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Abstract

For1 ontologiesto becost-effectively deployed,we requirea clearunderstandingof thevariouswaysthatontolo-
giesarebeingusedtoday. To achieve this end,we presenta framework for understandingandclassifyingontology
applications.We identify four main categoriesof ontologyapplications:1) neutralauthoring,2) ontologyasspec-
ification, 3) commonaccessto information, and4) ontology-basedsearch. In eachcategory, we identify specific
ontologyapplicationscenarios.For each,we indicatetheir intendedpurpose,therole of theontology, thesupporting
technologies,who theprincipalactorsareandwhat they do. We illuminatethesimilaritiesanddifferencesbetween
scenarios.

We draw on work from othercommunities,suchassoftwaredevelopersandstandardsorganizations.We usea
relatively broaddefinition of ‘ontology’, to show that muchof the work beingdoneby thosecommunitiesmay be
viewedaspracticalapplicationsof ontologies.Thecommonthreadis theneedfor sharingthemeaningof termsin a
givendomain,which is a centralrole of ontologies.An additionalaim of this paperis to draw attentionto common
goalsandsupportingtechnologiesof theserelatively distinctcommunitiesto facilitateclosercooperationandfaster
progress2.

1 Intr oduction

Until recently, therehadbeenadearthof ontologyapplicationsreportedby theAI ontologycommunity. Thishasbegun
to change;in thepastyearor two, therehavebeenaflurry of papersreportingattemptsandsomesuccessesatapplying
ontologies— especiallyin the areaof searchandretrieval of informationrepositories,for example,(McGuinness,
1998;Guarinoetal., 1999).And yet,outsidetheAI ontologycommunity, industryhasbeenregularlyusingontologies
successfully(eventhoughthey maynot call themontologies).

In order to cost-effectively deploy ontologies,we requirea clearerunderstandingof the myriad of situationsand
contexts andwaysthat ontologiesarebeingappliedtoday. To that end,we presenta framework for understanding
andclassifyingontologyapplications.Themainfocusof this paperis to describetheframework andto immediately
increaseour understandingof ontologyapplications.We useexamplesto illustratethe framework. In doing so,we
lay thefoundationfor acomprehensiveclassificationof ontologyapplicationswhich is beyondthescopeof thispaper.
In thelongerterm,we hopethis work will leadto thedevelopmentof specificguidelinesfor how to useontologiesto
achievespecificbenefitsunderagivensetof circumstances.

We draw on similar work beingdoneoutsidetheontologyresearchcommunity. Othercommunitiesinclude:software
developersandstandardsorganizationsaswell asthedatabasecommunity, whoareworkingto integrateheterogeneous
databases.Thereis a commonthreadthatbindsthesedifferentcommunities:the needto overcomebarrierscreated
by disparatevocabularies,approaches,representations,andtools in their respectivecontexts. Thereis a needto share
meaningof termsin agivendomain.Achieving asharedunderstandingis accomplishedby agreeingonanappropriate

1Theorderof authorswasdeterminedby acoinflip.
2Thispaperis a revisedversionof apaperby thesametitle thatappearedin theproceedingsof theIJCAI-99ontologyworkshop.Therearealso

minor differencesin emphasisreflectingthedifferentthedifferentgoalsof theKAW workshop.



wayto conceptualizethedomain,andthento makeit explicit in somelanguage.Theresult,anontology, canbeapplied
in awidevarietyof contexts for variouspurposes.

Anothergoalof this paperis to draw attentionto thesimilaritiesamongthedifferentcommunities,to facilitatefaster
progressfor everyone.Thesegroupsstrive to overcomethe barriersnotedin the previousparagraph;ironically, the
sameunderlyingissuesalsocreatebarriersto closercooperationbetweenthedifferentcommunitieswhoareaddressing
similar problems. We hopeto lower thesebarriersby identifying and highlighting the commonalityamongthese
communities,andpointingoutimportantdifferences.In creatingthisframework,weproposeacommonnomenclature,
thatwe hopewill enableworkersin thedifferentcommunitiesto overcometerminologicalconfusion.We do not try
to reconcilethe differencesbetweenthe communities;we insteadhighlight the commonalitybetweenthesegroups
throughtheuseof a singleframework.

1.1 Terminology & Acronyms

For thepurposesof this paper, we take a ‘lowestcommondenominator’view of thenotionof anontology. We do not
aim to defineit, insteadwe adoptthefollowing characterization,quotedfrom (Uschold,1998)(ouremphasis):

“An ontologymaytakeavarietyof forms,but necessarilyit will includea vocabulary of terms, andsome
specificationof theirmeaning. Thisincludesdefinitionsandanindicationof how conceptsareinter-related
which collectively imposea structureon thedomainandconstrainthepossibleinterpretationsof terms.”

This broadinterpretationhelpsto show how both the goalsandthe technicalapproachesdevelopedto achieve them
aresimilaracrossthedifferentcommunities.For example,commongoalsincludereuseandinteroperability. Common
technologiesincludespecialpurposemodelinglanguages(e.g.,Ontolingua(Gruber, 1993),EXPRESS3 (Schenck&
Wilson,1994;InternationalStandardsOrganization,1994)andIDL) andtranslationtools.Thus,wecaneasilyview a
numberof standardizationefforts (e.g.,STEP4, OMG5) aspracticalapplicationsof ontologies.

2 Overview of the Framework

Themainpartof theframeworkconsistsof asetof ontologyapplicationscenarios. By ‘application’,wemeanasystem
or process,(usuallya computerprogram)thatmakesuseof or benefitsfrom the ontology. A scenariois an abstract
usecasefor a classof similar applications.It describesa particularsituationin which an ontologyis put to usefor
somespecificpurpose(s).We identify four maincategoriesof ontologyapplications:1) neutralauthoring,2) ontology
asspecification,3) commonaccessto information,and4) ontology-basedsearch.For eachcategory, we identify one
or morespecificapplicationscenarios.For example,in theneutralauthoringcategory, therearetwo scenarios,onefor
authoringanontology, andtheotherfor authoringoperationaldata.

Eachscenariois illustratedwith a simplediagram.Many of thescenarioshave importantvariations,thatwe alsocall
attentionto. Thescenariosandvariationsareillustratedwith examplesfrom thediversecommunities.

To achieve our goalof enablingscenariosto beeasilycompared,we presenteachin a uniform way usingconsistent
terminology. Eachscenariois characterizedby thefollowing,whichgiveriseto thekey dimensionsof our framework:
1) intendedpurposeor benefits,2) the role of the ontology, 3) the actorsrequiredto implementthe scenario,4)
supportingtechnologiesand5) thematurity level.

