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ABSTRACT

The continuous growth of documents in digital form, to-
gether with the corresponding volume of daily updated con-
tents, makes the problem of retrieving information a chal-
lenging task. In this paper we present X.MAS, a generic
multiagent architecture explicitly devoted to implement in-
formation retrieval tasks. The proposed architecture has
been adopted in several applications. To put into evidence
how to bridge the gap from theory to practice, we illustrate
and discuss three relevant applications of X.MAS.
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H.3 [Information Storage and Retrieval]: Information
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1. INTRODUCTION

In the last fifteen years, Al researchers have concentrated
their efforts in the field of intelligent autonomous agents,
i.e., systems capable of autonomous sensing, reasoning and
acting in complex environments. Suitable single-agent ar-
chitectures have been devised to overcome the complexity
problems that arise while trying to give agents a flexible be-
havior [14], [13], [27], [1]. Let us briefly recall that an agent
architecture is essentially a map of the internals of an agent,
i.e., its data structures, the operations that may be per-
formed on them, and the corresponding control flows [36].
Furthermore, to allow cooperation and to implement suit-
able multiagent systems, several multiagent architectures
have been devised. From a general perspective, we iden-
tify two kinds of these architectures: general-purpose [18],
[26], [8] and application-oriented [11], [34], [35].

Although generic guidelines to build general-purpose ar-
chitectures are required, in our view it is important to con-
centrate the efforts in a specific application field in order to
bridge the gap between theoretical and pragmatical issues.
To this end, in this paper we present a generic multiagent
architecture explicitly devised to implement information re-
trieval tasks.
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The remainder of the paper is organized as follows: Sec-
tion 2 gives a brief introduction about agents in information
retrieval (theoretical foundations). Section 3 presents the ar-
chitecture from a conceptual (standard architectures) and a
technological point of view (off-the-shelf platforms). Then,
Section 4 illustrates three actual systems built upon the pro-
posed architecture (applications). Finally, Section 5 draws
conclusions and points to future work.

2. FUNDAMENTALS ON AGENTS AND IN-
FORMATION RETRIEVAL

Due to the increased availability of documents in digital
form and the consequential need to access them in a flexible
way, automated content-based document management tasks
have gained a main task in the information systems field [30].
In particular, web information retrieval is highly popular
and presents a technical challenge due to the heterogeneity
and size of the web, which is continuously growing (see [17],
for a survey).

In our opinion, it is very difficult for users to select con-
tents according to their personal interests, especially when
contents are frequently updated (e.g., news, newspaper arti-
cles, reuters, rss feeds, wikis, and blogs). Supporting users in
handling the enormous and widespread amount of informa-
tion (especially the one provided by the web) is becoming a
primary issue. To this aim, several online services have been
proposed that provide a personalization mechanism based on
keywords, which is often inadequate to express what the user
is really searching for. Moreover, users must often refine by
hand the results provided by the service.

Agents have been widely proposed as a solution to these
problems. An information agent is an agent that has access
to one or more information sources, and is able to store and
process information obtained from these sources in order to
answer queries posed by users and other information agents
[37]. The information sources may be of many types, in-
cluding web services, web sites, RSS-feeds, and traditional
databases.

In the literature, several centralized agent-based architec-
tures aimed to perform information retrieval tasks have been
proposed. Among others, let us recall NewT [32], Letizia
[21], WebWatcher [3], and SoftBots [12].

NewT [32] has been designed as a society of information-
filtering interface agents, which learn user preferences and
act on her/his behalf. These information agents use a keyword-
based filtering algorithm, whereas adaptive techniques are
relevance feedback and genetic algorithms. Letizia [21] is
an intelligent user interface agent able to assist a user while



browsing the Web. The search for information results as a
cooperative venture between the user and the software agent:
both browse the same search space of linked web documents,
looking for interesting ones. WebWatcher [3] is an informa-
tion search agent that follows web hyperlinks according to
user interests, returning a list of links deemed interesting.
In contrast to systems for assisted browsing or information
retrieval, SoftBots [12] accept high-level user goals and dy-
namically synthesize the appropriate sequence of Internet
commands according to a suitable ad-hoc language.

Despite the fact that a centralized approach could have
some advantages, in information retrieval tasks it may en-
compass several problems, in particular how to scale up the
architectures to large numbers of users, how to provide high
availability in case of constant demand of the involved ser-
vices, and how to provide high trustability in case of sensi-
tive information, such as personal data. To this end suitable
multiagent systems devoted to perform information retrieval
tasks have been proposed. In particular, Sycara [33] pro-
posed Retsina, a multiagent system infrastructure applied
in many domains, has been presented. Retsina is an open
MAS infrastructure that supports communities of heteroge-
neous agents. Three types of agents have been defined: in-
terface agents, able to display the information to the users;
task agents, able to assist the user in the management of
her/his information; and information agents, able to gather
relevant information from the selected sources.

