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Abstract. Agent technology has shown promise in the area of information man-
agement and is therefore a good candidate for knowledge management solu-
tions. Intelligent agents have thus played diverse roles in knowledge manage-
ment systems, as assistants, recommenders, user trackers, etc. Intelligent agents
have also been used in frameworks or architectures whose development was in-
tended to make the implementation of knowledge management systems easier.
It is on this point that we are going to focus in this paper. Many of these archi-
tectures and frameworks were developed from a technical point of view, forget-
ting the knowledge tasks that they should support. Bearing this in mind, we de-
signed a knowledge life cycle which can be taken into account when develop-
ing knowledge management systems. Moreover, in this paper we describe a ge-
neric multi-agent architecture (based on the knowledge cycle) to help develop-
ers to implement knowledge management systems.

1 Introduction

In the last decades, Knowledge Management (KM) has captured the attention of com-
panies as being one of the most promising ways to reach success in this information
era [9]. A shorter life-cycle of products, globalization, and strategic alliances between
companies demand a deeper and more systematic organizational knowledge manage-
ment [1]. One way to assess an organization’s performance is to determine how well
it manages its critical knowledge.

KM can be defined as a discipline that enables an organization to take advantage
of its intellectual capital, in order to reuse it and learn from previous experience [16].
Skyrme [19] suggests that KM is the purposeful and systematic management of vital
knowledge, along with its associated processes of creating, gathering, organizing,
diffusing, using, and exploiting that knowledge. Due to the importance of knowledge
management, tools which support some of the tasks related to KM have been devel-
oped. Different techniques have been used to implement these tools. One of them,
which is proving to be quite useful, is that of intelligent agents [22]. Software agent
technology can monitor and coordinate events or meetings and disseminate informa-
tion [2]. Furthermore, agents are proactive; this means they act automatically when it
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is necessary. The autonomous behaviour of the agents is critical to the goal of this
research; reducing the amount of work that employees have to perform when using a
KM system. Another important issue is that agents can learn from their own experi-
ence. Because of these advantages, different agent-based architectures have been
proposed to support activities related to KM [6]. Some architectures have even been
designed to help in the development of KM systems. However, most of them focus on
a particular domain and can only be used under specific circumstances. What is more,
they do not take into account the cycles of knowledge when proposing to use knowl-
edge management in the system itself. For these reasons, in this paper we propose a
generic multi-agent architecture for creating knowledge in organizations that use
knowledge management techniques. The agents used in this architecture have been
designed to support the different phases of the knowledge life cycle and foster the
creation, storage and dissemination of knowledge.

This paper is structured as follows. In section two we describe different knowledge
models as they have been proposed in the relevant literature. In addition, we put for-
ward our own knowledge model. In section three, previous works based on multi-
agent architectures are outlined. Section four presents our proposal. Finally, conclu-
sions are explained in section five.

2 Knowledge Processes

One of the most widely discussed approaches is the SECI process [12], where the
interaction between tacit and explicit knowledge emerges as a spiral (knowledge
spiral) that includes four layers of knowledge conversion: socialization involves the
sharing and exchanging of tacit knowledge between individuals, to create common
mental models and abilities, most frequently through the medium of shared experi-
ence; externalization is the process of articulating tacit knowledge into comprehen-
sive forms that can be understood by others; combination involves the conversion of
explicit knowledge into a more complex set of explicit knowledge, and infernaliza-
tion is the process of adding explicit knowledge to tacit new knowledge by experi-
menting in various ways, through real life experience or simulations.

As there is no consensus in defining the stages that form a KM life cycle, Daven-
port and Prusak identify three tasks of knowledge management: (generation, codifica-
tion/coordination and transfer) [4]. Wiig, in [24] observes five KM processes:
(knowledge creation, knowledge storing, knowledge use, knowledge leverage,
knowledge sharing). The similarities found in the stages of the models described
previously helped us to define a process that is able to integrate the different propos-
als. For example, all the proposals consider stages which create, acquire, transfer,
distribute, and disseminate knowledge. Another important aspect to take into account
is that the capture or storing, along with the access or retrieval of knowledge, also
form an important part of a KM life cycle model.

We have therefore chosen those stages that we believe should be supported by an
architecture for developing KM systems (see Figure 1) and which are critical for this
kind of systems. In section four we will explain how our multi-agent architecture
follows this knowledge life cycle model.
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Fig. 1. Knowledge Management Life Cycle Model proposed

3 Related works

Traditional KM systems have received certain criticism, since they are often im-
planted in the company itself. Employees are consequently overloaded with extra
work, as they have to introduce information into the KM systems and worry about
updating this information. One proposal to avoid this extra burden was to add soft-
ware agents to perform this task in place of the employees. Later, intelligent agent
technology was also applied to other different activities, bringing several benefits to
the KM process [15, 18].

The benefits of applying agent technology to knowledge management include dis-
tributed 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 example: to provide support to cooperative activities [23], to help peo-
ple find information or experts which/who can assist them in their daily work [3] and
to exploit an organizational memory [6].

