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Abstract In this paper we present J-ALINAs, a JADE-based
Architecture for LINguistic Agents.

The purpose of this architecture is to support communication
between agents whose beliefs and intentions are driven by
different, heterogeneous, knowledge models. This objective, often
referred in literature as semantic coordination, can be carried on
through the identification of specific agent roles and behaviors
dedicated to the mediation of agents knowledge.

In particular, such minimal hypotheses suggest an intelligent
exploitation of natural language based technologies (resources
and systems) as a necessary choice for capturing those similarities
between the different knowledge models of agents trying to
communicate, which are not in any way formally ratified.

We aim to provide a flexible framework to be adopted in open
multi-agent environments across different scenarios, providing a
further abstraction level from the underlying details related to
specific semantic coordination approaches; a high-cohesion and
low-coupling design, and an agent-interaction protocol make
possible for the architecture to face non-ideal use cases optimizing
the communications among the agents.

We discuss significant design issues, provide a prototypical
implementation based on the JADE platform and a case study
MAPLE integrating an ontology mapping component in the
framework, showing flexibility of the architecture in real
applications and its independence from any specific mapping
algorithm.

Finally we will look at the semantic coordination protocol we
designed from a strictly formal perspective, providing a CCS
(Milner s Calculus for Communicating Systems) description of the
protocol itself.

Index Terms Semantic coordination,
cooperating systems, intelligent agents.

ontology mapping,

I. INTRODUCTION

Enabling communication between heterogeneous semantic
peers (agents, semantic web services etc ) is a fundamental
issue for the developing of the Semantic Web, especialy in
relation to the high levels of heterogeneity, evolution,
distribution and autonomy of information which already
characterize the Web as we know it now.

For the agents to be able to carry out the tasks they were
designed for, they must impact the communication barrier
between themselves: they will have to make their services
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available to the community, and recognize those of other
actors in the community (to whichever extent it is considered,
up to the Web as a whole); recognize, interpret and respond
properly to communicative acts initiated by other agents and
understand messages content.

Although an important effort has been done by FIPA
(Foundation for Intelligent Physica Agents) towards a
standardization of agent platforms and agent message
transport, too many dimensions of variation still are to be
taken into account.

First of al, while adherence to the FIPA message protocol
grants agents with the ability to establish a communication,
distinguish between requests and responses, and bind themto a
given subject of conversation, nothing is said about the real
content of these messages, thus making impossible for agents
belonging to different communities to actually communicate.
We ill have to cope with the heterogeneities of agent
societies and, mostly, with the diversities in agent frameworks
design which are often developed for ad-hoc environments and
applications. All these aspects represent a threat against large-
scal e interaction among different multi-agent systems.

If peers were able to autonomously discovery each other s
services and to identify the specific problems which impede
their communication, it would be much easier to devise
solutions for supporting their communication, having a solid
base to address the impedance mismatch among agents
different knowledge representations from a shared starting
point.

In a scenario like the one depicted above, it appears evident
that agents cannot rely on any shared form of understanding,
their inner knowledge, as well as the functionalities they
expose, being expressed and modeled upon ruling principles
which are not known a-priori.

Our approach aims to:
identify the fundamental actors and rolesinvolved in the
semantic coordination activity
define agent-based mediation paradigms,
design an agent-interaction protocol to support semantic
coordination in aflexible fashion, and
model the semantic coordination process giving the
designed framework a high abstraction level from the
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specific instance of the process itself.

Following these guidelines, we designed and developed
JALINAS', a (JADE based) Architecture for LINguistic
Agents. an agent framework for supporting semantic
coordination between heterogeneous semantic peers. Main
feature of this architecture is the abstraction from the way
actually semantic coordination is carried out by a specific
instance of an agent system, still considering it the main shared
goal for the community. While abstraction from the techniques
is maintained, on the contrary, it is important to identify the
different kind of resources which may play a role in the
process, in order to make them available when their
contributions is required. In particular, we consider as
necessary an intelligent exploitation of natural language (from
which the name J-ALINAS arises) resources and processors, as
language is the sole form of shared knowledge which is
inherently adopted when expressing (through label descriptors,
concept documentation etc..) the formal content of knowledge
models and resources.

