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ABSTRACT: Over the last few years the use of the agent/multi-agent paradigm has grown sharply.
This paradigm has been applied to different fields including control processes, mobile robots, and in-
formation retrieval. In this paper, we present a system architecture based on the agent and multi-agent
paradigm that allows us to retrieve and manage any kind of information from the Internet. We present
our architecture as a generic and open system architecture. One of its main features is the agents’ inde-
pendence from the network’s dynamic. We explain in detail what has already been done in our archi-
tecture as well as our future plans.
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1. Introduction

Over the last decade the way of managing and or-
ganizing information has notably changed. Today, the
Internet is the most important vehicle for the trans-
portation and storage of information. As the Internet
evolves and grows, the act of locating and consulting
relevant information available over the net becomes
more and more complicated. In most cases, the tool-

kits for locating and retrieving information that are
currently available are oriented towards offering the
greatest quantity of references, but the relevance of re-
sources is consistently overlooked. In most retrieval
information processes, the user feels overwhelmed be-
cause of the high number of documents or references
that are found, and the user is not capable of separat-
ing the relevant or interesting information (references,
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papers, reports, graphs, e-mail, etc.) from the great
amount of information offered.

There is, therefore, a clear need for a degree of
automatization in the search and retrieval process.
This automatization makes locating information easy
and permits the analysis of the information by apply-
ing the subjective user’s point of view. The applica-
tion of intelligent techniques in complex problems
with dynamic environments has increased. Two con-
cepts of great importance which have arisen are the
agent and multi-agent concepts. These concepts pres-
ent an approach for solving complex and dynamic
problems in a flexible way.

In this paper, we present an approach using the
agent and multi-agent paradigm to manage and organ-
ize the information that is needed from the Internet.
In this article, we focus exclusively on the system ar-
chitecture. An agent system architecture focuses on an
agent in the large (Huhns & Singh 1998). For the
computer science community, the agent and multi-
agent paradigms are perceived to be an important new
development in software engineering (Wooldridge
1998). In section 2, we describe what we mean by the
term “agent” and “multi-agent system”. In section 3,
we present previous work in this area. Section 4
shows our system architecture and finally, section 5
explains the conclusions and suggests directions for
future work.

2. Agent and multi-agent systems

Many definitions of agent have been proposed in
the literature, but none has been fully accepted by the
scientific community. One relevant definition is that
proposed by Wooldridge and Jennings (Wooldridge &
Jennings 1995). According to them, an agent is de-
fined by its flexibility, which implies that an agent is:

 Reactive: an agent must answer to the environ-
ment in which it finds itself.

 Proactive: an agent has to be able to try to fulfill
its own plans or objectives.

 Social: an agent has to be able to communicate
with other agents by means of some kind of
language.

Thus, in order for a tool to be termed agent, the tool
should be able to satisfy the above requirements. A
small percentage of existing software fulfills this crite-
ria.

In the most recent papers on the subject, there is a
tendency to label an agent according to the role it
plays. For instance, an agent whose task is oriented to

the World Wide Web is known as an information agent.
Agents are not usually developed in isolation but
rather as parts of a multi-agent system (Huhns &
Singh 1998). The agents interact with each other pur-
posefully. Most purposeful interactions – whether to
inform, query or decide – require that the agents talk
to one another, be aware of each other and reason
about each other. In other words, the agents must be
developed to perform as members of a multi-agent
system.

3. Information agents

Over the last few years, an increasing number of
different applications based on the agent paradigm
have appeared. Many of these attempt to find a solu-
tion for the explosion of information. Taking into ac-
count other factors, the Internet becomes an excellent
proving ground for agent and multi-agent develop-
ment.