Besides these works, we found others which focused on document classification
[13], mailing list management [11], or data mining [7].

These and other existing systems were often developed without considering how
knowledge flows and what stages may foster these flows. Because of this, they often
support only one knowledge task, without taking into account that KM implies giving
support to different process and activities. On the other hand, KM systems often fo-
cus on the technology, without taking into account fundamental problems that this
kind of systems is likely to support.

4 A Multi-agent architecture to develop KM systems

As one of our goals is to develop a multi-agent architecture with KM itself, we shall
start this section by describing each stage of our knowledge life cycle, explaining the
type of agent that supports that stage.

4.1 Knowledge Model

o  Knowledge acquisition is the stage responsible for making the organization
knowledge visible. This stage considers the activities necessary to create organ-



130  Soto J., Vizcaino A., Portillo J. and Piattini M.

izational knowledge. Furthermore, the acquisition stage determines the organiza-
tion skills for importing knowledge from external sources. The definition of the
knowledge to be acquired can be assisted by classifying types of knowledge and
knowledge sources [5]. To support this stage we propose to include in our archi-
tecture an agent called Captor Agent. The Captor Agent is responsible for col-
lecting the information (data, models, experience, etc) from the different knowl-
edge sources. It executes a proactive monitoring process, to identify the informa-
tion 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 a knowledge ontology which defines the knowledge
to be taken into account in a domain. Another useful ontology is the source on-
tology, which defines where each type of knowledge might be found [20]. Both
of these are based on Rodriguez’s ontologies for representing knowledge topics
and knowledge sources [15].

The Captor Agent communicates with another agent (the Constructor Agent)
which is in charge of creating knowledge. For example, when the Captor Agent
acquires information that should be converted into knowledge it sends this in-
formation to the Constructor Agent.

One advantage of this architecture is that the Captor agent can work in any
domain, since by changing these ontologies the Captor knows what key knowl-
edge should be found and where it might be.

o Knowledge formalizing/storing is the stage that groups all the activities that focus
on organizing, structuring, representing and codifying the knowledge, with the
purpose of facilitating its use [4]. To help carry out these tasks we propose a
Constructor Agent. This agent is in charge of giving an appropriate electronic
format to the experiences obtained so that they can be stored in a knowledgebase
to aid retrieval. Storing knowledge helps to reduce dependency on key employ-
ees, because at least some of their expert knowledge has been retained or made
explicit. In addition, when knowledge is stored, it is made available to all em-
ployees, providing them with a reference as to how processes must be performed,
and how they have been performed in the past. Moreover, the Constructor Agent
compares the new information with old knowledge that has been stored previ-
ously and decides whether to delete it and add new knowledge or to combine
both of them. In this way, the combination process of the SECI model is carried
out, producing new knowledge as the end-result of the merging of explicit
knowledge with explicit knowledge.

e  Knowledge use is one of the main stages, since knowledge is useful when it is
used and/or reused. The main enemy of knowledge reuse is ignorance. Employ-
ers often complain because employees do not consult knowledge sources and do
not take advantage of the knowledge capital that the company has [21]. KM sys-
tems should offer the possibility of searching for information; they can even give
recommendations or suggestions, with the goal of helping users to perform their
tasks by reusing lessons that have already been learnt, and previous experiences.
In our framework the agent in charge of this activity is the Searcher Agent,
which searches in the knowledgebase for information that is needed. The result
of the search will be sent to the Interface Agent. This will be explained in the
next section. This agent could be implemented with different retrieval tech-
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niques. Since this architecture is proposed at a high level, these aspects will not
be dealt with in this paper. However, we would like to emphasize that the
Searcher Agent fosters the internalization process of the SECI model, since the
employees have the opportunity of acquiring new knowledge, by using the in-
formation that this agent suggests.

o  Knowledge transfer is the stage in charge of transfering tacit and explicit knowl-
edge. Tacit knowledge can be transfered if it has been previously stored in shared
means, for example: repositories, organizational memories, databases, etc. The
transfer stage can be carried out by using mechanisms to inform people about the
new knowledge that has been added. For this stage we propose a 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. So
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. Disseminated information may be of different types; it may be infor-
mation linked to the company’s philosophy, or specific information about a given
process. Finally, the Disseminator agent needs to know exactly what kind of
work each member of the organization is in charge of, together with the knowl-
edge flows linked to their jobs. In order to do this, the Disseminator Agent con-
tacts a new type of agent called the Personal Agent, 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 with each other. Once in contact, they
can share their experience, thus increasing their tacit knowledge.

o  Knowledge Evolution. This stage is responsible for monitoring the knowledge
that evolves on a daily basis. To carry out this activity we propose a Maintenance
Agent. The main purpose of this agent is to keep the knowledge stored in the
knowledgebase updated. Information that is not often used is therefore consid-
ered by the Maintenance Agent as information that could possibly be eliminated.

