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Abstract

Ontologiesareusedin agent—orientedoftwarede-
velopment, information systems,and expert sy-
stemsin orderto supportinteroperability declara-
tivity, andintelligentservices.In the FRODO pro-
ject,we designa scalableagent—basenhiddlevare
for distributed OrganizationaMemories(OM). In
this paper we investigatewhich ontology-related
servicesshould be provided as middlevare com-
ponents.To thisend,we discusghreebasicdimen-
sionsto characterizestoredinformationthat deter
mine the concretespecificationof ontology—based
systemsformality, stability, andsharingscope A
shortdiscussiorof techniquesvhich are suitedto
find a balanceon thesedimensiondeadsto a cha-
racterizationof rolesof ontology—relatedictorsin
the OM scenariowhich are describedwith respect
to their goals, knowledge, competenciesrights,
andobligations.Theseactorclassesandtherelated
competenciearecandidatego defineagenttypes,
speectacts,andstandardservicesn theervisioned
OM middleware.

1 Motivation

In knowledgemanagementKM), it is widely acceptedhat
ontologies as explicit specificationsof conceptualizations
[Gruber 1991;1995; Necheset al., 1991 provide a useful
meansto facilitate accessand reuseof knowledge. Typical
utilizationscenariogomprisediscussiorgroups searctengi-
nes,informationfiltering, accesgo non—textual information
objects,andexpert—usecommunicatiorfO’Leary, 1994. In
thecontext of OrganizationaMemory (OM), ontologiespro-
vide a vocalulary for specifying information resourcesas
well asinformationneedgAbecker et al., 2000a;20004 in
orderto evolve from a keyword—basedowardsa concept—
basedinformation managementindexing, and retrieval ap-
proach.They alsoform the basisfor knowledge—enhanceat
knowledge—assistesearchandretrieval [Sinteketal., 2000;
McGuinness199§.

In theseapplications,ontologiessene as formally repre-
sented“specificationsof discoursein the form of a shared
vocahulary” [O’Leary, 1999. Sucha sharedunderstanding
is particularly important becauseKM typically dealswith

multi-actor scenarios(cf. [Perezet al., ; Silvermanand
Owens,1996; Gandonet al., 200d). The vision of know-
ledgemanagemenassumeshe comprehensie useof anen-
terprises knowledge whoever acquiredt, whereverit is sto-
redandhoweverit is formulatedin particular Technicalsup-
port for sucha vision is often basedon centralized approa-
cheswhich seemwell—suitedto guarantedhat the complete
information availableis consideredBonifacio et al., 200d.
For instance,in OM referencearchitecture(Figure 1) deri-
ved from the KnowMore framework [Abecler et al., 1994,
the problemof several heterogeneougformationsourcess
tackledby the introductionof a uniform knowledg descrip-
tion level: The variousinformation items are annotatedoy
knowledgedescriptionswvhich are basedon an agreedupon
vocahulary, namelythe information, enterprise and domain
ontologies.Hence,a centralizedview upona distributedin-
formationlandscapés built.

In the FRODO project[Abecker et al., 2001 we aim at
extending the centralizedKnowMore framewvork towardsa
distributedOM scenarioThisis motivatedby the drawvbacks
of centralizedmodels:

1. They neglectthe advantajesof the distributednature of
knowledg (e.g. with respectto developmentand use)
in enterprise It is very expensie or evenimpossibleto
obtaina globally negotiatedvocatulary. OMs could be-
nefit from balancingboth local expertise— which may
resultin not globally shareabl&nowledge— andover-
all viewson higherlevels.

2. Centrlized approadesare cumbesomein changing
ernvironments An OM'’s ervironmentmay for example
changedue to reomganizationsof an enterprises struc-
ture. Furthermore OM systemsare typically not esta-
blishedatoncefor awholecompalry, butintroducedstep
by stepin variousplacege.g.departments)To allow for
acomprehensie managemertf knowledge theseOMs
haveto cooperater to beintegrated.

Consequentlywe proposea flexible, scalableframavork
for OM technologywhich supportswo typesof scalability:
vertical scalability describeshe stepwiseextensionof one
OM asshawn in Figurel by additionalelementsn eachle-
vel, like new businesgrocessesat the applicationlevel, new
information sourcesat the knowledgeobjectlevel, etc. Ho-
rizontal scalability meansthat different OM systemsshould
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Figurel: OM Framavork (derivedfrom the KnowMore architecture)

be interoperablefor cooperatve query answeringto a high
degree.

