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Abstract

This paper reports on the First International Workshop on Software Engineering for Large-Scale
Multi-Agent Systems (SELMAS 2002) held in Orlando, Florida, USA, May 19, 2002, as part of the
International Conference on Software Engineering (ICSE 2002). The main purpose behind this
workshop is to share and pool the collective experience of people, both academics and practitioners,
who are actively working on software engineering for large-scae multi-agent systems. The call for
papers dicited about 20 submissions of which 17 papers were accepted for publication in the
workshop proceedings and 12 papers were accepted for presentation. A selected set of workshop
papers and invited papers are going to appear in the book Softwar e Engineering for Large-Scale Multi-
Agent Systems (LNCS, Springer, 2002). The workshop consisted of an opening presentation, several
paper presentations that were organized into three distinct sessions, and a panel. During the workshop
we informally reviewed ongoing and previous work and debated a number of mportant issues. The
SELMAS 02 Web page, including the papers and the electronic version of this report, can be found at
<www.teccomm.les.inf.puc-rio.br/seimas2002>. We begin by presenting an overview of our goals and
the workshop structure, and then focus on the workshop's technical program.
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Resumo

Este artigo € um relatério sobre o 2. Workshop Internacional em Engenharia de Software para
Sistemas Multi-Agentes de Larga Escala (SELMAS 2002), redizado em Orlando, Florida, USA, em
19 de maio de 2002, como evento integrante da Conferéncia Internacional em Engenharia de Software
(ICSE 2002). O principa objetivo deste workshop é compartilhar e sincronizar a experiéncia coletiva
de pessoas, tanto académicas quanto profissionais, que estéo ativamente trabal hando em engenharia de
software para sistemas multi-agentes complexos. Com a chamada de artigos, nés recebemos cerca de
20 submissfes, das quais 17 foram aceitas para publicacdo nos anais do workshop e 12 foram aceitas
para apresentacd. Um conjunto selecionado de artigos do workshop e artigos convidados iréo
aparecer no livro Software Engineering for Large-Scale Multi-Agent Systems (LNCS, Springer, 2002).
O workshop consistiu de uma apresentac@o de abertura, varias apresentacdes de artigos que foram
organizadas em sessfes técnicas digtintas, e um painel. Durante o workshop, noés informamente
revisamos trabalhos passados e atuais, bem como debatemos uma série de questdes interessantes. A
pagina na Web do SELMAS 02, incluindo os artigos e a versdo eletronica deste relatorio, pode er
encontrada em  <www.teccomm.les.inf.puc-rio.br/slmas2002>. NOs comecamos este artigo
gpresentando uma revisdo dos nossos objetivos e a estrutura do workshop, e entéo focamos no
programa técnico do workshop.

Palavras-chave: Sistemas multi-agentes, engenharia de software, sistemas distribuidos.



1. Introduction

The advances in networking technologies are paving the way towads building large-scae
multi-agent systems (MAS). In the near future, it is expected that multitudes of autonomous
software agents will be deployed in our networks and on the Web to pursue goas on our
behdf by communicating, and ether cooperating or competing with each other [4, 17].
Although <oftware sysems built as organizations of autonomous and intdligent agents
promise to provide computer scientists and engineers with the expressve and computationd
power to tackle levels of conplexity never reached before, gpecific abstractions,
methodologies, and tools are required to enable an engineered approach to the congruction of
such sysems [17]. There is an urgent need not only for theoreticad foundations making the
MAS conceptua setting clear, but aso for specific methodologies driving the development of
complex MAS, and for powerful and managegble infragtructures making MAS a viadle
gpproach for building complex, distributed software systems [5, 17].

