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Abstract

Ontologiesareusedin agent–orientedsoftwarede-
velopment, information systems,and expert sy-
stemsin orderto supportinteroperability, declara-
tivity, andintelligentservices.In theFRODO pro-
ject,wedesignascalable,agent–basedmiddleware
for distributedOrganizationalMemories(OM). In
this paper, we investigatewhich ontology–related
servicesshouldbe provided as middleware com-
ponents.To thisend,wediscussthreebasicdimen-
sionsto characterizestoredinformationthatdeter-
mine the concretespecificationof ontology–based
systems,formality, stability, andsharingscope. A
shortdiscussionof techniqueswhich aresuitedto
find a balanceon thesedimensionsleadsto a cha-
racterizationof rolesof ontology–relatedactorsin
the OM scenariowhich aredescribedwith respect
to their goals, knowledge, competencies,rights,
andobligations.Theseactorclassesandtherelated
competenciesarecandidatesto defineagenttypes,
speechacts,andstandardservicesin theenvisioned
OM middleware.

1 Moti vation
In knowledgemanagement(KM), it is widely acceptedthat
ontologies as explicit specificationsof conceptualizations
[Gruber, 1991;1995;Necheset al., 1991] provide a useful
meansto facilitateaccessandreuseof knowledge. Typical
utilizationscenarioscomprisediscussiongroups,searchengi-
nes,informationfiltering, accessto non–textual information
objects,andexpert–usercommunication[O’Leary, 1998]. In
thecontext of OrganizationalMemory(OM), ontologiespro-
vide a vocabulary for specifying information resourcesas
well asinformationneeds[Abecker et al., 2000a;2000b] in
order to evolve from a keyword–basedtowardsa concept–
basedinformation management,indexing, and retrieval ap-
proach.They alsoform thebasisfor knowledge–enhancedor
knowledge–assistedsearchandretrieval [Sinteket al., 2000;
McGuinness,1998].

In theseapplications,ontologiesserve as formally repre-
sented“specificationsof discoursein the form of a shared
vocabulary” [O’Leary, 1998]. Sucha sharedunderstanding
is particularly important becauseKM typically dealswith

multi–actor scenarios(cf. [Perezet al., ; Silvermanand
Owens,1996; Gandonet al., 2000]). The vision of know-
ledgemanagementassumesthecomprehensiveuseof anen-
terprise’sknowledge,whoeveracquiredit, wherever it is sto-
redandhowever it is formulatedin particular. Technicalsup-
port for sucha vision is often basedon centralizedapproa-
cheswhich seemwell–suitedto guaranteethat the complete
informationavailableis considered[Bonifacio et al., 2000].
For instance,in OM referencearchitecture(Figure 1) deri-
ved from the KnowMore framework [Abecker et al., 1998],
theproblemof severalheterogeneousinformationsourcesis
tackledby the introductionof a uniform knowledge descrip-
tion level: The variousinformation items are annotatedby
knowledgedescriptionswhich arebasedon an agreedupon
vocabulary, namelythe information,enterprise,anddomain
ontologies.Hence,a centralizedview upona distributedin-
formationlandscapeis built.

In the FRODO project [Abecker et al., 2001] we aim at
extendingthe centralizedKnowMore framework towardsa
distributedOM scenario.This is motivatedby thedrawbacks
of centralizedmodels:

1. They neglecttheadvantagesof thedistributednature of
knowledge (e.g. with respectto developmentand use)
in enterprise: It is very expensiveor evenimpossibleto
obtaina globally negotiatedvocabulary. OMs couldbe-
nefit from balancingboth local expertise— which may
resultin not globally shareableknowledge— andover-
all viewson higherlevels.

2. Centralized approaches are cumbersomein changing
environments: An OM’s environmentmay for example
changedue to reorganizationsof an enterprise’s struc-
ture. Furthermore,OM systemsare typically not esta-
blishedatoncefor awholecompany, but introducedstep
bystepin variousplaces(e.g.departments).To allow for
acomprehensivemanagementof knowledge,theseOMs
have to cooperateor to beintegrated.

