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ABSTRACT

Agent-Mediated Knowledge Management (AMKM) is a new
reseach dredion that aims at the aossfertilizaion between the
KM and the agents reseach fields. The redizaion that KM is
primarily a management science and not a computer science
implies a different role for techndogy in KM, that of supporting
and extending human interadion and leaning, and therefore a
need for intelligenceenhanced, integrated and personalized
solutions. That is, AMKM requires the flexible integration o
organizational and individual requirements and objedives. We
present a aent-based model for organizaions that supports
individual initiative and coll aboration while prescribing a formal
model for organizaiona processes. This model enables the
development of people-oriented KM environments that focus on
the coll aboration between people.

1. INTRODUCTION

Knowledge has widely been acknowledged as one of the
determining factors for corporate ammpetiti veness and advantage.
In the past yea's we have witnessed an explosion of approaches to
knowledge management (KM). Praditioners and business
managers alike areethat isaes of techndogy, process people,
and content must be aldressed to achieve success[18]. Moreover,
it is beaming increasingly important for organizaions to
shorten the leaning curve (that is, the time to adieve full
competence); to rapidly assmilate sophisticaed new
techndogies; and to efficiently fill the gaps in a mmpany’s
knowledge base—particularly as developments beaome more
complex and operating environments pose increasing demands
on people and organizations. Moving forward to be abest-in-
class company means transforming everyone in the company
into an experienced praditioner in ore of more technicd or
support disciplines.

In our opinion, the basic organizaional unit of knowledge
management is the comnunity of practice (CoP), which is a group
of people sharing a mmmon areaof expertise and/or who seach

for solutions to common problems. A CoP is thus not necessarily
an authorized or identified group. People in a community of
pradice ca perform the same job, collaborate on a shared task or
work together on a product. What holds them together is a
common sense of purpose and a red need to know what eadh
other knows. Most organizaions will hold several communiti es of
pradice and most people belong to at least one of them [2].
Nurturing communiti es is hard enough when the members arein a
single location with good connedivity and increase @nsiderably
when the members are spread around different locations, possbly
in different areas and with different languages and cultures.

Furthermore, people in organizaions tend to develop their own
ways of doing things. Processes don t do work, people do. A close
look a how companies redly work will show gaps between
official work processs - the apriori designed flows of tasks and
procedures refleding the ided adivity of the cmpany - and the
red-world pradices that adually get things done. These gaps are
not problems that need fixing; they' re opportunities that deserve
leveraging. That is, the red assts of organizaions are the
informal, often inspired ways that red people solve red problems
in ways that formal processes can' t anticipateThe redizaion that
such gaps exist is of utmost importance for the success of
knowledge management initiatives. A KM system that links to the
red neals and goals of people on their red-world pradices has a
much higher chance of success than ore than will follow the
‘official’ workflow processes. Moreover, organizaions must kegp
in mind the limitations of knowledge management and understand
that knowledge done does not guarantee a cedive resporse to
dedsion-making situations. Or, as Einstein has dated:
‘imagination is more important than knowledge'.

The @ove mnsiderations $ow a shift in the focus of KM from
the management of knowledge a@sts to the management of
collaboration. That is, the dam of KM is no longer just the
management of adivities related to the aeaion, preservation and
distribution o knowledge assets but the management and
nurturing of collaboration between people. The shift is into
collaboration management systems that meet the following
requirements [5]:

1. Assist people generate and apply ‘just in time' and ‘just
enough’ knowledge, prevent information overload and
stimulate sharing of relevant knowledge in a dynamic,
collaborative environment.

2. Preserveindividua autonomy and contribute to the aedion
of a @amosphere of trust between participants.



3. Provide links individua action and company structure such
that on one hand, innovative ways of doing things can be
effectively integrated into company processes and, on the
other hand, it can be verified whether actions are conform to
company values and norms.

We have developed an agent-based organizational model that
attempts to incorporate formal organizational processes and goals
with the different individual perspectives of the actors (people,
groups and possibly systems) involved [6]. This model, based on
multi-agent systems, is well suitable to describe collaboration
support systems that fulfil the requirements above.