In this context, research in multi-agent software engineering has been caried out
according two different gpproaches (i) agent-based software engineering [11, 21], and (ii)
object-oriented software engineering for multi-agent systems [1, 2, 5, 6, 12]. Researchers in
the fird approach argue persuasvey that multi-agent systems often are much more complex
than object-oriented systems and hence the traditional object model generdly fals to capture
the conplexity of multi-agent systems. In this gpproach, agents are a new abdraction that
subgtitutes the object abdtraction redizing the agent abdtraction as a new software engineering
paradigm. As a result, proponents of this gpproach assert it is necessary to develop new
software engineering techniques, methods and tools that are specificaly tallored to agents. On
the other hand, researchers in the second approach propose the integraion of agents into the
object-orientation world and, thus, they think of objects and agents as complementary
abdractions. As a reault, they have centered on usng and extending existing techniques and
methods from object-oriented software engineering, such as design patterns, frameworks, and
modding languages, to multi-agent software engineering. An important am of both
gpproaches has been to get more indght into how software engineering techniques and
methods may dleviae the complexity associated with MAS development, and how they may
lead to large, complex agent-based software that is more dependable and more widely
reusable without sacrificing efficency.



The above congderations motivated the organization of the SELMAS02 workshop. The
workshop was dso motivated by the advances in the MAS engineering fidd and our research
context in the SoOC + MAS group a PUC-Rio that has invedigated software engineering
technigues and methodologies for building large-scde MAS [18]. The man goas of this

workshop were:

1. To determine the overlgp and integration of the two generd research approaches for
multi- agent software engineering;

2. To understand those issues in the agent technology tha hinder or improve the
production of large-scale distributed systems; and

3. To provide a comprehensve overview of software engineering techniques that may
successfully be gpplied to ded with the complexity associated with redigic multi-
agent software.

Other specific interests of the workshop were to collect experience reports regarding
empiricd sudies and software engineering techniques for large-scde multi-agent systems, to
identify best practices for MAS development and to establish a research agenda for those
researchers interested in multi-agent software engineering. The workshop brought together
researchers interested in pushing the frontier in this important and burgeoning area, and
practitioners who have experience with MAS development tha can help to guide their
rescarch. The workshop conssted of an opening presentation, a pand (at the end of the
workshop) and hree paper sessons, organized around some of the key themes that emerged
from the podtion papers. The paper sessons were introduced by brief presentations, and

continued with genera discusson.

2. Workshop Proceedings and Program Committee
The papers were collected in the ICSE workshop proceedings [7], and in the SELMAS 02
Web site. The Program Committee (PC) was composed by the following members:

Alessandro Garcia (PUC-Rio — Brazl) - Chair
Alexander Romanovsky (University of Newcadtle - UK)
Anand Tripathi (Universty of Minnesota- USA)
Andrea Omicini (Universty of Bologna— Italy) - Chair
Awais Rashid (Lancaster University — UK)

Carlos Lucena (PUC-Rio — Brazl) - Chair



Carlos Iglesas (Polytechnic University of Madrid - Spain)
Cecilia Rubira (UNICAMP - Breazil)

Ciaran Bryce (Universty of Geneve - Switzerland)

Christina Chavez (UFBA - Brazil)

Dan Marinescu (University of Centrd Horida- USA)
Dondd Cowan (University of Waterloo - Canada)

Eric Yu (University of Toronto — Canada)

Franco Zambondli (Univ. of Reggio Emilia— Italy) - Chair
Gerd Wagner (Eindhonven Univ. Technology - The Netherlands)
Gerhard Weiss (Technicd Univergty of Munich - Germany)
Jael son Castro (UFPE — Brazil) - Chair

James Oddl (OMG - USA)

Je Xu (Univergaty of Durham — UK)

Julio Leite (PUC-Rio - Brazl)

Katia Sycara (Carnegie Mdlon Universty - USA)

Liz Kendd! (Monash University - Audrdia)

Marco Mame (University of Modena- Itay)

Marcus Fontoura (IBM Almaden Research Center - USA)
Mark d' Inverno (Univergity of Westmingter — UK)

Martin Fredriksson (Blekinge Indtitute of Technology - Sweden)
Mike Wooldridge (University of London - UK)

Mohamed Fayad (University of Nebraska- USA)

Nick Jennings (Univergty of Southampton - UK)

Ruy Milidit (PUC-Rio - Brexil)

Simon Stobart (University of Sunderland - UK)

Van Parunak (Altarum Indtitute - USA)