In this paperwe describeour considerationsabout de-
signissuesandbasicdecisionsfor OM software architectu-
reswhich areableto copewith bothtypesof scalability In
the next section,we presentin somemoredetail the ideaof
scalableOMs. In section3, comingfrom the definition of an
ontology we encouragea comprehensie view on threedi-
mension®of informationthathave fundamentaimpactonthe
usefulnes®f ontology—basedkM systems:formality, stabi-
lity, andsharingscope.We point out the trade—ofs involved
when determininga concreteoperatingpoint in the respec-
tive spectrumsand list sometechniques/researdireasde-
aling with scalingalong the respectie dimensions. These
considerationgeadto at leasttwo conclusions:(i) it makes
senseto think aboutscalableOM systemsas agent—based
information systemswith mary scalingservicesrealizedas
agentservicesand(ii) domainontologiesin sucha complex
scenariocshouldnot only be createdmaintainedandevolved
by a singleontologyagent,but rathershouldbe managedy
the coordinatectollaborationof a numberof OM actorsde-
aling with specificissuesin section4, we elaboratehisidea
top down: startingwith the knowledgelevel, we characterize
rolesof ontology-relatedactorswith respecto their know-
ledge goals,competenciesjghts,andobligationsandsketch
anontologyof ontology—relatedictors. This is the basisfor

a list of ontology—relatedservicesn anontology society—
which laterwill be providedby specificspeechactsbetween
ontology—relatechgentsin the OM middlewvare. Theseser
vicescanbegroupedn ontologyevolution, ontologyutiliza-
tion, andontologysocializationservices A smallexampleof
theintendedsoftwarerealizationof theseconceptsllustrates
the FRODO approachln section5, we concludewith ashort
outlookon our next steps.

2 Scalability Issuesfor Distrib uted
Organizational Memories

In this section,we describea rathergeneralframewnork for

scalabilityof distributedOMs. A stylized“real world scena-
rio” elaboratesnthevariouscooperatiorpotentialitiesn the
intendednformationlandscapes.

1. Vertical scalabilitydescribeghe ability of evolutionary
growth within oneOM:

¢ integrationof new servicesin orderto meetaddi-
tional requirements
e incorporationof additionallegag/ systems
e extension/changef underlyingontologies
2. Horizontal scalability meansthe cooperationbetween
independentlyintroducedOMs within one enterprise.

For example, there may exist separatéOMs for diffe-
rent departmentf an enterprise(design, production,



costumerrelation, etc.). In order to “globally opti-

mize” a completeproductlifecycle, information hasto

beusedacrossthe departmentsTherefore communica-
tion meansbetweerseveral OMs areneeded.In sucha
horizontalintegrationscenariocommunicatiorand co-

operationmustbe possiblebetweenall systemlayersof

differentOMs: for instancegcooperatreinformationga-
thering[Nodineet al., 1999 or intelligentinformation
integration[Wiederhold, 1994 areexamplesfor a hori-

zontalOM integrationontheknowledgebrokeringlevel.

Cross—oganizationalworkflows are an examplefor fa-
cilitating integrationon the applicationlevel.

Thesetwo typesof cooperatiorbetweerdifferentOMs al-
low to seea “snapshotof an actualusecase’as an ad hoc
configuation of a virtual OM, similar to a view in database
systems.In the following, we illustrate the horizontalinte-
grationaspectith asmallexample.

Horizontal OM Integration: Complexity of
Communication vs. Quality of Service

In orderto selectaspecificform of cooperatiorbetweerOMs
atradeof hasto bebalancedetweerncompleity of commu-
nicationandthequality of service While thedirectexchange
of informationobjectson a “syntacticalbasis”— e.g.,refe-
rencedby its uniqueidentifier — is quite cheapin termsof
communicatioreffort, thelack of semantianformationholds
down the quality of service;e.qg.it is not clearwhetherthe
objectreally providesthe informationdesired. On the other
hand,high quality servicesat the knowledgebrokering level
typically needmorecommunicationg.g.to negotiatethe in-
tendedmeaningof arequestjts costsetc.

