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Abstract—In open virtual communities, thematic groups pro-  associated agents) will result improved. Therefore, itoisve-
mote mutual cooperation among their members in order to reab nient to support users’ interactions within a virtual conmity
specific targets. To this purpose, users share portions of &ir  (j.e. a thematic group) by means of some mechanisms capabl
knowledge in a reciprocal understandable manner. For this an, to provide a suitable representation of personal knowlsdiye
personal software agents are able to assist users by encogdin 5 mutually understandable manner.
personal information about preferences and goals into suitble Given the premises above, we propose to adopt a spe-

profiles. In this work we present a multi-agent solution to manage cialized thematic catalogue storing topics (i.e. namesgth
knowledge shared by users across a number of common thematic gu g top NS g

groups. A common catalog is created for each thematic groupfo ~ cONcepts and so on) of interest in thematic groups in order
interest that, in turn, is associated with a group agent. Thegroup {0 provide potentially heterogeneous agents with a muytuall
agent is devoted to support the group by interacting with pesonal  understanding common knowledge. The catalog is publicly
agents in order to manage the group affiliation process and eith available by all the agents affiliated with that thematicugro
the common thematic catalog of its own group. In presence of and represents the common knowledge with respect to all
heterogeneous agents, such a common group catalog is a key the topics dealt within that group. At the same time, users’
element to provide knowledge sharing and agent interoperaibity agents are provided with individual knowledge deriving by
with both other personal and the group agents. In the proposé  he anglysis of both the past and the current behaviors of the
approach each user agent is able to personalize its own catgl users. In order to include individual knowledge, the common
and contribute to enrich that of its own group by collaborating . .
with its group agent. shared catalog of a thgmatlc group can be enriched by mean:
of the mutual cooperation between the users’ agents affiliat

Keywords—Open Virtual Communities, Knowledge Sharing,  with that community and the group agent managing it which,
Common Thematic Catalog, Intelligent Agents, Thematic Groups.  periodically, provides to update such a common catalog.

The remainder of the paper is as follows. Section Il contains
the reference scenario, while in Section Ill we discuss the
structure of the designed catalogue. In Sections IV and V the

In open virtual communities [1]-[5] users having an intéres profiles of the personal and the platform agents are destribe
for a common topic (e.g. sports, food) look for a profitableSection VI presents some related literature and the nesgelti
opportunity to collaborate in order to satisfy their neelfs. provided by this work. Finally, in Section VII we draw our
such environments a common way to promote these activitiesonclusions and introduce our future works.
consists of creating thematic groups formed by users sharin
common interests. Il. THE OPENMULTI-AGENT ARCHITECTURE

To maximize the quality of interactions within each themati  The proposed model considers a number of thematic groups
group, software agents may be employed to assist users [6{vithin several operVirtual Communities(V), each one spe-
[9], in order to carry out important tasks related to knowjed cialized on a specific topic or set of topics (hereafter only
sharing that may result heavy and boring [10]. Each softwargopic). Furthermore, each thematic group can affiliate siser
agent is able to build a personal profile for its own userbelonging to different open virtual communities and eaaérus
by monitoring the user's activities carried out within the in turn, can be member of different thematic groups, each one
community. Therefore, every thematic group will corresptm  potentially belonging to a different open virtual commuynit
a group of software agents on which a group agent will manage Each useru is supported by a software ageat called
the group itself. In this context, software agents shallpado Personal Agentwhich is specialized on theopic ¢ charac-
different descriptions to describe the same topic of isere terizing a specific grouy. Therefore, when a user is joined
When a common representation of the users’ knowledge igith more thematic groups, he/she will be supported by a set
not available, then such interactions among users (i.etae of Personal Agents, one for each group (i.e. topic). In order
could be not possible. Conversely, when a representatioy support its owner in performing his/her activities witha
of knowledge which results mutually understandable, ¢yiali group, his/her Personal Agent suitably encodes in its profil
relationships and cooperations among users (i.e. among thfl the information necessary to manage the user’s interest
for the specific topic of that group. Similarly, each group is
5 ngriBZiO(g\fILt(a)slsoing ifW?th tlrt]el Dept. DIMI Uni\(ersit)&of_Czt_ajthiale Andrea managed by theGroup AgentA devoted to provide some

Francosco A Same i‘;‘y'v\‘ztﬂ‘a'thg“e;z'lri‘ggig"”dzc Milano, Pinzz DASIC Services to its affiliated users by cooperating witkirth
Leonardo da Vinci, 32 - 20133 Milano, Italy, e-mail: franceslessan- ~associated Personal Agents. The proposed model archigectu
dro.sarne@mail. polimi.it is graphically depicted in Figure 1.