3. Workshop Organization and Structure

The organization was under the respongbility of the organizing chairs Alessandro Garcig,
Carlos Lucena, Jaelson Castro (UFPE, Brazil), Franco Zambonelli (Universty of Modena and
Reggo Emilia, Itdy) and Andrea Omicini (Univergty of Bologna, Itdy) and with the
assigtance of the PC. One full day was alocated for the workshop (May 19, 2002). There were

about 30 paticipants who contributed largely with position papers, which were ieviewed and

revised before the workshop. We receved about 20 submissons from eght countries:
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Argentina, Belgium, Brazil, Canada, France, Itdy, Sweden and the U.S. We sdected 17
papers for publication in the workshop proceedings and 12 papers for presentation. Each
paper was reviewed by a least four members of the PC or additiona reviewers, the find
selection was made by the workshop organizers based on the evduation forms. The presented
papers were chosen because they offered different or novel perspectives on the workshop
topics, and because they had a high potentid for generating issues that would gimulate the
discussons. An additiond description of the sdlection process, as well as dl the participants
position papers, can be found at the SELMAS Web site.

The meeting provided a forum for the exchange of ideas on case Sudies and diverse
gpproaches to the development of MAS. In preparation to the workshop, participants were
requested to read dl other submissons, and asked to prepare a clear postion statement and
questions that were likdy to stimulate discusson. Moreover, each presenter tried to identify
open questions that could provide the basis for further research in the coming years. The taks
were common to dl paticipants, and provided a sense of thematic unity by addressing
different important topics in MAS engineering theory and practicee The qudity of the
presentations a SELMAS 02 was high, and triggered a highly interesting discusson amongst
the participants of the workshop — which we would sncerdly like to thank for ther active
paticipation and the level of their contributions to the debate. Interactions between the
participants were lively and the discusson sessons often ran overtime. During the lunch and
coffee breaks, the workshop participants discussed the benefits of future collaborations.

The workshop was structured into the following parts:

An opening presentation was the starting point and introduction for the morning and the
afternoon sessions. The presentation was given by Carlos Lucena and Alessandro Garcia
They reported about the meeting topics and gods, and the workshop organization process
(see Section 4).

Three technical sessons provided the opportunity to present theoreticad and practical
issues about MAS enginesring and concerns in practice.  The firs sesson addressed
gructuring and modeing techniques for MAS development. The second session was
dedicated to a discusson about dependability and reusability aspects within the context of
MAS deveopment. Some empiricd studies and new tools for MAS and ther specifics
were presented in the third technicad sesson. At the end of each presentation, some time



was reserved for discusson. To maximize time for discusson, we agppointed a chair for
each sesson to coordinate a combined presentation for each group of papers. We found
this format to be very effective for identifying commondties and relative drengths of the
various approaches. The most important topics of each sesson are briefly summarized in
Section 6.

A find pand discusson concluded the workshop. Three pandists answered questions
from the audience and debated with each other. Unfortunately, there was too little time to
resolve many open issues. More information about the pand and the topics discussed is
given below.

Following the successful first workshop a number of workshop papers have been sdected for
extengon and publication in a forthcoming specid LNCS volume. Moreover, we will include
some invited papers in this specid volume. It adso is hoped that it will be possble to hold a
second workshop as part of the |CSE 2003.

4. Opening Presentation: Setting the Stage

SELMAS (02 began with a kick-off presentation by Carlos Lucena and Alessandro Garcia
Lucena edablished a brief overview of common concepts and terminology, and the
motivation for research on multi-agent software engineering. He advocated that the increasing
popularity of the Internet and related technologies (such as Web services, Web semantics and
ontology) has revitdized the investigation of agent technology as a promisng paradigm for
enginesring complex didributed software sysems. He dso commented that in spite of the
expressive interes of the computing industry (such as HP [9], IBM [10] and Microsoft [14])
in agent research, and the increesng number of academic researchers interested in
investigating aspects of multi-agent software engineering, there dill are few publications

about the subject in relevant journals and transactions on software enginesring.