The following simple example illustrates this tradeof.
Imaginetwo “simple OMs":

O M, consistof

1. asetof documentse.g.books(informationobjectlevel)

2. that are arrangedon booksheleswith category labels
(knowled@ descriptionlevel),

3. anintelligentinformationassistantvho canselectrele-
vantbookswith respecto aquery(knowled@ brokering
level), and

4. aresearcheworkingin a project(applicationlevel).

O M, isalibrary andorganizedjuitesimilarly: Documents
arearrangedn bookshelesaccordingto the“ACM classifi-
cation”. Thereareassistantso the “chief librarian”, helping
to organizethelibrary, selectnew books,write recommenda-
tionsfor literatureetc.

The standardorocesswithin O M, is describedasfollows:
The researchemworking on a specialwork packageof the
project hasa specificinformation need(e.g., aboutagent—
orientedsoftware architecturesAOS). He thereforeaskshis
assistanto fetch the relevantdocumentsith respecto this
topicfrom the shelf. As the assistanis intelligenthenotonly
fetchesthe document®n the shelflabelled”AOS”, but also
documentsfrom other shehes labelled with relatedtopics
(e.g. “FIPA specifications”).Furthermorehe sortsthesedo-
cumentswith respecto specificcriteria (e.g., software plat-
forms, text booksetc.), briefly summarizeshem,andleaves

documentsn theshelfthataredefinitelyoutdated Theresult

is presentedo theresearcher
Perhapghe documentsin his own bookshelfdo not sa-

tisfy theresearchesinformationneedaboutAOS.Hence he
askshis assistanto fetch moreinformationfrom the library

(OMy,). Now theinformationassistan{O M) cancooperate

with thelibrary (O M) onvariouslevels:

e objectlevel The assistanknows abouta specificbook
andjustfetchest from thelibrary.

¢ knowled@ descriptionlevel: The assistansearchesor
document®n AOS. He usesthe catalogof keywordsto
find out which cateyoriesof the ACM classificationare
appropriateandthenfetcheshebooks.

¢ knowledgbrokeringlevel He asksoneof thelibrary as-
sistantgo suggestandfetch him a setof relevantbooks.
In orderto geta goodresult,he hasto explaintheterm
“AOS” to the library assistantandtell him other crite-
ria for “relevantbooks”. Thenthe library assistanper
formsanextensivesearctfor literature,compilesthedo-
cumentsanddeliversthemto the researches informa-
tion assistant.

Furthermorecooperatiorbetweerthelibrary andtheresear
cherscanhapperon evenhigherlevels:

o applicationlevel Theworkplanfor theresearchespro-
jectincludesatask“orderingof projectliterature”. The-
refore,hehasto cooperatavith the“chief librarian” who
manages globalbudgetfor literature.

e secondorder processes In orderto establisha really
usefullibrary and not to buy all the relevant literature
locally in the projects,every six monththelibrary com-
mission— consistingof someresearcherandthe chief
librarian— meetsanddefinesastrategyy for thepurchase
of booksandmagazines.

While thelower-level cooperationnly requirevery little
communicatioreffort, the higherlevelsrely on communica-
tion betweerthevariousagentge.g.,"What arethe goalsfor
a departmentibrary?”, “What doesthe term AOS mean?”).
On the otherhand,the latter servicestypically are of better
quality and higherimpact: Suggestiondy a goodtechnical
librarian are more preciseandrelevantthan booksfound by
a purekeyword searchor the setof all bookslabelledwith a
particularACM classificatiorcode.

As a consequencef the considerationsofar, we seethat
we examineaninformationlandscapevith variousactorson
theinformationprovider andthe informationconsumeside,
as well as mediatinginformation agents. Thuswe have a
strongneedto establistasharedunderstandinpetweerthese
actors.Thisis whereontologiesshaw their particularimport-
ance.Comingfrom thedefinition of ontologiesthreedimen-
sionsfor characterizingnformationin an OM canbeidenti-
fied. Thesearepresentedn moredetailin the next section.