Apart from Retsina, in the literature, several multiagent
systems have been proposed and implemented. Among oth-
ers, let us recall IR agents [19], CEMAS [6], and the co-
operative multiagent system for web information retrieval
proposed in [31].
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Figure 1: The abstract architecture.

IR agents [19] implement an X ML-based multiagents model
for information retrieval. The corresponding framework is
composed of three kinds of agents: (i) managing agents,
aimed to extract the semantics of information and to per-
form the actual tasks imposed by coordinator agents, (ii)
interface agents, devised to interact with the users, and (iii)
search agents, aimed to discover relevant information on the
web. IR agents do not take into account personalization,
while providing information in a structured form without
the adoption of specific classification mechanisms. In CE-
MAS (Concept Exchanging Multi-Agent System) [6] the ba-

sic idea is to provide specialized agents for each main task,
the main tasks being: (i) exchanging concepts and links,
(ii) representing the user, (iii) searching for new relevant
documents matching existing concepts, and (iv) supporting
agent coordination. Although CEMAS provides personal-
ization and classification mechanisms based on a semantic
approach, the main drawback is that it is not generic, being
mainly aimed to support scientists while looking for com-
prehensive information about their topic area. Finally, in
[31] the underlying idea is to adopt intelligent agents that
mimic everyday-life activities of information seekers. To this
end, agents are also able to profile the user in order to an-
ticipate and achieve her/his preferred goals. Although the
approach is quite interesting, it is mainly focused on coop-
eration among agents rather then on information retrieval
issues.

3. X.MAS: THE PROPOSED GENERIC AR-
CHITECTURE

Focusing on the role of software agents, the following cate-
gories can be identified in a context of information retrieval:
(i) information agents, tailored to extract and handle in-
formation while accessing information sources[24], (ii) filter
agents, able to transform information according to user pref-
erences [23], (iii) task agents, able to help users to perform
tasks typically in cooperation with other agents [15], (iv)
interface agents, in charge of interacting with the user such
that s/he interacts with other agents throughout them [22],
and (v) middle agents, devised to establish communication
among requesters and providers [10].

3.1 The Abstract Architecture

From a theoretical point of view, an information retrieval
task involves three main activities: (i) extracting the re-
quired information, (ii) encoding and processing it accord-
ing to the specific application, and (iii) providing suitable
feedback mechanisms to improve the overall performances.
Figure 1 shows a generic architecture able to perform these
activities.

The information extraction module is aimed to extract
data from information sources through specialized wrappers.
In general, given an information source S, a specific wrap-
per Ws must be implemented, able to map each data Dg,
designed according to the constraints imposed by S, to a
suitable description O, which contains relevant information
in a structured form —such as title, author(s), description,
and images.

The encoding-and-processing module is aimed to encode
information that flows from external sources (i.e., the se-
lected information sources) and to progressively filter it to
the end user by retaining only relevant data. The actual
encoding strictly depends on the specific application (pre-
processing activities, such as feature selection, could be per-
formed to prepare the data to be processed). Data are pro-
cessed according to high-level procedures, which are inde-
pendent from the specific user. If needed, a personalized
process can be performed according to user needs and pref-
erences.

The user feedback module is devoted to deal with any
feedback optionally provided by the end-user. In general,
trivial —though effective— solutions can been implemented,
e.g. based on artificial neural networks (ANNs) or a k-NN
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Figure 2: The concrete architecture.

the role of wrapper.

At the filter level, agents are aimed to select information
deemed relevant to the users, and to cooperate to prevent
information from being overloaded and/or redundant. In
general, two filtering strategies can be adopted: generic and
personalized. The former applies the same rules to all users;
whereas the latter is applied when a customized behavior is
required for a specific user.

At the task level, agents arrange data according to users
personal needs and preferences. In a sense, they can be
considered as the core of the architecture. In fact, they
are devoted to achieve user goals by cooperating together
and adapting themselves to the changes of the underlying
environment.

At the interface level, a suitable interface agent is associ-
ated with each different user interface. In fact, a user can
generally interact with an application through several inter-
faces and devices (e.g., pc, pda, mobile phones, etc.).

At mid-span levels, agents are aimed to establish commu-
nication among requesters and providers. Agents at these
architectural levels can be implemented as matchmakers or
brokers, depending on the specific application [10].

3.2.2 Micro-Architecture
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