Consequentlywe proposea flexible, scalableframework
for OM technology, which supportstwo typesof scalability:
vertical scalability describesthe stepwiseextensionof one
OM asshown in Figure1 by additionalelementson eachle-
vel, like new businessprocessesat theapplicationlevel, new
informationsourcesat the knowledgeobject level, etc. Ho-
rizontal scalability meansthat different OM systemsshould
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Figure1: OM Framework (derivedfrom theKnowMorearchitecture)

be interoperablefor cooperative query answeringto a high
degree.

In this paperwe describeour considerationsabout de-
sign issuesandbasicdecisionsfor OM softwarearchitectu-
reswhich areableto copewith both typesof scalability. In
the next section,we presentin somemoredetail the ideaof
scalableOMs. In section3, comingfrom thedefinitionof an
ontology, we encouragea comprehensive view on threedi-
mensionsof informationthathavefundamentalimpactonthe
usefulnessof ontology–basedKM systems:formality, stabi-
lity, andsharingscope.We point out thetrade–offs involved
whendetermininga concreteoperatingpoint in the respec-
tive spectrums,and list sometechniques/researchareasde-
aling with scalingalong the respective dimensions. These
considerationsleadto at leasttwo conclusions:(i) it makes
senseto think aboutscalableOM systemsas agent–based
informationsystemswith many scalingservicesrealizedas
agentservices;and(ii) domainontologiesin sucha complex
scenarioshouldnot only becreated,maintainedandevolved
by a singleontologyagent,but rathershouldbemanagedby
the coordinatedcollaborationof a numberof OM actorsde-
aling with specificissues.In section4, we elaboratethis idea
top down: startingwith theknowledgelevel, we characterize
rolesof ontology–relatedactorswith respectto their know-
ledge,goals,competencies,rights,andobligationsandsketch
anontologyof ontology–relatedactors.This is thebasisfor

a list of ontology–relatedservicesin an ontologysociety—
which laterwill beprovidedby specificspeechactsbetween
ontology–relatedagentsin the OM middleware. Theseser-
vicescanbegroupedin ontologyevolution,ontologyutiliza-
tion, andontologysocializationservices.A smallexampleof
theintendedsoftwarerealizationof theseconceptsillustrates
theFRODOapproach.In section5, weconcludewith ashort
outlookon our next steps.

2 Scalability Issuesfor Distrib uted
OrganizationalMemories

In this section,we describea rathergeneralframework for
scalabilityof distributedOMs. A stylized“real world scena-
rio” elaboratesonthevariouscooperationpotentialitiesin the
intendedinformationlandscapes.

1. Vertical scalabilitydescribesthe ability of evolutionary
growth within oneOM:
 integrationof new servicesin order to meetaddi-

tional requirements
 incorporationof additionallegacy systems
 extension/changeof underlyingontologies

2. Horizontal scalability meansthe cooperationbetween
independentlyintroducedOMs within one enterprise.
For example, theremay exist separateOMs for diffe-
rent departmentsof an enterprise(design,production,



costumerrelation, etc.). In order to “globally opti-
mize” a completeproductlifecycle, informationhasto
beusedacrossthedepartments.Therefore,communica-
tion meansbetweenseveralOMs areneeded.In sucha
horizontalintegrationscenario,communicationandco-
operationmustbepossiblebetweenall systemlayersof
differentOMs: for instance,cooperativeinformationga-
thering[Nodineet al., 1999] or intelligent information
integration[Wiederhold,1996] areexamplesfor a hori-
zontalOM integrationontheknowledgebrokeringlevel.
Cross–organizationalworkflows arean examplefor fa-
cilitating integrationon theapplicationlevel.

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

Horizontal OM Integration: Complexity of
Communication vs.Quality of Service
In orderto selectaspecificform of cooperationbetweenOMs
a tradeoff hasto bebalancedbetweencomplexity of commu-
nicationandthequalityof service. While thedirectexchange
of informationobjectson a “syntacticalbasis”— e.g.,refe-
rencedby its uniqueidentifier — is quite cheapin termsof
communicationeffort, thelackof semanticinformationholds
down the quality of service;e.g. it is not clearwhetherthe
objectreally providesthe informationdesired.On the other
hand,high quality servicesat theknowledgebrokeringlevel
typically needmorecommunication,e.g.to negotiatethe in-
tendedmeaningof a request,its costsetc.

