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Abstract

Terminolgies, or constained vocalularies, are a po-
tentially rich meansof representinghe metadatarequired
for applicationsthat havepartially structued and incom-
pletedynamicdatato describe and exploratory and inex-
actqueriesto express.Sud applicationsincludedigital li-
brariesand multimediarepositoriesand softwae manaje-
ment; specificapplication communitiesinclude medicine
andart. e proposethat terminolggiesare ideal for meet-
ing today’s information requirmentsand that a dynamic
terminolay serviceis the apprmopriate architectural ap-
proach. We presentthe requirementsof a terminolayy
serveranddescribgheimplementatiomndpracticaluseof
onedevelopediytheauthoisthatusesa DescriptionLogic,
GRAIL, torepresentheterms.TheTerminolay Serverhas
beenextensivelyusedin applicationsrelating to medicine
andis beingusedin the integration of diverseinformation
souicesfor MolecularBiology.

1. Intr oduction

Terminologies,or constrainedvocahularies,areimpor-
tantasthey provide aframavork within whichcommunities
cancommunicat@ndexpressdeasin a consistentnanney
andareessentiaherestandardisatioandunambigousn-
formationsharingis important. A terminologyis a collec-
tion of termsor conceptswith relationshipsetweerthem,
particularlythe is-a or subsumptionrelationship,which is
usedto build a classifiedhierarchy of concepts. Classifi-
cationsupportsnotionssuchasgeneralizatiorandspecial-
ization— descriptioncanbe refined,incrementallyadding
more detail when necessaryand queriescan usethe sub-
sumptionhierarchyto askgenerabuestionsTheuseof ter-

minologiesis widespreadvithin communitiesvhichhave a
needor desireto sharestandardisethformation,including
systemdor suchdiversepurposess:

¢ classificationof medicalconditions(e.g. SNOMED)

[71,
¢ description®f worksof art (e.g.lconclass]33],
¢ library cataloguinge.g. Dewey Decimal).

Theapplicationof terminologieds now receving atten-
tion from the moregeneralinformationmanagementom-
munity becausehey appearmarticularly powerful for de-
scribing semi-structurednformationflexibly but with co-
herenceandrigour. Furthermorethey areextensiblein that
datainstanceslescribedy a collectionof termscanincre-
mentallycollectthosetermsandbe continuallyreclassified
or indexed — extremelyusefulif we cannotalwayspredict
how we wish to describea datainstanceat the outset.Thus
terminologiesare a promisingrepresentatiofior metadata
for threemainareas:

e content-descriptionof semi-structued information
the descriptionof contentof informationinstancess
documentsor imagescannotnecessarilybe strictly
typed at the outsetto fit with a pre-typedbut static
databaseschemawhere instancespopulatea prede-
finedandcompleteschema Applicationexamplesin-
clude: digital librariesand document/imagerchives
[31], broadcastideoarchives[11] andopenhyperme-
diasystems;

¢ the descriptionof highly complex domains domains
suchasmedicineandartaresocomple, andthe vari-
ability of descriptionof instanceds so great, that a
static type systemis impracticablewithout massie
lossof descriptverichnesq22];



¢ ontolagically-supportednediationbetweertdiversein-
formationsources aterminologycanbe usedto rep-
resenta commonontology that differentinformation
sourcescan mapto. The commondescriptionmust
be rich enoughto be all encompassingandthe map-
pingswill beincompletejmpreciseandchangeablas
sourceshave missingdataor are altered. As sources
aredescribedhey shouldbe classifiedwith respecto
oneanothelto supportimprecisecross-mappingg2].

All the above applicationshave similar requirementsf
theirmetadata:

¢ thedatato bedescribeds comple andfrequentlyun-
structuredor semi-structuredequiringa rich and ex-
pressie metadatanodel;

¢ thedatais gatheredandprocessedncrementallyover
time, collectingmetadata(e.g. imagescollect anno-
tations) so that the fundamentalassumptionthat all
metadatas known at datacapturetimeis flawed,;

¢ informationis incompleteandimpreciseaswe cannot
alwayspredicthow we wishto describeadatainstance
such as a document,unlike corventional databases
wherethe datainstancesre strictly typedat the out-
set;

¢ datadescriptionsaredynamicandevolutionary. Flex-
ible extensibledescriptionsare requiredas the same
datamay be reusedrom mary differentperspecties,
and dynamicallyclassifiedby mary different,unpre-
dictable,and possiblycontradictoryinterpretationof
thesamecontentsrequiringdatato be multiply classi-
fied asdescriptionsareelaboratecdnddatais reused;

¢ incompletedescriptiondeadto 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
exampledescriptiorandanswetthe questiori‘'retrieve
objectsthataresimilar to this” wherethe similarity is
ametricof how closelythe descriptionsareclassified
w.r.t. to one another;(2) upon presentatiorof a re-
guestfor animagecontaininga malepolitician, if the
answeris emptywe would like to be offeredimages
of politiciansasa moregenerahlternatie by relaxing
thequeryconstraints.

Terminologiesxanbeseerto sit somavherebetweerthe
world of unstructuredree text documentswvherethereis
no domainmodelor contentmetadatatherthankeywords,
andmorerigorousdatabaseschemafor specificsolutions,
wherehighly coherentmodelsexist but are inflexible and
not painlesslyextensible. Strictly-typeddataschemaasin

OODBMSgive ussharing,consisteng checking,ndexing
andqueryretrieval, but areinflexible. Attachingkeywords
to documentss a moreflexible descriptve mechanisnbut
the keywords usedby differentusersare usually arbitrary
anddo nottendto corverge— hencethetermsdonotform a
standardnterchangeabldomaindescription.Recentwork
in SemanticHypermediasystemsproposeghe reintroduc-
tion of databaseonceptuamodelsto hypermedissystems
[20] otherwisdinks arerarelytypedor represenary rigor-
ouslyexpressedemantianodel.

We suggestthat terminologiesare well suitedto 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 perspecties and how to searchand browse for in-
completejnconsistentnformationusingimpreciseandex-
ploratory/interactie questioning.

In this paperwe proposehe useof terminologiesmple-
mentedthroughTerminologyLogics (or DescriptionLog-
ics asthey arealsoknown) for describingmetadataanda
service-oriente@rchitecturehat encapsulatethe descrip-
tion logic in a Terminology Server — a resourcethat de-
liversa rangeof terminologicalservices. We have built a
terminologysenerfor a clinical ervironmentandreporton
our practicalexperiencedrom thateffort.