In addition, Lucena explained that objects and agents are abdractions that exhibit points of
amilarity, but the deveopment of agent-based software poses other chalenges to software
engineering since vftware agents inherently are more complex entities. In addition, a large-
scde MAS needs to saisfy multiple dringent requirements such  as  dependability,
interoperability, scaability, mantainability and reusability. However, many existing agent-
oriented solutions are far from ided; in practice, they are often built in an ad-hoc manner and
are error-prone, not generally applicable, not scalable and not dynamic.
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Garcia reported that over eighty percent of al submitted papers were related to the third
workshop goa (see Section 1). Some papers discussed how the agent abdtraction might
improve or make more difficult the development of large-scde MAS. Few papers explicitly
discussed  relaionships  between object-oriented software  enginesring and  multi-agent
software engineering. Garcia also explained the sdlection process for the LNCS volume. The
foils of this opening presentation are available on the SELMAS Web site.

5. Workshop Presentations

As we explained above, 12 papers were accepted for presentation. Unfortunately, one of he
Speskers was not able to travel to Orlando. Thus, we had actudly 11 paper presentations
during the workshop. There were seven presentations in the morning and four presentations
after the lunch bresk. Twenty minutes were dlocated for each presentation, followed by 15
minutes of discusson. The papers and their authors were as follows, with the names of the
actud paticipants in the workshop underlined. Summaries of these presentations ae
presented in the following section of this workshop report.

Otavio Slva, Alessandro Garcia, Carlos Lucena (Computer Science Department —
TecComm Group , PUC-Rio, Rio de Janeiro - Brazl): The Reflective Blackboard
Architectural Pattern for Devel oping Large-Scale Multi-Agent Systems.

Marco Mame (Dipatimento di Ingegneria dell’Informazione - Univerdta di Modena e
Reggio Emiliaa, Modena — Itdy), Michae Mahan (Nokia Research Center Agent
Technology Group 5, Burlington - USA): Engineering Mobility in Large Multi Agent
Systems: A Case Study in Urban Traffic Management.

Rune Gudavsson, Martin @ Fredriksson  (Department  of  Software  Enginesring  and
Computer Science, Blekinge Inditute of Technology, Ronneby - Sweden): Sustainable

Information Ecosystems

Eric Yu, Luiz Cysnaros (Depatment of Computer Science, Universty of Toronto,
Toronto - Canada): Large-Scale Agent Systems: A World Modeling Per spective.

Zahia Guessoum, Jean-Piere Briot, S. Charpentier, Samir Aknine, Olivier Marin, Pierre

Sens (LIP6, Universté Pierre et Marie Curie, Paris - France): Dynamic and Adaptive
Replication for Large-Scale Reliable Multi-Agent Systems

Gruia-Catdin_Roman, Chridine Julien (Department of Computer Science, Washington
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Universty, WashingtonrUSA), Amy Murphy (Depatment of Computer Science,
Universty of Rochester, Rochester-USA): A Declarative Approach to Agent-Centered

Context-Aware Computing in Ad Hoc Wireless Environments.

Tom Holvoet, Elke Steegmans (Department of Computer Science, KULeuven, Leuven -
Bdgium): Application-Specific Reuse in Multi-Agent System Development.

Maria Slvia Gatti, Monia Spdlanzani (Dipatimento di Ingegneria ddl’Informazione -
Universta di Modena e Reggio Emilia, Modena - Itdy), Andrea Rolli (Dipatimento di
Bettronica Informatica e Sigemidica, Universta di Bologna, Bologna — Italy), Franco
Zambonelli, Marco Mamei (Dipatimento di Scienze e Metodi ddl’Ingegneria, Universita
di Modena e Reggio Emilia, Modena — Italy): What Can Cellular Automata Tell Us About
the Behavior of Large Multi-Agent Systems.

Rodion Podorozhny, Dewayne Pery (UT Advanced Research in Software Engineering
(UT ARISE), Univerdty of Texas Audin, Texas - USA): A Multi-Agent Framework for

an Architecting Process Environment.