The following simple example illustrates this tradeoff.
Imaginetwo “simpleOMs”:����

consistsof

1. asetof documents,e.g.books(informationobjectlevel)

2. that are arrangedon bookshelveswith category labels
(knowledgedescriptionlevel),

3. an intelligent informationassistantwho canselectrele-
vantbookswith respectto aquery(knowledgebrokering
level), and

4. a researcherworking in a project(applicationlevel).����
isalibrary andorganizedquitesimilarly: Documents

arearrangedon bookshelvesaccordingto the“ACM classifi-
cation”. Thereareassistantsto the“chief librarian”, helping
to organizethelibrary, selectnew books,write recommenda-
tionsfor literatureetc.

Thestandardprocesswithin
�� �

is describedasfollows:
The researcherworking on a specialwork packageof the
project hasa specific information need(e.g., aboutagent–
orientedsoftwarearchitectures,AOS).He thereforeaskshis
assistantto fetch the relevantdocumentswith respectto this
topic from theshelf.As theassistantis intelligenthenotonly
fetchesthe documentson the shelf labelled”AOS”, but also
documentsfrom other shelves labelled with relatedtopics
(e.g. “FIPA specifications”).Furthermore,hesortsthesedo-
cumentswith respectto specificcriteria (e.g.,softwareplat-
forms, text booksetc.),briefly summarizesthem,andleaves

documentsin theshelfthataredefinitelyoutdated.Theresult
is presentedto theresearcher.

Perhapsthe documentsin his own bookshelfdo not sa-
tisfy theresearcher’s informationneedaboutAOS.Hence,he
askshis assistantto fetch moreinformationfrom the library
(
����

). Now theinformationassistant(
����

) cancooperate
with thelibrary (

�� �
) on variouslevels:


 objectlevel: Theassistantknows abouta specificbook
andjust fetchesit from thelibrary.


 knowledge descriptionlevel: Theassistantsearchesfor
documentson AOS.He usesthecatalogof keywordsto
find out which categoriesof theACM classificationare
appropriate,andthenfetchesthebooks.


 knowledgebrokeringlevel: Heasksoneof thelibrary as-
sistantsto suggestandfetchhim a setof relevantbooks.
In orderto geta goodresult,hehasto explain the term
“AOS” to the library assistantand tell him othercrite-
ria for “relevantbooks”. Thenthe library assistantper-
formsanextensivesearchfor literature,compilesthedo-
cumentsanddeliversthemto the researcher’s informa-
tion assistant.

Furthermore,cooperationbetweenthelibrary andtheresear-
cherscanhappenon evenhigherlevels:

 applicationlevel: Theworkplanfor theresearcher’spro-

ject includesatask“orderingof projectliterature”.The-
refore,hehasto cooperatewith the“chief librarian” who
managesa globalbudgetfor literature.


 secondorder processes: In order to establisha really
useful library andnot to buy all the relevant literature
locally in theprojects,every six monththelibrary com-
mission— consistingof someresearchersandthechief
librarian— meetsanddefinesastrategy for thepurchase
of booksandmagazines.

While thelower–level cooperationsonly requirevery little
communicationeffort, thehigherlevels rely on communica-
tion betweenthevariousagents(e.g.,“What arethegoalsfor
a departmentlibrary?”, “What doesthe term AOS mean?”).
On the otherhand,the latter servicestypically areof better
quality andhigher impact: Suggestionsby a goodtechnical
librarian aremorepreciseandrelevant thanbooksfound by
a purekeyword searchor thesetof all bookslabelledwith a
particularACM classificationcode.

As a consequenceof theconsiderationssofar, we seethat
we examineaninformationlandscapewith variousactorson
theinformationprovider andthe informationconsumerside,
as well as mediatinginformation agents. Thus we have a
strongneedto establishasharedunderstandingbetweenthese
actors.This is whereontologiesshow theirparticularimport-
ance.Comingfrom thedefinitionof ontologies,threedimen-
sionsfor characterizinginformationin anOM canbeidenti-
fied. Thesearepresentedin moredetail in thenext section.