Section2 describe§erminologyLogicsandtherequire-
mentsfor a TerminologySenerandSection3 describeshe
architectureof a TerminologySener andthe implementa-
tion for the GALEN [27] project and other programmes.
Sectiond describespplicationamakinguseof the GALEN
sener. Section5 discussegelatedwork and Section6
presentsour conclusions. The paperdealsprimarily with
the architectureand motivation for a terminology sener,
and where possibleavoids detaileddiscussionof the de-
scriptionlogic usedwithin theimplementation.Sections3
and4, however, make referenceo the GRAIL description
logic [26] developedduring GALEN, asthetechniquesle-
scribedtheremale useof specialfeaturesof GRAIL.

2. Terminology Logics

Corventional approachego managingterms pre-date
computation(medicalterminologieshave beenin usesince
the 18th Century)anddo not in generalhave a greatdeal
of underlyingstructure A commonmethodis to usea cod-
ing stheme- a tree-like structureof terms,with eachterm
having an attachedalphanumericode, uniquely identify-
ing theterm. Thesubsumptiomelationshigs thenbasedn
codesubstrings An exampleof a codingschemds shavn
in Figurel. Thisis a simple hierarchywhich is intended
to representypesof carsandthe featuresthey canhave.
Theexamplewill beusedto illustratepointsthroughouthe
paper



Al Car

All Estate Car
Al11X Estate Car, 1000 cc
A11lY 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

Suchschemedlo provide a certainamountof support
andhave provedusefulover theyears but they suffer from
problems. With mary modifiers,the numberof termsre-
quiredquickly grows, producinga combinatorialkexplosion
andschemeghat aretoo large. All the informationin the
representatiors assertedandmustbe givenby a modeller
or coderproducingthe representationBecauseof this, the
semanticganbeunclearleadingto problemsof interpreta-
tion. A lackof structurdn therepresentatiohampersavi-
gationthroughtheschemeandassociatedctiities suchas
dataentry or the recordingof informationusingthe terms
from the terminologyare troublesome.At the sametime,
schemesanbetoo small, leadingto insufficient coverage
—asall thetermsmustbe definedpre hoctheremaynotbe
atermappropriatdo a certainsituation.

An approachto providing a computationalksolution to
term building andterm managemenis to usea composi-
tional representationvhich hasa richer structurethanthe
simpletree-like structuresupportedy traditionalschemes.
Suchrepresentationare provided by DescriptionLogics
(DLs), alsoknown as TerminologicalLogics. Thesehave
enjoyedconsiderablattentionfrom the KnowledgeRepre-
sentatiorsectionof the Al communityin thelastfew years
andtherearea numberof well known prototypeDLs, de-
scendantsf the KL-ONE languageincluding CANDIDE,
BACK, CLASSIC,andLOOM,; for anoverview see[5].

All DLs definecomplex entitiesin termsof composite
descriptionamadeup of a limited setof elementarycon-
ceptsassembledaccordingto explicit rules. DLs canbe
viewed as languagebtainedby term compositionusing
recursve term constructos, where someterms are con-
cepts(denotinga collectionof instancer individuals)or
roles (relationshipsbetween,or attributesof, conceptsor
instances)DLs distinguishbetweerprimitive conceptand
definedconcepts.

The conceptsdefine a subsumptionattice. Primitive
conceptdave no characterisingttributesandmemberships
andareplacedn thelatticeby the systendesignerDefined
conceptsare placedautomaticallyby a classifierbasedon

their compositionalstructure. Subsumptiorrelationships
aredeterminedprimarily usingstructuralrules, but classi-
fication also emplo/s someinferencebasedon cardinali-
ties of relationships.Classifiedconceptdescriptionsare a
form of implied, morespecificsubtypeof their basesuper
type,inheritingthe propertiesof their supertypeThis auto-
maticclassificatiorallows usto incrementallyelaborateand
specialisedescriptiongor terms)without having to worry
aboutmaintaininga consistentierarchyexplicitly. Recent
work hasprovideda soundformal basisfor severaldescrip-
tion logics alongwith resultsconcerningtheir compleity
[4].

Thepowerof DLsis derivedfrom theautomatiadetermi-
nationof subsumptiometweercompositionatlescriptions.
If adescriptve modelis constructedisinghighly composi-
tional definedconceptavherever possiblewe cannavigate
the resultinglattice to reveal, for example,the direct par
entsandchildrenof any specificdescriptionandthe least
commonparentandgreatestommonchild of a pair of de-
scriptions.

To returnto our example ,we would needto supplydefi-
nitionsfor elementargonceptsuchasCar, Engine andso
on, alongwith relationshipgo represenhaving anengine,
an enginebeingof a certainsizeandso on. The compos-
ites suchasEstate Car with 1000cc engine would then
be constructedusing theseelementaryconceptsand rela-
tionships. The factthat this is a kind of Car would then
be inferredby the classifier(alongwith othersubsumption
relationships- for instancethis conceptis alsoa kind of
Vehicle with an Engine). Figure2 givesan exampleof
a DescriptionLogic modelfor the Carshierarchygivenin
Figurel. This segmentis givenin pseudoGRAIL syntax.
The basic operationsusedhere are thosefor introducing
new conceptandattribute definitionsandaddingnew con-
straints. Car is a primitive concept. A definedconceptis
characteriselly asetof attributesor role-fillerswhosepres-
encemakesan objectbelongto this concept.A composite
expressiornis generallyof theform (topic which rel value),
wheretopic andvalue are conceptsandrel is a relation-
ship. Expressionsanbenestedwith value or topic beinga
composite A definedconcep((in thestyleof GrRAIL) could
be GermanCar which is a Car with Germany asa role-
filler for therole hasCountryOfOrigin. SportsCar which
{hasCountryOfOrigin Germany, hasWheelType Alloy)
is saidto have a Concepttopic SportsCar and two role-
filler pairscalledcriteria. This compositedefinedconcepis
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 shawn)”
Attribute newAttribute hasEngineSize.
Attribute newAttribute hasWheelType.
Attribute newattribute hasCountryOfOrigin
“r ole betweenconcepts(sanctioningnot showvn)”
Car hasEngineSize Number.
Car hasWheelType WheelType.
Car hasCountryOfOrigin Country.
“defined concepts”
(Car which hasCountryOfOrigin Germany)
name GermancCar.
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 attractve as models for describing semi-
structurecandcomplex information[5].

A type system. Expressivity DescriptionLogics make
it possibleto expressthe semantic®f informationsystems
and are often more expressive than traditional Semantic
DataModelsor ObjectOrienteddatamodels;

Type cheking: type refinementis provided automati-
cally throughthe subsumptiororderingon descriptionsand
henceprovably correctsubsumptioralgorithmscanbeused
for typechecking;

Sdemaverification by checkingwhethera composi-
tional concepts descriptiorwill classifywe areableto ver-
ify theschemas consisteny;

Type equivalence eachcompositionaldescriptioncon-
tainsonly the necessanand sufiicient descriptiondor the
concept.Hencetermsthat are expressedn differentways
but comedown to the samedescriptionare equivalentand
redundang is reduced.