3anobject-flavoredlanguagefor specifyinginformationmodels,originally developedaspartof theSTEPstandard.
4STandardfor theExchangeof Productmodeldata;aninformalnamefor theISO-10303family of standards
5ObjectManagementGroup;seewww.omg.org
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Two additionaldistinctionsthatplayanimportantrole in somescenarios,are:1) how meaningof termsis represented
(e.g.,informalor formal)and2) sharingvsexchange(e.g.,passby referenceor passby value).In theremainderof this
section,we describethekey dimensionsanddistinctionswhich form thebasisfor our framework. In

�
3 we present

theontologyapplicationscenarios.

2.1 Framework Dimensions

2.1.1 Purposeand Benefits

Fundamentally, ontologiesareusedto improve communicationbetweeneitherhumansor computers.Broadly, these
may be groupedinto the following threeareas:to assistin communicationbetweenhumanagents,to achieve inter-
operability, or to improve theprocessand/orquality of engineeringsoftwaresystems.Thefollowing is adaptedfrom
(Uschold,1998).

Communication betweenpeople. Here,anunambiguousbut informal ontologymaybesufficient.

Inter-Operability amongcomputersystemsachievedby translatingbetweendifferentmodelingmethods,paradigms,
languagesandsoftwaretools;here,theontologyis usedasaninterchangeformat.

SystemsEngineeringBenefits: In particular,

Re-Usability:theontologyis thebasisfor a formal encodingof theimportantentities,attributes,processesandtheir
inter-relationshipsin the domainof interest. This formal representationmay be (or becomeso by automatic
translation)a re-usableand/orsharedcomponentin asoftwaresystem.

Search: anontologymaybeusedasmeta-dataservingasanindex into a repositoryof information.

Reliability: A formal representationalsomakespossiblethe automationof consistency checkingresultingin more
reliablesoftware.

Specification:theontologycanassisttheprocessof identifying requirementsanddefininga specificationfor anIT
system(knowledgebased,or otherwise).

Maintenance: useof ontologiesin systemdevelopment,or aspart of an endapplication,canrendermaintenance
easierin a numberof ways. Systemswhich arebuilt usingexplicit ontologiesserve to improvedocumentation
of the softwarewhich reducesmaintenancecosts. Maintenanceis alsoan importantbenefitif an ontologyis
usedasaneutralauthoringlanguagewith multiple targetlanguages- it only hasto bemaintainedin oneplace.

Knowledge Acquisition: speedandreliability may be increasedby usingan existing ontologyasthe startingpoint
andbasisfor guidingknowledgeacquisitionwhenbuilding knowledge-basedsystems.

2.1.2 Role of the Ontology

Ontologyapplicationscenariosvary in how the ontology itself is used. This is further complicatedby the fact that
in a givenscenario,it is frequentlypossibleto think of morethanoneontologybeinginvolved. For example,when
Ontolinguais used,(1) the frameontologyis usedasa basisfor expressing(2) the domainontology. An ontology
applicationscenarioneedsto be clearaboutwhich ontologyis beingusedandhow. To facilitatethis, we introduce
threerolesthatinformationcanplay in oneof ourscenarios.Thesecanalsobethoughtof asinformationlevels.

���
: Operational Data a role that informationplayswherebythe informationis consumedandproducedby applica-

tionsduringruntime.Informationat
���

is writtenusingtermsfrom a vocabularydefinedat
���

.
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���
: Ontology a role that informationplays,wherebythe informationspecifiestermsanddefinitionsfor important

conceptsin somedomain.An ontologytypically is usedin thedevelopmentprocessesto createapplications.6

Informationat
���

providesa vocabulary for thelanguageusedto authorinformationat
���

.
���

: OntologyRepresentationLanguagearole thatinformationplayswherebytheinformationis usedby ontologyau-
thorsor applicationdevelopers,duringthedevelopmentprocess,to write ontologiesat level

���
. Theinformation

at
���

is usedto authorinformationat
���

.

Importantly, thesameinformationcanplay differentrolesat differenttimesdependingon thecontext. For example,a
schemain EXPRESSplaystheroleof anontologyfrom theviewpointof anend-userapplication.Fromtheviewpoint
of anapplicationdevelopmenttool (e.g.,anEXPRESScompiler),thesameinformationplaystherole of operational
data.

To avoid this kind of potentialconfusionin this paper, we focuson end-userapplicationswhereinformationplaysthe
role of operationaldata(

���
). With this assumption,thefollowing areexamplesof informationtypicalat eachlevel:

���
operationaldata(e.g.,a particularpart,a processdescription)

���
anontology(e.g.,AP203,PIF)

���
anontologyrepresentationlanguage(e.g.,EXPRESS,Ontolingua)

To shareor exchangeinformationat
�	�

requiresreferenceto a modelat
�	��
��

. For example,sharingOntolingua
ontologies(at

���
) requiresdevelopmenttoolsthatcanparsethesyntaxof Ontolingua(at

���
). Anothergoodexample

arisesin thecontext of theSTEPfamily of standards.STEPdefinesa standardfor exchangeof schemainstancesvia
cleartext encoding(ISO-10303-21,1994)which is at level

���
. Exchangeat this level requiresa schemaat

���
written

in EXPRESS(Schenck& Wilson, 1994; InternationalStandardsOrganization,1994)which is at level
���

. Similar
analogiesexist for objectsharingandexchangestandards(e.g.,OMG).

Informationat the samelevel canrepresentedusingmore thanonesyntax(e.g.,an ontology in Ontolinguaversus
Loom). It is alsopossiblethatyou canusethesamesyntaxto representinformationat differentlevels. For example,
a classdefinition at

���
andan instancedefinition at

���
maybothbe expressedin the syntaxof Ontolingua.This is

becausesomeprimitivesof Ontolingua(e.g.,define-instance)canbeusedaspartof an
���

language.

Termsmayalsorequiremappingwithin or betweenlevels.For examplethetermdefine-class in Ontolinguamay
bemappedto thetermdefconcept in Loom.

2.1.3 Actors

Eachscenarioinvolvesa setof actors.Eachactorrepresentsa role thata personor applicationmayplay. A person
or applicationmayplay morethanonerole in a scenario.Actorsmayplay eithera primaryor a secondaryrole in a
scenario.Thefollow list describestheactors:

OntologyAuthor: (OA) therole of theauthorof anontology. This role is usuallyplayedby aperson.

(Operational) Data Author: (DA) the role of the authorof operationaldatain the languagewhich usesand/oris
definedin termsof thevocabularyof theontology.