4.2 Multi-agent Architecture

Once the knowledge model which the architecture is based on and the agents which
support the different stages are defined, we can then define how the agents are organ-
ized into different agencies. Figure 2 shows that the architecture is formed of two
agencies, made up of several agents.

The Knowledge Agency consists of the Constructor Agent, the Captor Agent, the
Searcher Agent, the Disseminator Agent and the Maintenance Agent, previously
described in Section 4.1. Therefore, the agency is in charge of giving support to the
KM process.

The User Agency consists of the Interface Agent and the Personal Agent. The In-
terface Agent acts as an effective bridge between the user and the rest of the agents.
Thus, if any agent wants to give a message to the user, the agent needs to send it to
the Interface agent, which is the only one allowed to “talk” to the user. The Interface
Agent also communicates with the Personal Agent, which obtains user profiles and
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information that are relevant to users’ knowledge and which help to determine the
expertise level and knowledge that each person has, or that a given person may need.

Another component used in this architecture is the Shared Ontology, this ontology
is shared by all agents and provides a conceptualization of the knowledge domain.
The Shared Ontology is used for consistent communication of the agencies.
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Fig. 2. Multi-agent Architecture for KM Systems

4.3 Agents Collaboration

As was mentioned before, the agents must collaborate with other agents. In order to
show how they collaborate, we are going to describe a possible scenario that can take
place in an organization.

Scenario

Let us imagine that a person is writing a mail and that the agents start to work, in
order to check whether the mail contains information that should be stored in the data
base (we are supposing that the employees know that the mails are being looked at in
this way and that they agree to this). As Figure 3 shows, the Interface Agent captures
each event that is triggered by the Employee. In this case the employee sends an
email. Then the Interface Agent advises the Captor Agent that an event has been
triggered. Afterwards, the Captor Agent determines the type of groupware tool used
(email) to identify and obtain information topics about related tasks. In order to ob-
tain information from the mail, a new agent can be added to the system (it would not
form part of our architecture) but would be an agent that has been already developed
to assist in this task. There are several implemented agents in existence for dealing
with email [8]. Most of the current implementations are text classifiers [17] or key-
word extractors [10]. The Captor Agent would study whether the information sent by
the “email agent” should be transformed into knowledge. Finally, the Constructor
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Agent receives the information which is structured in the form of, for instance, cases,
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Fig. 3. Scenario of Agent Collaboration

4.4 Design of the Multi-agent Architecture

Methodology

This architecture has being designed by using INGENIAS [14] which provides
meta-models to define MAS, and support tools to generate them. Using meta-models
facilitates the development of the system enormously, since they are oriented to visual
representations of concrete aspects of the system. Below, we are going to use the
agent meta-model diagrams to describe the roles and tasks of each agent proposed in

our architecture.

Figure 4 shows the goal, roles and tasks performed by the Captor Agent. The goal
of this agent is to obtain information that should be stored. Its role is “filter” since it
must decide what information should be transformed into knowledge; the purpose
being to use it in future projects.

In the following lines, we describe each one of the task carried out by this agent.

- Capturelnfo: The agent must capture information.

- IdentifylS: This task consists of identifying available information sources in

the system.

- SendToConstructor: Once the suitability of storing the information has been
analyzed, the Captor sends it to the Constructor Agent.
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Fig. 5. Constructor Agent diagram

Figure 5 shows the role and tasks performed by the Constructor Agent whose roles
are: sculptor and treasurer since it is in charge of giving an appropriate electronic
format to the information (sculptor) and of storing it in the knowledgebase (treas-
urer). The tasks developed by Constructor Agent are:

- Comparelnfo: The agent is in charge of comparing the new information with

the previously stored knowledge.

- Combinelnfo: The agent is also in charge of combining the new information
with the previously stored knowledge. In this way, the combination process of
the SECI model is carried out, producing new knowledge which comes about
as a result of the merging of explicit knowledge with explicit knowledge.

- ClassifyInformation: Another task is to classify the information received by
the Captor Agent (for instance: models, structures, files, diagrams, etc.).

- SendToDisseminator: This is a critical task which consists of sending knowl-
edge to the Disseminator Agent.
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- SaveKnowledge: One of the most important tasks is to store the new knowl-
edge in the knowledgebase.
In this paper, only the Captor and Constructor Agent diagram are shown due to
space constraints.

5 Conclusions

KM is a hot topic nowadays, as companies have realized that it offers them a com-
petitive advantage. Because of this, various knowledge management systems have
been developed, to support specific knowledge tasks. Moreover, different frameworks
have been proposed, in the quest to make the development of certain knowledge
management systems easier. Surprisingly, however, most of these frameworks have
not taken into account how knowledge is created and how it flows through compa-
nies. In this paper we have described a knowledge life cycle to be taken into account
when KM systems are being developed. Moreover, we have described a multi-agent
architecture to support the different stages of that cycle. The main feature of the ar-
chitecture is that it is so generic that it can be used to develop KM systems for almost
any domain. Furthermore, it has been designed according to the INGENIAS method-
ology whose meta-models help future developers to understand how the different
agents work.
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