Thetypesystenformsanontologythatcanbebrowsed,
gueriedandcandrive interfaces.

An indexing/query system.Automaticmultiple classifi-
cation DescriptionLogicsform adynamicmultiaxial clas-
sification schemeto supportincrementalelaborationand
partial information. Conceptscan be incrementallyspe-
cialised,with the automaticclassificationcapabilitiesof a
DescriptionLogic takingcareof relationshipbetweercon-
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Figure 3. The utility of a terminology service

cepts.As moreinformationis attributedto the description,
theconceptmigrateghroughtheclassificatiorhierarchy;

Queryformulation imprecisequeryingandquerygen-
eralisation/specialisatios supporteddy a) generalisingor
specialisingconcepterms;b) relaxingor restrictingcardi-
nality constraintsor ¢) addingor removing termsto nav-
igate throughthe concepthierarchyand explore potential
relationshipdetweertermsandtheir associateéhstances;

Data exploration: Description Logics are naturally
suitedfor expressingjueriesanddefiningviews, asthe sub-
sumptionrelationshipcanbe usedto organisequeriesauto-
maticallyandviews, hencesupportingdataexplorationand
gueryoptimisation.

Description Logics have been used in a wide vari-
ety of applicationsincluding the representatiorof com-
plex schemador cars[30], software managemeni8] and
medicine[27], dataarchaeology{6], mediationbetween
heterogeneoudatastores[2] anddatabaseuerying[16].
However, interactingwith DescriptionLogic implementa-
tions can often prove difficult. In the past, solutionsin-
volved embeddingthe logic in large monolithic systems
with all the attachedoroblemsof maintenancendimple-
mentation,lack of consisteng, andthe hamperingthe ex-
changeof termsbetweenapplications. As Figure 3 sug-
gestsa“terminologysener” canbeusedto drive, or inter-
actwith, anumberof differentsystemsandthereforeshould
be percevedasa separateomponent.

3. A Terminology Sewice

We proposea move towardsa service-oriente@rchitec-
ture andthe encapsulatiof a DescriptionLogic in a Ter-
minology Server or TeS—aresourcehatdeliversarangeof
terminologicalservices.Theseservicesareusedby a vari-
ety of applicationssuchasmodellingtools, queryengines,
dataentry interfacesand so on. Figure4 illustratessome
of the servicesonewould expectdistributedsenersto de-
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Figure 4. Resources Delivering Terminologi-
cal Services

liver. A terminologysenerapproachs essentiaif weareto
build generic“plug andplay” mixed systemsfor example
if asemantichypermediasystemis to usethe TeSasalink
resolutionservicealongwith corventionallink following or
informationretrieval serviceq23].

3.1 Sewices

The servicescanbe brokendown into threemaintypes:
pure terminologicalor conceptservices,languageor lin-
guisticservicesandextrinsic informationservices.

Concept Sewices. Along with maintainingthe repre-
sentationof the conceptsthe servicesinclude operations
whichbothextendandquerythecontentof themodel;these
operationsare commonlyknown as TELL and ASK [5].
Operationsfor extensioninclude the introductionof new
primitive conceptsthe introductionof new relations,and
the addition of new constraintson roles. Queriesinclude
thoseto determinghe primitive conceptsandrelations;re-
guestdor the parentggeneralizationsyr children(special-
izations)of a conceptdefinition (w.r.t. the subsumptiorhi-
erarchy)usageof conceptandinformationabouthow con-
ceptsandrelationscanbe combinedo createnew potential
compositeconcepts.A descriptionlogic providesus with
a geneative framenork wherenew conceptualefinitions
canbe constructedy applyingmodifiersto baseconcepts.
Classificationoperationstake a conceptualdefinition and
determindts placein the hierarchy(accordingto therules
definedin the logic). Suchan operationmay alsoperform
validity checkingthatthe concepis consistenaindfits with
ary constraintshe modelimposes- in this way the sener
is providing aform of type-systengseesection2.1). Tablel
includessomeexamplesof a concepiservices operations.

ASK Typecheking: Isthisalegalexpression?Are
thesetwo definitionsthe same?

Type exploration: what further can be said
aboutthe expression i.e. how canl special-

izeit?

Type
Based

Index-
based

Classification Wheredoesthe expressiorsit
in thehierarchy?

Queryrelaxation How canl generalizethe
expression?

Querytightening How can| specializethe
expression?

Other | Languaye rendering What are the natural
languagexpressiongor this concept?

Mediation& Translation How doesthis ex-
pressioncorrespondo someexternal repre-

sentation have?

TELL | Introducingnew elementarconcepts;
Introducing new rules aboutterm composi-
tion;

Namingconceptdefinitions;

Providing mapsto externalrepresentations

Table 1. Concept Services

Linguistic Sewices. Thesenerdealswith terms.In or-
derto aid interactionwith the terminology andfor userin-
terfacesthesetermsshouldbe availablein representations
otherthantheunderlyingoneusedby thedescriptionogic.
Thusthe sener shouldoffer linguistic serviceswhich pro-
vide the corversionto andfrom naturalandotherlanguage
expressions.

Extrinsic Information Serwices.Concepiandlinguistic
servicedealwith theterminologyin isolation. In addition
to these we may expectto be ableto relatetermsfrom the
terminologyto objectsfrom the restof the world. As this
informationassociatedvith the terminologyhasno effect
ontheunderlyingclassificationyve referto theseasextrin-
sicinformationservices Theseoperationsareof coursenot
completelydivorcedfrom the terminologicaloperations—
servicegnaywell usetheclassificatiorin orderto sparsely
decoratehehierarchyandallow generalquerying.

We requirethe ability to relatetermsfrom the terminol-
ogy with termsfrom existing hierarchiesor classifications.
Suchfunctionalityis essentialf a new systemis to prove
compatiblewith existing work. Domainsin which a termi-
nology sener would prove usefulare often thosedomains
which alreadyhave existing terminologies— thus legag
systemsnustbe supported24].

In addition,terminologiescanbe usedasmediatorsbe-
tweeninformation sources- the sener can provide infor-
mation aboutthe concreterepresentatiorof a conceptual
definitionin a particularinformation source. Thesemap-



pingsto otherrepresentationsan be seenas examplesof
extrinsicinformationserviceq2].

As examplesthe concept(EstateCar which hasEngi-
neSize 1000cc) couldbe mappedo codeA11X from the
schemepresentecbarlier Alternatively we mayknow that
detailsof sportscarsarekeptin a particulardatabase- in-
formationaboutthelocationof this databasandtheformat
of entriescanbe associatedvith the conceptSportsCar.
Whensearchindor instance®f sportscars,we canusethis
informationto determinenhereto look.