I. INTRODUCTION
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Fig. 1. The proposed Open Virtual Community architecture.

Given the open nature of the proposed architecture, Pdrsonghematic group. As described above, each of these catalogs
Agents coming from different virtual communities could en-is associated with a thematic group and shared among all
code their knowledge with different modalities. This ingsli its members and stores all those topics (i.e. names, things
that different agents may represent the same topic by usingoncepts and so on) and their mutual relationships reguttin
different terms as well as the relationships linking it thhet interest for the group members. We assume that the cataloc
topics may be different between two agents. Consequently; contains the common knowledge of a group. It is publicly
in order to promote a better reciprocal understanding it isavailable to all the members of this group and each Personal
necessary to provide each thematic group with some suitablkgent can enrich it with further knowledge, also includinya
mechanism in order to give a common knowledge, specializedew relationships among the new entries and the past commor
for that group, to the agents. knowledge.

To this purpose, in this paper for each thematic group it is
proposed the adoption ofthematic CatalogC) storing allthe 5 Components af

topics and their mutual relationships which form the common . . - ,

knowledge for all the agents affiiated with that thematic A Thematic Catalog’ consists of a set of topid§ Copic ii)

group. Such arhematic Catalogs publicly available at all & S€tCuink Of links which represents the relationships existing
jamong the topics belonging t6;pic. A link between the

the Personal Agents of a thematic group and it is periodical . . . )
updated by the associated Group Agent. Therefore, Persorﬁ(\’0 topicst;, t; € C is described by a tuple in the form of

Agents in managing their users profiles, in order to mutually\ti: i Li.j: Pi.j) wherer . o
cooperate with the other members of their group, can directi ® ¢; andt; are the topics which are identified by two

represent the topics of interest, already preseidt,iby using lexical terms that are linked in the thematic cataltg
the corresponding terms associatedCinMoreover, Personal ~ ® Li; identifies the type of thdink involved in the
Agents, by monitoring their users, can acquire new knowdedg relationship occurring between andt;;

referred to a thematic group (i.e., those topics currently n ® Ppi; iS @ parameter giving information on some char-
belonging toC) and can useC also to represent it into acteristics of the link, by means of a numerical value

their personal knowledge by means of a general relationship ~ ranging in[0, 1] € R.
between each “personal”’ topic with at least another topic More in detail, we introduce two types of category links,
already present it to allow the interoperability among all namely:

the agents of the same group also on such personal topics. e | : this type of link connects two topics and¢; iff
the terms belonging te;, have a different meaning of
ll. THE THEMATIC CATALOG those belonging ta; (for instance, the terms painting
and sculpture). In this case, the valuepgf; represents
This section provides a formal description of thieematic the degree of interest that a user interested;ifas
Catalog (C) which permits to the Personal Agents of inter- aboutt; which can vary from null (i.ep; ; = 0.0) to

acting with the other Personal Agents affiliated to the same maximum (i.e.,p; ; = 1.0).
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e Il : this type of link connects two topics; and ¢;

Moreover, each topi¢ € C of interest foruy, is associated

which can belong to three categories based on thg, Tpktc with a tupleT), = (ix,vy), wherei € [0,1] € R
ca k) L )

value assumed by the parameternamely () isa, (i)
overlappedor (iii) synonymousin particular, for the
three considered categories we have that:

isa, iff the terms belonging ta; also belong to
t; and in this case; ; = 0.0. For instance, with
respect to the terms bust;X and sculpturet() it
means that each bust is also a sculpture.
overlapped, iff some terms oft; also belong to
to and vice versa, in this cagg ; ranges in the

o

represents thénterestof uy, for ¢ (respectively0/1 denotes
the minimum/maximum interest fa), while v is a flag which
specifies the type ofisibility thatwu; desires to give to his/her
own interest fort (respectively the valué/1 corresponds to a
public or private visibility). Figure 3 reports an example of
agent profile derived from the example proposed in Figure 2.
Note the categories (in bold) are not present into figure 2.
Determining topics of interest. The Personal Agenty ;

monitors the activities of its user, within the thematic group

domain0, 1[. For instance, the two terms cup and ¢, and periodically provides to evaluate the interesugpfin
goblet are partially synonymous because a Cupe topics belonging to its profil®’. To this purpose, for

could not be exactly a goblet and vice versa.
synonymous, iff the terms belonging tat; have
the same meaning of those belonging tpin this

casep; ; = 1.0. For instance, the terms statue and
sculpture identify the same type of artistic artifact.

