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Preface

In this book, we present a collection of papers around the topic of agent commu-
nication. The communication between agents has been one of the major topics
of research in multiagent systems. The current work can therefore build on a
number of previous Workshops of which the proceedings have been published
in earlier volumes in this series. The basis of this collection is formed by the
accepted submissions of the Workshop on Agent Communication held in con-
junction with the AAMAS Conference in July 2004 in New York. The workshop
received 26 submissions of which 14 were selected for publication in this vol-
ume. Besides the high-quality workshop papers we noticed that many papers
on agent communication found their way to the main conference. We decided
therefore to invite a number of authors to revise and extend their papers from
this conference and to combine them with the workshop papers. We believe that
the current collection comprises a very good and quite complete overview of the
state of the art in this area of research and gives a good indication of the topics
that are of major interest at the moment.
The papers can roughly be divided over the following five themes:

— social commitments

— multiparty communication
— content languages

— dialogues and conversations
— speech acts

Although these themes are of course not mutually exclusive they indicate some
main directions of research. We therefore have arranged the papers in the book
according to the topics indicated above.

The first three papers focus on the role of social commitments in agent com-
munication. In the first paper, Nicoletta Fornara, Fransesco Vigano and Marco
Colombetti explore the role of social commitments in defining the semantics
of agent communication in the context of artificial institutions. Roberto Flores,
Philippe Pasquier and Brahim Chaib-draa formalize the dynamics of social com-
mitments, where they stress the role of commitment messages as coordination
devices to advance the state of joint activities. In the subsequent contribution,
Ashok Mallya and Munindar Singh use social commitments as a semantic un-
derpinning of a formal framework to reason about the composition of interaction
protocols.

The next two contributions involve communication between more than two
agents. Gery Gutnik and Gal Kaminka address the representation of interaction
protocols by means of Petri nets. In particular, the authors focus on protocols for
overhearing in which more than two agents are involved. The theme of multiparty
communication is further elaborated in the contribution of Marc-Philippe Huget

and Yves Demazeau, where a communication server for multiparty dialogue is
described.



VI Preface

The following two contributions focus on the role of vocabularies, ontolo-
gies and content languages in agent communication. Jurriaan van Diggelen,
Robbert-Jan Beun, Frank Dignum, Rogier van Eijk and John-Jules Meyer study
the characteristics and properties of communication vocabularies in multiagent
systems with heterogeneous ontologies. Mario Verdicchio and Marco Colombetti
deal with another aspect of content languages: the formal expression of temporal
conditions.

The first paper of the section on dialogues and conversations is by Jarred
MecGinnis and David Robertson who define a general language for the expression
of dynamic and flexible dialogue protocols. The flexibility of protocols is further
elaborated in the contribution of Lalana Kagal and Tim Finin where conversa-
tion specifications and conversation policies are defined in terms of permissions
and obligations. The authors introduce techniques to resolve conflicts within the
specifications and policies and provide an engine that allows agents to reason
about their conversations. In the next paper, Joris Hulstijn, Mehdi Dastani and
Frank Dignum study the coherence of agent conversations. In particular, they
show how constraints on the context of messages can be used to establish coher-
ent dialogues. The importance of the context is also stressed in the contribution
of Matthias Nickles, Michael Rovatsos and Gerhard Weiss who study the effects
of social interaction structures on the semantics of messages. Mirko Viroli and
Alessandro Ricci look at communication from the perspective of coordination.
In their approach, agents coordinate their activities via artifacts that specify the
successive actions of the interaction protocol.

The last four contributions of the volume are centered around the semantics
of speech acts. Karim Bouzouba, Jamal Bentahar and Bernard Moulin develop
a computation model to study the semantics of speech acts in dialogues between
agents and humans. In the subsequent contribution, Peter McBurney and Si-
mon Parsons propose a set of speech acts together with an interaction protocol
for argumenation for which they provide an operational semantics. In the con-
tribution of Marcus Huber, Sanjeev Kumar and David McGee, a repertory of
speech acts is provided, where the semantics of the acts is defined in terms of
joint intentions. Finally, Shakil Khan and Ywves Lesperance study the semantics
of speech acts in terms of the agents’ knowledge, intentions and commitments
and show how this can be integrated into a planning framework.

To close, we would like to take this opportunity to thank the members of
the Program Committee, the external reviewers and the authors of submitted
papers for enabling us to edit this exciting volume on the Developments in Agent
Communication.

