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Abstract

Terminologies, or constrained vocabularies, are a po-
tentially rich meansof representingthemetadatarequired
for applicationsthat havepartially structured and incom-
pletedynamicdata to describe, and exploratory and inex-
act queriesto express.Such applicationsincludedigital li-
brariesandmultimediarepositoriesandsoftware manage-
ment; specificapplication communitiesinclude medicine
andart. We proposethat terminologiesare ideal for meet-
ing today’s information requirementsand that a dynamic
terminology service is the appropriate architectural ap-
proach. We presentthe requirementsof a terminology
server, anddescribetheimplementationandpracticaluseof
onedevelopedbytheauthorsthatusesa DescriptionLogic,
GRAIL, to representtheterms.TheTerminologyServerhas
beenextensivelyusedin applicationsrelating to medicine
and is beingusedin the integration of diverseinformation
sourcesfor MolecularBiology.

1. Intr oduction

Terminologies,or constrainedvocabularies,are impor-
tantasthey provideaframeworkwithin whichcommunities
cancommunicateandexpressideasin a consistentmanner,
andareessentialwherestandardisationandunambigousin-
formationsharingis important.A terminologyis a collec-
tion of termsor conceptswith relationshipsbetweenthem,
particularlythe is-a or subsumptionrelationship,which is
usedto build a classifiedhierarchy of concepts.Classifi-
cationsupportsnotionssuchasgeneralizationandspecial-
ization– descriptionscanberefined,incrementallyadding
moredetail whennecessary, andqueriescanusethe sub-
sumptionhierarchyto askgeneralquestions.Theuseof ter-

minologiesis widespreadwithin communitieswhichhavea
needor desireto sharestandardisedinformation,including
systemsfor suchdiversepurposesas:

� classificationof medicalconditions(e.g. SNOMED)
[7],

� descriptionsof worksof art (e.g.Iconclass)[33],

� library cataloguing(e.g.Dewey Decimal).

Theapplicationof terminologiesis now receiving atten-
tion from themoregeneralinformationmanagementcom-
munity becausethey appearparticularly powerful for de-
scribingsemi-structuredinformationflexibly but with co-
herenceandrigour. Furthermore,they areextensiblein that
datainstancesdescribedby a collectionof termscanincre-
mentallycollectthosetermsandbecontinuallyreclassified
or indexed– extremelyuseful if we cannotalwayspredict
how wewish to describea datainstanceat theoutset.Thus
terminologiesarea promisingrepresentationfor metadata
for threemainareas:

� content-descriptionof semi-structured information:
the descriptionof contentof informationinstancesas
documentsor imagescannotnecessarilybe strictly
typed at the outsetto fit with a pre-typedbut static
databaseschemawhere instancespopulatea prede-
finedandcompleteschema.Applicationexamplesin-
clude: digital librariesand document/imagearchives
[31], broadcastvideoarchives[11] andopenhyperme-
diasystems;

� the descriptionof highly complex domains: domains
suchasmedicineandartaresocomplex, andthevari-
ability of descriptionof instancesis so great, that a
static type systemis impracticablewithout massive
lossof descriptiverichness[22];



� ontologically-supportedmediationbetweendiversein-
formationsources: a terminologycanbeusedto rep-
resenta commonontology that different information
sourcescan map to. The commondescriptionmust
be rich enoughto be all encompassing,andthe map-
pingswill beincomplete,impreciseandchangeableas
sourceshave missingdataor arealtered. As sources
aredescribedthey shouldbeclassifiedwith respectto
oneanotherto supportimprecisecross-mappings[2].

All theabove applicationshave similar requirementsof
theirmetadata:

� thedatato bedescribedis complex andfrequentlyun-
structuredor semi-structuredrequiringa rich andex-
pressivemetadatamodel;

� thedatais gatheredandprocessedincrementallyover
time, collectingmetadata(e.g. imagescollect anno-
tations) so that the fundamentalassumptionthat all
metadatais known atdatacapturetime is flawed;

� informationis incompleteandimpreciseaswe cannot
alwayspredicthow wewishto describeadatainstance
such as a document,unlike conventional databases
wherethe datainstancesarestrictly typedat the out-
set;

� datadescriptionsaredynamicandevolutionary. Flex-
ible extensibledescriptionsare requiredas the same
datamaybereusedfrom many differentperspectives,
anddynamicallyclassifiedby many different,unpre-
dictable,andpossiblycontradictoryinterpretationsof
thesamecontents,requiringdatato bemultiply classi-
fiedasdescriptionsareelaboratedanddatais reused;

� incompletedescriptionsleadto imprecisequeriesand
incompleteresults where the answerto a question
might well just be an initial reductionof the search
space. For example,(1) we may wish to presentan
exampledescriptionandanswerthequestion“retrieve
objectsthataresimilar to this” wherethesimilarity is
a metricof how closelythedescriptionsareclassified
w.r.t. to one another;(2) upon presentationof a re-
questfor an imagecontaininga malepolitician, if the
answeris emptywe would like to be offeredimages
of politiciansasamoregeneralalternativeby relaxing
thequeryconstraints.

Terminologiescanbeseento sit somewherebetweenthe
world of unstructuredfree text documentswherethereis
nodomainmodelor contentmetadataotherthankeywords,
andmorerigorousdatabaseschemafor specificsolutions,
wherehighly coherentmodelsexist but are inflexible and
not painlesslyextensible.Strictly-typeddataschema,asin

OODBMSgive ussharing,consistency checking,indexing
andqueryretrieval, but areinflexible. Attachingkeywords
to documentsis a moreflexible descriptive mechanismbut
the keywordsusedby differentusersareusuallyarbitrary
anddonot tendto converge– hencethetermsdonot form a
standardinterchangeabledomaindescription.Recentwork
in SemanticHypermediasystemsproposesthe reintroduc-
tion of databaseconceptualmodelsto hypermediasystems
[20] otherwiselinks arerarelytypedor representany rigor-
ouslyexpressedsemanticmodel.

We suggestthat terminologiesare well suited to ap-
plications where the challengeis how to describeinfor-
mation intelligently and flexibly, how to evolve descrip-
tions, how to reuseinformation by viewing it from mul-
tiple perspectives and how to searchand browse for in-
complete,inconsistentinformationusingimpreciseandex-
ploratory/interactivequestioning.

In thispaperweproposetheuseof terminologiesimple-
mentedthroughTerminologyLogics (or DescriptionLog-
ics asthey arealsoknown) for describingmetadata,anda
service-orientedarchitecturethat encapsulatesthedescrip-
tion logic in a Terminology Server – a resourcethat de-
liversa rangeof terminologicalservices.We have built a
terminologyserver for a clinical environmentandreporton
ourpracticalexperiencesfrom thateffort.