3 ThreeDimensionsfor Characterizing
Inf ormation in an OM

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



worthiness,or explicitness. Whendesigningsucha system,
three� dimensionsareespeciallyrelevant:

 Stability: Informationcanhave differentlevelsof stabi-

lity. For example,thecontactpersonfor a specificcon-
cernin an enterpriseis normally quite permanent.Ho-
wever, if the enterpriseoutsourcessomefunctionsto a
call center, theknowledgeabouta contactpersonmight
becomerathermomentary, becauseeachtime onecalls
a new contactpersonis assigned.


 Sharing Scope: Information can be sharedwithin a
group or individual: individual becauseit hasnot yet
beenpublishedor disseminated,or becauseit is aimed
to beindividual. Somenoteson apost–itareindividual,
whereasa designteamshoulddevelop a more shared
understandingof the productto be developed.Further-
more,knowledgeandinformationcanbesharedwithin
evenlargerstructures,likeagroupof groups(e.g.,across
thewholeenter-prisewith its variousdivisions).


 Degree of Formality: Information can be highly for-
malized(e.g., formal businessprocessmodelsor rules
in an expert system),or it canbe more informal (e.g.,
text documents). Formal information is meant to be
machine–readable[Studeret al., 1998] and machine–
interpretable.

It is desirableto identify information at the high end of
thesedimensions: Stable information can be reusedover
time; widely sharedinformationcanbereusedacrosstheor-
ganizationalstructure;formal information is a basisfor po-
werful automationservices. Several techniqueshave been
developedto enabletransitionsalongthesedimensions(see
below). In orderto utilize themoptimally in acomprehensive
KM system,a detailedunderstandingof their interactionsis
useful.

Interactions betweenthe Thr eeDimensions
Below we describehow any two of thedimensions— stabi-
lity, formality, sharingscope— mutually influenceoneano-
ther(cf. Figure2):

Sharing Scope

Stability Formality

restricts,
requires� facilitates

requires�
constrains

enables

decreases
likelihood

Figure2: Sharingscope,stability, andformality of informa-
tion in KM systems


 Formality vs. Stability: Reachinga high level of forma-
lity requireshigh effort: Speciallytrainedpersonnelis
needed;the processof formalizationitself is time con-
suming,ambiguousanderror–prone.This leadsto high
costswhich normallyonly chargeoff if the application
periodof the formalizationis ordersof magnitudelon-
ger than the creationduration. However, the stability
of a domain to be formalized is prevalently an exter-
nally determinedfactor. Thereforeformalizationdegree
mustbechosencarefully, accordingto theexpectedsta-
bility. In theinformationdeliveryarchitecturedescribed
in [Abecker et al., 1998], for instance,threeontologies
areusedfor informationmodeling,namely:(i) theinfor-
mationontology, ameta-modelfor structuraldescription
of informationitems(formats,typesetc.),(ii) theenter-
priseontologyto specifycreationandintendedapplica-
tion context, and(iii) the domainontology for content
descriptions. Apart from the principal/ontologicaldi-
stinction, theseontologiesdiffer especiallyin stability.
While the vocabulary to structurallydescribeinforma-
tion (What essentiallyconstitutesa book or a paper?)
is quite stable,or at leastexpandingrelatively monoto-
nously(in contrastto theeighties,wenow havewebdo-
cuments),the domainontology is often more a living
organism:New topicsbecomeimportant,knowledgeis
acquiredpermanently, andrespectiveconceptualizations
areaddedor changed;old conceptualizationsmaybeno
longervalid, etc.Thestability of anenterpriseontology
residesbetweenthesetwo extremes.Enterpriseschange
theirorganizationfrom timeto time. Thesechangesmay
be slight, within a fixed top–level ontology(What is a
department,an employee,a process?),or they may be
morerigorous,with a deeprestructuring,e.g.,asresult
of amerger. Consequently, for domainontologiespredo-
minantly relatively weakformalizations(thesauri,con-
ceptlists,or hierarchies)areappliedwhichcanbemain-
tainedeasily, oftenwith automaticsupport.Ontheother
hand,enterpriseandinformationontologiescanbespe-
cified in a logical languagewith rich expressive power
(e.g.,TOVE [Fox andGruninger, 1998]). In general,a
detailedanalysisof anexpectedontologylife cycle can
be a powerful guideto achieve an optimal level of for-
malizationin termsof costsandbenefits.