3.2 Client Applications and ConceptReferencing

We canervisagemultiple TerminologySenersin a dis-
tributed ervironmentwith applicationscoupledto a locall
seneroccasionallyusingotherseners.A senermightalso
supporimultiple concepmodels.Thisleadsto two possible
formsof referencingconcepts:

¢ Persistenglobal referencesinterchangeablbetween
seners: a collectionof senersmay exist, all sharing
the sameontology Conceptsare exchangedetween
senersandmustbe sener andsessiorindependent.

¢ Persisteniocal referencedor a particularsener: a
sener may be coupledwith a collection of applica-
tions usingthat sener; suchapplicationsrequirefast
referencesvith reasonablyight couplingandsothose
referencegersistbeyond any particularclient-serer
session.

Theseassumethat referencesare persistentand inde-
pendentof ary client-sener session;we can also seethe
requiremenfor transientbut fastsession-dependengfer
encesfor a particular sener — for optimum efficiengy a
sener andclient applicationmight be tightly coupledwith
transienteferences$o concepts.

Referenceprovide a namingservice,with local refer
encesforming a local namespace(valid for a particular
sener)andglobalreferences globalnamespacgvalid for
all seners).Thesaeferenceseferto conceptsn aninternal
representatiorapplicationswill alsoneedto referto them
as (natural)languageexpressionsandin termsof existing
hierarchiesor schemes.

By encapsulatinthelogic andoperationssa collection
of servicesthe terminologycanbe usedasaresourcean a
distributed system;for exampleasa commonfacility in a
CORBA distributedernvironment.

3.3 The Galen Terminology Server
The GALEN and GALEN-IN-USE [25] EU-funded

projectshave developeda TerminologySener for the sup-
port of medical applications. The Terminology Sener

Application Programmers Interface

‘ Server and Reference Management ‘

i | i

Module Interface Module Interface Module Interface

Concept Module CodingModue

Concept Code
Hierarchy Mappings

Figure 5. The architecture of a server
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Grammar
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present<linical conceptgo applicationswhich may then
usethe conceptgo drive content-sensiie userinterfaces,
to mediatebetweermedicalclassificatiorsystemsr to act
astypesfor medicalrecords.The seneris now beingused
to supportapplicationsfrom Biological SciencesArt and
Hypermedia.

Here we presentand discussthe particulararchitecture
of ourterminologysenerandpresentiscenarido illustrate
its usage Theseneris implementedsa collectionof mod-
ules,eachwith adistinctresponsibilityalongwith asener
manager The sener managemenlayer brokers requests
from the outsideworld, and delegatesthemto the appro-
priate modules(somerequestsnay require servicesfrom
morethanone). It alsodealswith referencemanagement
andoutputschemeroductionasdiscussedn Section3.4.

Thereare several modulesin our currentimplementa-
tion, eachwith aroughresponsibilityfor a classof services
asdescribedibore. Figure5 shavsthethreeprincipleones
—theConceptModule,Languagevioduleandaspecificex-
ampleof anExtrinsicsModulefor managingClinical Cod-
ing Services.

As an example,we considerthe functioningof a client
tool, the purposeof whichis to presenfauserwith aninter-
faceallowing the constructionof a compositeconceptde-
scription, and the subsequenstorageof this conceptin a
variety of formats. An exampleof suchatool is the SCUI
[1], which providesclinicians with the facility to append
detailedclinical informationto aclinical record.

We describethe dialoguewhich takesplacebetweerthe
clientapplicationandthe sener.

1. Theclientrequiresaninitial entrypointinto the con-
ceptuaimodel. Thismaybeeitheracollectionof global ref-
erencesheld by the client, or may be representetty mark-
ing or annotatingconceptsheld by the sener — thusallow-
ing multiple clientsaccesgo the sameentry points.

2. For eachentrypoint X, theclientis interestedn how
the conceptcanbe specialised A request'what canl say



aboutX?” is madeto the sener. Thisrequesis recognised
by thesener manageanddelggatedto theconcepimodule.

A collectionof referencesvill bereturnedo theclient,rep-

resentingherolesandconceptavhich canbe usedto con-

structspecializationsf X. Thesereferencesvill usuallybe

local refeences- valid only for aparticularconnectiorto a

particularsener.

3. Theclientdecidesow to displaytheavailableoptions
- e.g.asbuttons pickinglists,orin somegraphicahotation.
In orderto displaythe conceptsjt may needlanguageex-
pressionavhich describethem— the referencesresimply
pointersto conceptdeldwithin the conceptuamodel,and
do not have languageexplicitly attached.Thusfurtherre-
guestgo the sener may be madeof the form “provide me
with a languageexpressionfor conceptY”. Thesewill be
delegatedto thelanguagemodule.

4. Theclient builds an interfacebasedon the relation-
shipsandlanguageprovidedby the sener. Theuserselects
appropriateconceptgo build a particularcomposite.A re-
guestmay then be madeto the sener to classify this de-
scription. Again this is passedn to the conceptmodule,
wherethe concepis classified-the moduledetermineshe
concepts placein the hierarchy— andareferences passed
backto theclient.

5. At this point, thereare several thingsthe client can
do. We may wish to specializefurther, in which casethe
processs repeated. It may be that the client application
needdo storeapersistenteferencer globallD for thenew
composite.In this case furtherrequestgo the sener will
be made,requiringformat corversionof references.Such
formatcorversionamayrequirecallsto modulesor maybe
dealtwith entirelyby the sener managerAlternatively, the
usermaywantto know how thebuilt concepis represented
in someotherschemeln theexampleof the SCUI, requests
couldbereturnedascodesrom thelCD or SNOMEDclas-
sifications.Thisrequiresacall to thesenerwhichis passed
to thecodingserviceamodule(SeeSection3.6).

Codecorversionis anexampleof inte-modulecommu-
nication. In orderto determinea “closestmatchingcode”,
the codecorversionmoduleneedsto know aboutthe par
entsof aconceptjnformationprovidedby theconcepimod-
ule. All suchcommunications throughthe sener manager
andmoduleinterfaces.

3.4. Client Coupling, ReferenceManagementand
Namespaces.

The discussionabove introducesthe notion of concept
referencesThe seneris a dynamicresource.Ratherthan
having applicationghold onto conceptuatiefinitionswhich
containall the requiredinformation, the sener handsout
referenceso conceptsheldin the ConceptModule. When
furtherinformationabouta conceptis required,the appli-

Handles Local IDs Global IDs

One server
Any conredion

One server
One conrection

Any server
Any conredion

Figure 6. Reference Types

cationwill querythesener. This doesmeanthattherefer
encesarein somewaysuselesswithout the sener, socare
mustbetakenthatinformationis notlost, particularlywhen
dealingwith volatile references.