Section2 describesTerminologyLogicsandtherequire-
mentsfor aTerminologyServerandSection3 describesthe
architectureof a TerminologyServer andthe implementa-
tion for the GALEN [27] project and other programmes.
Section4 describesapplicationsmakinguseof theGALEN
server. Section5 discussesrelatedwork and Section6
presentsour conclusions.The paperdealsprimarily with
the architectureand motivation for a terminologyserver,
and wherepossibleavoids detaileddiscussionof the de-
scriptionlogic usedwithin the implementation.Sections3
and4, however, make referenceto the GRAIL description
logic [26] developedduringGALEN, asthetechniquesde-
scribedtheremakeuseof specialfeaturesof GRAIL.

2. Terminology Logics

Conventional approachesto managingterms pre-date
computation(medicalterminologieshave beenin usesince
the 18th Century)anddo not in generalhave a greatdeal
of underlyingstructure.A commonmethodis to usea cod-
ing scheme– a tree-like structureof terms,with eachterm
having an attachedalphanumericcode,uniquely identify-
ing theterm.Thesubsumptionrelationshipis thenbasedon
codesubstrings.An exampleof a codingschemeis shown
in Figure1. This is a simplehierarchywhich is intended
to representtypesof carsand the featuresthey can have.
Theexamplewill beusedto illustratepointsthroughoutthe
paper.



A1 Car
A11 Estate Car

A11X Estate Car, 1000 cc
A11Y Estate Car, 1500 cc

A12 Sports Car
A12X Sports Car, 1000 cc

A12XA Sports Car, 1000 cc, alloywheels
A12Y Sports Car, 1500 cc

...

Figure 1. A simple coding scheme

Suchschemesdo provide a certainamountof support
andhave provedusefulover theyears,but they suffer from
problems. With many modifiers,the numberof termsre-
quiredquickly grows,producinga combinatorialexplosion
andschemesthat aretoo large. All the informationin the
representationis asserted,andmustbegivenby a modeller
or coderproducingtherepresentation.Becauseof this, the
semanticscanbeunclear, leadingto problemsof interpreta-
tion. A lackof structurein therepresentationhampersnavi-
gationthroughthescheme,andassociatedactivitiessuchas
dataentry or the recordingof informationusingthe terms
from the terminologyaretroublesome.At the sametime,
schemescanbe too small, leadingto insufficient coverage
– asall thetermsmustbedefinedprehoctheremaynot be
a termappropriateto a certainsituation.

An approachto providing a computationalsolution to
term building and term managementis to usea composi-
tional representationwhich hasa richer structurethanthe
simpletree-likestructuressupportedby traditionalschemes.
Suchrepresentationsare provided by DescriptionLogics
(DLs), alsoknown asTerminologicalLogics. Thesehave
enjoyedconsiderableattentionfrom theKnowledgeRepre-
sentationsectionof theAI communityin thelastfew years
andtherearea numberof well known prototypeDLs, de-
scendantsof theKL-ONE language,includingCANDIDE,
BACK, CLASSIC,andLOOM; for anoverview see[5].

All DLs definecomplex entitiesin termsof composite
descriptionsmadeup of a limited set of elementarycon-
ceptsassembledaccordingto explicit rules. DLs can be
viewed as languagesobtainedby term compositionusing
recursive term constructors, where someterms are con-
cepts(denotinga collectionof instancesor individuals)or
roles (relationshipsbetween,or attributesof, conceptsor
instances).DLs distinguishbetweenprimitiveconceptsand
definedconcepts.

The conceptsdefine a subsumptionlattice. Primitive
conceptshavenocharacterisingattributesandmemberships
andareplacedin thelatticeby thesystemdesigner. Defined
conceptsareplacedautomaticallyby a classifierbasedon

their compositionalstructure. Subsumptionrelationships
aredeterminedprimarily usingstructuralrules,but classi-
fication also employs someinferencebasedon cardinali-
ties of relationships.Classifiedconceptdescriptionsarea
form of implied,morespecificsubtypeof their basesuper-
type,inheritingthepropertiesof theirsupertype.Thisauto-
maticclassificationallowsusto incrementallyelaborateand
specialisedescriptions(or terms)without having to worry
aboutmaintaininga consistenthierarchyexplicitly. Recent
work hasprovidedasoundformalbasisfor severaldescrip-
tion logics alongwith resultsconcerningtheir complexity
[4].

Thepowerof DLs is derivedfromtheautomaticdetermi-
nationof subsumptionbetweencompositionaldescriptions.
If a descriptivemodelis constructedusinghighly composi-
tional definedconceptswhereverpossible,we cannavigate
the resultinglattice to reveal, for example,the direct par-
entsandchildrenof any specificdescriptionandthe least
commonparentandgreatestcommonchild of a pair of de-
scriptions.

To returnto ourexample,wewouldneedto supplydefi-
nitionsfor elementaryconceptssuchasCar, Engine andso
on, alongwith relationshipsto representhaving anengine,
an enginebeingof a certainsizeandso on. The compos-
ites suchasEstate Car with 1000cc engine would then
be constructedusing theseelementaryconceptsand rela-
tionships. The fact that this is a kind of Car would then
beinferredby theclassifier(alongwith othersubsumption
relationships– for instancethis conceptis also a kind of
Vehicle with an Engine). Figure2 givesan exampleof
a DescriptionLogic modelfor the Carshierarchygiven in
Figure1. This segmentis given in pseudo-GRAIL syntax.
The basicoperationsusedhereare thosefor introducing
new conceptandattributedefinitionsandaddingnew con-
straints. Car is a primitive concept.A definedconceptis
characterisedby asetof attributesor role-fillerswhosepres-
encemakesanobjectbelongto this concept.A composite
expressionis generallyof theform (topic which rel value),
wheretopic andvalue areconceptsand rel is a relation-
ship.Expressionscanbenested,with value or topic beinga
composite.A definedconcept(in thestyleof GRAIL) could
be GermanCar which is a Car with Germany asa role-
filler for therole hasCountryOfOrigin. SportsCar which�
hasCountryOfOrigin Germany, hasWheelType Alloy �

is said to have a Concepttopic SportsCar and two role-
filler pairscalledcriteria.Thiscompositedefinedconceptis
classifiedasa subtypeof SportsCar which hasCountry-
OfOrigin Germany, SportsCar which hasWheelType
Alloy, SportsCar, Car which hasCountryOfOrigin Ger-
many, Car which hasWheelType Alloy, andCar.



“primiti ve concepts”
TopCategory newSub Car.
TopCategory newSub WheelType.
TopCategory newSub Country.
Country newSub [Germany, France].
WheelType newSub [Alloy Steel].
Car newSub [EstateCar SportsCar].
“r ole definition (inversenot shown)”
Attribute newAttribute hasEngineSize.
Attribute newAttribute hasWheelType.
Attribute newattribute hasCountryOfOrigin
“r ole betweenconcepts(sanctioningnot shown)”
Car hasEngineSize Number.
Car hasWheelType WheelType.
Car hasCountryOfOrigin Country.
“defined concepts”
(Car which hasCountryOfOrigin Germany)

name GermanCar.
SportsCar which�

hasCountryOfOrigin Germany, hasWheelType Alloy � .