The remaining of this paper is organized as follows. In section 2
we will motivate and give examples of the use of agents in KM.
Section 3 presents the Agent Society Modd (ASM) for
organizations. Section 4 introduces KennisNet, a framework for
knowledge sharing developed at Achmea' that is used as
illustration to the ASM model presented in this paper. The
application of ASM to the development of a collaboration support
component in KennisNet is described in section 5. Findly, in
section 6 we present some conclusions and discuss areas for
further research.

2. AGENTSIN KNOWLEDGE
MANAGEMENT

From the starting days of KM, technology has been recognized as
an enabling, and often even a leading, factor for connecting (e.g.,
people to other people or knowledge) and converting (e.g., data
into knowledge) [16]. Comprehensive KM endeavors, however,
have always realized that KM is primarily a management science,
and not a computer science. This implies a different role for
technology in KM, that of supporting and extending human
interaction and learning, and therefore a need for intelligence-
enhanced, integrated and personalized solutions.

Agent-Mediated Knowledge Management is a new research
direction that aims at the cross-fertilization between the KM and
the agents research fields [11]. Applications of agent technology
to KM start from the realization that KM and multi-agent systems
have several similarities. Agents are mainly used in dynamic
environments where activity and reasoning are determined by the
interpretation of perceptions about the actual condition of the
environment. Like multi-agent systems, KM environments can be
seen as distributed systems where different actors, each pursuing
its own goals, need to interact in order to achieve their goals and
realize organizational objectives. In such environments the ability
to communicate and negotiate is paramount. Furthermore, the
number and behavior of participants cannot be fixed a priori and
the system can be expected to expand and change during
operation, both in number of participants as in amount and kind of
knowledge shared. The use of multi-agent systems in KM is
therefore motivated by the following observations:

- KM domains involve an inherent distribution of sources,
problem solving capabilities and responsibilities (applies the
autonomy and social ability of agents).

1 Achmea is one of the largest insurance and financial services
companies in the Netherlands.

— The integrity of the existing organizational structure and the
autonomy of participants need to be maintained (uses
autonomous nature of the agents).

— Interactions in KM environments are fairly sophisticated,
including negotiation, information sharing, and coordination
(requires complex social skills with which agents are
endowed).

- KM domains cal for a functiona separation between
knowledge use and knowledge sources as a way to incorporate
dynamic behavior into systems design (agents can act as
mediators between source and application of knowledge).

— Solutions for KM problems cannot be entirely prescribed from
start to finish and therefore problem solvers are required that
can respond to changes in the environment, to react to the
unpredictability of business process and to proactively take
opportunities when they arise (uses reactive and proactive
abilities of agents).

Moreover, the use of agents in KM can be seen in two
perspectives. In one hand, agents can be used to model the
organizational environment where the KM system will operate
and, on the other hand, software agents can be used to implement
the functionality of KM systems. Most existing KM projects
involving agent technology concentrate on the second perspective,
that is, use agents as modeling primitives in KM implementation
tools. Agents are used to support and extend the activity of
(human) users as highlighted in section 2.1. However, more and
more interest is arising about the advantages of agent-based
modeling of KM environments. Multi-agent models are used athe
virtual counterpart of real-life societies and organizations which
facilitates the design process since it reduces the conceptua
distance between the system and the real-world application it has
to model. This perspective is discussed in section 2.2.

2.1 Using Agentsto Implement KM Systems
In agent-based implementations of knowledge management
systems, software agents are employed as tools to manage |oosely
coupled information sources, to provide unifying presentation of
distributed heterogeneous components and to personalize
knowledge presentation and navigation. Agent-based KM services
are[14]:

— search for, acquire, analyze, integrate and archive information
from multiple heterogeneous sources,

— inform users when new information of specia interest
becomes available,

— negotiate for, purchase and receive information, goods or
services,

— explain the relevance, quality and reliability of that
information, and

— learn, adapt and evolve to changing conditions.

