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Abstract— This work presentsa modelin which concepts
in ontolagies are extendedwith organizational informa-

tion to explicitly expressthe situation in which they were

learned and used. It is discussechow autonomousagents
are allowedto reasonabout conceptusage and privacy in

termsof organizationalconstructspavingthe wayto reason
aboutsocial rolesin openWeb communitiesA peerto-peer
applicationfollowingthemodelis describedWe departfrom

a specificorganizationmodel, Moiset, briefly presented
here.

1. INTRODUCTION

Knowledge sharingpresentssome challengingissuesfrom
representationo reasoning Context is always elusive, and
the emegence and huge usageof the Web has simply
emphasizedits importance. Even though ontologies are
increasinglymaking part of operationalMulti-Agent Sys-
tems(MAS), they are seen mostly as a kind of agreed
vocahulary of which thereareusuallyno tracesof the social
interactionsthat shapedheir emegenceand change.

This work is situatedin a crossroadof several research
areas,namelyontology engineering MAS, and web based
communitiest triesto considerhow the individual knowl-
edgeis affected by the groupsthe individuals historically
belongedto; not forgetting the other way round, i.e, that
social agreementsupon views can be reachedon more
abstractlevels through social interaction. The approach
binds ontologiesto a MAS organization model through
a mechanismthat annotatesontology conceptsto hold
explicitly the organizationalcontect in which they where
learnedand used. Such annotationsare analogousto the
work by Tammaand Bench-Capor[1] that extendedthe

OKBC (OpenKnowledge Base Connectvity) [2] protocol
model to allow, amongother things, the representatiorof
the behavior of the attributesover time.

The addedinformation allows agentsto reasonabout the
organizationalcontext in which portions of an ontology
whereused.This is a desirableproperty of an agentsince
it permitsa more detailedsearchconcerningits knowledge
representationFurthermore dependencie§3] can be used
along with temporalassociationgo specific organizational
statego reshapeandsharesucha knowledgerepresentation.
Agents can also reasonabout conceptprivacy in terms of
organizationalconstructssuchas groupsandroles.

The contentof thiswork is organizedasfollows: afterabrief
revision of ontology definitions, the organizationalmodel
called Moise*t[4] is presentedthen, it is outlined how

such an organizationalmodel can be usedwith ontologies
througha mechanisnfor includingin the ontologiesthe or-

ganizationalnformationsasthey areexpressedn MOISET;

follows a discussionof a reasoningmechanismfinally, a
peerto-peer MAS, applied to information exchangein a
communitary ervironment over the Web is described,in

which agentstake advantageof the proposedmodel.

2. ONTOLOGIES

As suggestedy Guarino[5], a conceptualizations an in-
tensionakemanticstructurewhich encodesheimplicit rules
constrainingthe structureof a pieceof reality. An ontology
thenis acommitmento a particularconceptualizatiownf the
world. This refinesa definition that statesthat an ontology
is an explicit specificationof a conceptualizatior6].

The use of ontologiesfor the explanationof implicit and
hiddenknowledgeis a possibleapproachto overcomethe
problemof semanticheterogeneity7], i.e., within a MAS,
agentsare characterizedy “dif ferentviews of the world”
that can be explicitly defined by ontologies[1]. Interop-
erability betweenagentsis achieved throughreconciliation
of theseviews by a commitmentto commonontologies[7].
However, this reconciliationis usually partial, dependingon



the organizationalervironmentwherethe agentis inserted
(e.g.,we would not expectthata colleagueworking with us
in perfectcoordinationat the office will acceptas her/his
own our conceptsaboutbeauty).Although theremay be a
sharedvocahilary, thereis a needfor local ontologiesto
representhe agentssubjectve views. Thus, partially global
(e.g. group) and local (eachagents) ontologiesappearas
clearlydifferent,thoughinterrelatedThis picturecanfit into
a flexible organizationametaphor

This work addressesframe-basedrepresentationsmore
specifically OKBC [2], which is basedon classes, slots
and facets. Organizedinto a multiple inheritance(1.5 — A)
hierarchy classes (concepts),i.e. collections of objects
sharingthe sameproperties aredescribedn termsof slots
(attributes)thathave facets(additionalconstraints)Follows
a simple ad hoc example, that will be used further to
illustrate the proposal:

c:MachineLearning;
s NeuronSimulationActiationPotencial
f: Domain:[0.0,1.0];
f: Value:[0.4,0.6];

In the example, the Machine Learning conceptis repre-
sentedby the class (¢) MachineLearning; one of the
attributes or slots (s) of the conceptis the firing thresh-
old for neuronalsimulation, expressedas the orderedpair
(minV alue, mazValue); the facets(f) expressthe domain
of the thresholdvalue, which is consideredo rangefrom
zeroto one andthe usualvalueis between0.4 and0.6.