Utrecht, November 2004 Rogier van Eijk
Marc-Philippe Huget
Frank Dignum
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Agent Communication and Institutional Reality*

Nicoletta Fornara!, Francesco Vigano!, and Macro Colombettil:?

1 Universita della Svizzera italiana, via G. Buffi 13, 6900 Lugano, Switzerland
{nicoletta.fornara, francesco.vigano, marco.colombetti}@lu.unisi.ch
2 Politecnico di Milano, piazza Leonardo Da Vinci 32, Milano, Italy
marco.colombetti@polimi.it

Abstract. In this paper we propose to regard an Agent Communica-
tion Language (ACL) as a set of conventions to act on a fragment of
institutional reality, defined in the context of an artificial institution.
Within such an approach, we first reformulate a previously proposed
commitment-based semantics for ACLs. In particular we show that all
commonly used types of communicative acts can be defined in terms of
a single basic type, namely declarations, within an artificial institution
that we call Basic Institution. We then go on defining special institutions,
that augment the Basic Institution by adding ontological and normative
elements. Finally, as an example of a special institution we give a partial
definition of the institution of English Auctions.

1 Introduction

In the last few years the concept of social commitment has been largely used by a
growing number of researchers to define the semantics of Agent Communication
Languages (ACLs). After the first studies carried out by Singh and by Colombetti
[28, 5], further investigations have been carried out from an operational point of
view [12, 19, following a logical approach [30], and in the field of argumentation
studies [1,3]. The main advantages of this approach are that commitments are
objective and independent of an agent’s internal structure, and that it is possible
to verify whether an agent is behaving according to the given semantics.

Social commitments are used to represent the evolution of social relation-
ships among agents during interactions. Communicative acts are then viewed as
actions carried out to modify such relationships by creating, updating or can-
celling commitments according to a predefined set of shared rules [30, 13]. More
precisely, communicative acts are regarded as a sort of institutional actions, that
is, as actions performed within an institution to modify a fragment of social re-
ality [25]. Defining the semantics of an ACL has therefore two sides: one side is
the definition of the institutional effects brought about by the performance of
communicative acts; the other side is the definition of the social context in which

* Supported by Swiss National Science Foundation project 200021-100260, ” An Open
Interaction Framework for Communicative Agents”.

R.M. van Eijk et al. (Eds.): AC 2004, LNAI 3396, pp. 1-17, 2005.
© Springer-Verlag Berlin Heidelberg 2005



2 N. Fornara, F. Vigano, and M. Colombetti

agents can carry out institutional actions, and that we call an (artificial) insti-
tution. Indeed, our main tenet is that without the definition of an appropriate
institution it is impossible to specify the semantics of an ACL.

This paper is structured as follows. In Section 2 we introduce the fundamen-
tal concepts on which we base our treatment of agent communication, namely
the concepts of an institutional action, of a convention, and of a ” counts as” rela-
tionship between an instrumental action and the corresponding communicative
act. In Section 3 we define the institutional actions that can be performed on
commitments. In Section 4 we describe the Basic Institution (i.e., the institution
that regulates the management of commitments) and introduce the concept of
a special institution. In Section 5 we give a partial description of a specific case
of a special institution, that is, the institution of English Auctions. In Section 6
we briefly remark on related work present in this volume. Finally in Section 7
we draw some conclusions and delineate some directions for future work.

2 TFundamental Concepts

We view a multiagent system (MAS) as a technological extension of human so-
ciety, by which individual persons and human organizations can delegate the ex-
ecution of institutional actions to the artificial system. Examples of such actions
are establishing appointments, signing contracts, and carrying out commercial
transactions. For this reason there are strong connections between some aspects
of a MAS and some aspects of human society, and therefore the concepts used to
model a MAS interaction framework have to reflect some crucial characteristics
of their human counterpart.

The context within which artificial agents operate can be modelled as con-
sisting of a set of entities that can have natural or institutional attributes, that
is, attributes that exist only thanks to the common agreement of the interacting
agents (or more precisely of their users). For example, the color of a book is
a natural. attribute, while the book’s price and its owner are institutional at-
tributes. Natural attributes are assumed to reflect the physical properties of the
corresponding entities of the real world, and typically cannot be changed by
artificial agents (unless the agent controls a physical robot). On the contrary,
institutional attributes can be affected by institutional actions performed by
purely software agents.