The common tasks for these kinds of systems are:

 Information retrieval on the net
 Information filtering based on specific criteria

There are several recent works in this field.
Amalthaea is a good example of a multi-agent archi-
tecture. In Amalthaea there are two types of agents.
One of them filters information and the other
searches for information on the web (Moukas 1996).
The agents in this system are created and evolve
through a genetic algorithm. Another good example
of an information agent is WebMate. This agent
searches for information based on a user request and
helps the user in the information retrieval process.
WebMate recommends and suggests the best informa-
tion for a specific user (Chen & Sycara 1997). The
process suggested in WebMate is based on the user’s
preferences. The learning algorithm used is called TF-
IDF (Salton & McGill 1983). TF-IDF represents the
documents through vectors in a n-dimensional space.
This method is also used in other systems like Syskill
& Webert (Pazzani, Muramatsu & Billsus 1996), Per-
sonal Webwatcher (Mladenic 1996) and Amalthaea.

An interesting characteristic of many of these sys-
tems is the specific functionality; in other words, the
system can do only one thing. Until now, the man-
agement of all kinds of documents or information was
impossible. This problem forces the agents to special-
ize their work according to a specific theme. Two ex-
amples are “DO I CARE” (Starr, Ackerman & Paz-
zani 1996), which is designed to visit Web pages pre-
viously found and detect interesting changes, and
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CiteSeer (Bollacker, Lawrence & Giles 1998), an agent
that automates the process of finding and retrieving
scientific papers (in postscript format) on the Web.
Finally, these architectures are characterized through
their personal functionality. They work for a single
user. Obviously, if the agent works to perform or fa-
cilitate the user’s search on the net, the agent needs to
know the user’s normal behavior and reactions during
the search process.

Our generic multi-agent architecture takes into ac-
count recent works in this field. We employ the same
user learning method as in those works. One of the
agents that we present has personal functionality.
However, there are some differences between our
work and the other approaches. We have tried to cre-
ate a system that is independent from the inherent

dynamic of the net. In our system a change in the net
is not critical and therefore does not affect it. Also,
the number of services offered by our architecture de-
pends on the specialist agent collection in the system.
With this approach, the personal functionality of the
system can evolve in the future if new services appear.

4. Proposed architecture.

In our architecture, we distinguish between two
kinds of agents. One type of agent works directly
with the users attempting to supply them with differ-
ent services. We have labeled this agent James (or stew-
ard agent). The other type of agent in the architecture
is a specialist agent, which performs a specific service.

Fig. 1 Service Request Evolution

When a James agent needs to perform a certain
kind of service, for example, a user’s request, it con-
tacts a specialist agent through a negotiation mecha-
nism. The contacted specialist agent knows how to
achieve the solution for the required service. In Figure
1, we see the evolution of a user request. Not all the
cases are the same. The agent can be proactive, per-
forming its own processes without any direct user su-
pervision. This proactivity is based on its own
knowledge and user preferences.

Figure 2 shows our general architecture schema. In
this schema, an entire range of James agents is shown.
Each one works for a specific user. The specialist
agents (represented by a search specialist agent) are
also shown in Figure 2. All the agents are connected
through a local net or Internet. The specialist agents
can be placed in different machines. They develop the
assigned services by applying expert knowledge in the
specific field and connecting to appropriate sources
through Internet.
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Fig. 2 System Architecture

Despite the fact that we only present two specific
kinds of agents, the system is prepared to support
other agent types. The system development is com-
pletely open. Therefore, inclusion or communication
with other agents is possible.

4.1 Personal agent (James)

Inside our architecture, the James agent can be de-
fined as a learning interface agent. According to Maes
& Kozierok (1993), these agents are computer pro-
grams that employ machine learning techniques in
order to provide assistance to a user dealing with a
particular computer application. The James agent
must be able to provide the required information to
the user (it can be any kind of information and can be
found anywhere). We divide James into four separate
but related modules:

 The learning module: This module contains a
representation of the environment. This repre-
sentation can be changed for diverse reasons.
The agent applies its own acquired experience.
This experience is acquired by user interac-
tions or by communication actions with other
agents. For this reason, we can divide this
module into a user submodule and a submod-
ule which is independent from the user:

 The user submodule makes and maintains a
user model representation.

 The independent user submodule is used to
improve the retrieval and filtering process
in accordance with independent user crite-
ria. As an example of this action, the agent
maintains information about the efficiency
and quality of all the specialist agents con-
sulted.

 The filtering module: This module filters the
appropriate information. It does this the speci-
fications of the user model representation
mentioned above.

