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Preface

Although everyone recognizes communication as a central concept in multi-
agents, many no longer see agent communication as a research topic. Unfor-
tunately there seems to be a tendency to regard communication as a kind of
information exchange that can easily be covered using the standard FIPA ACL.
However, the papers in this volume show that research in agent communication
is far from finished. If we want to develop the full potential of multi-agent sys-
tems, agent communication should also develop to a level beyond parameter or
value passing as is done in OO approaches!

In this book we present the latest collection of papers around the topic of
agent communication. The collection comprises of the best papers from the agent
communication workshops of 2005 and 2006, enriched with a few revised agent
communication papers from the AAMAS conference. Due to some unfortunate
circumstances the proceedings of the 2005 workshop were delayed, but it gave
us the opportunity to join the best papers of the 2006 edition to this volume.
Together these papers give a very good overview of the state of the art in this
area of research and give a good indication of the topics that are of major interest
at the moment.

The papers are divided into the following four topics:

— Semantics of Agent Communication

— Commitments in Agent Communication
— Protocols and Strategies

— Reliability and Overhearing

The research on the semantics of agent communication has shifted from con-
cepts based on mental attitudes of the agents towards concepts based on social
attitudes. However, FIPA ACL, the de facto agent communication standard lan-
guage, still has an official semantics based on mental attitudes. The first paper
in this volume by V. Louis and T. Martinez describes a first attempt to actually
develop a tool to support verification of compliance to the FIPA ACL semantics,
therefore giving an operational semantics to FIPA ACL. The paper of U. Endriss
shows how conversation protocols can be described in terms of temporal logic.
This allows model checking of the protocols and verifying their correctness with
respect to a number of properties. The third paper on the semantics of agent
communication by G. Boello, R. Damiano, J. Hulstijn and L. van der Torre
is one of the first that tries to combine private and social mental attitudes to
determine the semantics of the communication. Another effort to combine social
commitments with the other attitudes of an agent can be found in the paper
by P. Pasquier and B. Chaib-draa, which is placed under the second topic of
social commitments, but could also have been placed under this heading. The
last paper in this section of the volume by S. Khan and Y. Lesperance describes
a possible semantics for conditional commitments. This is an important step
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because since commitments are themselves used as semantics of the communi-
cation it is important to have some grasp of the characteristics of this concept
as well!

The second section of the volume is completely devoted to papers on social
commitments. The first paper in this section by M. Verdicchio and M. Colombetti
discusses how the concept of commitment can be used to build up a library of
speech acts to be used in agent communication. A similar topic is discussed in the
paper of R. Kremer and R. Flores. They add the idea of organizing the speech
acts according to a subsumption hierarchy to facilitate their processing. The pa-
per of G. Muller and L. Vercouter discusses the use of social commitments that
follow from speech acts as constraints on subsequent communication, therefore
truly utilizing the intuitions that come with the “commitment” concept. Once
commitments are seen as constraints on the behavior of the agents, one should
also consider what should be done if the agents do not comply to these con-
straints. This aspect is discussed in the paper of J. Heard and R. Kremer. The
last paper in the section on commitments by A. Mallya and M. Singh discusses
a more advanced aspect of commitments. It looks at preferences with respect to
different commitment protocols which can be used to solve potential conflicts
between different commitments.

The third section of this volume is devoted to protocols and strategies for
communication. It starts with a paper by L. Amgoud and S. Kaci on strategies
for agents to be used during negotiation. The idea is to make these strategies
less restrictive such that good compromises are not discarded too quickly. The
second paper in this section by J. van Diggelen, E. de Jong and M. Wiering also
discusses strategies for communication, but in the domain of ontology alignment.
What is the influence of the strategies that agents use to adopt concepts on
the convergence to the use of one or more concepts? An important question in
order to see what will happen if thousands of agents with different ontologies on
the Web start communicating. The next paper by J. van Diggelen, R-J. Beun,
F. Dignum, R. van Fijk and J-J. Meyer actually continues this discussion. It
describes how agents can align their ontologies on the fly using some extensions
of normal communication protocols. Instead of learning complete ontologies the
agents just learn enough about the concepts to be able to use them properly.