Andrés Diaz Pace, Marcdo Campo, Federico Trilnik (ISSISTAN Research Inditute
UNICEN Universty Campus Universtario, Tandil - Argenting): Smartweaver: An Agent-
Based Tool for Aspect-Oriented Development.

Arthur Reyes (Depatment of Computer Science & Engineering, Universty of Texas a
Arlington, Arlington - USA): Introducing the Marshland Design Optimization Tool for
Mobile Multi-Agent Systems

6. The Sessions
As mentioned above, we had three sessions of presentations and discussons. Each of the

sessions was organized according to common themes in the position paper.

Session 1. Modeling and Structuring MAS —When and How
Chair: Prof. Gruia-Catalin Roman (Washington University, USA)

This sesson was devoted to the “when” and “how” aspects of MAS modeing and structuring.
An MAS and its condtituent agents exhibit properties tha manifest during the different phases
of MAS devdopment; different techniques (“how” aspect) must be used to modd and
dructure properly such properties in the suitable development stages (“when” aspect). In other



words, this sesson centraized the discussons about how and when it is worth to handle MAS
features like goas, mobility, adaptation, learning, autonomy, planning, coordination and SO
forth.

The fird presentation, by Otavio Slva, motivated the use of the Reflective Blackboard
pattern in the architectural desgn stage (“when” aspect) of large-scale MAS development.
This peattern is the compodtion of two other wel-know architecturd patterns. the
Blackboard pattern and the Reflection pattern. He explained that the proposed pattern
provides, early in the architecturd desgn dage, the context in which more detaled
decisons relaed to sysemlevel propeties (eg. communication, coordingion, mohility,
security, and fault tolerance) can be made in lae dages of software development. The
pattern alows a better separation of concerns, supporting the separate handling of these
sysem-levd properties by means of the computationd reflection technique (“how”
aspect).

In the second presentation, Marco Mame proposed the use of Co-Fdds a new
implementation modd to coordinae the respective movements of a large number of
agents in an environment. The model is based on the concept of computational force fields
(“how aspect”): digtributed data structures providing to the agents an abdraction of the
environment in terms of force fieds driving agents towards the achievement of specific
coordination tasks. He commented that his future work would proceed towards two main
dimengons. On the one hand he is currently completing the definition of a light, micro-
kernd, event-based infrastructure, suitable as a supporting middleware for pervasive
goplications and resource limited devices. On the other hand, he is trying to extend the
Co-Fidds modd and to formdizeit.

Rune Gudavsson cdamed that a fundamentd chdlenge in enginearing of large-scde MAS
involves evolutionary aspects of living sysems. A purposgful and principled reuse of
system components or web of services in complex networked environments requires what
we could characterize as a systemic agpproach to evolution. That is, hanessing enabling
technologies, such as network-centric gpplications, service-oriented architectures and new
models of connectivity, into opportunities to create new applications. But aso, in the
process of engineering such systems, to ensure that they fulfill both functiona properties
as well as nontfunctiond qudities. He argued that contemporary approaches to service-
oriented architectures, e.g. .NET does not provide the proper methodologies and tools for
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sarvice conjunction in a scaable manner. Gustavsson explained that service discovery and
conjunction by means of open patterns of interaction are the basic tools for sustaingble
system behavior (“how aspect”).

In his tak, the podtion of Luiz Cysneros was that agent abgtractions, with concepts of
autonomy, socidity, rationdity, etc., are suitable not only for software agents but aso for
modeling and andyzing (“when aspect”) the world in which these software agents
function. He discussed how an agent-oriented approach to world modding would capture
the complexity of socid issues better than traditiond software development
methodologies (“how aspect’). He illustrated his view with some software engineering
chdlengesin terms of large-scale hedth care information systems.

Session 2: Dependability and Reusability in Large MAS
Chair: Dr. Martin Griss (HP Research Laboratory, USA)

In this sesson, new techniques for improving the reusability and dependability of large-scale
MAS were discussed. One special session was devoted to these topics due o the high number
of submissons gpproaching them (seven submitted papers).