Severa types of agents have been designed to implement these
services. Personal Assistants represent the interests of the user
and provide the interface between users and the system. They are
concerned with user preferences and needs, and will present
information in the preferred format, at the right time. A proactive
personal assistant agent will not only perform the tasks given to it



by the user, but will also suggest knowledge sources or other
resources that are not explicitly requested if they match the user's
interests. Cooperative Information Agents (ClAs) focus on
accesing multiple, distributed and heterogeneous information
sources. A CIA nedls to adively maintain its information by
communicaing with others and reasoning about its own
information. Task analysts are agents that monitor a cetain task
in the business process determine the knowledge neeads of the
task, and gather that knowledge by communicaing with other
agents. The ayent can also monitor the exeaution of the task and
evaluate the goplicability of the knowledge provided. The lesons
leaned here ae used to update its internal state and gptimizing
task knowledge. Source keepers are aents dedicaed to
maintaining knowledge sources and are responsible for describing
the knowledge wntained in the source and extrad relevant
information for a given request. Source keepers can also adively
propose uses for its urce to ather agents based on its own
knowledge of other agents' needs. Finally, mediators are agents
that can provide anumber of intermediate information services to
other agents. They may suggest coll aboration between users with
common interests, or provide information about the tools
avallable. Mediators possss knowledge @ou the domain
including where resources can be found.

2.2 Agent-Based Modelsfor KM

Agent-based models for KM see @ents as autonomous social
entities (like enployees in a mmpany) that exhibit flexible,
resporsive and proadive behavior and the interadions among
these antiti es give rise to complex dynamics. In this context agent
is defined as ‘one that has the power or authority to ad’ or ‘one
that takes adion at the instigation of another’. This concept of
agent is not new nor restricted to software.

Agent societies represent interadions between agents and are &
such the virtua counterpart of red-life societies and
organizaions. Individual agents model spedfic roles in the
society and interad with cthers as a means to acomplish the
goals edfied by those goals. This perspedive makes the design
of the system less complex since it reduces the mnceptual
distance between the system and the red-world applicdion it has
to model. Therefore, agent societies are an effedive platform for
virtua organizations becaise they provide mechanisms to allow
organizations to advertise their cgabiliti es, negotiate their terms,
exchange rich information, and synchronize processes and
workflow at a high-level of abstradion [17]. Agent societies are
used both to simulate & to support knowledge management
environments. An area of current reseach is Agent-mediated
Knowledge Management, the development of generic knowledge
management models that can be used as a basis for the
development of customized adaptive solutions for KM. Our
approach to agent-mediated knowledge management is described
in sedion 4.

3. THE AGENT SOCIETY MODEL

An organization can be defined as a set of entities and their
interadions, which are regulated by medhanisms of social order
and creaed to achieve mmmon goals. While airrent reseach on
agents often takes the individual agents as darting point and looks
at interadion from the perspedive of an individual agent, that is,
how it affeds and influences the goals and beliefs of the agent,
agent models for organizations must take the perspedive of the

organizaion as a whole. That is, multi-agent systems, or agent
societies, must therefore be ale to define the global aims of an
organizaion, such as dgability over time, some level of
predictability, and clea commitment to aims and strategies, as
well as the objedives and responsibiliti es of participants.

Agent Societies emerge from the ideathat interadions occur not
just by acddent but aim at achieving some desired global goals.
That is, there ae goals external to ead individua participant (or
agent) that must be reahed by the interadion of those
participants. Desired behavior of a society is therefore often
external to the participants. Socia structure is determined hy
organizaional design and not dependent on the participants.
However, the behavior of individuals is motivated from their own
goals and cgpabilities, that is, people will follow their own goals
and motivations and will bring in their own ways of doing things
into the society. That is, the adual behavior of the society
emerges from the goal-pursuing behavior of the individual agents
within the onstraints st by the organizational. This creaes a
neel to chedk conformance of the adual behavior to the desired
behavior which has sveral consequences. Firstly, we neeal to
make explicit the cmmitments between participants and the
society.