ApplicationDeveloper: (AD) theroleof thedeveloperof theApplication.
6Someapplicationsmayactually“discover” informationat this level duringoperationof theapplication.This requiressomeintelligenceon the

partof theapplicationto “learn” theontologyprior to actualinterpretationof theinformationat 
�� .
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ApplicationUser: (AU) therole of theuserof theApplication.

KnowledgeWorker: (KW) therole of thepersonwho makesuseof theknowledge.

2.1.4 Supporting Technologies

A greatvarietyof technologiesexist thatcansupportontologyapplications.Theseinclude,but arenot limited to: 1)
Ontologyrepresentationlanguages-(e.g.,UML, Express,Ontolingua,XML); 2) Knowledgeinterchangelanguages:
(e.g.,KIF, PIF(Leeet al., 1995),CDIF); 3) Translationtools: (e.g.,Ontolinguatranslators,CDIF-tools,StepTools,...
(lots!)); and4) DistributedObjects:(e.g.,CORBA7, COM)

2.1.5 Maturity Level

Weindicatethedegreeto whichapplicationsandthesupportingtechnologiesusingagivenscenarioaremature.At one
extremeascenariomaybeanuntestedidea,aspecificationfor aclassof potentialapplications.Systemsthatarealready
implementedvery from tiny scaledemonstrationsof feasibility in a researchenvironmentto fieldedapplicationsin a
commercialenvironment.

2.2 Other Important Distinctions

2.2.1 Representationof Meaning

How meaningin an ontologyis representedvariesgreatly, andturnsout to be an importantfactorin the successof
applyingontologies.Thesimplestontologies,in this regard,consistof asimpletaxonomyof terms.Theonly meaning
is suppliedby a single relationwhich definesthe taxonomy. The relationis usually the specializationrelationship,
but oftenit is a conglomerationof variousrelationshipssuchaspart-of,or similar-subject-matter. Closeinspectionof
the implicit taxonomyof Yahoo! revealsthat thereis no consistentspecificmeaningof therelationship.At theother
extreme,arerigorouslyformalandcarefullyaxiomatizedontologiessuchasTOVE (Gruninger& Fox, 1995)andPIF
(Leeet al., 1995).

Themeaningcapturedin anontologyvariesboth in theamountbeingrepresentedandthedegreeof formality of the
representation.Theamountof meaning(anattributeof theontologyitself) is directly relatedto restrictingthepossible
interpretationswhichservestheprimarypurposeof reducingambiguity. Thegreatertheamountof meaning,themore
fewer thepossibleinterpretationsandthe lesstheambiguity. Formality (anattributedof theontologyrepresentation
language)canvary from naturallanguageto formal logic.

For humancommunicationpurposes,informal specificationof meaningmay be preferred. Low ambiguity is also
importantfor humansusingontologiesto aid in the developmentof systems.So formal definitionsmay be helpful
alongwith informal onesasaccompanying documentation.If theontologyis intendedto beautomaticallyprocessed,
thenontologiesrich in meaningpresenta morechallengingtaskbut maypromisegreaterrewards. In theshortterm,
light-weightontologies(lessrich in meaning)canbeeasierto applyin workingsystems.An excellentexampleof this
is the multiplicity of usesof ontologiesusedto semanticallystructurea informationrepositoryasa basisfor search
andretrieval. This is happeningbothin industry(e.g.,Yahoo!)andresearch.This contrastswith theverychallenging
tasktakenonby thePIF project,which is muchfurtherfrom maturinginto commercialtools.

Thenatureof thetwo tasks,searchvs inter-operationaredramaticallydifferent. A light-weightontologywill not be
muchhelpin developingtranslationtools,whereit canbeof immediatebenefitfor searchpurposes.However, evenin

7CommonObjectRequestBroker Architecture
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thesearcharea,thereareobviousbenefitsof richerontologies.For example,they cansupportinferencewhich could
beusedto increasebothprecisionandrecall in a semanticallywell structuredinformationrepository.

2.2.2 Sharing vsExchange

Dependingon the purposeof the ontology, andthe specificneedsof the application,differentarchitectureswill be
appropriatefor accessinginformationresources.We distinguishbetweenexchangeandsharingusingexamplesfrom
theSTEPcollectionof standards(ISO-10303,1994).Similardistinctionscanbemadein otherenvironments.

Sharing: multiple agents(computeror human)referencea commonpieceof information.Theinformationtypically
residesoutsideany of theapplicationssharingtheinformation.Lesscommonis sharingof asingleapplication’s
internal datavia referencesthat external applicationscan use. e.g., STEP’s StandardData AccessInterface
(SDAI) (ISO-10303-22,1997)

Exchange: multiple applicationsexchangeby passingthedataby value(i.e., copying thedata)betweenthem. E.g.,
STEP’scleartext encodingstandard(ISO-10303-21,1994).

3 Ontology Application Scenarios

Thissectiondescribesscenariosfor applyingontologiesto achieveoneor morepurposes.Thesescenariosareabstrac-
tions of specificapplicationsof ontologiestaken from industryor research.They areanalogousto Ivor Jacobson’s
usecases(Jacobsonet al., 1992). Eachscenarioincludesan overview, which identifiesthe intendedpurposeof the
ontology, the role of theontology, who the importantactorsare,andthesupportingtechnologies.Eachis illustrated
with a diagram,andincludesoneor moreconcreteexamples.Whereappropriate,we identify a numberof alternate
variationsof themainscenario.Finally, weassessthematuritylevel of eachscenario.

Given the diverseapplicationsof ontologiesfrom the literature,and the variousdimensionsby which they canbe
classified,it wasnot clearhow bestto grouptheminto majorcategories.Eventually, four maincategoriesemerged.

Neutral Authoring: An informationartifact is authoredin a singlelanguage,andis convertedinto a differentform
for usein multiple targetsystems.Benefitsof this approachincludeknowledgereuse,improvedmaintainability
andlong termknowledgeretention.

Ontology asSpecification: An ontologyof a given domainis createdandusedasa basisfor specificationandde-
velopmentof somesoftware. Benefitsof this approachinclude documentation,maintenance,reliability and
knowledge(re)use.

Common Accessto Inf ormation: Informationis requiredby oneor morepersonsor computerapplications,but is
expressedusingunfamiliar vocabulary, or in aninaccessibleformat. Theontologyhelpsrendertheinformation
intelligible by providing a sharedunderstandingof theterms,or by mappingbetweensetsof terms.Benefitsof
this approachincludeinter-operability, andmoreeffectiveuseandreuseof knowledgeresources.