B. Representation of the Thematic Cataldg

A Thematic CatologC is representable by using a direct
graphT¢ = (Tf, ... Tf,..), whereTf, . is the set of nodes,
each one associated with a different topic. Simila,,,
represents the set of arcs of the graph, where each link
1§, is associated with a relationship;, ¢;, L; ;,p; ;) € C,
with L € {I, I} andp;; € [0,1] € R, as explained in
Section 1lI-A. In the following of this paper, we will refer
to the Thematic Catalog a8 or C in an interchangeable
manner. Figure 2 shows an example of a Thematic Catélog
concerning Art. In particular, links that belong to morertha
one category have multiple labels. Note that in Figure 2hall t
arcs are depicted without orientation but, in order to take i
account the different possible characteristics of thedlirflor
convenience both the links of type | whep; = 1.0 (i.e., the
two topics are not disjointed) and of type Il whep; = 0.0
(i.e., the topics are isa) are depicted as oriented.

Moreover, we define that two categories and t;
are in a t-relationship when in C there exists a path
(tist, Ligs Dik) - - - (tm, tj, L j, Dm,;). Differently, if the
links of this path joining the nodes andt; belong to different
topics links, we say that they agenerally related

IV. THE PERSONALAGENT

each topic in the profiIePkC* the agentay, by collaborating
with the other agents which; belongs to and from which it
collects all their catalogs, computes the indgx as:

1

HSk N Cuk ”

Iy =

2]

(1)
1+ 67

iwhereSk = {t1,1o,...,t,} is a set of topics of interest for
uy, that belong toP¢ andC,, is the set of catalogs of all the
groups whereu;, is member. For each topicbelonging toS

is determined the average interest showrupyi.e., I, ;) with
respect to the domaif), 1]. More in detail, when the interest
of the useruy in a topict decreases then, consequently, the
value of the associated interestfor that topic decreases and,
as a result, also the value &f ; will decrease. Conversely, for
any group concerning the same topic managed by the agen
ay, their computed values af, ; will increase.

Group affiliation. Based on a threshold € [0,1] € R
fixed by the user, each Personal Agent provides to identify
those groups potentially of interest for its own user as well
as to require the affiliation to their respective Group Agent
Similarly, the Personal Agent also suggests to leave a gasup
well as to send a leave message to the Group Agents managin
those groups for which the interest of its user is low.

More in detail, with respect to the Personal Agep}; after
that the index!; ; has been computed, whdp, > ¢ for a
topic if interest foruy, if there is a group focused on that topic
then it becomes a candidate for the user to join with (and a

Each useru, is assisted by several Personal Agentse€W Personal Agent of;, could be activated to deal with all

(ak1,ak2,--.,akn), Wheren is the number of groups to
which the usen, is affiliated (i.e. topics of interest fouy).

More in detail, for each group where a user is affiliated lgs/h
associated Personal Agent will manage his/her affiliatidh w

that group (and with other groups focused on the same topic

User Profile. The Personal Agent; monitors all the
activities of its own usem,, referred to a specific group in
order to maintain the user’s profile". To represent the profile

P¢ for the useru;, the same notation af is adopted, i.e. a
C C (&)
graphTFs = <T£§;mT1fﬁk> whereTtIZ’;iC is the set of topics

PS :
andTy,*, is the set of links.

lin
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the activities ofu;, within this group). At the same way, when

for a group for a topic of interest it results th&at, < v, if uy

is affiliated with a group focused on that topic then its Peaso

Agent recommends to the user of leaving that group and, if

equired by its user, it provides to send a leave requesteo th
roup Agent associated with it and the associated Persona

Agent will be stopped.

