible extensibledescriptionsare requiredas the same



datamay be reusedfrom many differentperspectives,
and dynamicallyclassifiedby many different, unpre-
dictable,and possiblycontradictoryinterpretationsof
the samecontents,requiringdatato be multiply clas-
sifiedasdescriptionsareelaboratedanddatais reused;

� incompletedescriptionslead to imprecisequeriesand
incompleteresultswheretheanswerto aquestionmight
well justbeaninitial reductionof thesearchspace.For
example,(1) we may wish to presentan examplede-
scriptionandanswerthequestion“retrieve objectsthat
aresimilar to this” wherethe similarity is a metric of
how closelythedescriptionsareclassifiedw.r.t. to one
another;(2) uponpresentationof a requestfor animage
containinga malepolitician, if theansweris emptywe
would like to beofferedimagesof politiciansasa more
generalalternativeby relaxingthequeryconstraints.

We proposethe useof terminologiesimplementedthrough
DescriptionLogics for describingmetadata,anda service-
orientedarchitecturethat encapsulatesthe descriptionlogic
in a Terminology Server – a resourcethat deliversa range
of terminologicalservices.
In thispaper, wewill describethreeapplicationsthatcharac-
terisethefeaturesdescribedabove.TheTAMBIS projectin-
tegratesbiological informationsources,usinga Description
Logic modelasa mediator. In STARCH , we usea Descrip-
tion Logic to provide termsfor semanticmetadatain pic-
turecatalogues.Finally, theGALEN andGALEN-IN-USE
projectsprovide terminologicalservicesfor clinical applica-
tionsin themedicaldomain.Descriptionsof theprojectsare
usedto illustratethearchitecture.

2 Description Logics

DescriptionLogics (DLs) area family of knowledgerepre-
sentationlanguagesthatallow reasoningwith compositional
structuredinformation. In particular, a DL supportshierar-
chical classificationthroughthe useof a well-definedno-
tion of subsumption.For a full descriptionof DLs andtheir
uses,see[5]. DLs arecloselyrelatedto propositionalmodal
anddynamiclogics– recentwork hasprovideda soundfor-
malbasisfor severalDLs alongwith resultsconcerningtheir
complexity andexpressiveness[6, 18].
A DL modelsan applicationdomainin termsof concepts
(classes),roles(relations)andindividuals(objects).Thedo-
main is a setof individuals,anda conceptis a description
of a groupof individualsthatsharecommoncharacteristics.
Formally, a conceptis interpretedasa subsetof theindivid-
ualswhich make up thedomain. Rolesmodelrelationships
between,or attributesof, individuals,andaroleis interpreted
asa setof binary tuplesrelatingpairsof individuals. Com-
positionalconceptdescriptionscanthenbebuilt upusingre-
cursive termconstructors,wheretermsareconceptsor roles.
Individualscanbeassertedto beinstancesof particularcon-
ceptsandpairsof individualscanbeassertedto beinstances
of particularroles.

2.1 ReasoningServices

DLs provideavarietyof services[2] thatmakethemparticu-
larly attractive asmodelsfor describingsemi-structuredand
complex information[5].
Subsumption The power of DLs is derived from the auto-
maticdeterminationof subsumptionbetweencompositional
descriptions. Given two conceptualdefinitions A and B,
we can determinewhetherA subsumesB, in other words
whetherevery instanceof B is necessarilyan instanceof
A. Formally, subsumptionis defined as an implicit sub-
set/supersetrelationshipbetweenthe interpretationsof the
two concepts.
ClassificationA collectionof conceptualdefinitionscanbe
organisedinto a partial orderbasedon the subsumptionre-
lation. This providesa multi-axial hierarchyof definitions,
ranging from the generalto the specific. Primitive con-
ceptshave no characterisingattributesandmustbe explic-
itly placedin thehierarchyby thesystemdesigner, but new,
composeddefinitionshave their position determinedauto-
matically. Thus classificationis a dynamicprocesswhere
new compositionscanbeaddedto anexistinghierarchy.
Retrieval Givena conceptdefinition,we canretrieve all the
instancesof that concept(which of courseincludesall in-
stancesof subsumedconcepts).
Realization Given an individual, we can provide the most
specificconcepts(w.r.t. subsumption)that the individual is
aninstanceof.

2.2 Benefitsof a Description Logic

Theservicesdescribedabove allow a DL to beusedin two
ways.

2.2.1 A type system.

Theconceptualhierarchycanbeusedasa typesystem.The
expressivity of DLs makeit possibleto expressthesemantics
of informationsystemsandareoften moreexpressive than
traditional SemanticData Models or Object Orienteddata
models.Type refinementis providedautomaticallythrough
the subsumptionorderingon descriptionsand henceprov-
ably correctsubsumptionalgorithmscan be usedfor type
checking. By checkingwhethera compositionalconcept’s
descriptionwill classifyweareabletoverify aschema’scon-
sistency. Finally, eachcompositionaldescriptioncontains
only the necessaryand sufficient descriptionsfor the con-
cept. Hencetermsthat areexpressedin differentwaysbut
comedown to the samedescriptionare equivalentand re-
dundancy is reduced.