Ontology-BasedSearch: An ontology is usedfor searchingan information repositoryfor desiredresources(e.g.
documents,web pages,namesof experts). The chief benefitof this approachis fasteraccessto important
informationresources,which leadsto moreeffectiveuseandreuseof knowledgeresources.
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4 Scenario: Neutral Authoring

Thebasicideaof thesescenariosis to authoranartifactin a singlelanguage,andto have thatartifacttranslatedinto a
differentformat for usein multiple targetapplications.Thebenefitsof this approachincludedecreasedcostof reuse
andportability of knowledgeacrossapplications,improved applicationmaintainability(becausean artifact is only
authoredin oneplace,andcanbecentrallyupdated)andlong termknowledgeretention(e.g.,via reduceddisruption
from changesin vendorformats).

An importantdistinctionis whethertheauthoredartifactrequiringtranslationis anontology, or operationaldata.These
arediscussedin thenext two sections.

4.1 Authoring Ontologies

Ontology
convert
 convert


Application

N


Application

1


AU


OA


FIGURE1: AuthoringOntologies

4.1.1 Overview

The motivation behindauthoringneutralontologiesis decreasedcostof reuseandmaintenanceof knowledge. To
accomplishthis, the actorsdevelopanontology, which is translatedandusedin multiple operationaltargetsystems.
Supportingtechnologiesincludeunidirectionalontologytranslators.Theprincipleactorsaretheontologyauthorand
applicationuser.

In this scenario,the ontologyauthorcreatesanontology, which is translatedinto differentformatsandusedin mul-
tiple targetapplications.For example,theontologymaybecomepartof theknowledgebaseusedin theapplication.
Applicationuserstheninteractwith anoperationalsystemto performtheir desiredtasks.

4.1.2 Examples

An ontologyauthorcreatesanontology(e.g.,for titaniumalloys) in anontologyauthoringlanguage(e.g.,Ontolingua).
An applicationdevelopertranslatestheontologyinto Loom syntax(possiblyassistedby automatictranslationtools).
An applicationdeveloperdirectlyimportsthistranslatedontologyinto Loomandit becomespartof theendapplication,
whichmaycontainadditionalinformationin its knowledgebase.An applicationuserinteractswith thefinal systemto
answerquestionsabouttitaniumalloys. This ontologycanbereusedif anotherapplicationdeveloperwishesto make
useof it in anotherlanguage,e.g.,Prolog.In thatcase,they will haveto translatetheontologyinto Prologandproceed
asper the Loom example. Note that in this authoringscenario,only one-way translationis required.This contrasts
with the casedescribedin

�
6, wheretwo way translationis requiredwhenan ontology is usedasan interchange

format.

This exampleillustrateshow to achieve knowledgereuseby virtue of the fact that an ontologyauthoredin a single
languagecanbeusedin multiple applications.
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4.1.3 Maturity

Totally automatedtranslationof ontologiesinto operationaltargetshasbeendifficult andtypically reliesontranslation
of idiomaticexpressions(Gruber, 1993). For casestudiesandanalysisof someof theseproblemssee(Grossoet al.,
1998;Uscholdetal., 1998;Valenteet al., 1999).

4.2 Authoring Operational Data

Operational

�

Data

�translate


�
translate

�

Application

�

N

Application

�

 1


AU


DA


Ontology

� authors
�uses
�

...


FIGURE2: AuthoringOperationalData

Neutralauthoringof operationaldatais identicalin structureto neutralontologyauthoring.Thefocusis on authoring
andtranslatingoperationaldataratherthanan ontology. Themain differencesarethe role theontologyplaysin the
scenario,andwho theprimaryactorsare.

4.2.1 Overview

The motivation behindauthoringneutraloperationaldatais improvedmaintainabilityandtransportabilityof opera-
tional data.To accomplishthis, anontologyauthor(secondaryactor)developsanontologywhich definestheneutral
formatusedby theprimaryactorto authortheoperationaldata.Toolscanthentranslatethis into operationaldataused
by anapplication.Supportingtechnologiesincludeunidirectional[operationaldata]translators.

In thisscenario,adataauthorcreatesoperationaldatabasedonapre-existingontology, toolstranslatetheseoperational
datainto anoperationaltargetsystemusingaunidirectionaltranslator. Applicationuserstheninteractwith thesystem
to performanalysisor querytheoperationaldata.

Theontologyis originally constructedfrom carefulanalysisof thedomainof theintendedclassof targetsystems,e.g.,
by identifyingandintegratingtheimplicit ontologiesfor theapplications.

4.2.2 Examples

An operationaldataauthorusesanontology(e.g.,for workflow systems)to describeaworkflow model.Toolstranslate
the descriptioninto operationdataof varioustarget systems.Application usersperformanalysis(e.g.,critical path)
usingthetranslatedoperationaldata.

As anotherexample, the FrameOntology plays the role of ontology for a classof object-orientedrepresentation
systems(Loom, Classic,etc.). The engineeringmathontology(Gruber& Olsen,1994)is a setof sentenceswritten
usingthatontology. Onceconvertedto theappropriateformat,this setof sentencesplaystherole of operationaldata
for thetargetapplications(e.g.,Loom). Notethatin thisexample,weareviewing Loomasasystemdevelopmenttool,
not anenduserapplication.
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Thisexampleillustratestheimportanceof distinguishingthedifferentrolesof theinformationusedin thesescenarios,
and how the sameinformation artifact may play more than one role. It enablesus to show the commonalityof
apparentlyverydifferentscenarios.

4.2.3 Variations

It may be that only one applicationand one translatorwill be usedat a time. This arisesif the motivation is to
reducerisk from changingvendorofferings. If a company maintainstheir models(i.e. operationaldata)in a single
representation,thenwhena new vendorformat is introduced,it may be easierandmorereliable to develop a new
translatorto converttheneutrallyauthoredartifactto thenew format(whichmightbethousandsof linesof code),than
to convert the artifact itself directly, (which may be hundredsof thousandsof lines). An exampleof a commercial
applicationusingthisapproachis outlinedin (Uschold& Gruninger, 1996).

In the casewherepoint-to-pointtranslatorsarebuilt, insteadof going throughan interchangeformat, the ontology
mayplay animportantrole in specifyingthetranslatorthat is createdmanually. If theontologiesareformal with rich
axiomitizations,thenthereis scopefor partially automatingtheconstructionof the translatorsand/orin maintaining
themwhentherearechangesin eitherlanguage.This is analogousto theuseof ontologiesin theKADS methodology,
whereit playstherole of specifyingrequirementsfor software.