3 ThreeDimensionsfor Characterizing
Information in an OM

Information in OM information systemscan be described
with respectto variousdimensions,e.g., granularity trust-



worthiness,or explicitness. Whendesigningsucha system,
threedimensionsareespeciallyrelevant:

o Stability: Informationcanhave differentlevels of stabi-
lity. For example,the contactpersonfor a specificcon-
cernin an enterpriseis normally quite permanent.Ho-
wever, if the enterpriseoutsourcesomefunctionsto a
call center the knowledgeabouta contactpersonmight
becomerathermomentarybecauseachtime onecalls
anew contactpersonis assigned.

e Sharing Scope Information can be sharedwithin a
group or individual: individual becauset hasnot yet
beenpublishedor disseminatedpr becauset is aimed
to beindividual. Somenoteson a post—itareindividual,
whereasa designteam should develop a more shared
understandin@f the productto be developed. Further
more, knowledgeandinformationcanbe sharedwithin
evenlargerstructureslikeagroupof groupge.g.,across
thewhole enterprisewith its variousdivisions).

e Degree of Formality: Information can be highly for-
malized(e.g., formal businessgprocessmodelsor rules
in an expert system),or it canbe moreinformal (e.g.,
text documents). Formal information is meantto be
machine-readablEStuderet al., 199§ and machine—
interpretable.

It is desirableto identify information at the high end of
thesedimensions: Stableinformation can be reusedover
time; widely sharednformationcanbereusedacrosshe or-
ganizationaltructure;formal informationis a basisfor po-
werful automationservices. Several techniqueshave been
developedto enabletransitionsalongthesedimensiongsee
below). In orderto utilize themoptimally in acomprehensie
KM system,a detailedunderstandingf their interactionsis
useful.

Interactions betweenthe Thr eeDimensions

Below we describehow ary two of the dimensions— stabi-
lity, formality, sharingscope— mutuallyinfluenceoneano-
ther(cf. Figure?2):

Sharing Scope
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Figure2: Sharingscope stability, andformality of informa-
tionin KM systems

¢ Formality vs. Stability. Reachinga high level of forma-
lity requireshigh effort: Speciallytrainedpersonneis
neededthe processf formalizationitself is time con-
suming,ambiguousanderror-prone.This leadsto high
costswhich normally only chage off if the application
period of the formalizationis ordersof magnitudelon-
ger than the creationduration. However, the stability
of a domainto be formalizedis prevalently an exter-
nally determinedactor Thereforeformalizationdegree
mustbe chosercarefully, accordingto the expectedsta-
bility. In theinformationdelivery architecturedescribed
in [Abecler etal., 1999, for instancethreeontologies
areusedfor informationmodeling,namely:(i) theinfor-
mationontology, ameta-modefor structuraldescription
of informationitems(formats,typesetc.),(ii) theenter
priseontologyto specifycreationandintendedapplica-
tion contet, and (iii) the domainontologyfor content
descriptions. Apart from the principal/ontologicaldi-
stinction, theseontologiesdiffer especiallyin stability.
While the vocahulary to structurallydescribeinforma-
tion (What essentiallyconstitutesa book or a paper?)
is quite stable,or at leastexpandingrelatively monoto-
nously(in contrasto the eighties,we now have webdo-
cuments),the domainontology is often more a living
organism:New topicsbecomemportant,knowledgeis
acquiredpermanentlyandrespectie conceptualizations
areaddedor changedpld conceptualizationsiaybeno
longervalid, etc. The stability of anenterpriseontology
residedetweerthesetwo extremes Enterpriseghange
theirorganizatiorfrom timeto time. Thesechangesnay
be slight, within a fixed top—level ontology (Whatis a
departmentan employee, a process?)pr they may be
morerigorous,with a deeprestructuringe.g.,asresult
of amemger. Consequentlfor domainontologiepredo-
minantly relatively weak formalizations(thesauri,con-
ceptlists, or hierarchiespreappliedwhich canbemain-
tainedeasily oftenwith automaticsupport.Ontheother
hand,enterpriseandinformationontologiescanbe spe-
cified in a logical languagewith rich expressve power
(e.g., TOVE [Fox andGruninger 1994). In generala
detailedanalysisof anexpectedontologylife cycle can
be a pawerful guideto achiere an optimal level of for-
malizationin termsof costsandbenefits.