2.2.2 An indexing/query system.

Whencombinedwith aninstancespace,thehierarchyof con-
ceptdefinitionscanbeusedasanindex. DLs formadynamic
multiaxial classificationschemewhich supportsincremental
elaborationandpartial information. Conceptscanbe incre-
mentallyspecialised,with theautomaticclassificationcapa-
bilities of a DL taking careof relationshipsbetweencon-
cepts. As moreinformationis attributedto the description,



theconceptmigratesthroughtheclassificationhierarchy. Im-
precise� queryingand query generalisation/specialisationis
supportedby a) generalisingor specialisingconceptterms;
b) relaxingor restrictingcardinalityconstraintsor c) adding
or removing termsto navigatethroughtheconcepthierarchy
andexplore potentialrelationshipsbetweentermsandtheir
associatedinstances.Finally, DLs arenaturallysuitedfor ex-
pressingqueriesanddefiningviews, asthesubsumptionre-
lationshipcanbeusedto organisequeriesautomaticallyand
views, hencesupportingdataexplorationandqueryoptimi-
sation.

3 A Terminology Service

Interactingwith DL implementationscanoften prove diffi-
cult. In thepast,solutionsinvolvedembeddingthe logic in
large monolithic systemswith all the attachedproblemsof
maintenanceand implementation,lack of consistency, and
the hamperingthe exchangeof termsbetweenapplications.
A terminologicalresourcecanbe usedto drive, or interact
with, a numberof differentsystemsandthereforeshouldbe
perceivedasa separatecomponent.
We proposea move towardsa service-orientedarchitecture
andthe encapsulationof a DL in a Terminology Server or
TeS– a resourcethatdeliversa rangeof terminologicalser-
vices. Theseservicesareusedby a variety of applications
suchasmodellingtools,queryengines,dataentryinterfaces
andsoon. A terminologyserver approachis essentialif we
areto build generic“plug andplay” mixedsystems,for ex-
ampleif asemantichypermediasystemis to usetheTeSasa
link resolutionservicealongwith conventionallink follow-
ing or informationretrieval services[15].

3.1 Services

The servicesprovided by a TeS can be broken down into
threemain types:pureontologicalor conceptservices,lan-
guageor linguistic services,and extrinsic informationser-
vices.
Concept Services. Along with maintainingthe representa-
tion of the concepts,the servicesincludeoperationswhich
bothextendandquerythecontentof themodel;theseoper-
ationsarecommonlyknown asTELL andASK [5]. Oper-
ationsfor extensionincludethe introductionof new primi-
tive concepts,the introductionof new relations,andthead-
dition of new constraintson roles. Queriesincludethoseto
determinethe primitive conceptsandrelations;requestsfor
theparents(generalizations)or children(specializations)of
a conceptdefinition (w.r.t. the subsumptionhierarchy);us-
ageof conceptsandinformationabouthow conceptsandre-
lationscanbe combinedto createnew potentialcomposite
concepts.
Classificationoperationstakeaconceptualdefinitionandde-
termineits placein thehierarchy(accordingto therulesde-
fined in the logic). Suchanoperationmayalsoperformva-
lidity checkingthat the conceptis consistentand fits with
any constraintsthemodelimposes– in thisway theserver is
providing a form of type-system(seeSection2.2.1).Table1

ASK Typechecking: Is this a legal expression?
Are thesetwo definitionsthesame?

Type
Based

Typeexploration: whatfurthercanbesaid
abouttheexpression– i.e. how canI spe-
cializeit?

Index-
based

Classification: Wheredoestheexpression
sit in thehierarchy?
Query relaxation: How can I generalize
theexpression?
Query tightening: How can I specialize
theexpression?

TELL Introducingnew elementaryconcepts;
Introducingnew rulesabouttermcompo-
sition;

Table1: ConceptServices

ASK Languagerendering: Whatarethenatural
languageexpressionsfor thisconcept?
Mediation& Translation: How doesthis
expressioncorrespondto someexternal
representationI have?