4.2.4 Maturity

Sameremarksapplyhereasfor previoussection.Commonpracticein industryis to build point-to-pointtranslators
whentheneedarises.This mayturn out to bemorecosteffective,dependingon theenvironment.

4.2.5 Closing Remarks

Insofar as a single ontologymay be convertedandusedin many different applications,this is one importantway
to achieve knowledgereuse.If varioussystemsarebasedon the sameontology, thenthis facilitatesinter-operation
betweenthesystems,shouldthatberequired.However, it doesnot involvesharingor exchangeof knowledgebetween
systems.This is addressedin detail in

�
6. Thenext scenariois similar to neutralauthoring,but with someimportant

differences.

5 Scenario: Ontology asSpecification

Thebasicideaof thisscenariois to authoranontologywhichmodelstheapplicationdomain,andprovidesavocabulary
for specifyingtherequirementsfor oneor moretargetapplications.Therichertheontologyis in expressingmeaning,
thelessthepotentialfor ambiguityin creatingrequirements.Thesoftwareis basedontheontology, whichthusplaysan
importantrole in thedevelopmentof thesoftware.Thebenefitsof this approachincludedocumentation,maintenance,
reliability andknowledge(re)use.

Structurally, thisscenariois similar to NeutralAuthoring(seefigure3). In bothcases,theontologyplaysanimportant
role in the developmentof the application.Therearetwo importantdifferences.First, the ontologyis usefulin this
scenarioeven if thereis only one application. Second,unlike the neutralauthoringscenario,the ontology is not
translated,perse.Rather, it guidesdevelopmentof thetargetapplication(s).

In bothscenarios,thetargetapplicationis intimatelyrelatedto andin somesense‘contains’theontology. In theneutral
authoringscenario,the ontologyis an explicit componentof the application. Not so in the currentscenario.Every
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FIGURE3: OntologyasSpecification

application‘has’ anontology, whetherit is explicit or implicit. If a principledmethodologyfor softwaredevelopment
is used,e.g.,by building a conceptualmodelof the domainin UML, then this will comprisethe explicit ontology
for the application. Otherwise,a the ontologyof a softwareapplicationmay only be implicit. In the ontologyas
applicationscenario,theontologyof thetargetapplicationis not only explicit, but it is usedto developthesoftware.

5.0.6 Examples

KADS / CML – An ontologyauthorcreatesanontologyusingtheconceptualmodelinglanguage(CML) from the
KADS methodology. The applicationdeveloperusesthis ontologyas part of the requirementsspecificationwhen
developingthetargetKBS (e.g.,for diagnosingfaults).An applicationusertheninteractswith theKBS to solve their
tasks.

In thisexample,documentationis improvedbecausethereis anexplicit representationof theontologythatthesoftware
is basedon. Betterdocumentationalwaysmakesmaintenanceeasier. Reuseis achieved if the ontology is usedfor
differentapplicationsin thesamedomain.

Protoge-II – Ontologiesarealsousedto helpautomatetheprocessof knowledgeacquisition,andsoftwaredevel-
opment.Protoge-II(Rothenfluhhet al., 1996),is asystemwhich automaticallygeneratesknowledgeacquisitiontools
from anontology. This ensuresa tight connectionbetweentheontologyandthe userinterface,which facilitatesthe
enteringof theknowledge.Theresultingknowledgebasesareusedin thetargetapplication(s).

Documentationis improvedbecausethereis anexplicit connectionbetweentheontologyandthetargetsoftware.This
in turn, assistsin maintenance.Thereis alsoa moredirect benefitin termsof maintenancebecauseif the ontology
changes,it is mucheasierto updatetheknowledgeacquisitiontoolsbecausethey areautomaticallycreated.Thereis
alsoscopefor automatingthemigrationof existing knowledgebaseswhentheunderlyingontologychanges.

Reuseis achievedbecausetheontologycanbeusedin many differentknowledgebasedsystems.

Inf ormation Modeling – DatamodelinglanguagessuchasEXPRESS(Schenck& Wilson,1994;InternationalStan-
dardsOrganization,1994)andIDEF1X (Bruce,1992)areusedto createdatabaseschema,whichcanbethoughtof as
ontologies.In thecaseof EXPRESS,Thedatabaseschemaspecifiesthephysicalfile format for a target implemen-
tation. More generally, informationandsystemmodelinglanguageslike UML canalsobe usedto createontologies
which serve to specifytargetsoftware.
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Object-Oriented Modeling – A specialcaseof informationmodelingis object-orientedanalysisanddesign,which
hasbecomepopularin recentyears.Theanalysisphaseof this approachto building softwareconsistsof identifying
a taxonomyof classeswhich providesthevocabulary for specifyingthesoftwarerequirements.This taxonomy, along
with the attributes(or slots)for eachis essentiallythe samething asthe ontologiesproducedin the examplesnoted
above.A primarymotivationfor theobject-orientedmethodologyis reuseof methodsin particular, but alsoof attributes
throughclassinheritance.Thiskind of reuseis analogousto reusinganexistingontologywhenbuilding othersystems,
or largerontologies.However, it is a differentform thenotionof usinganontologyto achieveknowledgesharingvia
neutralauthoring,or asa neutralinterchangeformat.

SoftwareSynthesis – Automatedsoftwaresynthesisinto multipletargetlanguages(e.g.,usingSpecware(Waldinger
et al., 1996; Williamson et al., 1997)) is a generalizationof the neutralauthoringlanguagescenario. Application
developersplay a key role in both developmentof the ontologyandproblemstatementspecification.Typically, the
developerssemi-automaticallyrefinethespecificationandontologyinto anoperationaltargetapplication.

5.0.7 Maturity

TheKADS methodologyis widely usedfor building knowledgebasedsystems.Howeverthereis noformalconnection
betweentheontologyandthedevelopedsoftware. Themainrole of theontologyis to guidethedevelopmentof the
software,andit servestheimportantpurposeof documentingthesystem.We stresshowever, thatunlesstheontology
is kept in synchwith the application,then the utility of the ontologyasa documentationaid will be miinimal. In
practice,this is al too frequentlywhathappens.

In theProtogeII system,theprocessof usingtheontologyto developthesoftwareis partially automated,andthereis
amuchtighterconnectionbetweentheontologyandtheimplementedsoftware.Thissystemhasbeenusedto produce
fieldedapplicationswith dozensof licensedusers,mostlyin themedicaldomain.

For Express,IDEF1X,UML andvariousothersuchlanguages,therearecommercialtoolsfor automaticallygenerating
partsof thetargetsoftwarefrom thespecifications.Therearealsovarioustoolsfor translatingbetweentheselanguages
(e.g.ExpressandUML).