Caching policies. Referencesndqueryresultscanbe
cachedby both the sener and clients, allowing more effi-
cientansweringof queries. This is particularly useful for
operationssuchaslanguagegeneration- in mostcircum-
stancesopncethe sener hasbeenqueriedfor a stringrepre-
sentinga conceptjt is unnecessaro regeneratehe string.

Cachingcancauseproblemsduringthe procesf mod-
elling. If new informationis beingadded,the answergo
guestions particularly thoseconcerningthe concepthier-
archy canchange. Thusboth clientsand sener mustbe
carefulto initialize and clear cacheswhen informationis
updated.

As describeckarlier referenceganberoughlysplitinto
two cateyories:persistenglobalreferencesndlocal refer
ences.In the exampleabove, the client madeuseof local
referenceswhen building a dataentry form but would re-
quireglobalreferencesor persistenstorage.

Our currentimplementatioractuallyprovidesthreelev-
elsasshavnin Figure6.

Handles are the most transientof referencesand are
valid for a singleconnectiorto a particularsener. Handles
cannotbe storedpersistently

Local IDs arevalid for a particularsenerandwill exist
overmultipleconnectionsA locallD tableis maintainedy
thesenerrelatingreferences$o conceptsLocal IDs canbe
stored,aslong asthe applicationwill be connectingo the
sameseneratalaterdate.Local IDs couldbeimplemented
usingatablein the senerrelatingreferences$o conceptsn
the hierarchyor asreferencedo a databasef the concept
modulechoosego storetherepresentatioexternally.



In the currentimplementationthereis very little differ-
encebetweerthe efficiengy of handlesandlocal IDs. The
performanceof local IDs was consideredjood enoughfor
mostpurposesso little attempthasbeenmadeto improve
handles As the conceptuamodelsgrow, however, or if the
conceptuahierarchyis storedexternally, the performance
of local IDs may deteriorate. We may then make use of
theknowledgethathandlesaretransienin orderto employ
cachingor othertechniquego improve the performancef
handles.

Global IDs are interchangeabl®etweenmary seners
containingthe samemodel. As eachsener may represent
thehierarchyin differentways,GloballDs areimplemented
asa “decompiled”’representationf the conceptwhich is
thenreclassifiedvhen presentedo the sener. Becauseof
this, Global IDs arethe leastefficient of the referencesand
shouldonly beusedwhenreferencesreto beinterchanged
betweerseners.

Other Output Schemes.In additionto referencesan-
swersto questionganberequestedisingotherrepresenta-
tions,suchasnaturallanguageor codingschemesasillus-
tratedin Figure4. Theseformatsare currently“one-way”
— in our presenimplementationswe cannotpresent nat-
ural languageexpressionor codeto the sener and expect
it to be treatedasa conceptreference.However thereare
operationgo allow usto corvertfrom codingschemeodes
to conceptsand(to a certainextent) from naturallanguage
expressions$o concepts.

Referenced\aturalLanguagexpressionaindCodego-
getherform what are known as Output Shemes A re-
guestto the sener will specifythe desiredoutputscheme
(or schemesfor theresult. Callswill oftenrequesmultiple
outputschemedor results. For example,a browserappli-
cationwill askfor childrenof aconceptasbothhandlegso
that further manipulationscan be performedon the child
conceptspndashnaturallanguageso thata representation
of thechildrencanbe presentedb theuser Specifyingmul-
tiple schemedn casedik e thiscanincreasgerformancdy
cutting down the overheadsresenin boththe conceptual
operation®f the senerandtheunderlyingtransporimech-
anismsof the network.

3.5 GRAIL sanctions.

GRAIL hasbeenspecificallydevisedfor medicaltermi-
nologies,which hasinfluencedits rangeof term construc-
tors. In contrasto somerepresentationgertainconstructs
are excluded(for example,negation). GRAIL chiefly dif-
fersfromits KL-ONE relativesin thatit has:conceptuahs-
sertiongconceptinclusions)thattake partin classification;
themanagementif part-wholerelationshipsandlimited ex-
pressionf cardinality[26]. For the purposesf this pa-

peronly oneof GRAIL's differenceseedsexplanation,as
it is usedby the linguistic andinterfacebuilding services,
namelyrole sanctioning A sanctioris anassertiorthattwo

conceptamay be relatedvia somerole. Compositionsof

termscannotbe formed unlessan appropriatesanctionis

presentSanctioningsenestwo purposesalthoughthey are
bothreally differentviews on the sameoperation:

¢ It constraingheformationof compositionaterms,en-
suring that only semanticallyvalid compositionsare
formed ,preventingmisnomersuchasCountry which
hasEngineSize 1000cc.

¢ It providesanswergo questionssuchas“what canl
sayaboutX?” To answelthis questionwe examinethe
sanctionapplyingto theterm X, andreturnananswer
basednthese.

Note that sanctioninghasno effect on the classification
process- the sanctiongresenpr absenton a concepiwill
not changeits placein the concepthierarchy Sanctioning
is thus an operationwhich could be quite easily addedto
descriptiorogicsotherthanGRAIL; otherDLs rely onrole
restriction. The positionof a conceptin the hierarchydoes
effectthe sanctioningorocesshowever, assanctionsarein-
herited. This inheritanceof sanctioningallows usto place
sanctionsaroundthehierarchyin asparsenannerallowing
the constructiorof mary compositionswith a singleasser
tion. For example we couldasserthatMammals canhave
agendewhichis Male or Female, allowing theformation
of Men, Bulls, Tom Cats etc. without having to explicitly
asserthattherelationshipholdsfor Humans, Cattle, Cats
andsoon.

GRAIL supportdwo levelsof sanctioning-thefirst rep-
resentsgeneralrelationshipswhile the secondrepresents
thosethings that canreally be formed. To usea medical
example,we may saythatin general Conditions occurin
Body Parts. This is not to say that every condition can
occurin every body part, but it is usefulto be ableto ex-
presstheidea. Thenat a morespecificlevel, we canassert
thatFractures occurin Bones, allowing theformationof a
fractureof abone.Sanctionings hierarchical- ahighlevel
sanctiormustbe presenbeforealow-level sanctioncanbe
assertedThelevelsof sanctioningprovide flexible control
overtheformationof compositionatoncepts.

3.6. Server Modules

Herewe discusshe coremodulesof the senerin more
detail.

ConceptModule. The ConceptModule,asit is respon-
siblefor the coreterminologicalfunctionality of the sener,
includesthe maintenancef the representationf the con-
cepthierarchyand supportof classificationoperationsas
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discussedh Section3.1. Thehierarchyis keptasagraphor
semantimnetwork, with nodesrepresentingonceptdefini-
tionsandarcsrepresentelationshipsuchas subsumption
(the specialisatioror “is-a” relationship)usageandsoon.
The network may actuallybe heldin an externaldatabase,
asin K-Rep[17].