 The retrieval module: This module performs
the entire information management process.
The different services offered by James to the
user are located here.

 The communication module: This module
permits James to communicate with other
agents (specialist agents, other James agents or
other external agents).

James contacts specialist agents to compile infor-
mation. The specialist agents supply specialized work
in a specific field (search robots, local DB, news,
mails, etc.). The most important feature is that the spe-
cialist agents perform the necessary processes without
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user interaction. The actions are completely transpar-
ent for the personal agent and are user independent.
The filtering action based on a user model starts when

the James agent receives information. Finally, the in-
formation is shown or stored for future actions ac-
cording to the service.

Fig. 3 James agent architecture

One of the most interesting features is the possibil-
ity of increasing the services in a dynamic manner.
The service modification or increment is done by the
specialist agent type. The characteristics of the special-
ist agents are explained below. When a new specialist
agent appears in the system, it sends a subscription
service message. If a James agent receives this message,
James will decide the service interest of the new spe-
cialist agent. Assuming the James agent accepts the
new service, the specialist agent supplies the needed
code after a negotiation process in order to offer the
service to the user.

4.2 Specialist agents (working agents)

The specialist agents are found on the second level
of the multi–agent architecture and have no direct
contact with the users. Their main purpose is to re-
spond to requests made by the James agents. To do
this, there will be at least one specialist agent for each
one of the services that are not directly performed by
the James agents. One clear example of the services
that this kind of agent provides is the search for in-
formation. Other specialist agents could carry out the
intelligent management of a database or of electronic
mail. There is no limit to the number of specialist
agents in the system, and they can carry out different
services or offer the same service and compete with
each other for the James agents’ requests.

The main purpose is to provide a communication
protocol between the specialist agents and the James
agents and to open the system to the introduction of
new specialist agents that use different search tech-
niques or perform other services. As a working exam-
ple of a specialist agent, the search agent we are devel-
oping works basically in the following way: each
search request made to this agent will be distributed
to a subset of all the search robots that exist in the
network and that the agent knows. The agent per-
forms the selection of what search robots it must use
according to these two criteria:

 The subject of the search
 The efficiency conditions of the environment

(greater speed, greater number of answers, etc.)

These two criteria are based on experience. There-
fore, if the agent has not yet performed any search, it
will launch the first search to all the search robots
that it knows. As an example, the way the search spe-
cialist agent develops its process can be based on an
evolutive algorithm.

4.3 Communication between agents.

The communication between agents is established
at two different levels:
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 The communication between James agents and
specialist agents. The specialist agent performs
a service for James by contract.

 The communication between different per-
sonal agents (James). The James agents share
information about other agents or services.

Due to the complexity of this system architecture,
the communication cannot be constructed by a set of
predetermined messages. Agents are run on machines
which are in different locations and are possibly on
different networks. An agent may use different
knowledge representations, which must be translated
to enable meaningful conversation. It is important to
remember that the system will be enhanced with new
specialist agents and these agents will perform services
that do not exist at this time. For this reason, the goal
of the communication language is to achieve coordi-
nation between heterogeneous agents.

The communication language selected is KQML
(Knowledge Query and Manipulation Language)
(Finin etal 1994). The core of the KQML language is a
set of performatives based on the principles of the speech
act theory (Searle 1969). These performatives indicate
what kind of action the receiver of a message is sup-
posed to perform. This complex set enables KQML to
support different types of communication. It also
supports synchronous and asynchronous models.

The communication facilitator, which is a new
kind of agent, must be present in this environment.
The facilitator is endowed with the knowledge of
who knows what, so it provides the necessary services
between knowledge providers or specialist agents and
consumers, or James agents.

5. Conclusions.

In this paper we have presented a system architec-
ture that is based on the agent and multi-agent para-
digm. This system architecture permits us to retrieve
and manage any kind of information that comes to a
user from the network.

This architecture is formed by two kinds of agents,
the James agents (learning interface agents) and the
specialist agents (information agents).

We are currently developing a prototype formed
by a James agent and a specialist agent whose service is
related to the search for references or documents from
Internet. This prototype uses Java language. We are
also planning to create new specialist agents. These
new services will be added to the James agents.
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