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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.

Categories and Subject Descriptors

H.3 [Information Storage and Retrieval]: Information
Search and Retrieval, Systems and Software
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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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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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classifiers.

3.2 The Concrete Architecture

An information retrieval system must take into account
several issues, the most relevant being: (i) how to deal with
different information sources and to integrate new informa-
tion sources without re-writing significant parts of it, (ii)
how to suitably encode data in order to put into evidence the
informative content useful to discriminate among categories,
(iii) how to control the unbalance between relevant and non
relevant articles (the latter being usually much more numer-
ous than the former), (iv) how to allow the user to specify
her/his preferences, and (v) how to exploit the user feedback
to improve the overall performance of the system.

The above problems are typically strongly interdepen-
dent in state-of-the-art systems. To better concentrate on
these aspects separately, we adopted a layered multiagent
architecture, able to promote the decoupling among all as-
pects deemed relevant. In particular, the functionalities of
the abstract architecture, described in the previous section,
have been implemented exploiting the X.MAS architecture.
X.MAS is a generic multiagent architecture, aimed to re-
trieve, filter and reorganize information according to user
interests. The X in X.MAS points out the generic nature
of the architecture, playing the role of a wildcard to be sub-
stituted with an identifier specific of the corresponding ap-
plication. The X.MAS generic architecture has been im-
plemented on top of the well known JADE [5] agent-based
infrastructure.

3.2.1 Macro-Architecture

The X.MAS architecture (depicted in Figure 2) encom-
passes four main levels: information, filter, task, and inter-
face. The communication between adjacent levels is achieved
through suitable middle agents, which form a corresponding
mid-span level.

At the information level, agents are entrusted with ex-
tracting data from the information sources. Each informa-
tion agent is associated to one information source, playing

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

X.MAS agents can implement several capabilities, depend-
ing on the actual application and on their specific role. In
particular, X.MAS agents, other than autonomy and flexi-
bility, can provide any subset of the following capabilities:
(i) personalization, to fulfill user interests and preferences,
(ii) adaptation, to adapt to the underlying environment, (iii)
cooperation, to interact with other agents in order to achieve
a common goal, (iv) deliberative capability, to reason about
the world model and to engage planning and negotiation,
possibly in coordination with other agents; and (v) mobil-
ity, to migrate from node to node in a local- or wide-area
network.

X.MAS agents are JADE agents capable of (i) interacting
exchanging FIPA-ACL messages, (ii) sharing a common on-
tology in accordance with the actual application, and (iii)
exhibiting a specific behavior according to their role. As
for agent internals, Figure 3 shows the micro-architecture
for agents belonging to each architectural level. Let us note
that each agent encompasses a scheduler aimed to control
the information flow between adjacent levels. Information
and interface agents embody information sources and a spe-
cific devices, respectively. Filter and task agents encompass
an actuator that depends on the actual application. Mid-
dle agents contain a dispatcher aimed to handle interactions
among requesters and providers.

4. BUILDING INFORMATION RETRIEVAL
SYSTEMS BY USING X.MAS

In order to highlight how to bridge the gap from theory to
practice by adopting X.MAS, three relevant systems are pre-
sented. The first is concerned with the problem of classifying
Wikipedia contents according to a predefined set of classes,
the second is focused on giving a support to professors and
students while interacting with a media asset management
system, and the third is devoted to address the problem of
monitoring boats in a marine reserve.
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Figure 3: Agent internals.

4.1 WIKILMAS: X.MAS for Classifying
Wikipedia Contents

4.1.1 The Scenario.

As already pointed out in Section 2, supporting users in
handling the enormous and widespread amount of web in-
formation is becoming a primary issue. Currently, the most
overshadowing and noteworthy web information sources are
developed according to the collaborative-web paradigm [7],
also known as Web 2.0. It represents a paradigm shift in the
way users approach the web. Users (also called prosumers)
are no longer passive consumers of published content, but
become involved, implicitly and explicitly, as they cooper-
ate by providing their own content in an “architecture of
participation” [28].

Among others, Wikipedia !, an online encyclopedia based
on the notion that an entry can be added/edited by any
web user, has became an important benchmark for all In-
ternet users interested in searching for definitions and/or
references. Unfortunately, Wikipedia search engine allows
users to choose their interests among macro-areas (e.g. Arts,
History, and Science), which is often inadequate to express
what the user is really interested in. Moreover, such search
engine does not provide a feedback mechanism able to allow
the user to specify non-relevant items —with the goal of pro-
gressively adapting the system to her/his actual interests.

