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Preface

Intelligent agents are one of the most important developments in computer sci-
ence in the 1990s. Agents are of interest in many important application ar-
eas, ranging from human-computer interaction to industrial process control. The
ATAL workshop series aims to bring together researchers interested in the core
aspects of agent technology. Specifically, ATAL addresses issues such as theo-
ries of agency, software architectures for intelligent agents, methodologies and
programming languages for realizing agents, and software tools for applying and
evaluating agent systems. One of the strengths of the ATAL workshop series
is its emphasis on the synergies between theories, infrastructures, architectures,
methodologies, formal metheds, and languages.

Seventy-six papers were submitted to the ATAL-97 workshop, from seven-
teen countries. After stringent reviewing, twenty papers were accepted for full
presentation and an additional five for short presentation. After the workshop,
these papers were revised on the basis of comments received both from origi-
nal reviewers and from discussions at the workshop itself. This volume contains
these revised papers.

The technology of intelligent agents and multi-agent systems is beginning to
migrate from research labs to software engineering centers. As the rate of this
migration increases, it is becoming increasingly clear that we must develop prin-
cipled techniques for analyzing, specifying, designing, and verifying agent-based
systems. Without such techniques, agent technology will simply not realize its
full potential. Consequently, the ATAL-97 program emphasized methodologies
for agent systems. Besides several papers on methodologies, the program also
featured two panels, one specifically on methodologies and one on agent pro-
gramming languages. Another highlight of the 1997 program was three invited
talks by leading exponents of agent research:

THEORIES Les Gasser Theories of Agents and Multi-Agents
ARCHITECTURES Kurt Konolige Connecting Software and Physical Agents
LANGUAGES Danny Lange Java — Just What Mobile Agents Need?

It is both our hope and our expectation that this volume will be as useful to
the agent research and development community as its three predecessors have
proved to be. We believe that ATAL and the Intelligent Agents series of which
this volume is a part play a crucial role in a rapidly developing field, by focusing
specifically on the relationships between the theory and practice of agents. Only
through understanding these relationships can agent-based computing mature
and achieve its widely predicted potential.

November 1997 Munindar P. Singh (Raleigh, USA)
Anand S. Rao (Melbourne, Australia)
Michael J. Wooldridge (London, UK}
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Introduction

Like its three predecessors [2, 3, 1], this volume of the Intelligent Agents series fo-
cusses on the relationships between the theory and practice of intelligent autonomous
agents. To this end, the volume is divided into six sections, reflecting the major cur-
rent research and development trends in the intelligent agents field. Section I focusses
on methodologies for agent systems — principled techniques for designing and im-
plementing agent systems. Section II focusses on architectures and infrastructures: the
papers in this section describe software architectures and techniques for building ef-
fective multi-agent systems. Section III focusses on coordination, which has long been
recognised as an issue of importance in the multi-agent systems community. Section IV
focusses on formal methods for agent systems, a particular strength of the ATAL work-
shop series. Section V focusses on the theoretical foundations of agent systems, and
finally, Section VI focusses on architectures and methodologies.

Section I: Methodologies

Marcel Schoppers and Dan Shapiro develop an approach that gives equal importance to
user-centric evaluation criteria on the one hand, and agent-centric or developer-centric
criteria on the other. This parity is crucial for developing robust methodologies for de-
signing agent-based systems, especially those applied where user-centric criteria, such
as safety, cannot be ignored.

Considering agent construction as a special case of object-oriented design (OOD),
Joanna Bryson and Brendan McGonigle observes that previous approaches, especially
in robotic agents, have usually not been accompanied by methodologies for their ap-
plication. This has limited their applicability to whatever can be achieved through ad
hoc construction of agents. Using OOD enables the exploitation of traditional software
techniques such as polymorphism and inheritance.

The language-action perspective as developed by Winograd and colleagues applies
insights from speech act theory to understand and analyze interactions in human orga-
nizations. Egon Verharen et al apply the same conceptual approach to develop an ar-
chitecture of agents in information applications. Their architecture yields the increased
flexibility needed for modemn applications in open information environments.