Figure 2. A Description Logic Model in GRAIL

2.1. Benefitsof a Description Logic

Descriptionlogics have two functionsthat make them
particularly attractive as models for describing semi-
structuredandcomplex information[5].

A type system. Expressivity: DescriptionLogicsmake
it possibleto expressthesemanticsof informationsystems
and are often more expressive than traditional Semantic
DataModelsor ObjectOrienteddatamodels;

Type checking: type refinementis provided automati-
cally throughthesubsumptionorderingondescriptionsand
henceprovablycorrectsubsumptionalgorithmscanbeused
for typechecking;

Schemaverification: by checkingwhethera composi-
tionalconcept’sdescriptionwill classifyweareableto ver-
ify theschema’sconsistency;

Typeequivalence: eachcompositionaldescriptioncon-
tainsonly the necessaryandsufficient descriptionsfor the
concept.Hencetermsthat areexpressedin differentways
but comedown to thesamedescriptionareequivalentand
redundancy is reduced.

Thetypesystemformsanontologythatcanbebrowsed,
queriedandcandrive interfaces.

An indexing/query system.Automaticmultipleclassifi-
cation: DescriptionLogicsform adynamicmultiaxialclas-
sification schemeto supportincrementalelaborationand
partial information. Conceptscan be incrementallyspe-
cialised,with the automaticclassificationcapabilitiesof a
DescriptionLogic takingcareof relationshipsbetweencon-
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Figure 3. The utility of a terminology service

cepts.As moreinformationis attributedto thedescription,
theconceptmigratesthroughtheclassificationhierarchy;

Queryformulation: imprecisequeryingandquerygen-
eralisation/specialisationis supportedby a) generalisingor
specialisingconceptterms;b) relaxingor restrictingcardi-
nality constraintsor c) addingor removing termsto nav-
igate throughthe concepthierarchyand explore potential
relationshipsbetweentermsandtheirassociatedinstances;

Data exploration: Description Logics are naturally
suitedfor expressingqueriesanddefiningviews,asthesub-
sumptionrelationshipcanbeusedto organisequeriesauto-
maticallyandviews,hencesupportingdataexplorationand
queryoptimisation.

Description Logics have been used in a wide vari-
ety of applicationsincluding the representationof com-
plex schemasfor cars[30], softwaremanagement[8] and
medicine[27], data archaeology[6], mediationbetween
heterogeneousdatastores[2] anddatabasequerying[16].
However, interactingwith DescriptionLogic implementa-
tions can often prove difficult. In the past,solutionsin-
volved embeddingthe logic in large monolithic systems
with all the attachedproblemsof maintenanceandimple-
mentation,lack of consistency, andthe hamperingthe ex-
changeof termsbetweenapplications. As Figure 3 sug-
gests,a “terminologyserver” canbeusedto drive,or inter-
actwith, anumberof differentsystemsandthereforeshould
beperceivedasa separatecomponent.

3. A Terminology Service

We proposea move towardsa service-orientedarchitec-
tureandtheencapsulationof a DescriptionLogic in a Ter-
minologyServer orTeS– aresourcethatdeliversarangeof
terminologicalservices.Theseservicesareusedby a vari-
ety of applicationssuchasmodellingtools,queryengines,
dataentry interfacesandso on. Figure4 illustratessome
of theservicesonewould expectdistributedserversto de-
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Figure 4. Resour ces Delivering Terminologi-
cal Services

liver. A terminologyserverapproachis essentialif weareto
build generic“plug andplay” mixedsystems,for example
if a semantichypermediasystemis to usetheTeSasa link
resolutionservicealongwith conventionallink following or
informationretrieval services[23].

3.1. Services

Theservicescanbebrokendown into threemaintypes:
pure terminologicalor conceptservices,languageor lin-
guisticservices,andextrinsic informationservices.

Concept Services. Along with maintainingthe repre-
sentationof the concepts,the servicesinclude operations
whichbothextendandquerythecontentof themodel;these
operationsare commonlyknown as TELL and ASK [5].
Operationsfor extensioninclude the introductionof new
primitive concepts,the introductionof new relations,and
the additionof new constraintson roles. Queriesinclude
thoseto determinetheprimitive conceptsandrelations;re-
questsfor theparents(generalizations)or children(special-
izations)of a conceptdefinition(w.r.t. thesubsumptionhi-
erarchy);usageof conceptsandinformationabouthow con-
ceptsandrelationscanbecombinedto createnew potential
compositeconcepts.A descriptionlogic providesus with
a generative framework wherenew conceptualdefinitions
canbeconstructedby applyingmodifiersto baseconcepts.
Classificationoperationstake a conceptualdefinition and
determineits placein thehierarchy(accordingto therules
definedin the logic). Suchanoperationmayalsoperform
validity checkingthattheconceptis consistentandfits with
any constraintsthemodelimposes– in this way theserver
is providingaformof type-system(seesection2.1).Table1
includessomeexamplesof a conceptservice’soperations.

ASK Typechecking: Is thisalegalexpression?Are
thesetwo definitionsthesame?

Type
Based

Type exploration: what further can be said
abouttheexpression- i.e. how canI special-
ize it?

Index-
based

Classification: Wheredoestheexpressionsit
in thehierarchy?
Queryrelaxation: How canI generalizethe
expression?
Query tightening: How can I specializethe
expression?

Other Language rendering: What are the natural
languageexpressionsfor thisconcept?
Mediation& Translation: How doesthis ex-
pressioncorrespondto someexternal repre-
sentationI have?

TELL Introducingnew elementaryconcepts;
Introducingnew rules about term composi-
tion;
Namingconceptdefinitions;
Providing mapsto externalrepresentations

Table 1. Concept Services

Linguistic Services.Theserverdealswith terms.In or-
derto aid interactionwith theterminology, andfor userin-
terfaces,thesetermsshouldbeavailablein representations
otherthantheunderlyingoneusedby thedescriptionlogic.
Thustheserver shouldoffer linguistic serviceswhich pro-
vide theconversionto andfrom naturalandotherlanguage
expressions.

Extrinsic Information Services.Conceptandlinguistic
servicesdealwith theterminologyin isolation. In addition
to these,we mayexpectto beableto relatetermsfrom the
terminologyto objectsfrom the restof the world. As this
informationassociatedwith the terminologyhasno effect
on theunderlyingclassification,we referto theseasextrin-
sic informationservices.Theseoperationsareof coursenot
completelydivorcedfrom the terminologicaloperations–
servicesmaywell usetheclassificationin orderto sparsely
decoratethehierarchyandallow generalquerying.

We requiretheability to relatetermsfrom theterminol-
ogy with termsfrom existing hierarchiesor classifications.
Suchfunctionality is essentialif a new systemis to prove
compatiblewith existing work. Domainsin which a termi-
nologyserver would prove usefulareoften thosedomains
which alreadyhave existing terminologies– thus legacy
systemsmustbesupported[24].