Semi-automatedsoftwaresynthesiswith aformalconnectionbetweentheontology(quaspecification)andthesoftware
showssomepromise,but it hasnot beenaprimaryfocusof theontologycommunity.

6 Scenario: CommonAccessto Inf ormation

Thebasicideaof this approachis to useontologiesto enablemultiple targetapplications(or humans)to have access
to heterogeneoussourcesof informationwhich is otherwiseunintelligible. Benefitsof this approachinclude inter-
operability, andknowledgereuse.

Thescenariosin thiscategorydiffer in anumberof ways.First,thedirectconsumersof theinformationmaybehumans
or computerapplications.Second,the informationartifactmayplay the role of anontology, or operationaldata;the
lattermaybenon-computational(e.g.,productdata)or computational(e.g.,services).Anotherimportantdistinction
is whetherthe targetapplicationsagreeon thesamesharedontologyor whethereachhasits own local ontology. In
theformercase,theinformationis madeintelligible via translators,andin thelattercase,via ontologymappingrules.
Finally, accessto theinformationmaybevia sharingor exchange.
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6.1 Human Communication

6.1.1 Overview

A majorbenefitof ontologydevelopmentis to promotecommonunderstandingamongknowledgeworkers.To accom-
plish this, the authorsdevelopa commonsharedontology, which otherknowledgeworkersreferencein their work.
Non-computationalskills suchaslibrary classificationarevaluablein building suchontologies,whichcommonlytake
the form of glossaries.Supportingtechnologiesincludeontologyeditorsandbrowsers.Theprinciple actorsarethe
ontologyauthorsandknowledgeworkers.Theinformationbeingsharedis anontology.

In this scenario,theontologyauthorscreateanontologywhich knowledgeworkersreferencein theirwork. this is the
only scenarioin this paperwhich doesnot requireacomputer.

6.1.2 Examples
A glossaryof termsto enabledifferentworking groups,who may have different jargon, to understandeachother–
(e.g.,theworkflow managementcoalitionreferencedocument(Members,1994)).Producingglossaries,andproviding
commonaccessfor humansto importantknowledgeassetsis a key focusof theKnowledgeManagementcommunity.
Finally, althoughnot in the form of anexplicit glossary, theframework in this paperembodiesan informal ontology
for ontologyapplicationswhich servesthepurposeof enhancingcommunicationbetweenhumanswho usedifferent
terminology.

6.1.3 Variations
It maybethattheontologyis not themainitemof interest,but it enablesknowledgeworkersto betterunderstanddoc-
umentswrittenusingunfamiliar terminology. For example,this papercanalsobeusedto make it easierto understand
papersfrom thedifferentcommunitiesbeingdiscussed.

6.1.4 Maturity
Informal methodsexist for creatinginformal ontologies.Library classificationskills, which have a long history are
very appropriate.Theremaybevarioustoolswhich offer automatedassistancein creatingtheseontologies,however,
we arenot awareof them.
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FIGURE5: DataAccessvia SharedOntology

6.2 Data Accessvia Shared Ontology

6.2.1 Overview

Themotivationbehinddataaccessvia a sharedontologyis reducingthecostof multiple applicationshaving common
accessto data. This may in turn, facilitate inter-operability. This is accomplishedthroughdevelopersagreeingon
a sharedontology, which definesa commonlanguagefor exchangingor sharingoperationaldata. Supportingtech-
nologiesincludetranslators,parsergeneratorsandprinters.Theprincipleactorsareontologyauthorsandapplication
developers.

In this scenario,an ontologyauthorcreatesan ontology, which differentapplicationdevelopersagreeto use. This
definesaninterchangeformatfor which two-way translationis requiredbetweenit andtheapplicationformats.Each
pair of translators,for a givenapplication,in effect,definesanapplicationinterfacethatcanbeusedto readandwrite
data. Translatorsare [almost?] alwaysmanuallycreated,althoughin somecases,the API for readingandwriting
from/to a new formatmaybeautomaticallygeneratedusingparsergeneratorsandprinters(seevariationbelow). This
helps,but the bulk of the work is decidingwhat calls to the API arerequiredto translatea given dataitem stored
internaldatastructures– this remainsa challengingmanualeffort. Inter-operationbetweenthemultiple applications
is madepossibleby allowing themto accessthesameinformation.

6.2.2 Examples
A teamof ontologyauthorscreatedthe ProcessInterchangeFormat(PIF). The ideais to make a library of process
modelsthatareexpressedin variousapplication-specificformatsavailableto eachof theapplications.Currently, they
areworking on two formats,(IDEF3andILOG). This is ongoingresearch.

EcoCyc(Karp et al., 1996)is a commercialproductthat usesa sharedontologyto make possibleaccessto various
heterogeneousdatabasesin thefield of molecularbiology. Theontologyis a conceptualschemathat is anintegration
of theconceptualschemasfor eachof theseparatedatabases.

6.2.3 Variations
Figure4 depictsthenaturalway to view thesituationwhenthereis anexplicit linear formatthat theapplicationuses
for saving andloadingoperationaldata. The translatorsarelogically separatefrom theapplicationsandcanoperate
independently. A variationof this is thecasewherethereis no suchformat; insteadtheinternaldatastructuresof the
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FIGURE6: DataAccessvia SharedOntology:variation

applicationareconvertedinto the target format usingreadersandwriters internal to the application. So thereis no
explicit languageto languagetranslationperse,but the effect is the same– thereis two-way translationto/from the
neutralformat(seefigure5).

For example,anontologyauthorcreatesa sharedontologyfor (e.g.,for geometricdata)in anontologyrepresentation
language(e.g.,EXPRESS).Applicationdevelopersuseparserandprintergeneratorsto generatecodein thelanguage
du jour (e.g.,usingthe commercialproduct,StepTools). This providesapplicationswith an API that canbe usedto
readandwrite datathat applicationsexchange.However, thereareno guaranteesthat the dataconformsto all the
axiomsin theExpressschema.Maintainingsuchconsistency is left to theapplicationdevelopersandusers.

Anothervariationof dataaccessvia a sharedontologyis exemplifiedby theEcoCycexampleabove. Insteadof many
applicationsusingtheirown formats,andtranslatingfrom oneto theotherusingtheontologyasaninterchangeformat,
thereis just oneapplication(i.e. database)which usesa singleformatasspecifiedby theontology. In this case,there
is aone-off translationof theoperationaldata(in this casedatabases)from thepre-existing formatsto thenew format.
In boththisexampleandthePIFexample,thereis averysimilarprocessin creatingtheontologyin thefirst place.The
[possiblyimplicit] ontologiesof severallanguagesusedto expressinformationin thesamedomainarecombinedinto
a singleneutralformat.