The OKBC model was extendedin [1] to representthe
behavior of attributesover time by describingthe permitted
changedn a propertyandalsohow propertiesareinherited
by subconceptsAlso, the prototypical (usual) and excep-

tional propertiesholding for a conceptcan be described.

Using thesefacetsthe cited examplemay look asfollows:

c:MachineLearning;
s. NeuronSimulationActiationPotencial
: Domain:[0.00,1.00];
: Value:[0.40,0.60];
: Typeofwvalue: prototypical;
: Exceptions:[0.00,0.39D [0.61,1.00];
: Ranking:3;
: Changefrequenc Volatile;
. Event: (stimulated,[0.20,0.60],after, R);
: Event: (damaged[0.90-1.00],after, 1);

—h —h —h —h —h —h —h —h

The extended example expressesthat the usual threshold
value is between 0.40 and 0.60; belov and over that
range points to an exceptional situation (as shovn by
exceptions). The type of wvalue tells that the attribute
value holds for any prototypical instanceof the concept;

exceptionsare permitted with the degree expresedby the
ranking The type of value canalsobe inherited or dis-
tinguishing(to differentiateamongsiblings)[1]. A ranking
of 3 tells the degree of confidenceon observingthe usual
value is for most cases(the scale rangesfrom 1, the
highest, to 7). A volatile change frequency indicates
that the thresholdvalue can changemore than once (other
values can be regular, once only and never). Events
are describedwhich can changethe value of a neurons
threshold along with the new values,e.g. if a neuronis
simulated as being stimulated by some neuro-transmitter
substancehe thresholdvalue canbe aslow as0.20 a fter
this event takes place; finally, the changein the threshold
valueis reversible@®), probablyafter finishing the effect of
thesubstancef aneuronis damagedthethresholdchanges
irreversibly (7).

3. THE MOISETORGANIZATION MODEL

The Moiset(Model of Organization for multl-agent
SystEms)[4 is an attemptto join roleswith plansin a co-
herentorganizationakpecificationseenunderthreeaspects:
structural functionalanddeontic(notdiscussedhere) While
the roles build the structureof an organization,the plans
build their functioning.

The Molisetstructureis built up in three levels: (i) the
behaiors that an agentplaying a role is responsiblefor
(individual), (ii) the structure and interconnectionof the
roles with eachother (social), and (iii) the aggreyation of
rolesin large structureg(collective.
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Figure 1 - A structuralspecificationexample.

In theindividual level, rolesaredefinedandstructuredby an

inheritancerelation(seefig. 1). A role is a setof constraints
that an agentought to follow when it acceptsto entera

group playing that role. Rolesare boundin the sociallevel

by links (acquaintancecommunicationandauthority). The

links constrainan agentin relation to anotheragent.E.g.,

anagentis allowedto communicatevith anotheragentonly

if thereis a communicationlink amongthem.



Roles can only be played in the collective level, i.e., in

a group already createdfrom a group specification. In

MoIseT, agroupspecificatioris definedby: a setof roles;
a setof links; a setof role compatibilities;and the number
of agentsthat have to play rolesin this group type. E.g.,
in fig. 1 the group classmust have one agentplaying the
professorole, oneagentfor the assistantole and,at most,
40 agentsplaying the studentrole. As in one organization
therecanbe morethanonegroup,a structuralspecification
is, roughly speaking a collection of groupsandroles.

The functional specification (FS) describeshow a MAS

usually achieves its global goals, i.e., how these goals
are decomposedby plang and distributed to agents(by

mission}. Such decompositionsare called social schemes
(SCH). A missionis a setof global goalsto which anagent
commits.The SCH of the FS may be seteitherby the MAS

designerwho specifiesits expertisein a SCH or by the

agentsthat storetheir past(best)solutions.

A setof agentsthat instantiatesan organizationakpecifica-
tion constitutesan organizationakntity (OE). The dynamics
of an OE (agententranceor leaving, group creation,role
adoption, SCH starting or finishing, mission commitment,
etc.) is representedy a sequenceof OE states.A stateis
describedy the currentorganizationakpecificationthe set
of agentsthat createdhis OE, the createdgroupswith their
specification,the roles the agentsare playing, the SCHs
that are being performedwith their specification,and the
missionsthe agentsare committedto in thoseSCHs.

We will assumethat agentscan representand reasonnot
only about the groupsthey presentlybelong to, but also
that they can, at leastto a someextent, do the samewith
groupsthey madepart of in the past.