e Stabilityvs. SharingScope Thesewo dimension®ften
tendto have atradeof. Themoreagentsshareaconcep-
tualization,the morelikely it is thatsomeof themwill
breakthe commitmentsforming the basisof an onto-
logy. Corversely if a conceptualizations sharedonly
betweenra coupleof agentsstrongerchangesn theen-
vironmentareneededo enforcea shift in the ontology
Wheneeralargesharingscopds neededit hasto beta-
keninto accounthatmostnegotiationprocesseéwhich
facilitatesharing)aretime—consumingTherefore high
stability of the resultingontology is desirable. Some-
timesthis stability is artificially achieved by excluding
groupsof agentsfrom the negotiationprocessge.g., by
dictating ontologies. Normally, this resultsin bad ac-
ceptancéy thesegroupsanda poorperformancef the



entiresystem.

e SharingScopevs. Formality. Therelationbetweenthe
sharingscopeandthedegreeof formality is quitesubtle.
On one hand, being as explicit as possiblewhen spe-
cifying aconceptualizatiors mandatoryfor sharingbet-
weenseveral agents. Without a detailedunderstanding
of a proposedontology no commitmentscan be made
by the agentspbecausg@robablythereis no commonin-
terpretationof the proposalandmisunderstandingdu-
ring applicationare predetermined On the otherhand,
usingaformal specificatiorcanbeahurdlefor potential
agentdo participatein the sharingprocess However, if
formally lesstrainedpeopleare main addresseesf an
ontology theseuserscan not be excludedfrom nego-
tiation andcommitment.Oftenthe acceptancef infor-
mationsystemdails, becausehe ontologyis specified
by highly traineddesignersn someformallanguagewi-
thouttakinginto accounthatalesstrainedusermaynot
comprehendheimplicationsandthereforemay not use
thesystemnin aproperway. For example informationre-
presentationn WWW searchengineshasa low degree
of formality, but a large sharingscope,whilst power-
ful retrieval mechanismarelesscommon.ln summary
beingformalis a prerequisitao allow for sharingbut it
inhibits awide scopeasit needshighly trainedagents.

Assessmenbf Techniques

Several modulescanbe usedto balancea concretenforma-
tion systemwithin the designspacespannedy thedescribed
dimensions:

¢ Monitoring Services Analyzingthe utilization of anon-
tology (e.g.,feedbackrom asearchmachinejaswell as
monitoring the outerworld can provide hints whenthe
ontologyshouldbere—engineered.

¢ ResponsibilityConcepts In orderto organizecomplex
negotiationprocessem large groups,it makessensdo
think aboutspecificrolesandresponsibilitiegthematic
areamanagerspublishers,..). Theserolescanbeenac-
ted by humanaswell asby machineagentd Schmalho-
fer andvanElst,1999.

e CommunicatiorBupport To achieze mutualunderstan-
ding and generallyagreedupon commitments power-
ful discussiorandnegotiationservicesarerequired Do-
mingue,1999. Here, researchon computersupported
cooperatiework offersvaluablecontributions(cf. [Bor-
ghoff andSchlichter 2000;KraussandFussell,1990).

e Formalization Services Informal-formal as well as
tacit—eplicit transitionsare subjectto different fields
of research.Classicalknowledgeengineeringprovides
human-centerethethodsandtools for both transitions
[Studeret al., 1994; contriutionsto informal—-formal
transitionson the basisof text documentscome from
informationextraction,documentinalysis& understan-
ding, andcomputationalinguistics[Staabet al., 200d.
From a cognitive point of view it seemspromisingto
supportvariousdegreesof formality for intelligentinfor-
mationprovision (cf. [vanElst and Schmalhofer1999;
SchmalhofeandvanElst, 2000).

While thefirst (monitoringservices)yandthe last (formali-
zationservices)tem refersto the stability andthe formality
dimensionof information, respectrely, the middle two con-
cepts(responsibilitiesand communication)addresghe sha-
ring aspectf ontologies. They will leadlateron to our ap-
proachof an ontology society of ontology—relatecagents.
Comprehensie methodologicaland tool supportfor desi-
gning andmaintainingenterpriseKM ontologiesthroughout
thewhole lifecycle shouldcompriseelementdrom all these
areas. In the following we describehow ontology services
— especiallyfor domainontologies— are provided in the
FRODO framawork, with specificemphasison the several
agentsrightsandresponsibilitiesvhich arethe basisfor for-
ming a societyfrom a setof individuals.