Therearestill othervariations.Typically, applicationsmake useof theontologyduring thedevelopmentprocessby
incorporatingcodegeneratedfrom theontologyin theapplication.Onevariationis to have theapplicationmake use
of theontologyat runtime(sometimesknown aslatebinding)ratherthandevelopmenttime (i.e.,earlybinding).

Another variation involves applicationsinterchangingdatavia a shareddatastore. An example is STEP’s SDAI
interface. A relatedvariationis to only have a singleapplicationthat readsandwrites to datastorefor purposeof
persistenceandeaseof maintenance.

6.2.4 Maturity

In somecontexts, (e.g.,productdatausingEXPRESS)approachesto dataaccessvia a sharedontologyarerelatively
mature.Commercialsuccessexistswhereapplicationdeveloperscanagreeonsharedontologies.Achievingagreement
acrossa wide variety of applicationsor industrieshasbeendifficult. However, in other contexts, (e.g., PIF) the
technologyis a longway from beingmature.

A numberof factorsmay influencetheapparentgulf in maturitybetweentheSTEPcommunityandtheexplicit lan-
guageto languagetranslationapproach(e.g.,PIF). Someof the apparentsuccessmaybedueto sheerdifferencesin
the amountof effort applied. EachvendorsupportingSTEPformatsdevotesa significantamountof effort to obtain
compliance.Furthermore,theeffort is spreadovereachof thevendors.Thismeansdozensor hundredsof person-years
of effort, ascomparedto just a few person-yearsdevotedto thePIF researchproject.
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Although EXPRESSmay be usedto stateimportantconstraintsas rules, theserules are not themselvessharedor
exchangedandthusdo not have to be translated.Instead,they areusedto maintainintegrity of the data. In the PIF
effort, the specificationof operationalbehaviour is intendedto be shared. Fully generaltechniquesfor translating
behavioural specificationsis beyond the currentstateof the art. Although not beingaddressedat this time, this is
includedin thelong termvision for STEP.

It mustalsobepointedout thatcompliancewith theSTEPstandarddoesnot imply completeanderror-freemovement
of databetweenvendorapplications.Many problemsstill remain.

The representationsbeing usedby the PIF communitycontainare further from the implementation,and therefore
requiremoremanualeffort to implement.In contrast,EXPRESSis closerto theimplementationandtherefore,much
of themanualeffort is reducedat theexpenseof flexibility in implementation.

6.3 Data Accessvia Mapped Ontologies
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FIGURE7: DataAccessvia MappedOntologies

6.3.1 Overview

The motivationbehindthis scenariois the sameasthe last one. The key differenceis that here,thereis no explicit
sharedontology;instead,mappingrulesareusedto definewhata termin oneontologymeansin anotherontology. A
mediatorusestheserulesat runtimesothatapplicationscanaccesseachother’sdata.Thisapproachhastheadvantage
of not requiringtheapplicationdevelopersto explicitly agreeon a sharedontology. Supportingtechnologiesinclude
parsergenerators,printers,andmediators.Theprincipleactorsareontologyauthorsandapplicationdevelopers.

In this scenario,eachapplicationwishingto exchangedatahasit’s own local ontology. Applicationdeveloperscoop-
erateto createasharedmappingthatrelatestermsin differentontologies.Thismappingis usedto generateamediator,
which mapsoperationaldataexpressedin the terminologyof oneontologyinto operationaldataexpressedtheother
ontology.

6.3.2 Example

A developerof an application(e.g., electricalpower suppliers)wantsto sharedatawith anotherapplication(e.g.,
schematicviewer). Eachapplicationhasits own ontologycreatedin EXPRESS.Thedevelopersagreeon a mapping
(e.g., representedin EXPRESS-X),which relatestermsin the power supplyapplicationwith electricalschematics.
Themappingis usedto generateamediatorthatmapsthoseportionsof theelectricalpowersupplydatainto schematic
data.
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6.3.3 Variations

Variationsfor dataexchangevia a mappedontologyarethe sameasfor a sharedontology. Anotheruseof mapped
ontologiesis to defineviews. Oneontologyrepresentsa view of datathatcanbemappedto a largerontology. This is
analogousto useof databaseviews.

6.4 Shared Services
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FIGURE8: SharedServices

6.4.1 Overview

Themotivationbehindsharedservicesis neutrality(i.e., language,machine,operatingsystem,location). Developers
achievethisbyagreeingonasharedontology, whichdefinesinterfacesin multipletargetlanguages.Thisis verysimilar
to dataaccessvia sharedontologies,exceptfor the focusof what is beingshared.Supportingtechnologiesinclude
interfacegeneratorsandmarshalingroutines.Theprincipleactorsareontologyauthorsandapplicationdevelopers.

In this scenario,an ontologyauthorcreatesan ontology, which differentapplicationdevelopersagreeto use. Parser
generatorsandprintersareusedto generateapplicationinterfacedefinitionsthat eachapplicationusesto readand
write data.

6.4.2 Example

An ontologyauthorusesa languagesuchasIDL or UML to createanontologyfor objectsin a domainof discourse
(e.g.,productdatamanagement).Theontologyis usedto generateinterfacecodefor theclient andserver (e.g.,using
CORBA). Client applicationscantheninterfacewith serviceson theserver regardlessof location,operatingsystem,
or location.

6.4.3 Maturity

Thestandardsandmachinerysupportingthisapproacharerelatively mature.Successdependsprimarily onagreement
on anontologywith enoughsemanticrichnessto satisfytherequirementsof theclientandserver.
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7 Scenario: Ontology-BasedSearch

Thebasicideaof thisapproachis to useanontologyfor searchinganinformationrepositoryfor desiredresources(e.g.
documents,webpages,namesof experts).Themotivationis to improve precisionand/orrecallaswell asreducethe
overallamountof timespentsearching(seefigure7).

The principle actorsareknowledgeworkers(i.e., applicationusers)andontologyauthors.Supportingtechnologies
includeontologybrowsers,searchengines,automatictaggingtools, automaticclassificationof documents,natural
languageprocessing,meta-datalanguages(e.g.,XML), naturallanguageontologies,largegeneral-purposeknowledge
basesandthesauri,andknowledgerepresentationandinferencesystems.