Subsumption test algorithms. Classificationdepends
primarily on a subsumptiortest— a testwhich determines
whenoneconceptdefinitionis a generalizatiorof another
The currentimplementatiorof the conceptmoduleusesa
normalizeand compae or structural style of subsumption
algorithm[35]. Suchalgorithmshave beenshowvn to have
problemswith incompleteness the classifiermay not spot
all subsumptionelationshipghathold. Thealgorithmsare
soundhowever, in thatarny subsumptiomelationshipgleter
minedby theclassifiewill hold—andresearclis ongoingin
the developmeniof tableaux-calculubasedalgorithmsfor
classificatiorwhich exhibit betterbehaiour with respecto
completenesgt].

Our architecturewill enableusto replacethe subsump-
tion algorithmswithout ary visible differenceto client ap-
plications.

LanguageModule. The LanguageModuleis responsi-
ble primarily for the generatiorof naturallanguagesxpres-
sionsfor conceptdefinitions. Languagegeneratiorusesa
lexicon containingwordsor phrasegor elementaryconcept
definitions,alongwith grammarruleswhich describehow
phrasesshould be combinedtogether The concepthier
archyis usedextensiely, allowing the additionof general
ruleswhich describephraseconstructiorfor alargenumber
of situationg34].

Figure 7 shawvs the workings of the LanguageModule.
The centralgrey arearepresentshe conceptuahierarchy
(asstoredandrepresenteih the ConceptModule). There
are someelementaryconceptssuchas Country Car, Ger

mary, alongwith somecompositedefinitions (which will
have beenplacedin the hierarchyby the classifier). Con-
ceptscanhave attachedo themspecificlexical information,
suchasnounandadijectval forms. We have alsoshavn a
sanction- a constraintallowing theformationof acompos-
ite sanctionby assertinghatit is valid to form a compos-
ite usingthe conceptsandrelationship. Therule associated
with the relationshiphasCountryOfOrigin describeshow
to form a naturallanguageexpressionfrom an expression
usingthe relationship. The attachments actuallymadeto
the sanction.Usingtherule andthe basicwordsin the lex-
icon, we can constructa phrasecorrespondingo the con-
ceptCar with countryOfOrigin Germany, i.e. “German
Car”. If anadditionalcountryFrance is introducednto the
model,in orderto ensureghatphrasesreproducedor com-
positesusingtheterm,we needonly providetheappropriate
formsof phrasefor the concepttself.

Generic Extrinsic Information Module. The Extrinsic
InformationModule allows usto attachinformationwhich
is in someway “external” to the conceptuaimodel. This
includesinformation which hasno terminologicalsignifi-
cance but which shouldbe associatedvith particularcon-
ceptualdefinitions.Themodelis usedasaframewvork upon
which we canhangusefulfacts,exploiting the inheritance
hierarchyto decoratehe modelsparsely

An exampleof the useof extrinsicsis a drug interac-
tion modelproducedaspartof PEN& PAD [22]. A taxon-
omy of drugswasdefined,andusingextrinsic information,
known interactionsetweerdifferentclasse®f drugswere
recorded Thisinformationwasnotconsideredo beimpor-
tantin terminologicaterms butit is usefulto beableto rely
onthehierarchyfor retrieval.

Variouspoliciesfor retrieval of extrinsicinformationcan
beusedincluding:

Exact Onlyinformationattachedo theconcepin question
is returned,;

Lowest Thehierarchyis traversedn abreadtHirst manner
from theconceptreturningthefirst piecesof informa-
tion encountered;

All All information attachedto the conceptor ary of its
ancestorss returned.

Coding ServicesModule.

The Coding ServicesModule was built for the specific
purposeof relatingthe GALEN conceptuamodelto exist-
ing codingschemedor medicine[24]. It is in facta spe-
cialisedexampleof the moregeneraExtrinsic Information
Module. CodingSchemesrealimited form of terminology
which generallyconsistof a collectionof termsarranged
in a (single-axial)hierarchywith all relationshipsetween
termsexplicitly asserted.



SCHEME 1

H17

H17-A ..
J9A L
J9B ..

SCHEME 2
Al

Figure 8. Code Conversion

If a coding schemeand the conceptuaimodel held in
the sener have similar coverage we canprovide mappings
from oneto another indicating conceptswhich arerepre-
sentedn both models. This maintenancef the mappings
(alongwith associatedunctionality)is theresponsibilityof
the CodingServicesModule.

Onceacollectionof mapping$have beendefinedwecan
performvariousretrieval operations.For example,givena
code,we can askfor the concept(sko which it hasbeen
mapped. More interesting,however, is the corversionin
theoppositedirection,providing codesfor conceptsGiven
a conceptX, we canaskwhetherthe concepthasan asso-
ciatedcodemappedo it or arelatedconceptusingoneof
thepoliciesdescribedabove.

This is particularly useful when the conceptuaimodel
has more coverageor more depththan the static coding
scheme.As an example,the codingschememay not have
anentryfor greenestatecarbut mayhave onefor estatecar,
whichis a parentof thetermwe needcoded.

Whenmorethanone codingschemehasbeenmapped,
an extensionof this techniquecan provide mediationser
vicesbetweerthetwo representationgsshavnin Figure8.
The oval arearepresentshe conceptuamodelheldin the
senerwith thecodingschemesn eitherside. Startingwith
a codein Schemel, we canmapinto the representation,
thenout againto Scheme2 — evenwhenthereis no direct
match. For example,startingwith codeH17, we canmap
to conceptX. This hasan explicit mappingto codeAl in
Scheme2, providing us with an easycorversion. Starting
with codeJ49, andmappingto concepty, we find nodirect
correspondenceith Scheme2. We thenlook up the hier-
archy andfind thatconceptZ (a parentof Y) doeshave a
mappingto codeA2 from Scheme2, andthis providesus
with our corversion,or “nearestorrespondingode”.

Traditional methodsof code corversioninvolve craft-
ing corversionsbetweeneachpair of schemes.For each
new schemecorversionamustbe providedinto every other

schemeWith thetechniquedescribedabore andthe useof
the conceptuamodelasan interlingua, we needonly pro-
vide asinglemappingo andfrom thecentralrepresentation
for eachcodingscheme.

SchemeValidation. The useof mappingsasdescribed
above can assistin the processof validating a coding
scheme. If a schemehasbeenprovided with a mapping
to arepresentatioheldin the sener, we cancheckthatthe
subsumptiorrelationshipsn the schemeare coherentj.e.
thatif termsoccurasparentandchild in the schemethen
the correspondingermsin the modelarealsoancestoand
descendant.

