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Foreword

With the integration of computing and communication into the very fabric of our
social, economic, and personal existence, the manner in which we think about
and build software has become the subject of intense intellectual, scientific, and
engineering reexamination. New computing paradigms have been proposed and
new software architectures are being examined. The study of multi-agent sys-
tems (MAS) is one important movement energized by a growing awareness that
application development may need to follow radically new paths. Fundamentally,
MAS denotes a new software specification and design paradigm. Moreover, when
viewed in the context of large-scale deployment, it emerges as the embodiment
of the quintessential concerns facing the software engineering community today.
As computing and communication permeates the essential aspects of the societal
infrastructure, software must become more nimble, slimmer, more natural, and
more discrete. Software must integrate itself in an organic way into the activities
it serves and the resources it exploits.

Technological changes and their societal implications clearly impacted the
evolution of MAS research. The starting point was the wired network that facil-
itated the development of distributed applications for which MAS appeared to
offer a novel design strategy. The introduction of base stations and wireless com-
munication (with devices that move along the fringe of the wired network and
can disconnect unexpectedly for extended periods of time) highlighted the impor-
tance of disconnected interactions, highly decoupled computing, and migration
across the wireless link. MAS proved to be particularly well suited to respond
to the requirements of the new environment; for example, it seems natural for a
disconnected host to rely on an agent migrated to the wired network to carry out
work on its behalf. The advance of ad hoc networks offered still new opportunities
and also new challenges for MAS research. Structuring applications as communi-
ties of agents that can float over a physically mobile infrastructure is clearly an
intellectually exiting possibility to consider, but finding applications that match
well to this environment remains a contentious point among researches and prac-
titioners. Finally, MAS made its presence felt even in the newly emerging field of
sensor networks. The flexibility of the basic MAS paradigm is indeed remarkable
and all indicators point to its continuing evolution towards enabling applica-
tion developers to achieve increasingly more effective utilization of the deployed
computing and communications infrastructures.

The most visible MAS contributions can be attributed to successful ab-
straction and conceptualization efforts that demonstrate the expressive power
of the various embodiments of the basic paradigm across multiple technological
substrates. However, only the combination of exciting conceptual frameworks
with analytical power, design methodology, and engineering practice will lead
to achieving a truly high impact on the society at large. These concerns should
be formative elements for the MAS research agenda. Interestingly enough, the
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content of this volume matches well with this perspective on the field. Papers on
context awareness, coordination, and modeling continue to focus on strengthen-
ing and deepening our understanding of conceptual frameworks having both sci-
entific and practical significance. Papers addressing requirements, architecture,
and dependability capture methodological and engineering concerns. Analysis
alone receives somewhat more limited coverage in this volume.

MAS research is well positioned in terms of technical coverage of the field and
promises to lead to the deployment of nimble and responsive user-centered appli-
cations. However, the community needs to recognize that in today’s environment
the marketplace has a greater than ever voice in determining research relevance
and impact. This is not due to the evolving patterns of research funding, but
due to the high degree of integration of computing and communication into the
workings of a modern society. Acknowledging this should lead to the emergence
of a research paradigm that focuses on the creative integration of conceptual,
engineering, and application concerns in the shaping of the next generation of
MAS. I view this volume as an important step along this path.

December 2005 Gruia-Catalin Roman
Washington University in Saint Louis



Preface

Software is becoming present in every aspect of our lives, pushing us inevitably
towards a world of autonomous distributed systems. The agent-oriented paradigm
holds great promise for responding to the new realities of large-scale distributed
systems. It is strongly rooted in the theories underlying multi-agent systems
(MASs) and, as a result, offers appropriate software engineering abstractions
and mechanisms to address issues such as context-awareness, openness, coor-
dination, ubiquity, mobility, adaptation, and cooperation among heterogeneous
and autonomous parties. Not surprisingly, multi-agent software development is
one of the most rapidly growing areas of research in academia and software
industry.

Nevertheless, the complexity associated with software agents and MASs is
considerable, posing new challenges to software engineering community. Without
adequate development techniques and methods, MASs will not be sufficiently
dependable, trustworthy and extensible, thus making their wide adoption by
the industry more difficult. Commercial success of MAS applications requires
scalable solutions based on well-understood software engineering approaches that
ensure effective deployment and enable reuse.