The Agent Society Model that we have developed integrates a
top-down spedficaion d society objedives and globa structure,
with a dynamic fulfillment of roles and interadions by
participants. The model separates the description of the structure
and globa behavior of the domain from the spedficaion o the
individual entities that populate the domain. This sparation
provides sveral advantages to ou framework above traditional
MAS models. On ore hand, coordination and interacionin MAS
are usudly described in the mntext of the adions and mental
states of individual agents[12]. In open societies sich approach is
not possble because aents are developed independently from the
society and there is therefore no knowledge @ou the internal
architedure of agents nor possbhiliti es to direaly control or guide
it. Furthermore, conceptual modeling of agent societies (based on
the social interadions) requires that interadion ketween agents be
described at a higher, more astrad leve, that is, in terms of roles
and institutional rules. On the other hand, society models
designed from an organizaiond perspedive, refled the desired
behavior of an agent society, as determined by the society
‘owners. However, once ‘red’ agents populate the society, their
own goals and kehavior will affed the overal society behavior,
that is, such socia order as envisioned by the society designer is
in redity a @mnceptud, fictive behavior. From an organizationa
perspedive, the main function o individua agents is the
enadment of roles that contribute to the global aims of the
society. That is, society goals determine gent roles and
interadion norms. Agents are actors that perform role(s)
described hy the society design. The agent’s own cgpabiliti es and
aims determine the spedfic way an agent enadsits role(s).

Severa authors have advocaed such role-oriented approaches to
agent society development, espedally when it is manifest to take
an organizaiona view on the gplicaion scenario [6, 19].
Castelfranchi  distinguishes between socia order, the non-
acddental, non-chaotic pattern of interadion in a given system of
interading agents and social control, agent adion aimed at
enforcing the cnformity of behavior of other agents to some
socia norm [3]. He agues that due to the aitonomous behavior of
agents, socia control is not enough to ded with the challenge of



social order, but agent societies must be @le to cope with
unintended, emergent behavior of its members. Figure 1 depicts
theinterrelation between the different models?.

Organizational model Social model Interaction model
Legend:

O role structural interaction

O agent — actual interaction (contract)

Figure 1. Organizational framework for agent societies

Starting point to the Agent Society Modd is the organizational
model (OM) that describes the structure and global charaderistics
of adomain from an organizaional perspedive from the premise
that it is the society goas that determine agent roles and
interadion norms. The organizational model is based on the
analysis of the domain in terms of the @mordination and namative
elements and describes the expeded behavior of the society. The
framework does not spedfy the internal architecure of individua
agents. Active antiti es are described as roles gedfied in terms of
externally perceved adions and behavior. Other comporents of
the model are mnstraints, interadion rules, and communicative
and ontologicd frameworks.

We asume that individual agents are designed independently
from the society to model the goals and capabilities of a given
entity. In order to redize their own goals, individual agents will
join the society as enadors of role(s) described in the
organizational model. This means that several populations are
possble for eat organizaiional model. Agent populations of the
organizational model are described in the social model (SM) in
terms of commitments regulating the enadment of roles by
individual agents. In the framework, agents are seen as
autonomous communicdive entities that will perform the society
role(s) acording to its own internal aims and architedure.
Because the society designer does not control agent design and
behavior the atua behavior of the society instance might differ
from the intended behavior. The only means the society designer
has for enforcing the intended behavior is by norms, rules and
sanctions. That is, when an agent applies and is accepted for a
role, it will commit itself to the redization of the role goals and it
will function within the society acording to the @nstraints
appliceble to its role(s). These cmmmitments are spedfied as
socia contrads that can be compared to labor contrads between
employees and companies. The society can sanction wundesirable
(wrong) behavior as a means to control how an agent will do its
‘job.

Finaly, interadion between agents populating a society are
described in the interaction model (IM) by means of interadion
contrads. This model acourts for the adua (emergent) behavior
of the society at a given moment. Interadion agreements between
agents are described in interadion contrads. Usually interadion
contrads will ‘follow’ the intended interacion posshilities

2 A formalism to provide logicd semantics to the model is
described in[7].

spedfied in the organizationa model. However, becaise of the
autonomous behavior of agents, the interadion model must be
able to acommodate other interadion contrads describing new,
emergent, interadion paths.

A generic methoddogy to analyze agiven damain and determine
the type and structure of the agent society that best models that
domain is described in [9]. Organizetion theory shows that
organizations with dfferent objedives exhibit different
requirements for coordination. Coordination models (market,
hierarchy and retwork) are determined by transadion costs and
reflect the balance between organizaiona objedives and
adivities. For example, the market model fits well in an exchange
situation whereas the hierarchicd model is better suited for
production environment. The methoddogy provides generic
facilitation and interadion frameworks for agent societies that
implement the functionality derived from the m-ordination model
applicable to the problem domain. Standard society types as
market, hierarchy and retwork, can be used as garting point for
development and can be extended where needed and determine
the basic norms and fadlitation roles necessary for the society.
These mordination models describe the different types of roles
can beidentified in the society and issues such as communication
forms, desired socia order and co-operation posshilities between
partners. We distinguish between social, or facilitation roles, that
is roles needed in oder to kee the society going, and
operational roles, which will provide the atua objedives of the
society. Fadlitation roles are usualy played by mutualy trusted
agents, whereas trust between agents playing operationa roles is
determined by the type of society organization.