Matching category links. Another activity is executed by
the Personal Agent on existing connections between topics
t1 € {SkNCy, } andty € {S,—C,, }, with respect to the links
of type Il — i.e., synonymy(s) andoverlap (0). In particular,
the parametef, is computed as:
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Fig. 2. A part of a CTD about “Art”. Note that for the type Il,gHinks isa, synonymous, overlap have been respectiveltifil as i, s and o.

of all the group members. A third data structure, narveltbw
. Z o o - N™(t1, 1) Pages is devoted to store all the public interests of the group
’ members in order to allow each agent to find in the group

other agents (i.e. users) sharing similar interests in &mes
wheret; € {S, N Cy,}, t2 € {Si — Cu, }, vi7 5 represent topics. TheYellow Pagesiata structure is formed by a set of
the parameters;, ,andvy ,, € [0,1] C R as well asN;”, lists, each one referred to a single agent (i.e. user) iegult
representsV*(t¢1,t2) and N°(¢1,t2), which are the number affiliated with the group.
of synonymy and overlap connections betwegnand ¢,
respectively. Moreovely,, is the total number of links of the .
topicts € {S;—Cy, } and sinceVe(t1,t2)+N°(t1,t2) < Ny, A. Group A.g.er?t behavior o . )
it will be Hj, < 1. Group affiliation. When a user joins with the group assisted

The purpose of the computation &f, ¢, is to select those by the Group Agent, he/she receives an identifier for thatigro
topics belonging to users catalogs, in order to enrich thénd, consequently, the White pages of the group are updated
catalog of the group with further users categories, as @gda  Similarly, when a user leaves the group then its associated

1

ta

Hy(t1,t2) =
mée{s,o}

in the following. Group Agent will prune all the information referred to that
Catalog enrichment. Let be j* a group to which user, ~ USer from his/her data structure. _
is affiliated. Firstly, theu; Personal Agent, ;- provides to Dictionary enrichment. The Thematic Catalog of a group

calculates the valugf, for all t; € {S, N C,,} andt, € is periodically updated by the associated Group Agent lgasin
{S), — C., }. After this, the agent,, ;- calculates the index ©N the knowledge of the affiliated Personal Agents (see Sec-
ff\[k(tz) vi;‘; e{S—C ’} as: 7 tion 1V). Indeed, the Group Agent will collect all the topics

t ¢ Cy, sent to it by Personal Agents affiliated with its group

i B 1 i 9 becauséd, is greater then the parameters set by their owners
k(t2) = 15k N Cu | Z k(t:12) (see Section 1V). Note that when an agent is interested to
t€SKNChu, enrich the catalog of its group with a new topidt is “quite

connected” with other categories belonging to the set atsop
[0, 1] C R such that it iSﬁk(tz) > ¢, then the topics € { Sy — Su,- The informationHy, is for the Group Agent a first set of

C.. } is sent to the group agent in order to enrich the catalogfand'date topics from which it will extract those topics imay

. - he highest frequency ! or, in other words, those sent by
of the group. When the Group Agent receives the tepithen i;e higher number of Personal Agents in order to use that

it will be a potential candidate to be added to the catalog o owledae resulting really shared amond the arouns members
own group by means of the selection of other parameters, 9 9 y 9 group

the frequency of the involved terms (see Section V).

Moreover, the Personal Agenj, ;- sets the threshold e

VI. RELATED WORK

V. THE GROUPAGENT A wide body of studies investigated on the various modali-
ties to promote interactions and mutual cooperation inrbete
eneous environments [12]-[14]. Consequently, in thisicec

ly those approaches which comes closed to the argument:
proposed in this paper will be cited. The interested readear c
refer to [15]-[18] for a more complete overview on the matter
& The capability of a mutual collaboration among agents
. . . . usually implies a mutual understanding ability, and in this
More in detail, (see Section Ill), thehematic Catalo”  qiext a common way is that of providing agents with some

of the group stores all those topics Of. interegt for the grougqy of knowledge shared by all the cooperating agents [19].
members, as well as all the relationships taking place among

them (see Section IIl). AVhite Pageservice is provided to the ™ ithe frequency is computed among all the used terms whiclintalithese
agent affiliated with the group in order to provide the idfeits  topics

Group Agents are the counterparts of the Personal Agen
(i.e. users) with respect to the activities of group affitiat
and enrichment of th&hematic Catalog” management. To
support such activities the Group Agent adopts specific dat
structures able to encode the group profile.
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Fig. 3. An example of Personal Agent profile based on the Gataf Figure 2 (new topics are represented in bold and nevs lartk represented with dashed
lines).