2.1 Institutional Actions

Institutional actions are particular types of actions [7] that are crucial for the for-
malization of communicative interactions taking place in open interaction frame-
works. The effect of institutional actions is to change institutional attributes,
that exist only thanks to common agreement. Therefore, agents cannot perform
such actions by exploiting causal links occurring in the natural world, as it would
be done to open a door or to remove a physical object. Rather, as we shall see,
institutional actions are performed on the basis of a shared set of conventions.
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Because of their intrinsic social nature, a crucial condition for the actual per-
formance of institutional actions is that they must be public, that is, made known
to the relevant agents by means of some action that can be directly executed by
an artificial agent. It is therefore natural to assume that all institutional actions
are performed by sending suitable messages to the relevant agents. An example
of institutional action, that will be discussed in Section 5, is the act of opening
an auction; as we shall see, an agent (the auctioneer) can perform such an action
by sending a suitable message to the relevant group of agents (the participants).
However, the act of sending the message is merely instrumental, and should not
be confused with the institutional action of opening the auction.

We define institutional actions by specifying their preconditions and postcon-
ditions, therefore abstracting from the way in which such actions are concretely
carried out. More precisely, an institutional action is characterized by:

— an action name followed by a possibly empty list of parameters;

— a possibly empty set of (ontological) preconditions, that specify the values
that certain institutional attributes must have for the action to be meaningful
(for example, opening an auction is meaningful only if the auction is not
already open);

— a nonempty set of postconditions, that specify the values of certain institu-
tional attributes after a successful performance of the action.

2.2 Instrumental Actions

As we have already remarked, an institutional action is performed by executing
an instrumental action, conventionally associated to the institutional action. In
the human world such instrumental actions vary from certain bodily movements
(raising one’s arm to vote), to the use of specific physical tools (waving a white
flag to surrender), to the use of language (saying ”the auction is open” to open
an auction). In a system of artificial agents, it is natural to assume that all
institutional actions are performed by means of a single type of instrumental
actions, namely exchanging a message.

For the purposes of the current treatment, a message consists of: a message
type, a sender, one or more receivers, and a content. The action of exchanging a
message will be represented with the following notation:

exchMsg(message_type, sender, Teceiver(s), content)

Note that here sender and receiver are just fields of a message. That such
fields correctly represent the agent that actually sends the message and the
agents to which the message is delivered has to be guaranteed by the underlying
message transport system.

2.3 The “Counts as” Relation

Following Searle [25], the construction of social reality in the human world is
possible thanks to constitutive rules of the form X counts as Y in C; in the
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particular case where X and Y are actions, the performance of an action of
type X in context C can count as performing an action of type Y. Similarly, in
an artificial system, thanks to shared conventions, the action of exchanging a
particular message can ”count as” the execution of some institutional action, if
certain contextual conditions are satisfied.

According to Searle’s Speech Act Theory [24], declarations are the particu-
lar category of communicative acts whose point is to bring about a change in
the institutional reality in virtue of their successful performance. By definition
the content of a declaration describes precisely the institutional changes that it
brings about. Therefore, we take messages of type declare as the fundamental
means to perform institutional actions. The convention that binds the exchange
of a declare message to the performance of the institutional action (iaction),
described in its content, can be described as follows:

exchMsg(declare, sender, receiver, taction(parameters))= ony
taction(parameters)

By itself, however, a convention is not sufficient to guarantee the successful
performance of an institutional action by the exchange of a declare message:
indeed, some additional conditions about the agent that sends the message and
about the state of system must be satisfied. In general, an agent must be au-
thorized to perform an institutional action; for example, only the auctioneer can
open an auction by sending a suitable message to the participants. Further con-
textual conditions about the state of the system, expressed by suitable Boolean
expressions, may be required; for example, it may be established that an auction
is validly opened only if there are at least two participants.

Assuming that every agent in the interaction system has an identifier
(agent_id), authorizations will be represented with the following notation:

Auth(agent_id, iaction(parameters), contextual_conditions)

Our notion of authorization should not be confused with the notion of permis-
ston. The distinction we make between these two concepts is similar to the one
between institutionalized power and permission proposed by Jones and Sergot in
(16]. While authorizations are necessary conditions for the performance of insti-
tutional actions, permissions (like obligations) are brought about by norms (see
Section 4.2), that is, by rules that affect the normative positions of the agents
in the system. The crucial difference between authorizations and permissions is
highlighted in the cases when they are not granted. If an agent is not authorized
to perform an institutional action, a performance of the corresponding instru-
mental action does not count as a performance of the institutional action (the
institutional action is thus not executed). On the contrary, if an authorized agent
performs an institutional action without permission, the institutional action is
successfully performed, but the agent violates a norm and it may be sanctioned
for its behavior.