4. A KNOWLEDGE SHARING SCENARIO

The Knowledge Center for Non-Life Insurance @& Achmea is
resporsible for the development and maintenance of nontlife
insurance knowledge that will give businessunits aacoss Achmea
aleaing edge in this area The center has a need for efficient and
goal direded sharing of information and knowledge. Members of
the network, insurance product developers and aduaries, are
spread around the country at the location of the various brands of
Achmea Their knowledge and expertise ae grealy valuable and
useful to ead other. But, becaise people ae not aware of eat
other's cegpabilities, often they will discuss their business
problems with a dired colleague just becaise he/she happens to
be cmnveniently close and ot because he/she is the best person to
consult with [4]. The objedives of the KennisNet projed are to
structure, initiate and organize the sharing of knowledge across
the non-life development group [8]. Moreover, KennisNet aims at
setting up a framework that asaures the continuous avail ability of
consistent and up-to-date knowledge.

Experience shows that any techndogicd support for knowledge
exchange in such settings will gredly improve if users fed they
know and can trust eat ather. Therefore, a dual approach for the
development of KennisNet was chaosen that incorporates dired
contads between members of the group with a intranet-based
knowledge sharing server. Dired contads between participants
were formalized as quarterly workshops with the participation of
al members. The am of the workshops is twofold. In one hand
workshops asaure the aeaion, maintenance ad uniformity of
domain knowledge (for example, by inviting externa authorities
in a relevant fidd and by fadlitating structured discussons
around a theme). On the other hand, becaise participants get to



know and appredate other colleagues, a feding of community is
developed. In pardle to the workshops, a knowledge sharing
server was developed. The development of this framework was
inspired by severa leading work in Knowledge Management
models and systems (for example [10, 13, 15]) and follows the
methodology described in sedion 4.1.

4.1 Developing KM solutions

The development methoddogy used for KennisNet adapts the
usual phases (analysis, design, implementation and evaluation) of
system development to the spedfic cae of knowledge
management systems. As organizations themselves, the processof
developing knowledge management solutions is dynamic, and
shoud be mntinuously monitored and adapted to the canging
goals and structure of the organizaion. That is, the methoddogy
must be seen as a @ntinuous process where exch level may
require changes in the previous levels. Furthermore, users and
stakeholders must be involved in eat level to asare the
redizaion d a system that meets the needs and wishes of the
organization and furthermore to asaure that development keepsin
pacewith organizaiona and environmental changes.

Thefirst step of this methoddogy is to identify the strategic goals
of the organization or group and the problems that hinder their
adchievement. Next, problems must be analyzed from a knowledge
perspedive. The identificaion o generic solutions and its
tailoring to the spedfic situation makes the design phese. The
usability and evauation phase tekes care of the testing and
applicability studies of the solution. Findly, in the
implementation phese the dosen solutions are developed and
built. The main methodologicd steps in the development of
KennisNet are & follows:

Analysis. Knowledge problems arise in the nservation and
sharing of knowledge and information aaoss the organization.
Existing knowledge is dispersed aaoss the organizaion,
knowledge gathering adivities are often dugicaed at different
locaions and employees are not aware of expertise ad
posshilities of ead ather. Moreover, employees do ot have a
clea motivation and reward for sharing their own knowledge and
experience acoss the organization and dfferent locaions use
different procedures and methods for development of insurance
products.

Design: The objedives and the format of the projed were
analyzed, discussed and dedded upon during several meetingsin
which all members of the group articipated. It was chosen for a
dua approach incorporating dired contads between members of
the group and a virtual meding place ad knowledge repaository as
described above. Users and stakeholders have indicated the most
important requirements for the knowledge repository: task-
oriented seach of knowledge sources, knowledge aedion
support, availability of up to date, trusted sources, easy to use
publishing functionality, communication support, posshility for
control distribution conditions.