In this scenario,an ontologyauthorcreatesan ontologythat assistsknowledgeworkersin identifying conceptsthat
they areinterestedin. Thesearchengineusestheseconceptsto locatedesiredresourcesfrom a repository.8

7.1 Examples

Knowledge-BasedDiscovery Tool (Eilertset al., 1999)A knowledgeworker enterswordsrelatedto theconceptof
interest(e.g. tank). Thebrowserconsultsa largeWordNet-basedontology, identifiesany potentialambiguities,and
askstheuserto identify thecorrectconcept(e.g.astoragetank,or anarmytank).Thebrowserre-formulatesthequery
by automaticallyappendingthe negationof termscloselyrelatedto the wrong concept.For example,if the desired
conceptis storagetank,thenresponseswhichcontainwordsstronglyassociatedwith ‘army’ areexcluded.

Yahoo! Anotherapproachis to usethe ontologyasan index into the repository. This requiresthat all itemsin the
repositoryarelinkedto itemsfrom the index. An ontologyauthorcreatesanontology(typically a simpletaxonomy
with relationsbetweenterms). A knowledgeworker usesthis taxomony to help limit the scopeof their search.A
specializedsearchengineusesthesetermsto locaterelevantdocumentsin a repository.

7.2 Variations

Therearevariousspecificrolesthatanontologymayplayto assistsearch.Thesemaybeusedseparately, or in concert.

! asa basisfor semanticallystructuringandorganizingthe informationrepository;this structuremaybeusedin
at leasttwo distinctways:

8We have chosento draw the figure from the KW’s perspective, for whom the fact that the searchengineis an ontology-basedapplicationis
irrelevant. It is equallyvalid to introduceanapplicationdeveloperactorwhousestheontologyandto view theknowledgeworker asanapplication
user.
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– asa conceptualframework to help the userthink aboutthe informationrepositoryandformulatequeries
(e.g.theYahoo!taxonomy)

– asa vocabulary for meta-datausedfor indexing and/ortaggingthedocumentsin therepository(this does
not requireuserinteraction)

! to assistin queryfomulation;herealso,theontologycanbeusedin at leasttwo differentways,dependingon
theinvolvementof theuser. Theontologycanbeusedto:

– drivetheuserinterfacefor creatingandrefiningqueries,for example,by disambiguating(thiscorresponds
to example1 above).

– performinferenceto improvethequery(not requiringuserinteraction)

In additionto thespecificrole theontologyplays,scenariosfor usingontologiesfor searchvaryaccordingto:

! whetherthequeriesarestrictly word-based,or whethersemanticconceptsareused;

! whetherthedocumentsareexplicitly taggedwith conceptsfrom theontology, or not;

! whetherandhow variousstepscanbepartially or fully automated.

Automationmay help in variousways. One importantareaof researchis the automatictaggingandclassification
of documents.Anotheris the useof naturallanguageprocessingto kick-start the ontologydevelopmentprocessby
automaticallyidentifying potentialconceptsand producinga preliminary taxonomy. Natural languageprocessing
mayalsobeusedto helpunderstandtheuser’s query. A very challengingandactive areaof researchis in usingthe
ontologyasa basisfor performinginferenceto improve search.Subsumptioncanbehelpful ((McGuinness,1998)),
andis providedwith descriptionlogic basedlanguages.TheBoeingCompany hasan internalprototypesearchtool
which performsinferenceusingvariousconceptassociationsfrom a35,000termthesaurusto improvesearchqueries.
The semanticrichnessof the ontologymay be an importantfactorhere. We hypothesizethat a richer ontologycan
improveinferencecapability, which canin turn, improvesearch.

7.3 Maturity

Many commercialInternetportalsarebeginningto exploretheuseof conceptsandtechnologiesdescribedabove for
ontology-basedsearch.Severalresearchprojects,morecloselyalignedto this idea,arebeingexplored.

8 Discussionand Futur e Work

We have presenteda framework for understandingontology applications. One of the reasonsfor the diversity of
ontologyapplications,is that therearemany differentnotionsaboutwhatanontologyis. This partly correlatesto the
differentapplications,but it is themainpointof thispaperto highlight themany similaritiesbetweenwork beingdone
in differentareas.

We intendto disseminatethis framework to the STEP, OMG andinformationintegrationcommunities.We hopeto
increasethe repertoireof tools and methodsto the wider communityfor achieving their goals. It is important to
emphasizethatanapplicationmayintegratemorethanoneof thescenariospresented.Wehopethatby bringingthese
all togetherin oneplace,workersmaybeinspiredto creatively combinethemto makemoreusefulapplications.

This is on goingwork andthereis muchmoreto bedone.This includes:
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Mor e Details Many interestingvariationsexist for eachof the above scenarios,which we have not mentioned.In
addition,someof theonesthatwehavementionedareimportantenoughto warranttheirseparatediagrams,examples,
anddiscussion.Thereis muchmoreto besaidaboutthematurityof eachof theseapproaches.

Weareparticularlyinterestedin illuminatingwhy someof thesameapproachesseemto havegreatlimitationsin some
contexts,andyetareseeingcommercialsuccessin othercontexts. For example,PIF versusEXPRESSasapplications
of theDataAccessvia SharedOntologyscenario.

Alter nate Technologiesand Tradeoffs For eachof the areaswhereontologiesmay be applied,we would like to
have an explicit accountof underwhat circumstancesany given approachis likely to work. We would alsolike to
identify alternatetechnologies,which canaccomplishthesamegoals,aswell astheir tradeoffs. For example,theuse
of ontologiesasinterchangeformatsis anunproventechnologyfor sharingcomplex operationaldata.Thealternative
is to build point to point translators.Thereareawholehostof unexploredissues.

Eventually, this canthenbeturnedinto guidelinesfor potentialontologyapplicationdevelopers,who canbeadvised
aboutwhatapproachto usein their specificcircumstances.

Mor e areas The following areashave not beenexploredsufficiently, if at all. They needto be broughtinto the
framework.

! Therole of largescalegeneralpurposeontologiessuchasCyc.

! Thedomainmodelingcommunitywithin softwareengineering.

! InformationIntegratione.g.,heterogeneousdatabases,datawarehouses.

Populate the Framework We would like to list a wide varietyof actualsystemsreportedin researchandindustry
andclassifythemusingthis framework.

RecommendFutur e Research In performingthis analysis,we hopeto provide a thoroughreview of the stateof
the art of ontologyapplication. With a populatedframework, anda betterunderstandingof the maturity of various
approaches,andthevarioustradeoffs, wehopethatthiswill naturallysuggestfruitful areasfor furtherresearch.

Acknowledgements PeterClark andJohnThompsonhelpedidentify thedistinctionsfor theontology-basedsearch
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