In addition,terminologiescanbeusedasmediatorsbe-
tweeninformationsources– the server canprovide infor-
mation about the concreterepresentationof a conceptual
definition in a particularinformationsource. Thesemap-



pingsto otherrepresentationscanbe seenasexamplesof
extrinsic informationservices[2].

As examples,theconcept(EstateCar which hasEngi-
neSize 1000cc) couldbemappedto codeA11X from the
schemepresentedearlier. Alternatively we mayknow that
detailsof sportscarsarekept in a particulardatabase– in-
formationaboutthelocationof thisdatabaseandtheformat
of entriescanbe associatedwith the conceptSportsCar.
Whensearchingfor instancesof sportscars,wecanusethis
informationto determinewhereto look.

3.2. Client Applications and ConceptReferencing

We canenvisagemultiple TerminologyServersin a dis-
tributed environmentwith applicationscoupledto a local
serveroccasionallyusingotherservers.A servermightalso
supportmultipleconceptmodels.Thisleadsto two possible
formsof referencingconcepts:

M Persistentglobal references,interchangeablebetween
servers: a collectionof serversmay exist, all sharing
the sameontology. Conceptsareexchangedbetween
serversandmustbeserverandsessionindependent.

M Persistentlocal referencesfor a particularserver: a
server may be coupledwith a collection of applica-
tions usingthat server; suchapplicationsrequirefast
referenceswith reasonablytight couplingandsothose
referencespersistbeyond any particularclient-server
session.

Theseassumethat referencesare persistentand inde-
pendentof any client-server session;we can also seethe
requirementfor transientbut fastsession-dependentrefer-
encesfor a particular server – for optimum efficiency a
server andclient applicationmight betightly coupledwith
transientreferencesto concepts.

Referencesprovide a namingservice,with local refer-
encesforming a local namespace(valid for a particular
server)andglobalreferencesaglobalnamespace(valid for
all servers).Thesereferencesrefertoconceptsin aninternal
representation;applicationswill alsoneedto refer to them
as(natural)languageexpressionsandin termsof existing
hierarchiesor schemes.

By encapsulatingthelogic andoperationsasacollection
of services,the terminologycanbeusedasa resourcein a
distributedsystem;for exampleasa commonfacility in a
CORBA distributedenvironment.

3.3. The GalenTerminology Server

The GALEN and GALEN-IN-USE [25] EU-funded
projectshave developeda TerminologyServer for thesup-
port of medical applications. The Terminology Server

Application Programmers Interface

Module Interface

Concept 
Hierarchy

Module Interface
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Grammar

Module Interface

Code 
Mappings

Concept Module Language Module Coding Module

Server and Reference Management

Terminology Server

Figure 5. The architecture of a server

presentsclinical conceptsto applicationswhich may then
usethe conceptsto drive content-sensitive userinterfaces,
to mediatebetweenmedicalclassificationsystemsor to act
astypesfor medicalrecords.Theserver is now beingused
to supportapplicationsfrom Biological Sciences,Art and
Hypermedia.

Herewe presentanddiscussthe particulararchitecture
of ourterminologyserverandpresentascenarioto illustrate
its usage.Theserveris implementedasacollectionof mod-
ules,eachwith a distinctresponsibility, alongwith a server
manager. The server managementlayer brokers requests
from the outsideworld, and delegatesthem to the appro-
priatemodules(somerequestsmay requireservicesfrom
morethanone). It alsodealswith referencemanagement
andoutputschemeproductionasdiscussedin Section3.4.

Thereare several modulesin our current implementa-
tion, eachwith a roughresponsibilityfor a classof services
asdescribedabove.Figure5 showsthethreeprincipleones
– theConceptModule,LanguageModuleandaspecificex-
ampleof anExtrinsicsModulefor managingClinical Cod-
ing Services.

As an example,we considerthe functioningof a client
tool, thepurposeof which is to presentauserwith aninter-
faceallowing the constructionof a compositeconceptde-
scription,and the subsequentstorageof this conceptin a
varietyof formats.An exampleof sucha tool is theSCUI
[1], which providesclinicians with the facility to append
detailedclinical informationto aclinical record.

We describethedialoguewhich takesplacebetweenthe
clientapplicationandtheserver.

1. Theclient requiresaninitial entrypoint into thecon-
ceptualmodel.Thismaybeeitheracollectionof globalref-
erencesheldby theclient, or mayberepresentedby mark-
ing or annotatingconceptsheldby theserver – thusallow-
ing multipleclientsaccessto thesameentrypoints.

2. For eachentrypointX, theclient is interestedin how
the conceptcanbespecialised.A request“what canI say



aboutX?” is madeto theserver. This requestis recognised
by theservermanageranddelegatedto theconceptmodule.
A collectionof referenceswill bereturnedto theclient,rep-
resentingtherolesandconceptswhich canbeusedto con-
structspecializationsof X. Thesereferenceswill usuallybe
local references– valid only for aparticularconnectionto a
particularserver.

3. Theclientdecideshow todisplaytheavailableoptions
- e.g.asbuttons,pickinglists,or in somegraphicalnotation.
In orderto displaytheconcepts,it mayneedlanguageex-
pressionswhich describethem– the referencesaresimply
pointersto conceptsheldwithin theconceptualmodel,and
do not have languageexplicitly attached.Thusfurther re-
queststo theserver maybemadeof the form “provide me
with a languageexpressionfor conceptY”. Thesewill be
delegatedto thelanguagemodule.

4. The client builds an interfacebasedon the relation-
shipsandlanguageprovidedby theserver. Theuserselects
appropriateconceptsto build a particularcomposite.A re-
questmay then be madeto the server to classify this de-
scription. Again this is passedon to the conceptmodule,
wheretheconceptis classified– themoduledeterminesthe
concept’splacein thehierarchy– anda referenceis passed
backto theclient.

5. At this point, thereareseveral thingsthe client can
do. We may wish to specializefurther, in which casethe
processis repeated.It may be that the client application
needstostoreapersistentreferenceor globalID for thenew
composite.In this case,further requeststo the server will
be made,requiringformat conversionof references.Such
formatconversionsmayrequirecallsto modulesor maybe
dealtwith entirelyby theservermanager. Alternatively, the
usermaywantto know how thebuilt conceptis represented
in someotherscheme.In theexampleof theSCUI,requests
couldbereturnedascodesfrom theICD or SNOMEDclas-
sifications.Thisrequiresacall to theserverwhichis passed
to thecodingservicesmodule(SeeSection3.6).

Codeconversionis anexampleof inter-modulecommu-
nication. In orderto determinea “closestmatchingcode”,
the codeconversionmoduleneedsto know aboutthe par-
entsof aconcept,informationprovidedby theconceptmod-
ule. All suchcommunicationis throughtheservermanager
andmoduleinterfaces.