4. ONTOLOGIES AND ORGANIZATIONS

We will considerthat a society is the top level entity.
Accordingly, an uppermostontology is to be attachedto
it. On the samebasis,groups,roles and agentsmay have
associatedpecificontologies.The stringsthatconnecthem
all are renderedthrough the organizational(e.g.temporal,
authority etc.) links. An agents knowledge should not be
consideredas coinciding entirely with somerole ontology
asrole specificationcanchangeover time. A role tells what
to expect from an agent, what it should know, and not
whatit actuallyknows. This depend®on the agents lifetime
experience.A role may be enriched with the previous
experienceof agentsthat playedit and vice-versa[8].

The ultimate target of this work is to use MAS to sup-
port currently existent humancommunities. A humanuser
usually keeps his/her organizationallinks as indexes to
conceptsnot necessarildistinguishingdifferentontologies,
but accessingnot necessarilydisjoint) portions of his/her
knowledge as they are socially needed(e.gdependingon

groups),assuggestedby Halbwachs[9]. An agentactingon
behalfof the usermay take advantageof the sameapproach.

We tried to harnesshe knowledgecontext problemapplying
the MAS metaphor A valuable information that can be
recorded,given an organizationmodel like Moiset, is

related to the group were the knowledge was used and
more specifically the SCH, role and plan that neededit.

The instancespecific representatioris the subjectve view

of an agentrecalling its participationon a datedinstance
of a SCH. To recall a particular portion of a knowledge
representatioran agentcan use temporal links developed
through her/hismemory aboutthe groups(i.e, knowledge-
able agents,acquaitancdinks, etc.) s/he madepart of. To

do so, a suitable mechanismshould be addedto existing

ontology accesanodels.

The presentwork is thought as complementarto that of
Tammaand Bench-Capors, notably addressinga distinct
aspecbf ontologymanipulationwhich is the notion of situ-
ating social/indvidual conceptsn anorganizationatontext.
As statedby Halbwachs[9] memoryhasaneminentlysocial
character Thus, the threefollowing facets are definedto
hold the organizationalcontext in which conceptsare used:

a)Knowledge Usage Organizational Situation (KUOS):
allows to evoke the organizationalstatewherethe attribute
(slot) was usedby an agent. There can be two kinds of
situations:(i) an agentusesthe attribute, and (i) an agent
obsenes anotheragent using the attribute and wants to
rememberhow it was used.The latter can be regardedas
a special caseof learning when an agentrecordsa fact
but doesnt adopta new concept.As there can be multiple
entriesof this type, it is definedasa set{ (agx, gi, ssik,
Tk, thy di, ak, ix) | K =1,...,n} (seefig. 2).

b)Knowledge Acquisition Organizational Situation

(KAOS): allows to evoke the organizationalstate where
the value was learned.As there can be multiple entries
of this type (a conceptcan be modified mary times)it is

definedasa set{ (l’l)k, tidg, gix, $Sig, Tk, tr, di, O, Zk)

| k =1,...,m} (seefig. 2). This field is intendedfor the
casewhen an agenthasacquireda portion of its ontology
through word of mouth or some other more normative
way. It cankeepthe identity of the organizationakonstruct
that taught it. Eventually it can be usedin a group to

determinewho was the individual whose knowledge was
socially adopted,.e., this frame shouldrecordwhenwas
somethingnew learnedand from whom.

c)Accessibility. allows reasoningaboutconceptghat areto

be kept privateby an agent,distinguishingthemfrom those
that canbe shared(saypublicly in a group).It will indicate
whetherand which is the construct(e.g agent,role, group,
etc.)to which it is allowed to publicize the attribute. There
canbemultiple entriesof this type,sincea concepttanhave
differentpermissionvaluesfor rolesinside the samegroup.
It is definedasaset{ gtx, gix, 7k, agk, spvk, | k =1, ...,p}



(seefig. 2). This facet reflects,in the caseof agentstheir
beliefsabouttheir knowledgeassocially situated.The need
to differentiateamongwhatis to be considered'public” or
“private”is speciallycritical whenconsideringcollaboratve
agentsin open MAS, as they should be able to counton
eachother, consideringthe goalsof otheragentsandhaving
attitudestowardsthosegoals[10] [3].

The parameter®f the definedfacetsare not detailedfor the
sale of space but fig. 2 shouldhelpin clarifying them.

