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ABSTRACT Due to the importance of knowledge management, tools
The goal of this paper is to illustrate that the usage of which support some of the tasks related to KM have been
software agents can be beneficial in the development of developed. Different techniques are used to implement
Systems to manage knowledge. Considering that these tools. One of them, which is proving to be quite
knowledge is distributed throughout different sources and useful, is that of intelligent agents [4]). Software agent
has a heterogeneous nature, agent technology may be technology can monitor and coordinate events, meetings
interestingly applied to this problem, since multi-agent and disseminate information [5). Furthermore, agents are
systems are often distributed and agents have proactive proactive in the sense that they can take the initiative and
and reactive features which are very useful for achieve their own goals. The autonomous behaviour of
Knowledge Management Systems (KMS). This paper the agents is critical to the goal of this research since
describes an approach that allows us to build robust and agents can act on behalf of their users in carrying out
adaptable KM systems by using a multi-agent difficult and often time-consuming tasks that the
acchitecture. This architecture is called MAPROK (a employees have o perform when using a KM system.
Multi-agent Architecture to PROcess Knowledge) which Consequently, agent systems are expected to become
uses specialized autonomous agents for specific services more efficient with time since the agents learn from their
and allows agents to interact in order to support the main previous mistakes and successes [6]. Most agents today
knowledge processes. employ some type of artificial intelligence technigue to
' assist the users with their computer-related tasks, such as
KEY WORDS reading e-mails, maintaining a calendar, and filtering
Software Agents, Knowiedge Management Systems. information [7].
1. Introduction Because of these advantages different architectures have
been proposed to support activities related to KM [8].
In the last few decades, Knowledge Management (KM) Some agent-based architectures have even been designed
has captured the attention of businesses as being one of to help in the development of KMS. However, most of
the most promising ways (o attain success in this them are focused on a particular domain and can only be
information era [1]. We are currently living in a used under specific circumstances. What is more, they do
knowledge economy where the principal economic not take into account the cycles of knowledge in order to
resource businesses have to offer their customers is use knowledge management in the system itself. For these
knowledge. A  shorter life-cycle of products, reasons, in this paper we propose a generic multi-agent
globalization, and strategic alliances between companies architecture (o develop KM systems. The agents used in
demand a deeper and more systematic organizational this architecture have been designed to support the
knowledge management [2]. In order to assist different phases of a knowledge life cycle with the goal of
organizations to perform this task, systems have been fostering the creation, storing and dissemination of
designed to manage organizational knowledge. These are knowledge.
called Knowledge Management Systems (KMS), defined
by Alavi and Leidner {3], as an IT-baséd system This paper is structured as follows, Section two describes
developed to support/enhance the processes of knowledge related works based on multi-agent architectures. In
creation, storage/retrieval, transfer, and application, section three our proposal is expiained and we also define

the roles of the agents and tasks of each in charge of
supporting the knowledge process. Finally, conclusions
and future work are outlined in section four.
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2. Related works

Traditional knowledge management systems have
received certain criticism as they are often implanted in
the company thus overloading employees with extra
work, as the employees have to introduce information into
the KMS and worry about updating this information. One
proposal to avoid this overloading is to add software
agents to perform this task in place of the employees.

The benefits of applying agent technology to knowledge
management include distributed system architecture, easy
interaction, resource management, reactivity to changes,
interoperation between heterogeneous systems. and
intelligent decision making. The set of KM tasks or
applications in which an agent can assist is virtually
unlimited, for instance:

= (CoMMA [8] project, Corporate Memory
Management through Agents, combines emergent
technologies (e.g. XML, machine learning) allowing
users to exploit an organizational memory,

=  Wang et al. in [9] propose a multi-agent architecture
to provide support to cooperative activities.

= Another area where agents have been used is in
recommendation systems and expert location. These
systems are used to help people find information or
experts which can assist them in their daily work
[10].

= TIn {11] a multi-agent system is proposed for
knowledge sharing in a system designed to advise
good programming practice.

Besides these works we found others which focused on
document classification [12, 13], mailing list management
[14], data mining [15], corporate memeries [16], etc.

Most previous works have been developed without
considering how knowledge flows through a company
and how it is stored in different knowledge sources.
Because of this, they often support only one knowledge
task without taking into account that knowledge
management implies giving support to the different
processes and activities, for instance those which form the
SECI model (see [17]) and that guarantee an increase of
knowledge.

3. Multi-agent Architecture

This section describes our architecture for developing KM
systems and how we intend to apply it jointly with data
sources to process knowledge.