The paper of Pinar Yolum discusses the important topic of designing pro-
tocols and shows some tools that can support this process. Whereas most ap-
proaches see protocols as a kind of finite state machine or Petri net, F. Fischer,
M. Rovatsos, and G. Weiss see protocols as patterns that can be adapted. The
semantics follows from the use rather than the use from the semantics. It is thus
a perfect example of the use of a bottom approach for creating semantics to
communication.

The last two papers in this section discuss communication in relation to the
beliefs of the agents. The first paper, by H-J. Lebbink, C. Witteman and J-J.
Meyer, discusses conversations about changing one’s beliefs. When can an agent
conclude that it should retract some beliefs based on information it hears from
another agent? Preferably this only happens in a way that keeps the beliefs of
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the agents “consistent” as far as possible. The paper by I. Letia and R. Vartic
discusses the different consequences of basing communication on firm beliefs and
on defeasible beliefs. Making this distinction allows for more subtle conversations
that also seem to resemble human conversations more closely.

The last section of this volume contains papers that deal with multi-party
communication. The paper of S. Cranefield discusses group communication in
which a reliable shared perception of the order of the messages can be very
important. This leads to a design of a type of synchronous group communica-
tion. The second paper by N. Dragoni, M. Gaspari and D. Guidi discusses the
very important issue of communication breakdowns. Especially communication
over the Internet should be fault-tolerant in order to work for large applications.
They discuss a fault-tolerant ACL and illustrate its use on the Web. The final
paper of this volume also discusses reliability of communication. In the approach
of G. Gutnik and G. Kaminka this is achieved by selective overhearing of com-
munication by other agents. Because trying to monitor all communication is
prohibitively expensive they propose a hierarchical organization of the agents
that can perform a selective overhearing.

We want to conclude this preface by extending our thanks to the members of
the Program Committee of the ACL workshops that were willing to review the
papers in a very short time span, to the external reviewers that probably even
had less time to review their papers and also of course to the authors that were
willing to submit their papers to our workshops and the authors that revised
their papers for this book.

September 2006 Frank Dignum (Utrecht, Netherlands)
Rogier van Eijk (Utrecht, Netherlands)
Roberto Flores (Newport News, USA)
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An Operational Model for the FIPA-ACL Semantics

Vincent Louis and Thierry Martinez

France Telecom Research & Development
2, avenue Pierre Marzin
22307 Lannion Cedex, France
{vincent.louis, thierry.martinez}@francetelecom.com

Abstract. Despite the effort made to standardize agent communication lan-
guages, almost no tool has been developed to implement agents’ conformance
to their semantics. In this paper, we review the formal principles supporting the
FIPA-ACL semantics and propose an operational model facilitating their im-
plementation. This model has been implemented upon the JADE platform, re-
sulting in more flexible agents, avoiding intensive use of rigid protocols.

1 Introduction

Many research and industrial actors in the field of multi-agent systems have identified
the need for a shared agent communication language (ACL) long ago. The most en-
thusiastic ones consider such a language as the counterpart of human natural lan-
guages for agents. In particular, ACLs should make it possible to convey meanings
instead of “simple” objects with no semantics like in classical object middlewares [1].
At least, ACLs should let heterogeneous agents communicate and interact with each
other [2]. This trend resulted in late nineties in mainly two initiatives to come to a
standard language: KQML (Knowledge Query and Manipulation Language) from the
ARPA knowledge sharing project [3] and FIPA-ACL from the Foundation for Intelli-
gent Physical Agents consortium [4, 5]. Although the usefulness of such languages in
building open, heterogeneous and interoperable agent systems is generally acknowl-
edged, ACLs have also often been criticized because of their formal semantics, which
make them generally difficult to implement and hence seldom implemented [6, 7].

On the one hand, a commonly pointed out difficulty in using these ACLs is that
they assume a mental state-based model for agents. While such mentalistic ap-
proaches are well suited to specify the meaning of communicative acts from the sub-
jective viewpoint of the participants, they cannot ensure any global objective property
of the system. Along this line, a recent stream in the multi-agent community has pro-
posed to use so-called social approaches (as opposed to mentalistic or individual
ones) [2]. These approaches model interactions through public structures, generally
based on the notion of (social) commitment. They lead to recent concrete alternatives
for defining ACLs [8, 9].