KUOS, = <ag,, diy, SSi, ', M, 0y, 8, i, >

Agent that used the attribute Importance degree of
the experience
Agent ag,’s Group Appropriateness of

Social scheme that involved agy Date Use of the attribute

Role of ag, Mission of ag,

KAOS, =/<Ivk, tidy, Qiy, SSiy, Mo M, Ay, O, 1>

Importance degree
of the experience
Outcome of the
Group of tid, Date Social scheme ssiy
Social scheme of tid, Mission of tid,
Role of tid,

Learned value of the attribute,
Teacher entity

Accessibility, = <gty, i, I 80 SPVy >
Group type allowed access
Group instance allowed access

Role allowed access .
Specific agent allowed access

Sharing permission value
(private|sharable)

Figure 2 - The KAOS, KUOS and Accessibilityfacets.

Considerthe ontologyof anagentJohn (i.e.,in his mind),
and also assumethat now corresponddo Decemberlst,
2010. Using just the newly defined facets the example
shavedin section2 may eventuallycometo look asfollows:

c:MachineLearning;

s NeuronSimulationActiationPotencial
: Domain:[0.0,1.0];
: Value:[0.4,0.6];
: KUOS:[PetejG4,71,student,m5,3May2010,0.6,1.0];
: KUOS:[Myself,G4,70,professpn3,4Jun2010,0.9,0.6];
: KUOS:[Myself,G5,81,professpn5,1Dez2010,0.9,0.8];
: KAOS:[[0.5,1.0],Al,G73,v1,professon2,2000,0.8,0.3];
: KAOS:[[0.4,0.6],Don,G7,wolleague,m6,2003,0.9,1.0];
: Access:[aculty-,-,-,sharable];
: Access:[-,Gb,assistant,Petdrarable];

— —h —h —h —h —h —h —h —h

Now, the exampleexpresseghat the slot was used3 times
(KUQS9), that therewere two acquisitionsituations(KAOS
andthataretwo typesof organizationatonstructghathave
permissionto accesst(Accesy

The first KUOS line tells that John obsened that Peter
from a group instanceG4 (say an instanceof the class
group type) was executingsome71 scheme instance as
a student. Peter usedthe conceptwith some mission
mb in May 3, 2010 and John judged that the degree
of appropriateneswas 0.6 which was highly regardedby
him, as the importance degree recorded1.0. We may
supposehat . John assignedhis importance valuebecause,

althoughPeter wasnot really correct(accordingto Johmn),

he obsened that Peter developedan authority (link) over
all his colleagues(playing the student role) after the use
of the concept.Note that by the secondKUOS line John

only “taught” the valuealmosta monthafter Peter usedit.

Anotherapproachto obtainthe importance value cantake
into accountthe combinationof John's indiceswith those
of Peter’s asin belief networks.

Thefirst KAOSIine tellsthat[0.5,1.0] wastherangelearned
for the value andthatthe teachemwas Al, while in a group
instanceG73, executinga vl schemanstancealso, Al was
playing as a professor and executingsomem?2 mission.
Still, that situationtook place “ten yearsago” in the year
2000 andthat the outcomeof the v1 schemeinstancewas
consideredhighly satistctory for John (seethe value of
0.8) althoughJohn didn’t find it really important(only an
importanceof 0.3). As this was the first value of KAOS
consideringthe date, this was the first value for this
attribute that was learnedby John, and he kept believing
on it for threeyearsuntil Don “taught” him well (a highly
important fact as the importancestatedby John for the
secondKAOS importancewas 1.0 ).

Thefirst Access line tells that any agentplaying any role
belongingto any groupinstanceof the faculty grouptype
will have accesdo the attribute value. The samestandsijn
a morerestrictve sensefor Peter, giventhat heis playing
as assistant in the group instanceG5(an instanceof the
classgrouptype) as statedby the secondAccess line.

5. REASONING

Thoughnecessarythe presenteanechanisms uselessvith-

out a reasoningschemewich will dependon the agents

mind. An ontology to which this type of information was
added is organizationally situated Actually, the facets

allow processingnformationin a level of detail that may
go beyond the granularityusedin a Molse*organizational
specificationThisis doneto handlesituationghatmay arise
at the agent,i.e. instance level.

An example of such a schemeis in fig. 3. Two mental
constructionsof an agent John are depicted. The table
representpart of the informationconcerninghis represen-
tationsof the organizationaktancede participatedn (with
his impressionsaboutthe agentsJoe, Peter and Mary).
O jonn is the whole ontology of John, his representation
of his own knowledge.