4 Rolesof Ontology-RelatedActors

In this sectionwe identify classe®f ontology-relatedctors
in a distributed OM by describingtheir roles. Wooldridge
etal. proposesucha role-orientedanalysisasa naturalstep
in their Gaiamethodologyfor agent—orientedesign[Woold-
ridge et al., 200d, especiallywhenit is manifestto take an
organizationakiew on theapplicationscenario.

In orderto characterizeéhe variousactorsdealingwith do-
mainontologiesin FRODO we usethefollowing criteria:

e Goals Theactorsoperatein aregularly changingenvi-
ronment.In doingso,they notonly reactto suchchanges
but alsohave their own goalsandobjectiveswhich they
try to achieve.

e Knowledg: Actors have knowledgewith respecto the
relevant realmsof their environment, e.g. objectsand
otheractors,aswell aswith respecto their own goals.

¢ CompetenciesAn actorhasabilitiesto perceveandma-
nipulateits ervironmentandits own internalstate.In a
multi—-actor ervironment, the abilities to communicate
with other actorsare particularly important. Through
communicationknowledgeaboutfacts,goals,compe-
tencies.etc.canbe exchanged.This allows for negotia-
tion andagreementshich mayleadto a distribution of
tasksbetweenactorsor to changesf an actor's know-
ledgeandgoals.

¢ Rights Rightsarea subsetof anactors competencies.
They describewhatan actoris allowedto do, e.g.,read
or manipulatean information item, or grantrights to
otheractors.

¢ Obligations Obligationsarealsoa subseif anactors
competenciesThey describewhatan actoris expected
to do, e.g., dueto a commitmentin consequencef a
comple negotiationprocedureor becausef anactor's
intrinsicrole.

The first threecriteria correspondo the knowledgelevel
descriptiongoroposedby Newell [Newell, 1982. Thelatter
two reflectthatthe variousactorsin distributedOMs form a
society not just anaccumulation Rightsandobligationsare
the basisfor coordinatingthe negotiation processeshat are
neededo createa sharedunderstanding.

Figure 3 shavs a taxonomyof possibleroleswhich onto-
logy actorsin a distributedorganizationamemorymaytake.
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Figure3: Taxonomieof Rolesof Ontology—Related\ctors.

The setof actorsin an OM taking one of theseroles with
respecto a specificontologyform anontologysociety

First, we distinguishbetweenontology providers andcon-
sumes.

Ontologyprovidersattendto the provision of ontologyser
vices(e.g.,expertscananswerqueriesaboutthe relationship
betweertwo conceptspswell asto theacquisitionandmain-
tenanceof adomainontology(editors).

Consumerspntheotherhand,utilize adomainontologyin
orderto executea specificapplication,e.g.,find someknow-
ledgeitems,annotatelocumentsetc.

Thesegroupsof actorstypically have differentgoalswith
respecto anontology While consumersareonly interested
in completenesandsoundnessf anontologywith regardto
their specificapplication,maintenanceservicestake a more
global view and claim thesepropertiesfor the whole onto-
logy.

Within the group of ontology consumerswe distinguish
betweenractiveandpassiveusers.Passiveusess neitherhelp
to improve the ontologynor do they have ary claimswith re-
spectto theontologyservice.Associateslsodo notnecessa-
rily contrituteto theontologyevolution, but have specialqua-
lity requirements.Therefore they arenotified whenever the
ontologychanges.Partners committo supportthe improve-
mentof the domainontology hencethey areboth ontology
consumersand providers. For the editor of a domainonto-
logy, partnersareof specialimportanceasthey arethe main
sourceof informationabouttheutility of anontology Howe-
ver, thefinal responsibilityfor the ontologyis in the editor's
hand.

Table 1 summarizesights and obligationsof the various
usergroupsof adomainontologyregardingsometypical on-
tology operations.

In the following we briefly sketchthe competenciesvhich
arestatedn tablel:

e Query: All actorshave the right to query an ontology
serviceaboutpropertiesof the domain. Theremay be

differenttypesof queriese.g.about

— concepts:‘ls a conceptin the ontology?”,“Give a
naturallanguagedescriptionof a concept, ...