3.4. Client Coupling, ReferenceManagementand
Namespaces.

The discussionabove introducesthe notion of concept
references.Theserver is a dynamicresource.Ratherthan
having applicationsholdonto conceptualdefinitionswhich
containall the requiredinformation, the server handsout
referencesto conceptsheld in theConceptModule. When
further informationabouta conceptis required,the appli-

Handles Local IDs Global IDs

One server
One connection

One server
Any connection

Any  server
Any connection

greater persistence

greater eff iciency

Figure 6. Reference Types

cationwill querytheserver. This doesmeanthattherefer-
encesarein somewaysuselesswithout theserver, socare
mustbetakenthatinformationis not lost,particularlywhen
dealingwith volatile references.

Caching policies. Referencesandqueryresultscanbe
cachedby both the server andclients,allowing moreeffi-
cient answeringof queries. This is particularlyuseful for
operationssuchas languagegeneration– in mostcircum-
stances,oncetheserverhasbeenqueriedfor a stringrepre-
sentinga concept,it is unnecessaryto regeneratethestring.

Cachingcancauseproblemsduringtheprocessof mod-
elling. If new informationis beingadded,the answersto
questions,particularly thoseconcerningthe concepthier-
archy, can change. Thus both clientsand server mustbe
careful to initialize and clear cacheswhen information is
updated.

As describedearlier, referencescanberoughlysplit into
two categories:persistentglobalreferencesandlocal refer-
ences.In the exampleabove, the client madeuseof local
referenceswhenbuilding a dataentry form but would re-
quireglobalreferencesfor persistentstorage.

Our currentimplementationactuallyprovidesthreelev-
elsasshown in Figure6.

Handles are the most transientof references,and are
valid for a singleconnectionto a particularserver. Handles
cannotbestoredpersistently.

Local IDs arevalid for a particularserverandwill exist
overmultipleconnections.A localID tableis maintainedby
theserver relatingreferencesto concepts.Local IDs canbe
stored,aslong astheapplicationwill beconnectingto the
sameserverata laterdate.LocalIDs couldbeimplemented
usinga tablein theserver relatingreferencesto conceptsin
the hierarchyor asreferencesto a databaseif the concept
modulechoosesto storetherepresentationexternally.



In thecurrentimplementation,thereis very little differ-
encebetweentheefficiency of handlesandlocal IDs. The
performanceof local IDs wasconsideredgoodenoughfor
mostpurposes,so little attempthasbeenmadeto improve
handles.As theconceptualmodelsgrow, however, or if the
conceptualhierarchyis storedexternally, the performance
of local IDs may deteriorate. We may then make useof
theknowledgethathandlesaretransientin orderto employ
cachingor othertechniquesto improve theperformanceof
handles.

Global IDs are interchangeablebetweenmany servers
containingthe samemodel. As eachserver may represent
thehierarchyin differentways,GlobalIDs areimplemented
asa “decompiled”representationof the concept,which is
thenreclassifiedwhenpresentedto the server. Becauseof
this,GlobalIDs aretheleastefficientof thereferencesand
shouldonly beusedwhenreferencesareto beinterchanged
betweenservers.

Other Output Schemes.In additionto references,an-
swersto questionscanberequestedusingotherrepresenta-
tions,suchasnaturallanguageor codingschemes,asillus-
tratedin Figure4. Theseformatsarecurrently“one-way”
– in our presentimplementations,we cannotpresenta nat-
ural languageexpressionor codeto the server andexpect
it to be treatedasa conceptreference.However thereare
operationsto allow usto convertfrom codingschemecodes
to conceptsand(to a certainextent) from naturallanguage
expressionsto concepts.

References,NaturalLanguageexpressionsandCodesto-
getherform what are known as Output Schemes. A re-
questto the server will specify the desiredoutputscheme
(or schemes)for theresult.Callswill oftenrequestmultiple
outputschemesfor results. For example,a browserappli-
cationwill askfor childrenof aconceptasbothhandles(so
that further manipulationscan be performedon the child
concepts)andasnaturallanguage,so thata representation
of thechildrencanbepresentedto theuser. Specifyingmul-
tiple schemesin caseslike thiscanincreaseperformanceby
cuttingdown the overheadspresentin both the conceptual
operationsof theserverandtheunderlyingtransportmech-
anismsof thenetwork.

3.5. GRAIL sanctions.

GRAIL hasbeenspecificallydevisedfor medicaltermi-
nologies,which hasinfluencedits rangeof termconstruc-
tors. In contrastto somerepresentations,certainconstructs
areexcluded(for example,negation). GRAIL chiefly dif-
fersfrom its KL-ONE relativesin thatit has:conceptualas-
sertions(conceptinclusions)thattake partin classification;
themanagementof part-wholerelationshipsandlimited ex-
pressionsof cardinality[26]. For the purposesof this pa-

peronly oneof GRAIL ’s differencesneedsexplanation,as
it is usedby the linguistic andinterfacebuilding services,
namelyrolesanctioning. A sanctionis anassertionthattwo
conceptsmay be relatedvia somerole. Compositionsof
termscannotbe formed unlessan appropriatesanctionis
present.Sanctioningservestwo purposes,althoughthey are
bothreallydifferentviewson thesameoperation:

N It constrainstheformationof compositionalterms,en-
suring that only semanticallyvalid compositionsare
formed,preventingmisnomerssuchasCountry which
hasEngineSize 1000cc.

N It providesanswersto questionssuchas“what canI
sayaboutX?” To answerthisquestionweexaminethe
sanctionsapplyingto thetermX, andreturnananswer
basedonthese.

Note thatsanctioninghasno effect on theclassification
process– thesanctionspresentor absenton a conceptwill
not changeits placein theconcepthierarchy. Sanctioning
is thusan operationwhich could be quite easilyaddedto
descriptionlogicsotherthanGRAIL; otherDLs rely onrole
restriction.Thepositionof a conceptin thehierarchydoes
effect thesanctioningprocesshowever, assanctionsarein-
herited. This inheritanceof sanctioningallows us to place
sanctionsaroundthehierarchyin asparsemanner, allowing
theconstructionof many compositionswith a singleasser-
tion. For example,wecouldassertthatMammals canhave
agenderwhich is Male or Female, allowing theformation
of Men, Bulls, Tom Cats etc. without having to explicitly
assertthattherelationshipholdsfor Humans, Cattle, Cats
andsoon.

GRAIL supportstwo levelsof sanctioning– thefirst rep-
resentsgeneralrelationshipswhile the secondrepresents
thosethings that can really be formed. To usea medical
example,we maysaythat in general,Conditions occurin
Body Parts. This is not to say that every conditioncan
occur in every body part, but it is useful to be ableto ex-
presstheidea. Thenat a morespecificlevel, we canassert
thatFractures occurin Bones, allowing theformationof a
fractureof abone.Sanctioningis hierarchical– ahigh level
sanctionmustbepresentbeforea low-level sanctioncanbe
asserted.Thelevelsof sanctioningprovide flexible control
over theformationof compositionalconcepts.

3.6. Server Modules

Herewe discussthecoremodulesof theserver in more
detail.