Implementation: Following the principle that gradua change is
more favorable to the accetance of the system, the
implementation d the KennisNet was lit in several phases eath
followed by an evaluation rocess In the first phase, the eisting
technicd infrastructure & Achmea (a Lotus Notes network) was
used for the implementation d the repository. Available
functionality of Lotus Notes was used to support dired accessto

contents, publishing and browsing of knowledge items and the
implementation d fadlities for discusson and broadcast of
requests.

Evaluation: The first implementation phase is now completed.
We have ondcted a user satisfadion survey after the system was
running for one yea. The two main conclusions from this survey
are that the workshop structureis grealy appredated and found o
grea vaue but the alded value and paentia of the knowledge
server is not clea to the users and the server is hardly used. The
organization d the workshops is now for alarge part in the hands
of the different business units involved. Participants sare the
feeling that the potential of the repository as a virtua system to
support knowledge sharing is large, but somehow its
implementation ladks apped and wer attradiveness The main
reason for the lack of use of the repository, as pointed in the
survey, is that users need a more personal means of interadion to
make them comfortable exchanging knowledge. The survey aso
indicaes that knowledge owners prefer to share their expertise
within a controllable, trusted group under conditions negotiated
for the spedfic situation and partners. This isue of trust, that
emerges as one of the most relevant aspeds of this evaluation, is
further discussd in next sedion.

4.2 Trust and Knowledge Sharing

The cmmunity of users suppated by the KennisNet operates
aaoss business unit boundaries, independently of the holding
organizational structure. Sharing knowledge therefore impli es that
knowledge seeker and knowledge owner must be ale to find each
other and agree on the terms of the exchange. Severa studies
show that successof knowledge sharing is dependent on the level
of trust and dependency between community members and onthe
kind d culture holding in the society [1]. In a individudistic
culture, charaderistic of Western societies, there is a strong
feeling of autonomy and independence Own knowledge is
considered part of one's property and identity. Furthermore, self-
inventing knowledge is considered more valuable that working
with aaquired knowledge. This explains the reluctance of users to
make their knowledge axd expertise available through a
knowledge repository such as KennisNet where knowledge is
deoupled from the knowledge owner. Knowledge owners prefer
to share it within a cntrollable, trusted group under conditions
negotiated for the spedfic situation and partners.

In order to encourage pulisher participation, repository systems
often use reward and sanction methods that provide an external
‘objedive vauation for knowledge. That is, people that submit
items to the repository are rewarded either by evaluation fadors
(contributing to caree development), monetarily, by a point
system or by explicit adknowledgement (highlight top
contributors). Conversely, organizaions can choose to ‘punish’
people who don’t contribute enough to the repository.

Despite dl reward and sanction schemas, people till rather kegp
the dedsion about sharing knowledge on their own hands, and
want to be ale to dedde on a ca&e by case basis whether an
exchange is interesting to them or not. Furthermore, the value of a
knowledge item canna be fixed a priori but depends on many
factors that are not always caught in a reward system. Finaly,
often knowledge and information requests are not a mere
exchange of afinished ‘product’ but imply a work processduring
which the knowledge owner will develop the answer sought by
the requester.



Experience with KennisNet shows that collaboration and dred
exchange between people ae the aucia aspeds to redize The
next phase of development of KennisNet concentrates on the
collaboration aspeds of the system and provides mechanisms for
knowledge exchange and coll aboration that kegy ownership links
between knowledge and people and that support the search and
negotiation process Furthermore, the process of negotiation and
vauation o knowledge® is sipported. The result is an agent-
mediated knowledge market based onthe Agent Society Model
described in the next sedion, that adds the foll owing functionality
to KennisNet:

- Posshility to share knowledge that is not available in the
knowledge repasitory

- Support for codlition formation (in order to develop rew
solutions when knowledge is not avail able)

- Support for dired exchange between parties where the
negotiation of exchange condtions happensin a cae to case
basis

However effedive, such solution will only be effecive when

sharing is anchored into organizational culture and processes.

Change management initiatives to enforce such culture ae till

crucial for the successof any coll aboration support projed.