Figure 1 shows a schematic representation of this
architecture, The architecture has been built by using a
three layer model. The functionality of those layers can be
summarized as:

Local Agent Layer. This layer has two agents: the
Interface Agent and the Personal Agent. The
Interface Agent acts as an effective bridge between
the user and the rest of the agents. Such agents
actively assist a user in operating an interactive
interface. The best-known examples of interface
agents are intelligent tutoring systems and context-
sensitive help systems. {18] is a good example of a
system in which the user may operate the interface
with complete disregard for the agent, but if called
upon, the agent may also display suggestions, or
perform direct-manipulation actions upon objects in
the displayed interface, based on input collected
implicitly from the user. In our knowledge
management system, the Interface Agenl is proposed
to help users to search for useful information related
to their activities and to give recommendations about
employees’ expertise or knowledge scurces that can
be consuited. Furthermore, it interacts with the user
receiving user specifications and delivering results.
The second agent is the Personal Agent which
obtains user profiles and information relevant to
users’ knowledge that helps to determine the
expertise level and knowledge that each person has or
that a person may nced. There are several ways in
which agents can be trained to better understand user
preferences by using computational intelligence
techniques, such as using evolutionary computing
systems, neurzl networks, adaptive fuzzy logic and
expert systems, eftc.

Knowledge creation layer. This layer provides a

Knowledge Agency. It consists of the Constructor
Agent, the Captor Agent, the Searcher Agent, the
Disseminator Agent and the Maintenance Agent. This
agency is in charge of giving support to the KM
processes proposed in [19]. The knowledge created is
stored in a knowledge repository.

We shall now explain each of the agents that form
this agency. The Captor Agen: is responsible for
collecting the information (data, models, experience,
etc) from the different knowledge sources. It executes
a proactive monitoring process to identify the
information and experiences generated during the

_ interaction between the user and groupware tools

(email, consulted web pages, chats, etc.). In order to
accomplish this, the Captor Agent uses {wo
ontologics: the knowledge ontology which defines
the knowledge to be taken into account in a domain
and the source ontology which defines where each
type of knowledge might be found. The Constructor
Agent is in charge of giving an appropriate electronic
format to the experiences obtained so that they can be
stored in a knowledge base to aid retrieval. Storing
knowledge helps to reduce dependency on key
employees because at least some of their expert
knowledge has been retained or made explicit. In
addition, when knowledge is stored, it can be made
available to all employees, providing them with a
reference as to how processes must be performed,
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and how they have been performed in the past.
Moreover, the Constructor Agent compares the new
information with old knowledge that has been stored
previously and decides whether to delete it and add
new knowledge or to combine both of them. The
Searcher Agent is in charge of giving
recommendations or suggestions with the goal of
helping users to perform their tasks by reusing
lessons already learnt. This agent could be
implemented with different retrieval techniques.
Several solutions for information extraction have
been proposed. Some of the most popular solutions,
which have actually been implemented, are related (o
the semantic web [20]. Others use XML-based
specifications {21] and ontolegies [22] to represent.
the information stored in the repository in a coherent
way. Another agent is the Disseminator Agent, which
must detect the group of people, or communities who
generate and use similar information: for example, in
the software domain, the people who maintain the
same product or those who use the same
programming language. Therefore, this agent fosters
the idea of a community of practice in which each
person shares knowledge and learns thanks to the
knowledge of the other community members [23].
An appropriate type of knowledge management
linked to communities of practice helps to improve
the organization’s performance [24]). Disseminated
information may be of different types; it may be
information linked to the company’s philosophy or
specific information about a determined process.

Finally, the Disseminator agent needs to know

exactly what kind of work each member of the
organization is in charge of and the knowledge flows
linked to their jobs. In order to do this, the
Disseminator Agent contacts the Personal Agent
(explained in the previous layer) which gives him
information about the profiles of the user. Comparing
this stage with the SECI model we can say the
Disseminator Agent fosters the socialization process
since it puts people who demand similar knowledge
in touch and once in contact they can share their
experience,. thus increasing their tacit knowledge.
Finally, there is also a Maintenance Agent. The main
purpose of this agent is to keep the knowledge stored
in the knowledgebase updated. Therefore,
information that is not often used is considered by the
Maintenance Agent as information to be possibly
eliminated.

Data sources layer. This layer is composed of data
repositories (email, web, documents, and other
sources). Repositories of collected and combined data
sources become part of our architecture. It is
important to keep such repositories updated with
constant contributions because the knowledge must
be shared. We are applying data mining technology
[25] to manage the information that comes from the
diverse repositories. Data mining involves the
semiautomatic discovery of interesting knowledge,
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such as pafterns, associations, changes, anomalies
and significant structures, from large amounts of data
stored in databases and other information
repositories. Data mining functions can be
implemented using a variety of technologies, such as
database-oriented techniques, machine learning,
statistical  techniques, and another artificial
intelligence methods [26].
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Fig 1. Generic Multi-agent Architecture for KM systems

The different layers are interconnected through the
agencies explained here (Figure 1).