On the other hand, because the formal semantics of ACLs rely on complex logical
theories of agency (mixing reasoning on several concepts such as beliefs, intentions
and actions), they require a high level of understanding to design conforming agents.
This matter of fact is not only pointed out at a theoretical level but also at a concrete
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development level [10]. Consequently, even if some recent work attempts to simplify
this kind of models [11], designers often prefer protocol-based approaches (such as
[12]). In these cases, they do not benefit from the original semantics of ACLs, which
only account for an intuitive meaning of the communicative acts. As a resulting
drawback, the use of rigid interaction protocols often results in decreasing the flexibil-
ity and therefore the autonomy of agents.

A third possible working direction consists in making available proper tools in or-
der to encompass these difficulties. To our knowledge, little work has investigated
this area. For example, in the FIPA community, most of the existing platforms that
claim to be FIPA-compliant (among the most famous ones, JADE [13], FIPA-OS
[14], Zeus [15]) implement the middleware-related specifications but provide no con-
crete support regarding the ACL semantics-related specifications. In order to promote
such tools, this paper proposes an operational model for implementing the theory of
agency that underlies the FIPA-ACL semantics. This model, which is obviously miss-
ing today, aims at both helping developers to soundly conform to the FIPA-ACL
semantics and leading to the development of proper tools to be integrated into FIPA-
compliant platforms. Actually, this model provides a design framework that ensures
consistency with the theory principles. Interestingly, it is flexible enough to customize
agents’ behaviors, while the built agents also benefit from generic capabilities for
interpreting and generating communicative acts. This paper only focuses on the inter-
pretation part.

The next section reviews some formal principles of the theory of agency underly-
ing the FIPA-ACL semantics, which are relevant to the interpretation of communica-
tive acts. Section 3 describes the main concepts and mechanisms of the model from
which these principles can be implemented. Section 4 illustrates the resulting model
with a simple example. Finally, section 5 concludes and discusses some perspectives.

2 Reviewing FIPA-ACL Semantics

The FIPA Agent Communication Language is defined through a set of communica-
tive acts [S]. Their precise meaning results from their interpretation as particular ac-
tions within a more general theory of agency, namely the theory of rational interaction
proposed by Sadek [16]. Thus, the semantics of FIPA communicative acts is formally
defined by the generic principles of Sadek’s theory that apply to actions. Although the
FIPA specifications list most of these principles [5, Informative Annex A], some
significant ones are unfortunately missing. This section reviews the essential princi-
ples formalizing the interpretation of FIPA-ACL communicative acts and identifies a
general template in the perspective of implementing them.

All formal properties described in this paper are written in FIPA-SL [17], which is
the modal logic language that sustains the theory of agency defining the FIPA-ACL
semantics.

2.1 Mental Attitudes and Actions

First of all, the underlying theory formally specifies agents’ behaviors through mental
state notions describing internal agents’ features that must be interpreted subjectively,
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i.e. from their point of view. Mental states are classically described using beliefs and
intentions (according to the widely acknowledged Belief-Desire-Intention paradigm
[18]). Beliefs are formalized by two logical modal operators: (B i p) ! expresses
that agent i believes that p holds and (U i p) expresses that agent i is uncertain
about p, that is, s’/he does not believe that p holds but s/he believes that p is more
probably true than (not p). The B operator satisfies a KD45 model and is semanti-
cally defined by a Kripke possible world structure, whereas the semantics of the U
operator is defined in probabilistic terms upon the accessible possible worlds support-
ing the B operator.” Intentions are mainly formalized by one logical operator, (I i
p), which expresses that agent i intends that p holds. Sadek’s theory actually pro-
vides several degrees of intention (similar, to some extent, to Cohen and Levesque’s
approach [20]), including choice, achievement goal (agent i does not believe that p
holds), persistent goal (agent i will drop her/his goal p until it is satisfied or s/he
comes to believe it is unachievable) and intention itself (agent 1 commits to perform,
individually or collectively with other cooperative agents, any action s/he believes
that can reach the goal p), each one being defined upon a more primitive choice con-
cept [21]. Within the scope of the FIPA specifications, the intention operator is con-
sidered to be primitive.