A large MAS is complex in many ways. When a set of agents interact over
open heterogeneous environments, several problems emerge. For example, ope-
ness requires appropriate abstractions and mechanisms for supporting context-
awareness. In addition, it makes their coordination and management challenging
and increases the probability of exceptional situations, security holes and unex-
pected global effects. Moreover, as users and software engineers delegate more
autonomy to their MASs and put more trust in their results, new concerns arise
in real-life applications. Yet many of the existing agent-oriented solutions are
far from ideal; in practice, systems are often built in an ad-hoc manner, are
error-prone, not scalable, not dynamic, and not generally applicable to large-
scale environments. If agent-based applications are to be successful, software
engineering approaches will be needed to enable scalable deployment.

The main motivation for producing this book is the Software Engineering for
Large-Scale Multi-Agent Systems (SELMAS) workshop series, which focuses on
bringing together software engineering practitioners and researchers to discuss
the several issues arising when MASs are used to engineer complex systems.
SELMAS 2005' was the fourth edition of the workshop, organized in association
with the 27th International Conference on Software Engineering (ICSE), held in
Saint Louis, USA, in May 2005. The theme of this particular workshop edition
was “Software Everywhere—Context-Aware Agents.” To produce the book based
on this workshop edition, we decided to extend the workshop coverage, and to

! Garcia, A. el al.: Software Engineering for Large-Scale Multi-Agent Systems - SEL-
MAS 2005 (Workshop Report). ACM Software Engineering Notes, Vol. 30, N. 4,
July 2005.
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invite several of the workshop participants to write chapters for books based on
their original position papers, as well as several other leading researchers in the
area to prepare additional chapters. Thus, this book is a continuation of a series
of three previous ones?~4.

This book brings together a collection of 15 papers addressing a wide range
of issues in software engineering of MASs, reflecting the importance of agent
properties in today’s software systems. The papers in this book describe re-
cent developments in specific issues and practical experience. At the end of each
chapter, the reader will find a list of relevant references for further reading. The
papers in this book are grouped into five sections: Context-Awareness, Coor-
dination, Dependability, Modelling, and Requirements and Software Architec-
ture. The first section is especially dedicated to the SELMAS 2005 theme. The
other sections contain high-quality contributions on other important comple-
mentary concerns in MAS development. We believe that this carefully prepared
volume, describing the most recent developments in the field of software engi-
neering for MASs, will be of particular value to all readers interested in these key
topics.

With a comprehensive selection of case studies and software engineering so-
lutions for MASs applications, this book provides a valuable resource for a wide
audience of readers. The main target readers for this book are researchers and
practitioners who want to keep up with the progress of software engineering of
MASSs, individuals keen to understand the interplay between agents and other
software development paradigms, and those interested in experimental results
from MAS applications. Software engineers involved in particular aspects of
MASs as a part of their work may find it interesting to learn about applica-
tion of software engineering approaches in building real systems. Some chapters
in the book discuss the transitions involving different MAS development phases,
such as requirements, architecture specifications, and implementation. One key
contribution of this volume is the description of the latest approaches to reason-
ing about complex MASs. We are confident that this book will be of consider-
able use to the software engineering community by providing many original and
distinct views on such an important interdisciplinary topic, and by contribut-
ing to a better understanding and cross-fertilization among individuals in this
research area. Our thanks go to all our authors, whose work made this book
possible. Many of them also helped during the reviewing process. We would also
like to express our gratitude to the members of the Evaluation Committee who
were generous with their time and effort when reviewing the submitted papers.
We specially thank all people involved—authors, workshop participants, and

? Qarcia, A., Lucena, C., Castro, J., Zambonelli, F., Omicini, A. (eds.): Software
Engineering for Large-Scale Multi-Agent Systems. LNCS, vol. 2603, Springer-Verlag,
April 2003.

3 Lucena, C., Garcia, A., Romanovsky, A., Castro, J., Alencar, P. (eds.): Software
Engineering for Multi-Agent Systems II. LNCS, vol. 2940, Springer-Verlag, February
2004.

4 Choren, R., Garcia, A., Lucena, C., Romanovsky, A. (eds.): Software Engineering
for Multi-Agent Systems III. LNCS, vol. 3390, Springer-Verlag, February 2005.
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reviewers—for making this book series and the SELMAS workshop editions a
high-quality scientific joint project.