5. USING ASM TO IMPROVE KENNISNET

Based on the Agent Society Modd, we ae developing a
Knowledge Market to support KennisNet members to exchange
knowledge with ead cather, in a way that preserves the
knowledge, rewards the knowledge owner and reades the
knowledge seeker in a just-in-time, just-enough basis. This model
enables for the incorporation of individual initiative (emboded in
persona agents) within organizational processes (described by
organizational model of the society).
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The achitedure of the Knowledge Market is ill ustrated in figure
2 and consists of two layers operation and facilitation. The

3 That is, how much is a spedfic pieceof knowledge worth, at a
spedfic moment, under the spedfic drcumstances holding and
to the spedfic partnersinvolved in the exchange.

‘goods’ to be exchanged in this market are descriptions of
knowledge neals and assts, similar to items in the knowledge
repository developed in the first phase.

The Knowledge Market must be ale of describing its rules of
interadion, regulations, fadliti es and legal guarantees to applying
members. Furthermore, the marketplace must be ale to enforce
the interadion contrads agreed between participants and punish
potential violators (for example, through loss of reputation or
eventually banishment).

5.1 Organizational Model

The social adivity of agents is coordinated at the fadlitation
level. That is, at fadlitation level, the ‘norms’ of the society are
kept and enforced and interadion is ensured. Furthermore,
facilitation agents ensure interadion by monitoring and
supporting contrad formation, take cae of introducing new
agents to the rules of the society and keep trad of the reputation
of trading agents. Typicd fadlitation agent roles are
matchmakers, gatekegoers and reputation agents. Gatekeepers
are resporsible for accepting and introducing new agents to the
knowledge market. Matchmakers keep tradk of agents in the
system, their needs and passhiliti es and mediate in the matching
of demand and supply of knowledge. Notaries register and keep
track of collaboration contrads between agents. Finaly,
monitoring agents are trusted third parties that keep tradk of the
exeadution d collaboration contrads between agents.

The operationa roles identified from the requirements and
domain charaderistics are knowledge seeker and knowledge
owner, which are both spedfic espeds of personal asgstants. The
seeker agent provides the interface between the user seeking
collaboration and the market and reflects the persona preferences,
leaning style and work process of the user. Owner agents are
resporsible to ‘advertise’ the capabilities of a knowledge worker
and vindicate the interests of the knowledge owner. The owner
agent can aso adively offer the services and skill s of its user
propose uses for its urce to ather agents based on its own
knowledge of other agents needs or indicaed by the matchmaker.

Furthermore, the organizaion must describe how its objedives
areto be adieved by the interadion between roles. In ASM roles
interad following interadion scene scripts which are composed
into an interadion structure to describe more wmplex adivity. An
interadion scene script describes a scenario of adivity, that is,
how rolesinterad and evolve in the context of a scene. Interadion
structures are depicted as direded graphs where the boxes
represent scenes and the acs posshble transitions between scenes.
Fadlitation roles adive in a scene ae represented by an ova
linked to the scene box.

The interadion structure displayed in figure 3 describes the
adivity of the user roles (knowledge owner and seeker) in the
Knowledge Market. Knowledge seekers and knowledge owners
apply to enter the society through the ‘Member registration’
scene. If the gplication is siccesdul, the agent proceals to the
‘observing’ scene. In this <ene the gent is not adive in a
knowledge exchange but can access the repository, follow
newsgroups, etc. Both seeker or owner agents can initiate an
exchange by respedively annourting a need o a skill. In the
‘negotiate partnership’ scene, seeker and owner discuss the
condtions of an exchange. The result is ainteradion contrad that
describes an instance of the ‘exchange’ scene. Interadion scripts



serve & a blueprint for the adua interadions between agents
enading roles.

Member Member Observing Leare
Registration i "] Society
Applicant
MM MM Make Results
Request Announce Available
Knowledge Knowledge
N.M
Negotiate Register
Partnership "] Partnership

Figure 3: Interaction structure of Knowledge Market

5.2 Social Model

Social contrads describe the agreements between participating
agents and the Knowledge Market society. People seeking
collaboration cen initiate through the user interface of the
Knowledge Market a personal agent that will ad as their avatar in
the system. This agent will use the preferences and conditions
spedfied by the user to find appropriate partners and regotiate
exchange terms. Furthermore, fadors such as privacy, seaecy and
competiti veness between brands and departments may influence
the dhannels and passbilities of sharing and must thus be
considered. Matching of supply and demand d knowledge is very
complex and reguires tecniques such as fuzzy matching
algorithms, or multi-attribute matching. Due to spacerestrictions
we will nat further discussthis here.