 Stabilityvs.SharingScope: Thesetwo dimensionsoften
tendto haveatradeoff. Themoreagentsshareaconcep-
tualization,the morelikely it is that someof themwill
breakthe commitmentsforming the basisof an onto-
logy. Conversely, if a conceptualizationis sharedonly
betweena coupleof agents,strongerchangesin theen-
vironmentareneededto enforcea shift in theontology.
Wheneveralargesharingscopeis needed,it hasto beta-
keninto accountthatmostnegotiationprocesses(which
facilitatesharing)aretime–consuming.Therefore,high
stability of the resultingontology is desirable. Some-
timesthis stability is artificially achieved by excluding
groupsof agentsfrom the negotiationprocess,e.g.,by
dictating ontologies. Normally, this resultsin bad ac-
ceptanceby thesegroupsanda poorperformanceof the



entiresystem.
 SharingScopevs. Formality: The relationbetweenthe
sharingscopeandthedegreeof formality is quitesubtle.
On one hand,being as explicit as possiblewhen spe-
cifying aconceptualizationis mandatoryfor sharingbet-
weenseveral agents.Without a detailedunderstanding
of a proposedontology no commitmentscan be made
by theagents,becauseprobablythereis no commonin-
terpretationof theproposal,andmisunderstandingsdu-
ring applicationarepredetermined.On the otherhand,
usingaformalspecificationcanbeahurdlefor potential
agentsto participatein thesharingprocess.However, if
formally lesstrainedpeoplearemain addresseesof an
ontology, theseuserscan not be excludedfrom nego-
tiation andcommitment.Oftentheacceptanceof infor-
mationsystemsfails, becausethe ontologyis specified
by highly traineddesignersin someformal languagewi-
thouttakinginto accountthata lesstrainedusermaynot
comprehendtheimplicationsandthereforemaynot use
thesystemin aproperway. Forexample,informationre-
presentationin WWW searchengineshasa low degree
of formality, but a large sharingscope,whilst power-
ful retrieval mechanismsarelesscommon.In summary,
beingformal is a prerequisiteto allow for sharing,but it
inhibits a widescopeasit needshighly trainedagents.

Assessmentof Techniques
Severalmodulescanbe usedto balancea concreteinforma-
tion systemwithin thedesignspacespannedby thedescribed
dimensions:
 MonitoringServices: Analyzingtheutilizationof anon-

tology (e.g.,feedbackfrom asearchmachine)aswell as
monitoringthe outerworld canprovide hints whenthe
ontologyshouldbere–engineered.
 ResponsibilityConcepts: In order to organizecomplex
negotiationprocessesin largegroups,it makessenseto
think aboutspecificrolesandresponsibilities(thematic
areamanagers,publishers,...). Theserolescanbeenac-
tedby humanaswell asby machineagents[Schmalho-
fer andvanElst,1999].
 CommunicationSupport: To achieve mutualunderstan-
ding and generallyagreedupon commitments,power-
ful discussionandnegotiationservicesarerequired[Do-
mingue,1998]. Here, researchon computersupported
cooperativework offersvaluablecontributions(cf. [Bor-
ghoff andSchlichter, 2000;KraussandFussell,1990]).
 Formalization Services: Informal–formal as well as
tacit–explicit transitionsare subjectto different fields
of research.Classicalknowledgeengineeringprovides
human–centeredmethodsandtools for both transitions
[Studeret al., 1998]; contributionsto informal–formal
transitionson the basisof text documentscomefrom
informationextraction,documentanalysis& understan-
ding, andcomputationallinguistics[Staabet al., 2000].
From a cognitive point of view it seemspromisingto
supportvariousdegreesof formality for intelligentinfor-
mationprovision (cf. [vanElst andSchmalhofer, 1999;
SchmalhoferandvanElst,2000]).

While thefirst (monitoringservices)andthelast(formali-
zationservices)item refersto the stability andthe formality
dimensionof information,respectively, the middle two con-
cepts(responsibilitiesandcommunication)addressthe sha-
ring aspectof ontologies.They will leadlateron to our ap-
proachof an ontology society of ontology–relatedagents.
Comprehensive methodologicaland tool support for desi-
gningandmaintainingenterpriseKM ontologiesthroughout
thewhole lifecycle shouldcompriseelementsfrom all these
areas. In the following we describehow ontology services
— especiallyfor domainontologies— are provided in the
FRODO framework, with specificemphasison the several
agents’rightsandresponsibilitieswhich arethebasisfor for-
minga societyfrom a setof individuals.