A similar approach has been adopted in [1] where agentmantic communications. Another technique is presente®igh [
share a common hierarchical ontology representing a closend consists of using shared keys, which are semantically
domain of interest. In fact, in this proposal the agents mnte negotiated by agents, to solve the problem deriving by the
the opportunity to represent their individual knowledgel,an presence of synonymies in order to avoid the adoption of
therefore, in a more general context it results highly ledit different terms for the same objects and, in this way, peimgit

to support emerging user’s needs. the mutual agent understanding.

Other approaches where a common and shared ontology Finally, in [29] and [30] users are supported by a set of
is unnecessary are proposed in [20]-[23]. More specificallypersonal agents. More in detail, in a benevolent envirotmen
the authors of [20] in a message-based mechanism proposeteey adopt an approach inspired to the biologic evolutiorngh
meta-ontology for translating the presuppositions exéthdy  the best performing agents can be cloned and the worst agen
a message in order to make understandable its meaning to tben be deleted. Similarly to the proposal presented heoh, ea
receiver agent. This target is obtained by means of a commauser is supported by more agents, potentially heterogerfeou
vocabulary shared between the sender and the receiversagerknowledge representation modalities, that, differenibyf this
Moreover, in presence of conflicts, inconsistencies or -ontoproposal, act autonomously and therefore they do not need tc
logical gaps in the incoming message then the receiver agesbmmunicate. However, a similar approach could receivatgre
has the possibility to change its personal ontology in otder benefits from the adoption of a common catalog which can be
overcome such problems, while other systems have chosen émriched by the individual and potentially heterogene@ea
adopt semantic negotiation approaches as in [14], [24] knowledges, although these proposals implement a notagxpli

In a similar way, the paper [22] presents a domain-specifiknowledge sharing on the basis of the cloning process. # thi
ontology, calledglobal ontology which allows a matchmaking overview we presented some approaches implementing mutua
system to be used by agents. This approach gives the adeantagllaboration among software agents on the basis of their
of not adopting shared ontologies. More precisely, eacimtage mutual understanding and other implementing a multiplenage
provides to its platform the map of its ontology which is support for each user. The most part of them implement some
integrated in that of the platform. This task is executed byform of shared knowledge as dictionaries, common/global
using a suitable extraction engine which provides to idgnti ontologies more or less versatile.
relevant information present into the personal agent ogtesk. In particular, our proposal is based on a dictionary apgroac
Therefore, the aim of the common ontology shared on theo promote agent cooperation in a simple and versatile way.
platform is only that of a dictionary for translation and Indeed, the proposed catalog natively permits to the agent o
each agent can use its personal conventions. Other sautioenriching it in order to include both the common and the
adoptable when it is needed to represent wide and spedializ@personal knowledge which give to the groups the dynamic
knowledge contexts, as in the e-Commerce, are those adoptedpability of easily evolving. Currently, a prototype of a
in [25] and [26] where the interacting agents have to perfornframework based on the proposal presented in this paper is in
the task of realizing their mutual understanding by allayvin an implementation phase in order to test its real performanc
them the capability to build rich and detailed XML users’

profiles.
The authors of [27] studied the problem of the potential VII. - CONCLUSIONS AND FUTURE WORK
heterogeneities existing in digital libraries. To this pose This paper discussed the problem to promote mutual users

they designed a P2P agent framework by associating eadhteractions and cooperation within thematic groups innope
library with a software agent aimed to realize a commonvirtual (agent) communities in presence of heterogeneous
dictionary (i.e. ontology) capable to support the agentseén  knowledges among the affiliated users (i.e. the associated
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agents). To this aim, a framework is proposed such that eac[fil3]
thematic group is assisted by a Group Agent and, in turn;
each user is assisted by a Personal Agent. More in detali, eac
Personal Agent is specialized only on a specific theme (i.e.
topic) and manages a _personal profile (resp. catalog) of itg 4
owner’s knowledge and interests, such that users are stappor

by one or more Personal Agents. In such a context, Group
Agents provide to their affiliated Personal Agents somedasi
services. Each group catalog is extensible by the delegated
Personal Agent in order to take into account other topics!sl
of interest for its user. Then such further knowledge can
be exploited by the Group Agents to enrich their respective
common Thematic Catalogs of their groups. As future work[16
we will perform a number of simulations in order to verify the
effectiveness of this proposal. (17]
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