Moreover, we achieved a clear distinction between decision-
making and service-providing competences, realizing a crucial
separation between specific problem-solving skills and
strategic knowledge about their composition to address a
complex target, shared among the system s agents.

This allows to analyze new problems simply rearranging
existing elements, and to improve or add functionalities
without necessarily modifying the entire system.

I1l. PREVIOUS WORKS

A. Sate-of-the-art

A lot of work has been done by researchers towards flexible
architectures to support semantic coordination in open multi-
agent systems.

In [5] a three-layered peer-to-peer approach to ontology
integration in a multi-agent system is described, to manage and
deploy ontologiesin a broad range of dynamic environments.

Within a multi-agent system however each agent expresses
its own conceptualization, and in open systems interoperation
between agents has to take into account their heterogeneous
nature and background, that will likely take them not to fully
understand each other, because of semantic misalignments
which can easily arise.

A major requirement for agents interoperability [3] is for the
semantic integration to be dynamic, that is, computed on-the-
fly and not on the basis of pre-engineered mapping documents
(which, even if considerable, may not always be available for
any two given knowledge models). Agents shall have to be
self-describing, and be able to characterize themselves, thus
putting other agents in the condition of identifying the ones
they need to cooperate with, in order to successfully
communicate and exchange information towards a shared goal

that isin our case the agents ontologies mediation.

To put it in Burstein sand Uschold swords[3], every agent

! http://ai-nlp.info.uniroma2.it/software/-ALINAS
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must, in effect, wear its description onits sleeve

Moreover, some interesting links between multi-agent
systems and grid computing are given in [7], the formers
complementing the latter for efficient services management
without a-priori agreements, standing that multi-agent systems
are groups of agents interacting and autonomously
coordinating to satisfy a set of shared goals.

B. ALINAs: an open interacting-agent architecture

ALINAs [8], an Architecture for LINguistic Agents,
developed by the Artificia Intelligence group of Tor Vergata,
and former incarnation of the architecture which is presented
in this paper, provided a set of three different classes of
intelligent agents dedicated to supporting linguistic
communication, each of which exhibits specific features
related to the particular task it has been designed for:

resource agents, which represent the beneficiaries of
the communicative process, bearing some form of
knowledge which need to be mediated against the one of
other resource agents in the community
service agents, providing support functionalities and
holding responsibilities for some complex tasks
occurring in the process
control agents, having thorough knowledge of the
problem to solve, control functionalities and decisional
power in the agent society
This classification provides enough abstraction to ensure an
incremental approach to systems development, whereas
developers can focus on informative sources and resource
agents and start to use available information before they design
more advanced componentsin the system.

C. Linguistic Watermark and Semantic Coordination

As stated in [10], in order to make ontologies more prone to
be mapped in distributed contexts, we believe it is necessary to
revise the ontology development process to include, as a
necessary part of this activity, the enrichment of ontology
content with proper lexical expressions in natural language,
such as synonyms and free natural language documentation,
possibly in different languages.

Linguistic enrichment of ontologies (this is the name we
gave to the process here described) requires a proper
exploitation of several linguistic resources, which, due to the
lack of defined standards for representation of linguistic
knowledge, often differentiate upon many aspects, like
structure, semantics, granularity of their content and
representation. This strong heterogeneity led us to the
development of the Linguistic Watermark [1], which is both a
package providing generic abstract classes and interfaces for
allowing uniform access to different linguistic resources, as
well as a set of descriptors for identifying the characteristics of
the accessed resources. These descriptors are important in our
environment, as they allow agents to choose the linguistic
resources (and thus contact the agents which grant access to
their content) which are more appropriate for supporting a
given communication.

Following the same intuition, it is also important, should an


