— conceptandrelationshipsHolds therelationship
R betweerconceptd andconceptB?”, ...

— ontologies:“Is ontology A equivalentto ontology
B?",“Is ontology A a sub-ontologyof B?”, ...

— copy: “Givemea copy of ontology A andguaran-
teevalidity until revocation’.

¢ Receve Update: All actorsbut the passie oneshave
theright to be notified whenever a guaranteeaboutthe
validity of an ontologicalinformation doesnthold ary
longet

e SuggesUpdate: Clearly, any memberof an “ontology
community” can contribute to an improvementof the
ontology Partnersand editors,in addition, commit to
actively pushontologyevolution.

e AnswerQueries:To answemueriedik e theonesdescri-
bedabove is oneof the centraltasksof anontologyser
vice. The actorthat attendsthis taskis called ontology
expert An editor of anontologyis alsoableto answer
thesequeries.However, heis not obligedto.

¢ Edit: Only editorscanassertmodify andretractonto-
logical propositions.As they have responsibiltyfor the
qualityof anontology, they arenotforcedto follow other
actor’s suggestions.However, in orderto obtain high
acceptancanduseof anontologyaneditorwill take all
suggestionito considerationPotentially aneditorhas
to coordinatea complex negotiationprocedurebetween
theactorsto conceve his decision.

e SendUpdateNotification: An editor hasthe right and
obligationto keepall givenguarantede.g. with respect
to an ontology’s validity) andnotify the active usersin
thecaseof changes.

e Apply for Role: This is a basiccompetencdor joining
an ontology societyor changingan actor’s role within
the society The applicationis sentto an editor. This
editorcanthengrantguaranteesTherebytherespectie
rightsandobligationsarenegotiated.

¢ GrantGuaranteesk.q. validity for acertaintime or until
a certainevent(cancellation) alsothe rights a userhas
whenenteringa ontologysociety

¢ Guaranteeuality: Editorstry to obtaina high quality
of thedomainontology Aspectsof quality may be for-
mal propertiedik e soundnesandcompletenesgaswell
as“soft factors”like a goodratio betweenacquisition
costsandusebenefits.Guaranteeaboutquality maybe
framedby atime interval or otherconstrains.

In summarythe previously describedcompetenciesanbe
groupednto threecateyories:

e Ontolagy Utilization: Competenciedike Query and
AnswerQueriesare neededn the usephaseof an on-
tology. Typical actorswill be settledon the knowledge
brokering level. A retrieval agentsfor example might
exploit ontologicalknowledgeto achiese higherrecall
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Tablel: Rights(R) andObligations(O) of OntologyActors.

andprecisionor to betterpresentis resultsto theinfor-
mationconsumer Thereforeit asksan ontology expert
abouttherelationbetweertwo concepts.

e Ontolagy Evolution Thesecompetenciegsrenecessary
to negotiateontology updates.E.g., if aretrieval agent
takestherole of a partneruserin anontologysocietyit
might realizethat information consumersften askfor
informationusinga termthatis not definedin the onto-
logy. Hence,the retrieval agentwould suggesthe on-
tology editorto introducea new concept.The ontology
editorwould thereuponcoordinatea negotiationproce-
durebetweertheactive ontologyusers.

¢ Ontolagy Socialization Actors canjoin or leave anon-
tology societyor they may changetheir role (e.g. from
passie userto partner). In orderto make a decision
which role an actorwantsto take it might needinfor-
mationaboutthe contentof an ontology and aboutthe
rights and obligationsit has. Thusthe affiliation in an
ontology societymight presuppos@& complex negotia-
tion procedurebetweerthe potentialontologyuserand
the editorthatgrantsguarantees.

As we dealwith a multiple-OM scenariowe will have se-
veraldomainontologies.So, actorsin this scenariocantake
oneof therolesdescribedabove for eachavailable ontology
service.For example theeditor of domainontology A might
be an associatewith respectto ontology B (e.g., the onto-
logy in a differentdepartment). The wealestrole “passve
consumer’allows for a straightforward integration of exter-
nal ontologies becauseio severe commitmentsaboutrights
and obligationsare made. The following sketch of a sam-
ple softwareframewnork mayillustratethe basicarchitectural
approactabit.