Using the new facets that were presented,John now
has multiple ways of accesinghis, in anotherway rather
“monolithic”, ontology O jonn- If somebodyaskshim about
spanishandif he thinks his knowledgeof spanish(denoted
as Ogpanisn, and making part of the bigger O jopy) is not
enoughfor a given situationhe may now fetch amonghis
acquaitancethosethat shoved valuable(say accessinghe



OJohn

Agent Group Schemml D Rel ation Rol e Ti e There |ink

Joe Gl 123 | liked as friend yesterday sports (—4

Joe Gl 122 I disliked as cooker yesterday cooking

Joe G1 100 | didn't trust as cooker lastweek cooking

Peter G4 70 | liked as student last semester machine learning
Joe G2 40 | trusted as student last year spanish

Mary G3 35 | liked as professor last year literature <7

Figure 3 - An agentJohn reasoningaboutotheragentsin
an organizationalcontext and relating them to portions of
his own ontology.

'S, or’S Or ag's) when using (KU OS) and/or acquiring
(KAOS) knowledge of spanish.The “relation” field may
be substitutedby any of the cited indices(ix, oy Or ag).

6. COMMUNET: A PEER-TO-PEER MAS
FOR INFORMATION EXCHANGE

To obtain information, people refer to their contact
networks[1]]. Peefto-peersystemscan be usedas compu-
tational infrastructureso make available different services
in those networks, e.g. expertise location and information
exchange.The adoptionof the proposedapproachby au-

tonomousagentsin an open and distributed MAS, can
lead to broaderforms of collaborationamongmembersof

Internetcommunities.

As afirst stepto put the proposedapproackhinto practice,it

wasappliedin COMMUNET, a peerto-peeMAS dedicated
to information exchangein a communitaryervironment. It

departsfrom the assumptionthat each user has a social
network that can be used as a starting point to assign
socialgroupsandrolesto contacts.This is a muchwealer

assumptiorregardingusual organizationapproachesvhich

dependmostly on teamstied by processes.

Each agentis dedicatedto one humanuser Initially, the
agent processeshe users documentsand tries to map
which are the matching conceptsin a general ontology
using a selectedvocahlulary for eachconcept.The ontol-
ogy madeavailable by the Open Directory Project (ODP)
(www.dmoz.og) was selectedasa top level ontology Such
an ontology is initially neededas Steels[12] shaved that
agentscorverge to a commonontology only throughinter
action. For eachconcepta small setof pagesis previously
chosen(asin [13])) asexamplesfor it, to extract a repre-
sentatve vocahulary using summarizationtechniqueg14].
Each agent startswith the ODP ontology along with the

extracted vocahulary for eachconcept.Then, it builds up

the userpersonahetwork basedon its e-mail messageand

triesto mapwhich arethe conceptghatappearon them(and
alsoin his/herdocuments)spottingthe contactshatappear
relatedto it.

Using the presentedacetswith the personalnetwork data,
theagentcanhave a betterview of therelationshipdetween
theusers knowledgeandits socialcontactgasshowvn in the
didactic examplein fig.4).

Groups

UserX, UserY
(1999-2002)

[—JuserB,userc

Figure 4 - Interestsof two groups,referencingdifferent
time periods,as subsetof the situatedontology of a focal
userandalsoas contactsin his/hersocial network.

To finish the setup, the agentinteractswith the userto
confirm the existent organizationalconstructsand get the
groups/rolegpermissionsA real exampleof a role view is
shown in fig.5.
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Figure 5 - Documentsand contactsof a COMMUNET
user linkedto the conceptAgents viewed throughthe filter
of the role colleaguesfrom the group reseach.

The agenthas an interface that allows the userto query



a general purposesearchengine. At the sametime, the

userqgueryis matchedagainstthe conceptsof the ontology

recommendindiles andcontactgetrievedfrom otherCOM-

MUNET agentsin a peerto-peerbasis(in a Gnutellalike

fashion).As eachagentis autonomousthe userknowledge
privagy is keptintact andis by no meansrelaxed besides
the limits setby the permissionsstoredin the acessibility
facet.

A furtherimplementatiorstepwill allow agentsvhoseusers
have changedheir ontologyto publicize and negociatethe
changedtonceptsvith otheragentghatbelongin thegroups
that sharethoseconcepts.

7. CONCLUSIONS

This paperpresentech modelthat helpsto bridge different
world views when agentsinteractto use/shareknowledge
in MAS, referring it through organizationalinformation.
The knowledgerepresentatioomodel extensionis provided
as a meansof facilitating integration of ontologiesbased
on organizationalexperiences Even though there is some
related work [15] [16], none of the known approaches
tackles the organizationaldimensionof conceptsas part
of autonomousagentsbelongingin an open MAS. Also,
agentreputation[17] [18] [19] canbe betterexploited. The
extension overheadpays off bringing a facility to reason
aboutexplicit representationsf knowledgeandorganization
altogetherin a way thatit was not previously available.
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