A property of agents’ mental attitudes, which is worth mentioning, is that they
must be consistent with their beliefs: agents always believe the mental attitudes they
actually have. Formally, the following property is valid within the theory, for both
primitive (expressed with the previous operators of belief, uncertainty and intention)
and composite mental attitudes (expressed by combining these operators with logical
connectors):

(equiv (B i PHI(i)) PHI(i)) (nH

where i denotes an agent and PHI (i) a mental attitude of i

Consequently, agents’ internal states (including all their mental attitudes) can be
exclusively described by their beliefs. An important corollary is that agents cannot be
uncertain (with the meaning of the U operator) of any of their mental attitudes (since
they fully believe it). The following property is valid within the theory:

(not (U i PHI(i))) (2)

where i denotes an agent and PHI (i) a mental attitude of i

In order to describe temporal facts, the theory supports two other modalities:
(done a p) expresses that action a has just occurred and that p held just before its
occurrence (past-oriented), and (feasible a p) expresses that action a may
possibly occur and that p will hold just after its occurrence, if it actually occurs (fu-
ture-oriented). Both these operators are possible normal modal operators that satisfy a
K model and are semantically defined by a Kripke possible world structure. Their
accessibility relations classically define a branching future (several different actions

' In this paper, the underlined terms in logical formulas denote schematic variables. Here, i

and p may be respectively replaced with references to agents and formulas.

Sadek originally proposed a set of logical properties satisfied by the U operator. More recent
work investigates an axiomatic system for this operator, but without proving its completeness
with respect to the semantic model [19].
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may occur in a given possible world) and a linear past (exactly one action has just
occurred in a given possible world).

The resulting framework is a homogeneous multimodal logic powerful enough to
account for very subtle nuances. For example, (exists ?X (B i (feasible
?X p)) ) expresses that agent i knows an action ?X (which is not explicit) that may
bring about p (e.g. “Mary knows a recipe to cook a cake”), whereas (B i (exists
?X (feasible ?X p))) expresses that agent i believes that there are some
ways of reaching p, without necessarily knowing how to reach it (e.g. “Mary knows
cakes can be cooked”).

2.2 Formally Interpreting Incoming Communicative Acts

FIPA-ACL defines four primitive (Inform, Confirm, Disconfirm and Request) and
eighteen composite communicative acts [5]. Each of them (primitive or composite) is
defined by two semantic features, namely its feasibility precondition and its rational
effect. We now review the formal principles embedded in the theory of agency that
specify how agents should interpret received communicative acts based on their se-
mantic features.

Feasibility Precondition

The feasibility precondition of a communicative act states the condition that must
necessarily hold for this act to be sent. This classical notion of action precondition is
formalized by the following axiom within the theory’. It means that any agent observ-
ing a communicative act performance (left part of the implication) necessarily be-
lieves that its feasibility precondition held just before its performance (right part, in
the scope of the done operator):

(B i (implies (done a true) (done a FP(a)))) 3)

where a, FP(a) and i respectively denote a communicative act, its feasibility
precondition and an agent

This principle is particularly useful to check the consistency of incoming commu-
nicative acts. For example, agents should reject received Inform acts about one of
their own mental attitudes (e.g. when they are told “you intend to jump out the win-
dow”) because applying property (2) to the corresponding propositional content
makes the feasibility precondition inconsistent. Actually, the informative annex of [5]
mentions no property that formally deals with feasibility precondition interpretation,
so that a specification of inconsistent communicative acts is clearly missing.

Rational Effect

The rational effect of a communicative act states what the result expected by agents
performing this act is. It underlies a unique classical actual postcondition of the com-
municative act, namely its “intentional effect”, which is formalized by the following
axiom within the theory. It means that agents observing an act performance (left part
of the implication) believe that the sender intends each receiver believes the sender
intends the rational effect of this act (right part):

? This axiom, which was actually proposed by Louis [19], generalizes Sadek’s original formal-
ization: (B i (implies (feasible a true) FP(a))).