In the specification of an interaction system it is useful to express authoriza-
tions in term of the roles filled by agents, in order to abstract from the concrete
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agents that will be actually involved in an interaction. For example, the autho-
rization to open and close an auction is granted to the agent that fills the role
of the auctioneer, independently of its individual identity.

The concept of a role is very broad: for example, it is possible to regard
social commitments as institutional entities that define two roles: the debtor of
the commitment and its creditor. This fact appears to be general; that is, roles
are defined relative to an institutional entity. We can then abstractly define the
authorization to perform a specific institutional action (with given parameters)
associating it to a role defined in the context of a specific institutional entity
(ientity):

Auth(ientity.role, iaction(parameters), contextual _conditions)

In a concrete interaction, the authorizations associated to roles need to be
transformed into authorizations of an actual agent in the system. Such transfor-
mation can be obtained searching among all the institutional entities present in
the system the ones that match the description given through the parameters
of the institutional action, and then creating a concrete authorization for each
agent having the role indicated in the abstract authorization.

3 A Commitment-Based Agent Communication
Language

The semantics of ACLs that we have proposed in [12,13] is based on the as-
sumption that the performance of a communicative act in a multiagent system
has the effect of changing the social relationship between the sender and the
receiver, and that this change can be represented by means of an institutional
entity, that is, social commitment. To specify the meaning of various types of
communicative acts in terms of effects on commitments, it is necessary to define
an ontology of commitment and the institutional actions necessary to operate
on commitments.

3.1 The Ontology of Commitment

We regard a commitment as an entity with the following attributes: a debtor; a
creditor; a content; a state, used to keep track of the temporal evolution of the
commitment. Commitments will be represented with the following notation:

Comm(state, debtor, creditor, content)

The content of a commitment can be represented by means of a temporal
proposition (for a detailed treatment of temporal propositions see [13, 6]), that
is, a proposition about a state of affairs or about the performance of an ac-
tion, referred to a specific interval of time. At every time instant, a temporal
proposition has a truth value, that can be undefined, true, or false.

The state of a commitment undergoes a life cycle, described by the state
diagram of Figure 1, and can change as an effect of the execution of institutional
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actions (solid lines) or of environmental events (dotted lines). Relevant events
are due to the change of the truth-value of the commitment’s content.

oonlent-lrum_va'ue=1__.-‘--’""—,
makeCommitment ~___.-=="""" .

‘,"'éonlent.truth_valueﬂ

"8 ~.._content.truth_value=0

setCancel \\.\
= violated

cancelled

Fig. 1. The life-cycle of commitments

The creditor of a commitment can be a single agent or a group of agents. It
is important to remark that a commitment taken with a group of agents need
not be equivalent to a conjunction of commitments taken with every member of
the group. This point has been thoroughly analyzed in the literature [4, 8] but
is behind the scope of this paper.

Institutional Actions on Commitment. The institutional actions that op-
erate on commitments are defined below; preconditions and effects are described
using Object Constraint Language (OCL) [23].

— name :makeCommitment(debtor, creditor, content)
pre: not Comm.allInstances — exists(c|c.debtor = debtor
and c.creditor = creditor and c.content = content)
post : Comm.allInstances — exists(c|c.state = unset and

c.debtor = debtor and c.creditor = creditor and c.content = content)
— name : setCancel(debtor, creditor, content)

pre:  Comm.allInstances — exists(c|(c.state = unset or c.state = pending)
and c.debtor = debtor and c.creditor = creditor and c.content = content)
post :  Comm.allInstances — exists(c|c.state = cancel and

c.debtor = debtor and c.creditor = creditor and c.content = content)
— name : setPending(debtor, creditor, content)
pre: Comm.allInstances — exists(c|c.state = unset and
c.debtor = debtor and c.creditor = creditor and c.content = content)
post :  Comm.allInstances — exists(c|c.state = pending and
c.debtor = debtor and c.creditor = creditor and c.content = content)

It is often useful to define institutional macro-actions, that is, actions whose
execution coincides with the sequential execution of a list of existing institutional
actions, conceived of as a single transaction. For example:

name: makePendingComm(debtor, creditor, content) =def
makeCommitment(debtor, creditor, content), setPending(debtor, creditor, content)