3.7. Application Programmer’s Interface

Accessto the sener is via a well-defined Application
Programmes Interface, available as a library of C func-
tions. The xdr notation— a datarepresentatiotanguage
suitablefor remoteprocedurecalls which forms the basis
of SUnRPC- is usedto describethe underlyingconcrete
representationandto defineoperationdor serialisingand
deserialisingdataasit is transmittedover a network. We
have simply usedxdr for dataencoding,andhave imple-
menteda simpleremoteprocedurecall on top of this. The
useof xdr ensureghe availability of a C interface,and
solvessomeof theproblemscausedy differencedetween
datarepresentationsn differentplatforms. However, xdr
is quite dated,andwe are consideringa move to a system
suchasCORBA.

The notion of a terminology sener fits well into the
CORBA framavork — by encapsulatinghe logic and op-
erationsasa collectionof servicestheterminologycanbe
usedasa resourcein a distributed system. CORBAMed,
a subgroupof OMG, will be putting out an RFP on termi-
nologyservicedaterthisyear—theaimbeingto specifythe
serviceghataCORBA compliantTerminologySenermust
support.

Client applicationshave beenbuilt in C and Smalltalk
on both PC and Unix basedplatforms,and have commu-
nicatedsuccessfullywith the sener over both local- and
wide-areanetworks. Work is also beingundertalen on a
Javabindingto the C API.

4. CaseStudies

To illustratethe useof a senerandto highlightinterest-
ing areasof openquestionsand further work, we present
two examplecasestudieswhich provide real examplesof
the senertechnologyin use.Thefirst dealswith the useof
thesenerandits terminologicalogic to drive thedataentry
andqueryprocessTheseconds concerneavith the useof
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Data Entry Inter-

thesenerto aidin theco-ordinatiorof the building of large
scaletraditionalstaticterminologies.

4.1 PEN & PAD

Severalapplicationhave beenbuilt whichrely onsener
functionalityto supportdataentry An exampleis PEN &
PAD, a productwhich hasevolved from experimentswith
userinterfacerequirementgor clinical dataentry[22] and
now forms part of the latestversionof a major computer
packagdor GeneraPractitionerg15].

The applicationrelies on the notion of controlleddata
entry, whereinterfacesare built accordingto the informa-
tion presentn theconceptuamodel.In particularthis con-
strainsthe constructionof complex expressionsgnsuring
thatincoherenexpressiongannotbe generated.

As discussedn Section2, GP systemshad previously
usedstaticcodingschemesuchas SNOMEDto represent
clinical information. Interfacesare generallybasedon the
notionof a picking list, asshovn in Figure9 wherea selec-
tion of alternatvesareofferedto theuser—notetheduplica-
tion of modifiers(a by-productof the underlyingstructure
of therepresentation)Whenseveral modifiersarepresent,
mary similar termswill have to be codedandpresentedo
theuser oftencausingconfusion.

The solutionto this is a userinterfacethat allows the
compositionatonstructiorof terms,asshavnin Figure10.

Figure10 showvs aninterfacewhich usescontrolleddata
entry, andallows constructionof the sametermsin a com-

positionalmanner This secondinterfacepresentsa great
dealmoreinformationto the user—the pickinglist hasonly
allowed a small subsetof the possiblecombinations.If it

wereto containall combinationsthe list would be solong
asto beunusable.

Onceexpressionshave beenbuilt up and classified(as
describedn Section3.3, the sener is usedto provide lan-
guageexpression@andcodesfrom existing systems.These
references;odesor languagecanthenbestoredin external
databasefor laterretrieval.

The emphasisereis very muchon dataentry andcap-
ture. The addedvaluegainedfrom the useof the seneris
thatlanguageandcodescanbe producedjuickly andfound
without having to resortto the usual methodsof naviga-
tion through such systemswhich can be troublesomeas
describeckarlier

4.2 GALEN-IN-USE

GALEN-IN-USE[25] is afollow on projectto GALEN
[27]. Theintentionin GALEN-IN-USE is to usea termi-
nologicalmodelto aid in the building of the next genera-
tion of codingschemes$or medicine.Althoughtheultimate
goalis to provideclinical terminologyvia adynamicsener,
GALEN-IN-USE goessomeway towardsachiezing con-
sistenthierarchiesvhich areto be deliveredvia traditional
means.

GALEN-IN-USE facesseveral interestingchallenges,
mary concernedvith the modellingprocess. The project
requiresa conceptuamodelon a large scale— currentesti-
mategputthe sizeof themodelin theregion of 10,000con-
cepts.Thisis simply the numberof namedandelementary
concepdefinitions— astherepresentatiors geneative the
actualnumberof conceptsvhich canbedescribedisingthe
modelis huge. Contrastthis with the size of mostknowl-
edgebaseavhich seldomriseabove the hundreds.

Tools arethusrequiredwhich helpin the variousactiv-
ities associatedvith building and maintainingthe model.
Thesecurrently take the form of a variety of knowledg
browses providing both textual and graphicalrepresenta-
tionsof the structureof the model.

The projectis collaboratve, involving several interna-
tional partnerson the modelling side. Supportis thusre-
quiredfor the processof harmonisingsectionsof model.
This occursat boththe technolagical level, wheretoolsare
neededto allow verification and consistentintegration of
new knowledgeandat the manayementevel, wheremod-
ellersat differentsitesmustbe co-ordinated. This is sup-
ported through a variety of meansincluding e-mail and
WWW forums.

Populationof the modelis helpedby the useof existing
corporawhichwill ultimatelybemappedo conceptsn the
centralmodel)assourcedor termsandconstraints.Some



of this processhasbeenautomatedwith naturallanguage
processindgechniquedeingusedon the rubricsassociated
with codes.In addition,muchuseis madeof metadatand

templatesintermediateepresentationareusedto insulate

modellerdrom thecompleitiesof theunderlyingrepresen-
tations.Rubricsare“dissected’into anintermediatdormat

which canthenbetranslatednto GRAIL expressionsising

toolssuchasthe SPETandTIGGER[29].

The modelling processs often interactive requiringa
certainlevel of performancdrom theclassificatiorengines
which form the heartof the terminologysener. Early im-
plementationsverebuilt in Smalltalk —alanguagesupport-
ing rapid prototypingandthe easyconstructionof userin-
terfacetools. However, asthe modelsgrow larger, the per
formanceof the Smalltalk implementationbecomesinac-
ceptable.Alternative implementation®f the coreconcep-
tualfunctionalityhave beenbuilt in C++ [28]. Themodular
natureof thesenerinternalsallowedthereplacemenstf the
classificatiorenginewith a minimumof disruption.