4 Rolesof Ontology-RelatedActors
In thissection,we identify classesof ontology–relatedactors
in a distributed OM by describingtheir roles. Wooldridge
et al. proposesucha role-orientedanalysisasa naturalstep
in theirGaiamethodologyfor agent–orienteddesign[Woold-
ridge et al., 2000], especiallywhenit is manifestto take an
organizationalview on theapplicationscenario.

In orderto characterizethevariousactorsdealingwith do-
mainontologiesin FRODO weusethefollowing criteria:
 Goals: Theactorsoperatein a regularly changingenvi-

ronment.In doingso,they notonly reactto suchchanges
but alsohave their own goalsandobjectiveswhich they
try to achieve.
 Knowledge: Actorshave knowledgewith respectto the
relevant realmsof their environment,e.g. objectsand
otheractors,aswell aswith respectto their own goals.
 Competencies: An actorhasabilitiesto perceiveandma-
nipulateits environmentandits own internalstate.In a
multi–actorenvironment, the abilities to communicate
with other actorsare particularly important. Through
communication,knowledgeaboutfacts,goals,compe-
tencies,etc.canbeexchanged.This allows for negotia-
tion andagreementswhich mayleadto a distribution of
tasksbetweenactorsor to changesof an actor’s know-
ledgeandgoals.
 Rights: Rightsarea subsetof an actor’s competencies.
They describewhatanactoris allowedto do, e.g.,read
or manipulatean information item, or grant rights to
otheractors.
 Obligations: Obligationsarealsoa subsetof an actor’s
competencies.They describewhat anactoris expected
to do, e.g., due to a commitmentin consequenceof a
complex negotiationprocedureor becauseof anactor’s
intrinsic role.

The first threecriteria correspondto the knowledgelevel
descriptionsproposedby Newell [Newell, 1982]. The latter
two reflectthat thevariousactorsin distributedOMs form a
society, not just anaccumulation.Rightsandobligationsare
the basisfor coordinatingthe negotiationprocessesthat are
neededto createa sharedunderstanding.

Figure3 shows a taxonomyof possibleroleswhich onto-
logy actorsin a distributedorganizationalmemorymaytake.



Figure3: Taxonomieof Rolesof Ontology–RelatedActors.

The set of actorsin an OM taking one of theseroles with
respectto a specificontologyform anontologysociety.

First, we distinguishbetweenontology providers andcon-
sumers.

Ontologyprovidersattendto theprovisionof ontologyser-
vices(e.g.,expertscananswerqueriesabouttherelationship
betweentwo concepts)aswell asto theacquisitionandmain-
tenanceof a domainontology(editors).

Consumers,ontheotherhand,utilize adomainontologyin
orderto executea specificapplication,e.g.,find someknow-
ledgeitems,annotatedocuments,etc.

Thesegroupsof actorstypically have differentgoalswith
respectto anontology. While consumersareonly interested
in completenessandsoundnessof anontologywith regardto
their specificapplication,maintenanceservicestake a more
global view andclaim thesepropertiesfor the whole onto-
logy.

Within the group of ontology consumerswe distinguish
betweenactiveandpassiveusers.Passiveusers neitherhelp
to improvetheontologynordo they haveany claimswith re-
spectto theontologyservice.Associatesalsodonotnecessa-
rily contributeto theontologyevolution,but havespecialqua-
lity requirements.Therefore,they arenotified whenever the
ontologychanges.Partners commit to supportthe improve-
mentof the domainontology, hencethey areboth ontology
consumersandproviders. For the editor of a domainonto-
logy, partnersareof specialimportanceasthey arethemain
sourceof informationabouttheutility of anontology. Howe-
ver, thefinal responsibilityfor theontologyis in theeditor’s
hand.

Table1 summarizesrights andobligationsof the various
usergroupsof adomainontologyregardingsometypicalon-
tologyoperations.

In thefollowing we briefly sketchthecompetencieswhich
arestatedin table1:

 Query: All actorshave the right to queryan ontology

serviceaboutpropertiesof the domain. Theremay be

differenttypesof queries,e.g.about

– concepts:“Is a conceptin theontology?”,“Give a
naturallanguagedescriptionof a concept.”, ...