Using X.MAS, we developed a system explicitly aimed
to retrieve and classify Wikipedia contents according to a

Thttp://www.wikipedia.org/

predefined set of classes, i.e., those belonging to WordNet
Domains [25].

4.1.2 The Implementation.

To implement this specific application, X.MAS has been
customized as follows:

e Information level. Agents at this level are aimed to
deal with the huge information source provided by
Wikipedia. To this end a suitable wrapper has been
implemented, able to handle the structure of a doc-
ument by saving the informations about the corre-
sponding metadata (e.g. title, abstract, keywords, sec-
tion headers) and by surfing across the whole reference
links through the cooperation with other information
agents.

e Filter level. Filter agents are aimed to select informa-
tion deemed relevant to the users, and to cooperate to
prevent information from being overloaded and redun-
dant. A suitable encoding of the text content has been
enforced at this level to facilitate the work of agents
belonging to the task level. In particular, all non-
informative words such as prepositions, conjunctions,
pronouns and very common verbs are removed using
a stop-word list. After that, a standard stemming al-
gorithm [29] removes the most common morphological
and inflexional suffixes. Then, for each category, fea-
ture selection, based on the information-gain heuristics
[38], has been adopted to reduce the dimensionality of
the feature space.

o Task level. Task agents are devoted to identify rel-
evant Wikipedia documents, depending on user in-
terests. Agents belonging to this architectural level
are aimed to perform two kinds of actions: classify
any given input in accordance with the selected set of
classes, and decide whether it may be of interest to the
user or not. Each task agent has been trained by re-
sorting to state-of-the-art algorithms that implement
the k-NN technique, in its “weighted” variant [9]. Fur-
thermore, to express what the user is really interested
in, we implemented suitable composition strategies by
using extended boolean models [20]. In fact, typically,
the user is not directly concerned with “generic” topics
that coincide with the selected classes (such as Arts,
History, or Science). Rather, a set of arguments of
interest can be obtained by composing these generic
topics with suitable logical operators (i.e., and, or, and
not). In the proposed system, we adopted a quite gen-
eral soft boolean perspective, in which the combination
is evaluated using P-norms [16].

e [nterface level. Information agents are aimed to per-
form the feedback from the user —which can be ex-
ploited to improve the overall ability of discriminating
relevant from non relevant inputs. So far, a simple
solution based on the k-NN technology has been im-
plemented and experimented to deal with the problem
of supporting the user feedback. When a non-relevant
article is evidenced by the user, it is immediately em-
bedded in the training set of the k-NN classifier that
implements the feedback. A check performed on this
training set after inserting the negative example al-
lows to trigger a procedure entrusted with keeping the



number of negative and positive examples balanced. In
particular, when the ratio between negative and posi-
tive examples exceeds a given threshold (by default set
to 1.1), some examples are randomly extracted from
the set of “true” positive examples and embedded in
the above training set.

4.2 MAM.MAS: X.MAS for a Media Asset
Management System

4.2.1 The Scenario.

E-learning differentiates from the traditional learning in
its ability to train anyone, anytime, and anywhere, thanks
to the openness of the Internet. Without the temporal and
spatial limitation, one can have an independent and indi-
vidual learning space. Currently, several Digital Asset Man-
agement (DAM) systems, also called Media Asset Manage-
ment (MAM), have been proposed and devised [4]. As for
e-learning, such systems are aimed to store, manage, and
organize course materials, bibliography, and teacher notes.

Among other provided services, MAM systems must sup-
ply suitable support during the insertion phase. In partic-
ular, classification techniques might be devised to improve
such systems to suitably organize contents and to help users
in managing such data.

Using X.MAS, we developed a system aimed to support
users in inserting multimedia contents in a MAM system.
Being interested in handling university courses, typically or-
ganized in a hierarchy of classes, suitable hierarchical clas-
sification techniques has been studied. In particular, the
current version of the system implements a hierarchical text
categorization approach and is able to deal with text docu-
ments. Let us note that any multimedia document could be
processed if a suitable textual description is given. In our
experiments the system classifies data according to the tax-
onomy related to university courses, i.e., the one concerned
with the bachelor’s degree in electronic engineering. Figure
4 illustrates a portion of the adopted taxonomy.
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4.2.2  The Implementation.