In order to carry out the analysis and design of the agents
involved- we have followed a methodology called
INGENIAS {27] which provides meta-models to define
Multi-agent Systems, and support tools to generate them.
Using meta-models facilitates the development of systems
enormously, since they are oriented towards visual
representations of concrete aspects of the system.

identiftyis
- Fiter

S e

Fig 2. Captor Agent diagram

Below, we are going to explain two agent meta-model
diagrams which describe the roles and tasks of each one
of the agents that supports the knowledge process. Roles
represent the position of an agent in a society and the
responsibilities and activities assigned to this position and
expected to be fulfilled by the other. The agents that form
the local agent agency are omitted due to space
limitations.




Figure 2 depicts the role and tasks performed by the
Captor Agent. The Captor Agent role (Dredge) must
gather information from the system and uset’s experience

that can be transformed into knowledge with the goal of

being used in future projects. Next, we describe each one
of the tasks developed by this agent.

Capturelnfo: The agent must capture information,
IdentifviS: This task consists of identifying available
information sources in the system.

SendToConstructor: Once information has been captured
the agent must send it to the Constructor Agent.

c:anmehfn Scugl Iptor Tﬁm
\ 3 w/c"m

) Constructorhgent
'~ - A

SendToDisseminator

(-

Fig. 3. Constructor Agent diagram.

Another important agent that supports the knowledge
creating process is the Constructor Agent. Figure 3 shows
the role and tasks performed by this agent. The
Constructor Agent is in charge of giving an appropriate
clectronic format to the experiences obtained so that they
can be stored in a knowledge base. The tasks developed
by Consiructor Agent are:

Comparelnfo: In this task the Constructor Agent
compares the new information with old knowledge
previously stored and decides whether to delete it or to
add new knowledge.

Combinelnfo: This task is in charge of combining the new
information with the previously stored knowledge. In this
way, the combination process of the SECI model is
carmied out, producing new knowledge resulting in the
merging of explicit knowledge with new explicit
knowledge.

Classifvinformation: This task s in charge of classifying
the information received by the Captor Agent (for
instance: models, structures, files, diagrams, etc.).
SendToDisseminator: This task is in charge of sending
knowledge to the Disseminator Agent.

SaveKnowledge: This task is in charge of storing the new
knowledge in the knowledge base.
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Fig. 4. Disseminator Agent diagram.

The Disseminator Agent diagram (see Figure 4) is
composed of the following tasks: :

SavelnfoTemp: this task temporally stores the new
knowledge received by the Constructor Agent.
EvaluateProfiles: Once the user profile has been
identified, the Disseminator Agent needs evaluate it to
determine users’ necessities.

PostOffice Employee: This task is in charge of distributing
the information.

Evaluateinfo: This task is focused on evaluating
information received in order to relate it to different
user’s profiles.

Sendinformation: This task is in charge of sending the
information and knowledge required by the users to allow
them to perform their tasks.
LookForActivePersonalAgents: Personal agents can be
distributed in different nodes, so this agent must identify
all the active Personal Agents available in the system.

LookFarintc
(] Finder
™~ s
Classifyinfo SearcherAgent

=) 5

PN v
—/
et

Fig. 5. Searcher Agent diagram

Another agent that support the knowledge life cycle is the
Searcher Agent. The goal of this agent is to foster the
internalization process of the SECI model, since the
employees have the opportunity of acquiring new
knowledge by using the information that this agent
suggests.




The Searcher Agents diagram (Figure 5) is composed of
the following tasks: ‘

LookForinfo. This task is in charge of searching for
information that may be useful for the users.

ClassifyInfo. This task is in charge of classifying the
information found in the knowledge base.

SendinfoToPA. This task is in charge of sending the
knowledge found in the knowledge base to the Personal
Agent.

Finally, the Maintenance Agent diagram is described (see
Figure 6). The main purpose of this agent is to keep the
knowledge stored in the knowledge base updated.

Clvaner
‘i ChaninawiedgeBass
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Fig. 6. Maintenance Agent diagram

The platform that we are using to develop the architecture
is JADE since it is FIPA compliant and is currently one of
those most used . Moreover, JADE has been successfully
used in the development of other systems in the domain of
knowledge management [28-30].

We are presently also studying JADEx in order to see
how easy it would be to migrate to this new platform.

5. Conclusion and further work

This work describes a multi-agent architecture for the
creation of knowledge management systems. The main
contribution of this paper is the design of a multi-agent
architecture which considers the main processes of a
knowledge life cycle such as creating, maintaining,
sharing and distributing knowledge. Therefore, it is a
generic multi-agent architecture to be taken into account
when developing knowledge management systems. The
usage of the INGENIAS models helps possible users of
this architecture to understand how the different agents
work and what their roles are.

In future work we aim to compare the implementation of
a KMS based on our architecture with developments
using other architectures. This evaluation will, without
any doubt, help us to improve our proposal.
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