– conceptsandrelationships:“Holds therelationship�
betweenconcept� andconcept� ?”, ...

– ontologies:“Is ontology � equivalentto ontology
� ?”, “Is ontology � a sub-ontologyof � ?”, ...

– copy: “Give mea copy of ontology � andguaran-
teevalidity until revocation.”


 Receive Update: All actorsbut the passive oneshave
the right to be notified whenever a guaranteeaboutthe
validity of an ontologicalinformation doesnthold any
longer.


 SuggestUpdate:Clearly, any memberof an “ontology
community” can contribute to an improvementof the
ontology. Partnersandeditors,in addition, commit to
actively pushontologyevolution.


 AnswerQueries:To answerqueriesliketheonesdescri-
bedabove is oneof thecentraltasksof anontologyser-
vice. The actorthatattendsthis taskis calledontology
expert. An editorof an ontologyis alsoableto answer
thesequeries.However, heis not obligedto.


 Edit: Only editorscanassert,modify andretractonto-
logical propositions.As they have responsibiltyfor the
qualityof anontology, they arenotforcedto follow other
actor’s suggestions.However, in order to obtain high
acceptanceanduseof anontologyaneditorwill takeall
suggestionsinto consideration.Potentially, aneditorhas
to coordinatea complex negotiationprocedurebetween
theactorsto conceivehis decision.


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


 Apply for Role: This is a basiccompetencefor joining
an ontologysocietyor changingan actor’s role within
the society. The applicationis sentto an editor. This
editorcanthengrantguarantees.Therebytherespective
rightsandobligationsarenegotiated.


 GrantGuarantees:E.g.validity for acertaintimeoruntil
a certainevent (cancellation),alsothe rights a userhas
whenenteringa ontologysociety.


 GuaranteeQuality: Editorstry to obtaina high quality
of thedomainontology. Aspectsof quality maybefor-
malpropertieslikesoundnessandcompleteness,aswell
as “soft factors” like a good ratio betweenacquisition
costsandusebenefits.Guaranteesaboutquality maybe
framedby a time interval or otherconstrains.

In summary, thepreviouslydescribedcompetenciescanbe
groupedinto threecategories:
 Ontology Utilization: Competencieslike Query and

AnswerQueriesareneededin the usephaseof an on-
tology. Typical actorswill be settledon the knowledge
brokering level. A retrieval agentsfor examplemight
exploit ontologicalknowledgeto achieve higher recall
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R
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O

Table1: Rights(R) andObligations(O) of OntologyActors.

andprecisionor to betterpresenthis resultsto theinfor-
mationconsumer. Thereforeit asksan ontologyexpert
abouttherelationbetweentwo concepts.


 Ontology Evolution: Thesecompetenciesarenecessary
to negotiateontologyupdates.E.g., if a retrieval agent
takestherole of a partneruserin anontologysocietyit
might realizethat informationconsumersoften askfor
informationusinga termthat is not definedin theonto-
logy. Hence,the retrieval agentwould suggestthe on-
tology editor to introducea new concept.Theontology
editorwould thereuponcoordinatea negotiationproce-
durebetweentheactiveontologyusers.


 Ontology Socialization: Actorscanjoin or leave anon-
tology societyor they maychangetheir role (e.g. from
passive user to partner). In order to make a decision
which role an actorwantsto take it might needinfor-
mationaboutthe contentof an ontologyandaboutthe
rights andobligationsit has. Thus the affiliation in an
ontologysocietymight presupposea complex negotia-
tion procedurebetweenthe potentialontologyuserand
theeditorthatgrantsguarantees.

As we dealwith a multiple-OM scenario,we will havese-
veraldomainontologies.So,actorsin this scenariocantake
oneof the rolesdescribedabove for eachavailableontology
service.For example,theeditorof domainontology � might
be an associatewith respectto ontology � (e.g., the onto-
logy in a differentdepartment).The weakest role “passive
consumer”allows for a straightforward integrationof exter-
nal ontologies,becauseno severecommitmentsaboutrights
and obligationsare made. The following sketch of a sam-
ple softwareframework mayillustratethebasicarchitectural
approacha bit.