TELL Namingconceptdefinitions;
Providing maps to external representa-
tions

Table2: OtherServices

includessomeexamplesof a conceptservice’soperations.
Linguistic Services. Theserver dealswith concepts.In or-
derto aid interactionwith theseconcepts,andfor userinter-
faces,they shouldbeavailablein representationsotherthan
the underlyingoneusedby the DL. Thusthe server should
offer linguistic serviceswhichprovide theconversionto and
from naturalandotherlanguageexpressions.Theseparation
of conceptualand linguistic servicescanfacilitate the sup-
port of multiple languages,by makingclear the distinction
betweena conceptualdefinitionandthe representationused
to renderit.
Extrinsic Information Services.Conceptandlinguisticser-
vicesdealwith the terminologyin isolation. In additionto
these,we mayexpectto beableto relatetermsfrom theter-
minologyto objectsfrom therestof theworld. As this infor-
mationassociatedwith the terminologyhasno effect on the
underlyingclassification,wereferto theseasextrinsic infor-
mation services. Theseoperationsare of coursenot com-
pletely divorcedfrom the ontologicaloperations– services
maywell usetheclassificationin orderto sparselydecorate
the hierarchyandallow generalquerying. Table2 includes
examplesof linguisticandextrinsicservices.
In addition,terminologiescanbeusedasmediatorsbetween
information sources– the server can provide information
aboutthe concreterepresentationof a conceptualdefinition
in a particularinformationsource.Thesemappingsto other
representationscanbeseenasexamplesof extrinsicinforma-
tion services[1].
One could argue that it is simply the conceptualservices
which shouldbeencapsulatedin theserver. However, aswe



discussin Section4, servicessuchaslinguistic servicesare
essentialif

�
applicationsareto renderconceptualdefinitions

in a readableformat. Similarly, theability to relateconcepts
with externalrepresentationsis essentialif a new systemis
to prove compatiblewith existing work – domainsin which
a terminologyserver would proveusefulareoftenthosedo-
mainswhich alreadyhave existing terminologies.For these
reasons,we feel that linguistic andextrinsic servicesshould
beconsideredascoreservicesof aTeS.
By encapsulatingthe logic and operationsas a collection
of services,the terminologycanbe usedasa resourcein a
distributed system;for exampleas a commonfacility in a
CORBA distributedenvironment.

4 Applications

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

4.1 TAMBIS

Thereare an increasingnumberof biological information
sourcesincluding on-line databases,tools andapplications,
andflat files. In orderto accessthesources,usersmustknow
boththelocationof thesource,andtheaccessmethod– e.g.
SQLfor databases,appropriatecommandsfor tools,or some
searchingmechanismbasedon the format of a file. This
is unsatisfactory, leading to underuseof thesedistributed
sources. TAMBIS [11] aims to answertheseproblemsby
actingasa singleinterfaceto the informationsources,pro-
viding the illusion of a singlesource.This is donethrough
theuseof a conceptualmodelof thebiologicaldomain,ex-
pressedin a DL. A sourcesandservicesmodelprovidesa
mappingbetweenthe conceptualdefinitionsin the DL and
theexisting informationsources– for examplerecordingthe
factthatinstancesof of theconceptProteinmaybefoundin
databaseSwissprotusingthequeryQ. Userqueriesarethen
expressedin termsof theDL andneednot referto particular
sources.For exampletheusercannow askfor Motifs which
occur in AardvarkProteins. The systemrewrites the query
expressionto requeststo appropriatesources.Sourcewrap-
persdealwith differencesin sourceformat. DLs have been
usedfor informationintegrationin this way in projectssuch
asSIMS[1].
It would beunreasonableto expectusersto interactdirectly
with the DL – a form basedinterfaceis providedwhich al-
lowstheuserto build upqueriesinteractively andin agraph-
ical fashion.
TAMBIS makesparticularuseof conceptservices,for navi-
gationof the concepthierarchy, determininghow concepts
can be specializedand combinedand the classificationof
composites.In addition,interfacesrequiretext (possiblyin
several languages)generatedfrom the conceptexpressions
for useonbuttons,fieldsetc,andmappingsfrom naturallan-
guageto conceptexpressionsareusedto provideentrypoints
to themodel.

Figure1: Tambisarchitecture

Thesourcesandservicesmodelusedin TAMBIS, mapping
conceptsto particularsourcesis anexampleof extrinsic in-
formation.
A diagramof thesystemarchitecturedemonstratingthecom-
municationbetweenthe interface,rewriter andterminologi-
calmodelis shown in Figure1.
Theseparationof thebiologicalterminologicalmodelinto a
networkedresourcefacilitatestheuseof the terminologyin
projectsotherthanTambis– themodelis now beingusedin
taskssuchasannotationcheckingandfunctionprediction.