ConceptModule. TheConceptModule,asit is respon-
siblefor thecoreterminologicalfunctionalityof theserver,
includesthe maintenanceof the representationof the con-
cept hierarchyand supportof classificationoperationsas
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discussedin Section3.1.Thehierarchyis keptasagraphor
semanticnetwork, with nodesrepresentingconceptdefini-
tionsandarcsrepresentrelationshipssuchassubsumption
(thespecialisationor “is-a” relationship),usageandsoon.
Thenetwork mayactuallybeheld in anexternaldatabase,
asin K-Rep[17].

Subsumption test algorithms. Classificationdepends
primarily on a subsumptiontest– a testwhich determines
whenoneconceptdefinition is a generalizationof another.
The currentimplementationof the conceptmoduleusesa
normalizeandcompare or structural styleof subsumption
algorithm[35]. Suchalgorithmshave beenshown to have
problemswith incompleteness– theclassifiermaynot spot
all subsumptionrelationshipsthathold. Thealgorithmsare
soundhowever, in thatany subsumptionrelationshipsdeter-
minedby theclassifierwill hold–andresearchis ongoingin
thedevelopmentof tableaux-calculusbasedalgorithmsfor
classificationwhichexhibit betterbehaviour with respectto
completeness[4].

Our architecturewill enableus to replacethesubsump-
tion algorithmswithout any visible differenceto client ap-
plications.

LanguageModule. TheLanguageModuleis responsi-
bleprimarily for thegenerationof naturallanguageexpres-
sionsfor conceptdefinitions. Languagegenerationusesa
lexiconcontainingwordsor phrasesfor elementaryconcept
definitions,alongwith grammarruleswhich describehow
phrasesshouldbe combinedtogether. The concepthier-
archyis usedextensively, allowing the additionof general
ruleswhichdescribephraseconstructionfor a largenumber
of situations[34].

Figure7 shows the workingsof the LanguageModule.
The centralgrey arearepresentsthe conceptualhierarchy
(asstoredandrepresentedin the ConceptModule). There
aresomeelementaryconceptssuchasCountry, Car, Ger-

many, alongwith somecompositedefinitions(which will
have beenplacedin the hierarchyby the classifier). Con-
ceptscanhaveattachedto themspecificlexical information,
suchasnounandadjectival forms. We have alsoshown a
sanction– aconstraintallowing theformationof acompos-
ite sanctionby assertingthat it is valid to form a compos-
ite usingtheconceptsandrelationship.Therule associated
with the relationshiphasCountryOfOrigin describeshow
to form a naturallanguageexpressionfrom an expression
usingthe relationship.Theattachmentis actuallymadeto
thesanction.Usingtherule andthebasicwordsin thelex-
icon, we canconstructa phrasecorrespondingto the con-
ceptCar with countryOfOrigin Germany, i.e. “German
Car”. If anadditionalcountryFrance is introducedinto the
model,in ordertoensurethatphrasesareproducedfor com-
positesusingtheterm,weneedonlyprovidetheappropriate
formsof phrasefor theconceptitself.

GenericExtrinsic Information Module. TheExtrinsic
InformationModuleallows usto attachinformationwhich
is in someway “external” to the conceptualmodel. This
includesinformationwhich hasno terminologicalsignifi-
cance,but which shouldbeassociatedwith particularcon-
ceptualdefinitions.Themodelis usedasaframework upon
which we canhangusefulfacts,exploiting the inheritance
hierarchyto decoratethemodelsparsely.

An exampleof the useof extrinsics is a drug interac-
tion modelproducedaspartof PEN& PAD [22]. A taxon-
omy of drugswasdefined,andusingextrinsic information,
known interactionsbetweendifferentclassesof drugswere
recorded.This informationwasnotconsideredto beimpor-
tantin terminologicalterms,but it is usefulto beableto rely
on thehierarchyfor retrieval.

Variouspoliciesfor retrievalof extrinsicinformationcan
beusedincluding:

Exact Only informationattachedto theconceptin question
is returned;

Lowest Thehierarchyis traversedin abreadthfirst manner
from theconcept,returningthefirst piecesof informa-
tion encountered;

All All information attachedto the conceptor any of its
ancestorsis returned.

Coding ServicesModule.
The CodingServicesModule wasbuilt for the specific

purposeof relatingtheGALEN conceptualmodelto exist-
ing codingschemesfor medicine[24]. It is in fact a spe-
cialisedexampleof themoregeneralExtrinsicInformation
Module.CodingSchemesarealimited formof terminology
which generallyconsistof a collectionof termsarranged
in a (single-axial)hierarchy, with all relationshipsbetween
termsexplicitly asserted.
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If a coding schemeand the conceptualmodel held in
theserver havesimilar coverage,we canprovidemappings
from oneto another, indicatingconceptswhich arerepre-
sentedin both models.This maintenanceof themappings
(alongwith associatedfunctionality)is theresponsibilityof
theCodingServicesModule.

Onceacollectionof mappingshavebeendefined,wecan
performvariousretrieval operations.For example,givena
code,we can ask for the concept(s)to which it hasbeen
mapped. More interesting,however, is the conversionin
theoppositedirection,providing codesfor concepts.Given
a conceptX, we canaskwhethertheconcepthasanasso-
ciatedcodemappedto it or a relatedconcept,usingoneof
thepoliciesdescribedabove.

This is particularly useful when the conceptualmodel
has more coverageor more depth than the static coding
scheme.As anexample,thecodingschememaynot have
anentryfor greenestatecarbut mayhaveonefor estatecar,
which is a parentof thetermweneedcoded.

Whenmorethanonecodingschemehasbeenmapped,
an extensionof this techniquecanprovide mediationser-
vicesbetweenthetwo representations,asshown in Figure8.
The oval arearepresentsthe conceptualmodelheld in the
serverwith thecodingschemesoneitherside.Startingwith
a codein Scheme1, we canmapinto the representation,
thenout againto Scheme2 – evenwhenthereis no direct
match. For example,startingwith codeH17, we canmap
to conceptX. This hasan explicit mappingto codeA1 in
Scheme2, providing us with an easyconversion. Starting
with codeJ49, andmappingto conceptY, wefind nodirect
correspondencewith Scheme2. We thenlook up thehier-
archy, andfind that conceptZ (a parentof Y) doeshave a
mappingto codeA2 from Scheme2, andthis providesus
with ourconversion,or “nearestcorrespondingcode”.

Traditional methodsof codeconversioninvolve craft-
ing conversionsbetweeneachpair of schemes.For each
new scheme,conversionsmustbeprovidedinto everyother

scheme.With thetechniquedescribedaboveandtheuseof
theconceptualmodelasan interlingua, we needonly pro-
videasinglemappingto andfrom thecentralrepresentation
for eachcodingscheme.

SchemeValidation. Theuseof mappingsasdescribed
above can assist in the processof validating a coding
scheme. If a schemehasbeenprovided with a mapping
to a representationheldin theserver, wecancheckthatthe
subsumptionrelationshipsin the schemearecoherent,i.e.
that if termsoccurasparentandchild in thescheme,then
thecorrespondingtermsin themodelarealsoancestorand
descendant.