Domain Ontologiesin the FRODO Framework
Abovewearguedfor verticalscalingaswell asfor horizontal
scaling. With respectto domainontologyservicesthis requi-
resfacilitiesfor bothaddingdomainontologiesto anOM and
accessingontologyservicesfrom otherOMs.

Thereforewe proposetwo typesof ontologyservices:Do-
mainOntologyAgents(DOA) andDistributedDomainOnto-
logy Agents(D

�
OA). DomainOntologyAgentsarerespon-

siblefor ontologieswithin oneOM, DistributedDomainOn-
tologyAgentsarelocatedbetweenseveral OMsandfacilitate
cross–OMcommunication.

So, the taskof D
�
OAs is quitesimilar to “standardinfor-

mation integrationontologies”(e.g. mappingservices),but
mucheasierasthesourcesarealreadyformalontologies,not
just “any informationprovider”.

Typical questionsto DOAs are “What are the subcon-
ceptsof concept� ?” whereasD

�
OAs answerquestionslike

“Which OM containsconceptslike � and � ?” or “What does
� meanin

����
?”.

This structurebetter embracesthe inherentlydistributed
natureof (ontological)knowledge. Not all conceptualizati-
onsaresharedbetweenall actorsof thesystem,but ontology
societiesare formedwith respectto relevant domains. Ad-
ditional infrastructureenablescommunicationbetweenthese
ontologysocieties.

Imaginefor exampletwo groupsof experts,one for do-
main ��� , onefor domain ��� . Eachgroupnegotiatesits own
domainontologymanagedby DOA � � andDOA � � , respec-
tively. D

�
OA hasknowledgewhattheseontologiesareabout

and tries to identify points of contactor overlapsbetween
them.
Then, D

�
OA initiates a negotiation procedure between

DOA � � andDOA � � . The resultmight be a commonupper
level ontologyor amappingfor somepartsof theontologies.
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Figure4: SampleFramework Instantiationwith a D
�
OA coordinatingtwo OMs with localdomainontologyagents(DOA).

In summary, this conceptof ontolgysocietiestries to find
a reasonablesharingscopefor portionsof knowledgesothat
a commonunderstandingis possibleat all.

DOAs aswell asD
�
OAs canbe describedin termsof the

rolesthathavebeenoutlinedbefore.For theirown ontologies
they have therightsandobligationsof OntologyExpertsand
Ontology Editors. DOAs areAssociateor Partner Users of
theD

�
OA ontologiesandvice versa(seefigure4) .

5 Outlook
In this paperwe characterizedpossibleroles of ontology–
relatedactorsin an OM scenarioby specifyingthe respec-
tiverightsandobligationsin theontologysociety. Theserole
descriptionscanbe usedashigh–level specificationsfor the
definition of agenttypes,speechacts,andstandardservices
for anOM middleware.

In the FRODO project [Abecker et al., 2001] we imple-
ment sucha middlewareon the basisof a FIPA–compliant
agentplatform[Bellifemineet al., 2001]. An analysisof the
FIPA specifications[FIPA, a; b] shows that sucha platform
providesa goodinfrastructurefor the realizationof thecon-
ceptspresentedabove. We strive for further developments
especiallyin thefieldsof knowledgerepresentationsanddis-
tributed inferencingservicesthat take into accountthe spe-
cific requirementsof an informationlandscapewith various
levelsof reliability, dependingon anactor’s role [Abecker et
al., 2001].

The suitability of the FRODO approachis beingtestedin
an applicationscenarioin the realmof knowledgemanage-

mentfor nuclearpower engineeringknowhow. Here,know-
ledgeis typically distributedover varioussites(e.g.,opera-
torsof power plants,public licensingauthorities,severalmi-
nistries),anda global view cannot be obtained.Inevitably,
a comprehensiveuseof knowledgeis requiredto processcri-
tical procedureslike the transportof nuclearmaterialacross
the bordersof states.An information infrastructurethat al-
lows eachstakeholderof knowledgeto keephis own view
andsphereof responsibilityon theonehandanddefinedzo-
nesof negotiatedcooperationontheotherhandcanhopefully
facilitate comprehensive knowledgemanagementin sucha
delicateenvironment.
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