Van Parunak et al define synthetic ecosystems as multiagent systems consisting of
a large number of simple agents that can, however, participate in complex interactions.
They argue that synthetic ecosystems are beneficial in several industrial applications,
including those to do with manufacturing. They then propose an approach for the design
of such systems, including important steps toward a methodology.

Section II: Architectures and Infrastructure

Rina Schwartz and Sarit Kraus consider the problem of allocating data among a number
of self-interested data servers. They develop a mechanism for optimal allocation of data
in this environment. They model the servers as agents with individual preferences and
not subject to any central control. Unlike traditional competitive market pricing, this
approach works in settings where each product (data item) has exactly one instance.
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Arvind Bansal et al apply traditional distributed systems techniques to agent sys-
tems. They consider the problem of fault tolerance of agents. Fault tolerance is increas-
ingly important as agents are applied in critical domains. The proposed approach saves
the state of each agent with other agents in the system. When the agent recovers from a
crash, its state is reconstructed from the dumps taken at the other agents. This approach
builds on research into logical clocks and potential causality.

Munindar Singh considers the problem of coordinating the actions of agents that are
heterogeneous — with differing designs -— and autonomous. These agents relinquish
their autonomy to some extent in order to coordinate with other agents. The agents
are modeled as small skeletons showing their actions or events that are visible to other
agents, and which are relevant for coordination. This approach takes specifications in a
temporal logic and converts them into guards on the individual events that can then be
executed in a distributed manner.

Sylvia Coradeschi and Lars Karlsson introduce an approach for building reactive
but coordinated agents. Their approach defines behaviors as canned scripts or decision-
trees, which are specified along with their expected resources and priority. Agents coor-
dinate in real-time, not through communications, but by identifying their team’s tactics
and knowing the roles they play in those tactics.

Section III: Coordination Planning and Monitoring

Jaeho Lee and Ed Durfee develop structure circuit semantics (SCS) which makes ex-
plicit the semantics of plans, otherwise left implicit in the underlying plan interpreter.
It adapts GRAFCET, a formalism of the Petri net family, to capture the operational se-
mantics of plans. This approach analyzes plans of different agents to detect and avoid
potential deadlocks.

The robust execution of multiagent plans requires the ability on the part of each
agent to detect failures and recover from them. Gal Kaminka and Milind Tambe de-
velop an approach for failure detection and recovery based on social comparison the-
ory. Social comparison theory, introduced in the 1950s, involves an agent comparing its
behavior to that of other agents in a bid to identify discrepancies or to learn from them.
Kaminka and Tambe consider classes of agents, such as the teammates of the given
agent, from which the learning can be the most effective.

Coalitions promise an intuitive way to combine agents so as to improve the qual-
ity of the tasks they perform. However, determining suitable coalitions in nontrivial.
Traditional, game-theoretic, approaches are centralized and intractable. Onn Shehory et
al propose some well-argued simplifications and extensions with which an alternative
approach can be defined. Their approach is practicable for systems involving dozens of
agents, which cover many cases of practical interest.

Section I'V: Formal Methods

Mark d’Inverno et al formally specify the behaviour of a Procedural Reasoning System
(PRS) — a class of systems based on the BDI model of practical reasoning. They provide
an abstract model of an idealised system and define the key data structures and the
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operations that manipulate these structures. The specification is undertaken in Z, a well-
known formal specification language.

While a number of papers in the past have examined particular agent languages,
very few have compared different languages with respect to developing the same sys-
tem. Marco Mulder et al perform such a comparative study of two of the well known
languages for agent modelling — Concurrent METATEM (a multi-agent programming
language based on the METATEM paradigm of executable temporal logic), and DESIRE
(a compositional specification framework for intelligent systems). The comparison is
carried out with respect to the PRS agent architecture: the authors show how the main
features of the PRS family of architectures can elegantly be expressed in both Concur-
rent METATEM and DESIRE.