3.7. Application Programmer’s Interface

Accessto the server is via a well-definedApplication
Programmer’s Interface,available as a library of C func-
tions. Thexdr notation– a datarepresentationlanguage
suitablefor remoteprocedurecalls which forms the basis
of SunRPC– is usedto describethe underlyingconcrete
representationsandto defineoperationsfor serialisingand
deserialisingdataas it is transmittedover a network. We
have simply usedxdr for dataencoding,andhave imple-
menteda simpleremoteprocedurecall on top of this. The
useof xdr ensuresthe availability of a C interface,and
solvessomeof theproblemscausedby differencesbetween
datarepresentationson differentplatforms.However, xdr
is quite dated,andwe areconsideringa move to a system
suchasCORBA.

The notion of a terminology server fits well into the
CORBA framework – by encapsulatingthe logic and op-
erationsasa collectionof services,theterminologycanbe
usedas a resourcein a distributedsystem. CORBAMed,
a subgroupof OMG, will beputtingout anRFPon termi-
nologyserviceslaterthisyear– theaimbeingto specifythe
servicesthataCORBA compliantTerminologyServermust
support.

Client applicationshave beenbuilt in C andSmalltalk
on both PC andUnix basedplatforms,andhave commu-
nicatedsuccessfullywith the server over both local- and
wide-areanetworks. Work is alsobeing undertaken on a
Javabindingto theC API.

4. CaseStudies

To illustratetheuseof a serverandto highlight interest-
ing areasof openquestionsand further work, we present
two examplecasestudieswhich provide real examplesof
theserver technologyin use.Thefirst dealswith theuseof
theserverandits terminologicallogic to drivethedataentry
andqueryprocess.Thesecondis concernedwith theuseof



Figure 9. A Picking List Interface

Figure 10. A Compositional Data Entr y Inter -
face

theserverto aid in theco-ordinationof thebuilding of large
scaletraditionalstaticterminologies.

4.1. PEN & PAD

Severalapplicationshavebeenbuilt whichrely onserver
functionality to supportdataentry. An exampleis PEN &
PAD, a productwhich hasevolved from experimentswith
userinterfacerequirementsfor clinical dataentry [22] and
now forms part of the latestversionof a major computer
packagefor GeneralPractitioners[15].

The applicationrelies on the notion of controlleddata
entry, whereinterfacesarebuilt accordingto the informa-
tion presentin theconceptualmodel.In particularthiscon-
strainsthe constructionof complex expressions,ensuring
thatincoherentexpressionscannotbegenerated.

As discussedin Section2, GP systemshadpreviously
usedstaticcodingschemessuchasSNOMEDto represent
clinical information. Interfacesaregenerallybasedon the
notionof apicking list, asshown in Figure9 wherea selec-
tion of alternativesareofferedto theuser– notetheduplica-
tion of modifiers(a by-productof theunderlyingstructure
of therepresentation).Whenseveralmodifiersarepresent,
many similar termswill have to becodedandpresentedto
theuser, oftencausingconfusion.

The solution to this is a user interfacethat allows the
compositionalconstructionof terms,asshown in Figure10.

Figure10 showsaninterfacewhich usescontrolleddata
entry, andallows constructionof thesametermsin a com-

positionalmanner. This secondinterfacepresentsa great
dealmoreinformationto theuser– thepickinglist hasonly
allowed a small subsetof the possiblecombinations.If it
wereto containall combinations,the list would beso long
asto beunusable.

Onceexpressionshave beenbuilt up andclassified(as
describedin Section3.3, theserver is usedto provide lan-
guageexpressionsandcodesfrom existing systems.These
references,codesor languagecanthenbestoredin external
databasesfor laterretrieval.

Theemphasishereis very muchon dataentryandcap-
ture. Theaddedvaluegainedfrom theuseof theserver is
thatlanguageandcodescanbeproducedquickly andfound
without having to resort to the usualmethodsof naviga-
tion throughsuchsystemswhich can be troublesome,as
describedearlier.

4.2. GALEN-IN-USE

GALEN-IN-USE[25] is a follow on projectto GALEN
[27]. The intentionin GALEN-IN-USE is to usea termi-
nologicalmodel to aid in the building of the next genera-
tion of codingschemesfor medicine.Althoughtheultimate
goalis to provideclinical terminologyvia adynamicserver,
GALEN-IN-USE goessomeway towardsachieving con-
sistenthierarchieswhich areto bedeliveredvia traditional
means.

GALEN-IN-USE facesseveral interestingchallenges,
many concernedwith the modellingprocess.The project
requiresa conceptualmodelon a largescale– currentesti-
matesput thesizeof themodelin theregionof 10,000con-
cepts.This is simply thenumberof namedandelementary
conceptdefinitions– astherepresentationis generative, the
actualnumberof conceptswhichcanbedescribedusingthe
modelis huge. Contrastthis with the sizeof mostknowl-
edgebaseswhichseldomriseabovethehundreds.

Toolsarethusrequiredwhich help in thevariousactiv-
ities associatedwith building and maintainingthe model.
Thesecurrently take the form of a variety of knowledge
browsers providing both textual andgraphicalrepresenta-
tionsof thestructureof themodel.

The project is collaborative, involving several interna-
tional partnerson the modellingside. Supportis thusre-
quired for the processof harmonisingsectionsof model.
This occursat boththe technological level, wheretoolsare
neededto allow verificationand consistentintegration of
new knowledgeandat the managementlevel, wheremod-
ellersat differentsitesmustbe co-ordinated.This is sup-
ported through a variety of meansincluding e-mail and
WWW forums.

Populationof themodelis helpedby theuseof existing
corpora(whichwill ultimatelybemappedto conceptsin the
centralmodel)assourcesfor termsandconstraints.Some



of this processhasbeenautomated,with naturallanguage
processingtechniquesbeingusedon therubricsassociated
with codes.In addition,muchuseis madeof metadataand
templates. Intermediaterepresentationsareusedto insulate
modellersfromthecomplexitiesof theunderlyingrepresen-
tations.Rubricsare“dissected”into anintermediateformat
whichcanthenbetranslatedinto GRAIL expressionsusing
toolssuchastheSPETandTIGGER[29].

The modellingprocessis often interactive, requiringa
certainlevel of performancefrom theclassificationengines
which form theheartof the terminologyserver. Early im-
plementationswerebuilt in Smalltalk – alanguagesupport-
ing rapidprototypingandtheeasyconstructionof userin-
terfacetools. However, asthemodelsgrow larger, theper-
formanceof theSmalltalk implementationsbecomesunac-
ceptable.Alternative implementationsof the coreconcep-
tual functionalityhavebeenbuilt in C++ [28]. Themodular
natureof theserverinternalsallowedthereplacementof the
classificationenginewith a minimumof disruption.

5. RelatedWork

A considerableamountof work hasbeenundertakenin
the areaof DescriptionLogics that haslargely fallen into
two divisions: theoreticalwork with little or no implemen-
tation and practicalsystemswith little view to extensible
servicesor the applicationto large scaleconceptmodels.
Nonehaveadoptedtheapproachof aterminologicalserver;
insteadthey concentrateonthedetailsof theclassifierrather
thantakinganoverallsystemsarchitectureview.