Domain Ontologiesin the FRODO Framework

Abovewe arguedfor vertical scalingaswell asfor horizontal
scaling With respecto domainontolagy serviceghis requi-
resfacilitiesfor bothaddingdomainontologieso anOM and
accessingntologyservicefrom otherOMs.

Thereforewe proposawo typesof ontologyservices:Do-
mainOntologyAgents(DOA) andDistributedDomainOnto-
logy Agents(D20A). DomainOntology Agentsare respon-
siblefor ontologieswithin oneOM, DistributedDomainOn-
tology Agentsarelocatedbetweerseveral OMsandfacilitate
cross—OMcommunication.

So, thetaskof D2OAs is quite similar to “standardinfor-
mation integration ontologies”(e.g. mappingservices),but
mucheasierasthe sourcesarealreadyformal ontologies not
just“any informationprovider”.

Typical questionsto DOAs are “What are the subcon-
ceptsof conceptd?” whereadD?OAs answerquestiondike
“Which OM containsconceptdike A andB?” or “What does
A meanin OM,?".

This structurebetter embraceghe inherently distributed
natureof (ontological)knowledge. Not all conceptualizati-
onsaresharecbetweenrall actors of the system put ontology
societiesare formedwith respectto relevant domains. Ad-
ditional infrastructureenablescommunicatiorbetweerthese
ontologysocieties.

Imaginefor exampletwo groupsof experts, one for do-
main D1, onefor domainD2. Eachgroupnegotiatesits own
domainontology managedy DOA p; andDOA p,, respec-
tively. D2OA hasknowledgewhattheseontologiesareabout
and tries to identify points of contactor overlapsbetween
them.

Then, D?0OA initiates a negotiation procedure between
DOAp; andDOA p». Theresultmight be acommonupper
level ontologyor a mappingfor somepartsof the ontologies.
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Figure4: SampleFramevork Instantiatiorwith a D2OA coordinatingtwo OMs with local domainontologyagentgDOA).

In summarythis conceptof ontolgy societiesriesto find
areasonablesharingscopefor portionsof knowledgesothat
acommonunderstandings possibleatall.

DOAs aswell asD?OAs canbe describedn termsof the
rolesthathave beenoutlinedbefore.For theirown ontologies
they have therightsandobligationsof Ontology Expertsand
Ontology Editors. DOAs are Associateor Partner Users of
theD2OA ontologiesandvice versa(seefigure4) .

5 Outlook

In this paperwe characterizegossibleroles of ontology—
relatedactorsin an OM scenarioby specifyingthe respec-
tiverightsandobligationsin theontologysociety Theserole
descriptionscanbe usedas high—level specificationdor the
definition of agenttypes,speechacts,and standardservices
for anOM middleware.

In the FRODO project[Abecker et al., 2001] we imple-
mentsucha middleware on the basisof a FIPA—compliant
agentplatform[Bellifemineetal., 2001]. An analysisof the
FIPA specificationdFIPA, a; b] shavs that sucha platform
providesa goodinfrastructurefor the realizationof the con-
ceptspresentedabove. We strive for further developments
especiallyin thefields of knowledgerepresentationanddis-
tributed inferencingservicesthat take into accountthe spe-
cific requirement®f aninformationlandscapewith various
levels of reliability, dependingon anactors role [Abecker et
al., 2001].

The suitability of the FRODO approachs beingtestedin
an applicationscenarioin the realm of knowledgemanage-

mentfor nuclearpower engineeringknowhow. Here,know-
ledgeis typically distributed over varioussites(e.g., opera-
tors of power plants,public licensingauthorities several mi-
nistries),and a global view cannot be obtained. Inevitably,
a comprehensie useof knowledgeis requiredto processcri-
tical proceduredik e the transportof nuclearmaterialacross
the bordersof states. An informationinfrastructurethat al-
lows eachstaleholderof knowledgeto keephis own view
andsphereof responsibilityon the onehandanddefinedzo-
nesof negotiatedcooperatiorontheotherhandcanhopefully
facilitate comprehensie knowledge managemenin sucha
delicateervironment.
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