Negotiation o social contrads is done between the gplicant
agent and the Gatekegoer agent, which will watch over the
interests of the society itself. For example, imagine that Anneisa
member of the KennisNet group that is ®eking knowledge on
price policies from the cmpetition. Anne will initiate an agent
enading the knowledge seeker role in the Knowledge Market.
During the Member admittance scene, the anditions for Anne's
agent will be negotiated and fixed in a socia contrad that
spedfies, for instance which parts of the repository Anne is
allowed to access which are the obligations of Anne @wncerning
the publicaion d knowledge items received as result of an
interadion, and whether Anne dlows for items that she provides
to be published or not.

5.3 Interaction Mode

The Interaction Model (IM), spedfies the adivity of an Agent
Society in terms of agreements between role enading agents
(spedfied in the SM) concerning the enadment of interadion
scenes (spedfied in the OM). The scene scripts pedfied in the
OM describe possble interadions as desired by organizaional
design. In fad, scripts are dstrad, generic patterns for interadion
which can be fulfill ed in many ways.

When role enading agents come together in an interadion scene,
the adual interpretation of the scene script, that is the interadion
protocol to be used must be ayreed upon. In ASM, role enading
agents will, for eat scene, negotiate an interaction contract that
defines their partnership, and fixes the way a spedfic interadion
scene is to be played. Interadion contrads describe instances of

scene scripts which inherit the organizaiona norms and
objedives described in the interadion script and possbly extend
or restrain it to acoommodate the spedfic needs and cesires of the
participating agents.

The following example describes a ntrad between two
members. In this example, fictive but typicdly possble in the
domain of non-life insurance, Anne will provide Bob with a
report about competition prices, on the cndition that Bob will
give her comments on the report (that she will have to present to
her Unit direaors) and eventualy share with her his new pricing
concept for car insurance This contrad is generated during the
‘Negotiate partnership’ scene and registered in the ‘Register
partnership’ scene. In this sene, the notary agent will assgn a
monitor agent to chedk the fulfillment of the mntrad between
Anne and Bob.

6. CONCLUSIONSAND FUTURE WORK

Current developments in KM show a shift in the focus of KM
from knowledge to coll aboration. The am of KM isnolonger just
the management of adivities related to the aedion, preservation
and distribution d knowledge asts but the management and
nurturing of collaboration between people. Such collaboration
management systems cdl for approaches that are readive and
proadive in relation to the needs and expedations of its users.
Agent concepts, which ariginated in artificial intelligence but
which have further developed and evolved in many areas of
computing, hold grea promise for respondng to the new rediti es
of knowledge and coll aboration management. In this paper, we
have presented an agent-based model for organizaions that
fulfills the spedfication requirements of collaboration
management systems. The model is being applied to the
development of a knowledge market at Achmea

Agent concepts can fundamentally alter the nature of knowledge
management both in the way KM systems are build as well as the
way organizaions are analyzed and modeled. On the one hand,
the technicd embodment of these amncepts can leal to advanced
functionality of KM systems, e.g. persondizaion d knowledge
presentation and matching suppy and demand o knowledge. On
the other, the rich representational capabilities of agents as
modeling entities allow more faithful and effedive treaments of
complex organizaional processes. In our opinion, one of the main
contributions of agent-based modeling of KM environments is
that provides a basis for the incorporation o individual initiative
and collaboration into formal organizational processes. Future
reseach in agent-oriented approaches to knowledge management
and coll aborative systems must therefore include:

- Methodologies are needed that support the analysis of
knowledge management needs of organizaions and its
spedfication wsing software ayents and agent societies

- Reusable aent-oriented knowledge management
frameworks, including the description of agent roles,
interadion forms and knowledge description

- Agent-based tools for organizaiond modeing and
simulation that help determine the knowledge processes of
the organizaion

- Therole of leaning in agent-based knowledge management
systems, namely, how to use gent learning to support and
extend knowledge sharing
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