December 2005 Alessandro Garcia (Lancaster University, UK)
Ricardo Choren (IME-Rio, Brazil)

Carlos Lucena (PUC-Rio, Brazil)

Paolo Giorgini (University of Trento, Italy)

Tom Holvoet (K. U. Leuven, Belgium)

Alexander Romanovsky (University of Newcastle, UK)
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Abstract. In this paper, we demonstrate a policy-driven approach for
building and managing large scale agent based systems. We identify dif-
ferent classes of policies for agent based component integration. We also
identify the system services and mechanisms that are required for policy-
driven integration of components and their management. Policies are de-
rived from the application level requirements and are used in dynamic
configuration of agent based systems. Through case studies of two ap-
plications we demonstrate the utility of the policy-driven component
integration approach in distributed agent systems.

1 Introduction

Building and managing large distributed component systems is becoming an
increasingly challenging task. Continuous intervention by system administrators
is generally limited in large-scale distributed environments. System support is
needed for reconfiguration and reorganization when systems evolve with the
addition of new components.

Component based approaches for structuring distributed systems have suf-
ficiently matured and are widely used today [1]. New challenges in using the
component technology are concerned with building systems using dynamic inte-
gration of active components such as agents [2]. Policy-driven approaches have
been used previously for managing distributed systems [3]. In this paper we pro-
pose a policy-driven approach for building distributed agent systems. We identify
the policy classes and the essential services required in building distributed agent
systems.

Policies are derived from an application’s functional and non-functional re-
quirements. The functional requirements of an application may require certain
components to be present on an agent or certain agents to coordinate towards
some common goals. The non-functional requirements of an application may
state that all the agents and components should be monitored for failures. In the
policy-driven integration approach, the agent composition and the inter-agent
interactions are driven by the policies which are derived from the high level re-
quirements. The policies act as a glue in creating a dynamic configuration of
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the system in order to satisfy the functional and non-functional requirements.
Since the application requirements are realized through a set of policies hence it
is important to monitor events indicating policy violations (policy-events) and
perform policy-actions to ensure that the requirements are not violated. Such an
event and an action pair forms a rule. These rules are derived from the policies
and form the basic mechanism for building policy-driven systems.

An agent is an active object encapsulating other components and is con-
sidered as a first-class component. It serves as an execution environment with
security privileges; representing some principal in the environment. Moreover,
an agent may be capable of migrating in the network. In this paper we use the
term component to refer to objects that are contained in an agent; these ob jects
may be active or passive. This agent model is supported through the Ajanta
mobile agent programming framework [4, 5].

In policy-driven distributed agent systems, there are intra-agent policies for
component integration, inter-agent policies for agent-to-agent interactions, and
policies to ensure system robustness. Based on these policies, rules are derived
for dynamic integration of agents and components in the system.

Agent based distributed computing models provide an ideal foundation for
policy-driven component integration. Agents are autonomous entities that can
encapsulate and enforce local policies. Autonomous agents are capable of learning
and adapting to the new or modified global policies that dictate the interactions
among distributed agents. Mechanisms of self-configuration, self-monitoring and
recovery can be built using agent’s capabilities.

In this paper we identify policy classes and present essential services and
mechanisms for building distributed agent systems. We use two case study ex-
amples to elaborate on this policy classification. One of these systems is targeted
towards network monitoring using mobile agents [6] and the other is targeted
towards building secure distributed collaborative applications from their high-
level specifications (7,8, 9]. Both these systems are based on the Ajanta mobile
agent programming framework.

These two applications lie at the opposite end of the spectrum of building
policy-driven distributed agent systems. Network monitoring represents the class
of systems that are open and evolving. Such systems do not have any limit on
the number of agents present in the domain. There can be spontaneous arrival
or departure of agents in the domain. Network monitoring system is targeted
towards large domains where hosts, agents, or components may get added or
removed over a period of time. Network monitoring policies are related to the
configuration, monitoring, and failure-recovery of agents and components in the
domain. On the other hand the specification driven secure distributed collabora-
tion framework is used for synthesizing collaborative application by integrating a
set of agents and components having specific collaboration and security require-
ments. Only a fixed set of agents can participate in the collaboration. External
agents cannot join the collaboration spontaneously after the collaboration envi-
ronment has been instantiated. In this way the secure distributed collaboration
system represents a closed agent system.