As for the implementation, X.MAS has been customized
as follows:

e Information level. Input documents are the files pro-
vided by teachers during the insertion phase. Such
documents can be simple-text-, formatted-, pdf-files,
or multimedia contents together with their textual de-
scription. Information agents are able to handle all

these kinds of documents by extracting the correspond-
ing information.

o Filter level. As in WIKI.MAS, filter agents are aimed
to select information deemed relevant to the users, and
to cooperate to prevent information from being over-
loaded and redundant. Suitable encoding techniques
have been enforced: all non-informative words are re-
moved using a stop-word list; a standard stemming al-
gorithm removes the most common morphological and
inflexional suffixes; and, for each category, feature se-
lection, based on the information-gain heuristics, has
been adopted to reduce the dimensionality of the fea-
ture space.

o Task level. Task agents perform the hierarchical text
categorization, resorting to a progressive filtering tech-
nique as described in [2]. In particular, each task agent
has been trained by resorting to state-of-the-art algo-
rithms that implement the wk-NN technique, whereas
the progressive filtering is provided by the cooperation
of the corresponding agents.

e [nterface level. Interface agents are devoted to inter-
act with the user within the MAM in order to support
her /him while inserting documents. Further agents are
aimed to perform user feedback. So far, a simple so-
lution based on an ANN has been implemented. This
solution consists of training an ANN with a set of ex-
amples classified as “of interest to the user”. When
the amount of feedback provided by the user has tres-
passed a given threshold, the ANN is trained again
—after updating the previous training set with the in-
formation provided by the user.

4.3 SEA.MAS: X.MAS for Monitoring Boats
in Marine Reserves

4.3.1 The Scenario.

Setting up a marine reserve involves issues concerning how
to enforce access monitoring, with the goal of avoiding intru-
sions by not authorized boats, also considering that typically
marine reserves are located in areas not easily accessible.

Currently, intrusion detection in marine reserves is carried
out by adopting radar systems or by resorting to suitable
cameras activated by movement sensors.

Ee are currently developing with X.MAS a system aimed
to monitor boats in marine reserves. The corresponding sce-
nario involves authorized boats, equipped with GPS+GSM
devices, as well as not authorized boats. Boats are tracked
by a digital radar that detects their positions. In this way,
not authorized boats are easily identified comparing radar
signals with those received from GPS+GSM devices.

4.3.2 The Implementation.

As for the implementation, X.MAS is being customized as
follows:

e Information level. Each information agent encapsu-
lates a specific information source. T'wo kinds of wrap-
pers will be implemented to retrieve data from the de-
vices and the radar, respectively.

o Filter level. Filter agents are devoted to collect the
data retrieved by the information agents. In particu-
lar, they disregard redundant information, as signals



detected more than once by the same device (caching)
or from different devices (information overloading).

e Task level. Each task agent corresponds to a boat.
Information provided by filter agents allows to know
exactly boat positions. In so doing, authorized and
not authorized boats can be easily detected. The main
tasks of the agents belonging to this architectural level
are: (i) to follow a boat position during its navigation,
also dealing with any temporary lack of signal; (ii)
to promptly identify not authorized boats alerting the
interface agents; and (iii) to handle messages coming
from the interface level in order to notify the involved
devices.

e Interface level. A suitable interface agent allows users
to interact with the system. Final users are the system
administrator and staff operators.

S.  CONCLUSIONS AND FUTURE WORK

In this paper X.MAS, a generic architecture designed to
support the implementation of applications g manage infor-
mation among different and heterogeneous sources, has been
presented. To put into evidence how to bridge the gap from
theory to practice by adopting X.MAS, three relevant appli-
cations have been briefly described: the first concerned with
the problem of classifying Wikipedia contents according to
a predefined set of classes, the second focused on giving a
support to professors and students while interacting with a
media asset management system, and the third devoted to
monitor boats in a marine reserve.

As for the future work, we are investigating how to im-
prove the intelligent capabilities of agents with more com-
plex forms of proactive and deliberative capabilities. More-
over, the possibility to implement further applications using
X.MAS is currently under study.
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