Carles Sierra et al describe a general framework for negotiation in which agents ex-
change proposals backed by arguments. These arguments summarise the reasons why
the proposals should be accepted. The paper uses a business process management ex-
ample to illustrate the main concepts of argumentation-based negotiation. The primary
contribution of the paper is in providing a formal integration of two well-known threads
of reasoning — agent-based negotiation and argumentation-based reasoning.

The Knowledge Query and Manipulation Language (KQML) is a widely used lan-
guage and protocol for communication between agents. Although the language has been
around for a few years, there have to date been no serious attempts at giving a seman-
tic description of it. Yannis Labrou and Tim Finin rectify this problem by providing a
detailed semantics for three key KQML performatives.

Section V: Theories

Koen Hindriks et al propose an abstract agent programming language with a well de-
fined semantics based on transition systems. The language combines both logic pro-
gramming and imperative programming constructs. It allows users to write practical
reasoning rules that provide a mechanism for goal revision. The approach has both the-
oretical and practical merit and helps to bridge the gap between theory and practice in
this area.

Frank Dignum and Rosaria Conte address the issue of autonomous goal formation.
The authors consider goal formation through behavioural conformity and goal confor-
mity. An alternative mechanism of goal formation through the adoption of norms is also
discussed. General rules for goal formation are formally expressed and applied to the
social domain.

Cristoph Jung and Klaus Fischer present the COOP calculus, a language for concur-
rent, continuous inference processes as a means of bridging the gap between theory and
practice in hybrid architectures of intelligent agent systems. Term rewriting calculus is
used as the basis for specifying the semantics. The language can also be viewed as an
extension of the hybrid system INTERRAP used for designing intelligent agents.

Frédéric Koriche provides a formal framework for modeling tractable reasoning in
resource bounded agents that have very large, inconsistent and uncertain sets of knowl-
edge. The paper proposes a model checking approach and a stepwise procedure for
improving approximate answers and allowing their convergence to the correct answer.
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Ho Ngoc Duc proposes an approach to formalizing resource-bounded agents by
combining epistemic logic with complexity analysis. Such an approach considers how
long an agent will need to compute the answer to a certain query. The paper once again
provides a mechanism for bridging idealistic theories with existing practical agents.

Section VI: Architectures and Methodologies

Marian Nodine and Amy Unruh discuss inter-operability issues in multi-agent systems,
with particular reference to the InfoSleuth project at MCC. In particular, they discuss
the desirability of using common communication languages with a standardised set of
speech acts, and a service ontology defining the “nouns” and “adjectives” that agents
can refer to. In addition to these basic components, Nodine and Unruh describe conver-
sations, which are rather like protocols for cooperation.

Walter Van de Welde et al describe the competition for attention paradigm for agent-
based multi-media applications. The competition for attention paradigm is based on the
currently popular paradigm of push technology, where users are pro-actively provided
with information and other services. However, Van de Welde et al point out that un-
modified use of push will almost certainly lead to “information overload”, and that a
solution is for agents to compete for user’s attention. They describe an implementation
of the approach in the WWW site for the Brussels-based Ecran film festival.

Carlos Iglesias et al continue the theme of methodologies for agent-based systems
developed at previous ATAL workshops, by developing a methodology for agent system
development based on the well-known Common KADS methodology for knowledge-
based system construction. The methodology results in the generation of seven models,
describing the various aspects of the system. The methodology is illustrated by means
of a simple travel agency case study. Like Iglesias and colleagues, Rune Gustavsson
also describes an approach to designing multi-agent systems based on the Common
KADS methodology.

R. Scott Cost et al describe TKQML — an interpreted programming language for
building agent systems based on the TCL (Tool Control Language) scripting language.
TQML, as its name suggests, supports messaging in the KQML communication lan-
guage. TKQML allows rapid prototyping of multi-agent systems, and allows the use
of all Tcl/Tk facilities for building GUI front ends.

November 1997 Munindar P. Singh (Raleigh, USA),
Anand S. Rao (Melbourne, Australia), and
Michael J. Wooldridge (London, UK)
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