4.2 STARCH

STARCH [3] is a projectwhichaimsto usea terminological
model to representsemanticmetadatafor picturearchives.
Traditionally, keywords or free text annotationshave been
usedto representthe contentof imagesin catalogues,but
thesehave their problemsasdiscussedin [3]. Representing
thetermsin aDL bringsadvantagesrelatingto thecoherency
and consistency of the model, allows the supportof mul-
tiple views throughmulti-axial classification,and can pro-
vide a spacearoundwhich theusercannavigate,supporting
serendipitousbrowsing.
The use of the concepthierarchyas an index (see Sec-
tion 2.2.2)allowsflexible query, in particularthroughtheuse
of abstractqueriesandgeneralization
Starchhassimilar requirementsto TAMBIS, with additional
requirementsof the conceptualservices,in particularto do
with retrieval of instances.
TourisT [7] is a relatedproject,usingtheconceptualmodel
to managelinks in a semantichypermediasystem.Extrinsic
servicesareusedto manageviews of theconceptualmodel,
andlinguistic servicesareimportantwhenvisualisinglinks
in a webbasedbrowsingsystem.

4.3 GALEN-IN-USE

TheGALEN project[16] wasconcernedwith providing ad-
vancedterminologicalservicesfor clinicalapplicationsin the
medicaldomain– many of the ideasconcerningterminol-
ogy serversdiscussedin this paperweredevelopedduring
GALEN. In the follow on GALEN-in-USE project, a TeS



Figure2: Thearchitectureof aserver

is beingusedto help in constructingthe next generationof
medicalcodingschemes[17], relyingon theautomatedclas-
sification to improve the consistency and coherency of the
staticschemes.Multilingual supportis provided,facilitating
the sharingof terminologiesbetweeninternationalcommu-
nities,andextractionmechanismsareprovidedwhichenable
local terminologysnapshotsto betakenandusedlocally, but
whicharecoherentwith othersandthecommonmodel.
A fundamentalpartof theGALEN work is theproductionof
a modelof medicalterminology. A largesuiteof toolswas
developedto aid in both the modellingprocess(i.e. build-
ing the models)andin the useof the modelsby classifica-
tion centres– suchtools canbe seenasan importantclass
of applicationin their own right. In the past,DL systems
have beensuppliedwith minimal tool sets,oftenbasedon a
commandline interface.Buildingandmaintaininglargecon-
ceptualmodels(theGALEN modelhasover12,000concep-
tual definitions,implying many millions of compositedef-
initions) andrelatingthemto existing schemeswithout the
helpof browsingandnavigationtoolswouldbeanextremely
difficult, if not impossible,task.

5 Ar chitecture

The identificationof classesof servicesleadsto an internal
architectureas shown in Figure 2. Thereare threecen-
tral moduleseachwith a rough responsibilityfor services
describedabove. Eachmodulehasa well-definedinterface
throughwhich othermodulescommunicate– this allows for
easyreplacementof any particularcollectionof services.For
example,differentapplicationsmaywishto makeuseof dif-
ferentclassificationor subsumptionalgorithms.
Referencemanagementand communicationbetweenmod-
ulesis controlledby a servermanagementlevel.
Theserver is a dynamicresource– ratherthanhaving appli-
cationshold on to conceptualdefinitionswhich containall
the requiredinformation,theserver handsout referencesto
conceptsheld in the ConceptModule. Whenfurther infor-
mationaboutaconceptis required,theapplicationwill query
theserver. Referencesarethusopaqueandcarrynostructure.
We can envisagemultiple Terminology Servers in a dis-
tributed environment with applicationscoupledto a local

server occasionallyusingotherservers. A server might also
supportmultiple conceptmodels.This leadsto two possible
formsof referencingconcepts:persistentglobal references,
interchangeablebetweenservers,and local referencesfor a
particularserver. We canalsoseethe requirementfor tran-
sient but fast session-dependentreferencesfor a particular
server. Referencingpoliciesarediscussedin moredetail in
[4].
Referencesprovide a namingservice,with local references
formingalocalnamespace(valid for aparticularserver)and
globalreferencesa globalnamespace(valid for all servers).
Thesereferencesrefer to conceptsin aninternalrepresenta-
tion; applicationswill alsoneedto referto themas(natural)
languageexpressionsandin termsof existing hierarchiesor
schemes.

6 RelatedWork

There are several current initiatives aimed at identifying
the serviceswhich a TeSor TeS-like objectshouldsupply.
Theseincludethe CorbaMEDLexical QueryService[14],
theGenericFrameProtocol(GFP)[12, 9] andsystemssuch
as Ontolingua,which can be seenas a resourceproviding
terminologicalmodelsratherthanterminologicalservices.
The DL communityhasalso recognisedthe advantagesof
componentbasedarchitectureswithin the implementations
of representations,with proposalfor standardisedarchitec-
tureswhich will allow buildersof systemsto plug andplay
with the internals,for exampleselectinganappropriaterea-
soningmodulefor a particularapplication.

7 Conclusions

Terminologiesand DescriptionLogics can be useful in a
widerangeof applications– howeverthey shouldnotbeem-
beddedin applications,but shouldbesharedasa distributed
resource.By identifying theservicesrequiredandproviding
themthrougha centralresource,a terminologycanplay an
importantpartin adistributedinformationsystem.
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