5. RelatedWork

A considerablemountof work hasbeenundertalenin
the areaof DescriptionLogics that haslargely fallen into
two divisions: theoreticalwork with little or noimplemen-
tation and practical systemswith little view to extensible
servicesor the applicationto large scaleconceptmodels.
Nonehave adoptedheapproactof aterminologicalsener;
insteadhey concentratenthedetailsof theclassifierather
thantakinganoverall systemsarchitectureview.

Workersin theareaof informationintegrationhavetaken
amorearchitecturaviewpoint, for examplethoseworking
within thel3 (Intelligentinformationintegration)initiative.
The 13 referencearchitecturd3] proposedour familiesof
servicesgo-ordinatiorandmanagemengemantidntegra-
tion and transformation functional extensionsand wrap-
ping. A terminologyservicewould appearto be orthogo-
nal to thesefamiliesand contritute to all of them: ontolo-
giesfor servicebrokering;termsfor describinghesemantic
contenf differentservicesterminologicalinferencingetc.

SIMS [2], andObsener[19], partof the InfoQuilt pro-
gramme[14], usethe DescriptionLogicsLOOM andClas-
sicrespectiely to mediatebetweerheterogeneousaforma-
tion sources.SIMS still seemgo perceve theterminology
asanembeddeadomponentatherthananinformationser
vice. However, Obsener describesanontology server—an
applicationproviding accesgo ontologiesrepresentedis-
ing adescriptionlogic, andmappinggrom termsin theon-
tologiesto datarepositories.This canbe seenasa kind of
terminologysener asdescribecdere.

TheInfoQuilt project[14] adwcateghe useof anontol-
ogy to describemultimediaandalthoughdoesnot suggest
DescriptionLogics or an ontology sener as an approach

onepresumegrom their work in integrationthatthis is an

approachhatthey areconsidering.Someforayshave been
madeinto the applicationof DLs to documentescription,
e.g. CANDIDE [21], but this work is not describedn de-
tail andthereis little evidenceof its practicalapplication.
Likewise [18] theoreticallyappliesa terminologylogic to

informationretrieval but withoutany view onaterminolog-
ical servicearchitecture.

Farquharet al [10] presentthe casefor an ontology
serverthatsupportghe ability of usersto publish,browse,
createand edit ontologiesthroughthe World Wide Weh
The main purposebehindthis is the supportof collabora-
tive developmentof ontologiesandthe processof achies-
ing consensusncommonontologieshy distributedgroups.
In our GALEN-IN-USE projectsimilar supportis achieved
throughweb-basedliscoursetools. Farquharet al's em-
phasiss on asharedntolinguathatsupportsassembhand
reuseof existing ontologiesfrom a repositoryby way of
batchloadingandtranslationgrom the ontology sener to
stand-alon@pplications-thisis in directcontrasto ourap-
proachof a dynamicintegratedterminologysener serving
individual conceptgo client applications. From an appli-
cationviewpoint, that of digital libraries,[9] discusseshe
needfor anauthoritytool whichis anapplicationproviding
a knowledgeserviceand the functionality of a thesaurus;
this canbeinterpretechsaterminologysener.

6. Conclusionsand Further Work

In this paperwe have presentedhe casefor terminolo-
giesto be usedasa meansof richly representinghe meta-
datafor applicationsthat have partially structuredandin-
completedynamic datato describe,and exploratory and
inexact queriesto express. Applicationswith thesechar
acteristicsare the applicationsof interestin this decade.
Suchterminologiesepresenbntologiesthatshouldnot be
embeddedn client applicationsbut shouldbe sharedand
reusedasa distributedresource.To make this possiblethe
terminologieshouldbeimplementedsaservicethrougha
terminologysener offering a numberof sub-servicescon-
ceptual linguistic and extrinsic. We have describeda par
ticularimplementatiorof a serviceusinga particulartech-
nigue known as DescriptionLogics; however, thereis no
reasonto presumethat this is the only representatiorior
terms. Indeed,ConceptBas§l 3] could be consideredasa
terminologicalservicewherethe conceptsare represented
in adeductve frame-basednodel,althoughit happenghat
DLs areparticularlysuitedto interfacebuilding. We have
shavn how aterminologyservicecansupportawide range
of applicationsandhow onemight form a usefulcompo-
nentin a distributedinformationsystem.However, several
openquestionsstill remain.



Tools. Furthersupportand tools are requiredfor the
modelling process,addressingboth the managerialand
technicalproblemsassociatedvith distributedand collab-
orative modelbuilding. The useof a terminologicalmodel
providesaddedvalue, but thereis a priceto pay in thata
conceptuamodelof thedomainmustbe produced.

Interacting Servers and Models. The provision of
Global IDs suggestshatarchitecturesvith multiple termi-
nology senersare possible. So far, however, our experi-
enceshave beenwith an architecturecontaininga single
sener. Global IDs are still useful though, as that single
sener may change.ln addition,all the referencaypesde-
scribedabove arepresumedo bereferences$o conceptsn
a single conceptuamodel. How would senersinteractif
they haddiffering conceptuamodelswith adegreeof over-
lap? Preliminaryinvestigationsnto imagecataloguesug-
gestthatmultiple, disjointterminologiesarerequired.How
aretheseto be provided?

Query. Sofarnorealattempthasbeenmadeto consider
the procesof retrieval. The useof the conceptuamodel
can provide powerful query facilities, with queriesbeing
formedat abstracievelsandthe conceptuamodelprovid-
ing a spacearoundwhich we cannavigate. For instancejf
aqueryprovestoogeneralwe canconsidespecializinghe
concepfi(or possiblysub-concepter sub-queries)Alterna-
tively, if thequeryis too specific,sectionsof a querycould
be replacedwith parentconcepts,broadeningthe search
space.

The useof the modelfor queryingratherthandataentry
posesnew problemsin termsof userinterfaceswhich are
being addresseds part of the TAMBIS project[32]. In
generalthe level at which queriescanbe asled will differ
to thelevel atwhich informationmustbe specifiedfor data
entry For example,it is generallythe casethata medical
Condition will occurin aBody Part, andsoaskingfor all
theinstance®r occurrencesf Condition located in Body
Part is reasonable However, we areunlikely to allow the
recordingof suchaconcepin arecord.Thusdataentryand
dataretrieval placedifferentrequirementsnthecontrolling
userinterfaces.

Performance. Expressie DLs areknown to have prob-
lemswith tractability. If aterminologyseneris to beused
in aninteractivefashionaswe suggestthe performancef
the classifiermustbe adequate.We have investigatedhe
benefitsof parallelism[28], and researchs ongoinginto
optimisationtechniquedor classificatior{12].

Instances. Using a terminology as a query language
requiresthe full integration of an instancespacewith the
classificatioroperationsofferedby the conceptmodel. Al-
though acknavledgedwidely 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 muchcompleteness re-
ally requiredn thereasoningverinstancesn orderto sup-
portpracticalandusefulapplications.
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