Workersin theareaof informationintegrationhavetaken
a morearchitecturalviewpoint, for examplethoseworking
within theI3 (IntelligentInformationIntegration)initiative.
The I3 referencearchitecture[3] proposesfour familiesof
services;co-ordinationandmanagement,semanticintegra-
tion and transformation,functional extensionsand wrap-
ping. A terminologyservicewould appearto be orthogo-
nal to thesefamiliesandcontribute to all of them: ontolo-
giesfor servicebrokering;termsfor describingthesemantic
contentof differentservices;terminologicalinferencingetc.

SIMS [2], andObserver [19], partof the InfoQuilt pro-
gramme[14], usetheDescriptionLogicsLOOM andClas-
sicrespectively to mediatebetweenheterogeneousinforma-
tion sources.SIMS still seemsto perceive theterminology
asanembeddedcomponentratherthananinformationser-
vice. However, Observerdescribesanontologyserver– an
applicationproviding accessto ontologiesrepresentedus-
ing adescriptionlogic, andmappingsfrom termsin theon-
tologiesto datarepositories.This canbeseenasa kind of
terminologyserverasdescribedhere.

TheInfoQuilt project[14] advocatestheuseof anontol-
ogy to describemultimediaandalthoughdoesnot suggest
DescriptionLogics or an ontology server as an approach

onepresumesfrom their work in integrationthat this is an
approachthatthey areconsidering.Someforayshave been
madeinto theapplicationof DLs to documentdescription,
e.g. CANDIDE [21], but this work is not describedin de-
tail andthereis little evidenceof its practicalapplication.
Likewise [18] theoreticallyappliesa terminologylogic to
informationretrieval but withoutany view ona terminolog-
ical servicearchitecture.

Farquharet al [10] presentthe casefor an ontology
serverthatsupportstheability of usersto publish,browse,
createand edit ontologiesthroughthe World Wide Web.
The main purposebehindthis is the supportof collabora-
tive developmentof ontologiesandthe processof achiev-
ing consensusoncommonontologiesby distributedgroups.
In ourGALEN-IN-USEprojectsimilar supportis achieved
throughweb-baseddiscoursetools. Farquharet al’s em-
phasisis onasharedontolinguathatsupportsassemblyand
reuseof existing ontologiesfrom a repositoryby way of
batchloadingandtranslationsfrom the ontologyserver to
stand-aloneapplications– thisis in directcontrastto ourap-
proachof a dynamicintegratedterminologyserver serving
individual conceptsto client applications.From an appli-
cationviewpoint, that of digital libraries,[9] discussesthe
needfor anauthoritytool which is anapplicationproviding
a knowledgeserviceand the functionality of a thesaurus;
thiscanbeinterpretedasa terminologyserver.

6. Conclusionsand Further Work

In this paperwe have presentedthecasefor terminolo-
giesto beusedasa meansof richly representingthemeta-
datafor applicationsthat have partially structuredand in-
completedynamic data to describe,and exploratory and
inexact queriesto express. Applicationswith thesechar-
acteristicsare the applicationsof interestin this decade.
Suchterminologiesrepresentontologiesthatshouldnot be
embeddedin client applicationsbut shouldbe sharedand
reusedasa distributedresource.To make this possiblethe
terminologiesshouldbeimplementedasaservicethrougha
terminologyserverofferinga numberof sub-services:con-
ceptual,linguistic andextrinsic. We have describeda par-
ticular implementationof a serviceusinga particulartech-
niqueknown asDescriptionLogics; however, thereis no
reasonto presumethat this is the only representationfor
terms. Indeed,ConceptBase[13] couldbeconsideredasa
terminologicalservicewherethe conceptsarerepresented
in a deductive frame-basedmodel,althoughit happensthat
DLs areparticularlysuitedto interfacebuilding. We have
shown how a terminologyservicecansupporta widerange
of applications,andhow onemight form a usefulcompo-
nentin a distributedinformationsystem.However, several
openquestionsstill remain.



Tools. Furthersupportand tools are requiredfor the
modelling process,addressingboth the managerialand
technicalproblemsassociatedwith distributedandcollab-
orative modelbuilding. Theuseof a terminologicalmodel
providesaddedvalue,but thereis a price to pay in that a
conceptualmodelof thedomainmustbeproduced.

Interacting Servers and Models. The provision of
GlobalIDs suggeststhatarchitectureswith multiple termi-
nology serversarepossible. So far, however, our experi-
enceshave beenwith an architecturecontaininga single
server. Global IDs are still useful though,as that single
server maychange.In addition,all thereferencetypesde-
scribedabove arepresumedto bereferencesto conceptsin
a singleconceptualmodel. How would serversinteractif
they haddifferingconceptualmodelswith adegreeof over-
lap? Preliminaryinvestigationsinto imagecataloguessug-
gestthatmultiple,disjoint terminologiesarerequired.How
aretheseto beprovided?

Query. Sofarnorealattempthasbeenmadeto consider
the processof retrieval. The useof the conceptualmodel
can provide powerful query facilities, with queriesbeing
formedat abstractlevelsandtheconceptualmodelprovid-
ing a spacearoundwhich we cannavigate.For instance,if
aqueryprovestoogeneral,wecanconsiderspecializingthe
concept(or possiblysub-conceptsor sub-queries).Alterna-
tively, if thequeryis too specific,sectionsof a querycould
be replacedwith parentconcepts,broadeningthe search
space.

Theuseof themodelfor queryingratherthandataentry
posesnew problemsin termsof userinterfaceswhich are
being addressedas part of the TAMBIS project [32]. In
general,the level at which queriescanbeaskedwill differ
to thelevel at which informationmustbespecifiedfor data
entry. For example,it is generallythe casethat a medical
Condition will occurin a Body Part, andsoaskingfor all
theinstancesor occurrencesof Condition located in Body
Part is reasonable.However, we areunlikely to allow the
recordingof suchaconceptin arecord.Thusdataentryand
dataretrievalplacedifferentrequirementsonthecontrolling
userinterfaces.

Performance. Expressive DLs areknown to have prob-
lemswith tractability. If a terminologyserver is to beused
in an interactivefashionaswe suggest,theperformanceof
the classifiermustbe adequate.We have investigatedthe
benefitsof parallelism[28], and researchis ongoinginto
optimisationtechniquesfor classification[12].

Instances. Using a terminologyas a query language
requiresthe full integrationof an instancespacewith the
classificationoperationsofferedby theconceptmodel.Al-
though acknowledgedwidely throughoutthe Description

Logic community, this hasbeenan areaof someneglect,
with few implementationsof DescriptionLogics provid-
ing completereasoningdue to the practical problemsof
tractability. We arecurrentlypursuingresearchin thisarea,
andtherearequestionsasto how muchcompletenessis re-
ally requiredin thereasoningoverinstancesin orderto sup-
portpracticalandusefulapplications.
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