Zahia Guessoum presented her gpproach for evauating the criticaity of software agents
and improving their dependability in terms of reliability and availability. The proposed
approach is based on the concepts of roles and degree of activity. The agent criticdity is
used to replicate agents in order to maximize ther dependability based on avalable
resources. Her proposa has been vaidated based on a fault-tolerant framework (DarX)
and amulti-agent framework (DIMA).

Gruia-Catalin Roman presented the research work on context-aware computing in his
laboratory a the Universty of Washington. Of interest to his research group is the ease
with which resources can be acquired and retaned in the presence of mobility. In
particular, he proposed to extend the notion of declarative specifications to provide the
mechanisms needed to maintain access to the specified resources despite rgpid changes in
the environment caused by the mobility of hosts, migration of software agents, and

changes in connectivity.
Tom Holvoet structured his presentation in three parts. Firet, he offered an overview of the
possible ways for reuse in MAS. Secondly, he presented his goproach (caled MASORG —



MAS Organizations), which is largdy inspired by three pillass of today’'s software
engineering practice and research, namey OO mechanisms, separation of concerns, and
desgn patterns and frameworks. The presented reuse method has two man gods to
describe MAS in an abstract, application-independent way, and to reuse such abstract
MAS through applicationspecific adoptions.

Session 3: Experimentsand Toolsfor Large MAS
Chair: Prof. Ruy Milidit (PUC-Rio, Brazl)

In this sesson, projects, tools, experiments, and case studies together with the respective
gpproaches used, their results, as well as lessons learned were presented. The intention was to
help software engineering researchers to get a feding for the critica issues to consder in
MAS devedopment. The discusson after this sesson was continued in the find pand
discusson.
Marco Mame presented the paper of Maria Gatti et d. He reported about an experiment,
where the behavior obsarved in a cdass of cdlular automata (which they defined as
“disspative’) resulted in dable macro-level globd gructures emerging from  locd
interactions among cdls Since disspaive cdlular automata exhibit characterigtics of
open multi-agent systems, they expect that smilar sorts of macro-leve behaviors are
likdy to emerge in MAS and need to be sudied, controlled, and possbly fruitfully
exploited. He described their experience with a preiminary set of experiments.

Rodion Podorozhny reported on his experience in extending and generdizing the design
of the multi-agent aspect of an existing software process environment (SPE). An agent
framework has been used to modd severd architecture recovery processes in this SPE. He
clamed that few SPES pay any dtention to agent specification. In the context of his work,
the agents are intdligent, autonomous entities that are experts in some part of the process.
The process is represented in a software process language, Little-JIL. Programs in Little-
JL describe the coordination and communication that enable them to perform a process.
Agents may be human or automata. In either case, they are assigned work and are required
to report back the success or failure of that work when they are done. Four domain

engineering methodol ogies were described through a classroom experiment.

In his tak, Andrés Diaz Pace discussed an agent-based CASE environment, called
Smartweaver, for asssting aspect-oriented development (AOD). The AOD paradigm is
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now recognized as an important level of software organizetion. However, the diversty of
AOD agproaches often requires that developers have an important grasp of experience and
programming <kills to effectivdly implement aspectud desgns. His ressarch is amed at
providing smart guidance to developers to better teke advantage of AOD facilities. A
novel facet of the Andrés proposd is that it demongtrates that software agents combined
with planning techniques to derive a sequence of activities developers should carry out in
order to implement aspect- oriented applications.

In the lagt talk, Arthur Reyes introduced MArSHLANd, a design synthesis tool that targets
sysem-levd desdgn optimization problems for mobile MASs. This tool discovers
satisfactory MAS desgns by evduating a collection of randomly-generated, candidate
MAS dedgns smulated in padld. Dedgn seach space is implemented via genetic
agorithms.

7. The Panel

Following the afternoon break, a pand concluded the workshop. The pandigs were Prof.
Gruia-Catalin Roman, Dr. Martin Griss and Prof. Rune Gustavsson. Marco Mamel played the
moderator role. Each pandist presented his viewpoint regarding research interests on the
workshop topics. The issues naturdly evolved out of the discussons during earlier sessons as
points of disagreement or unresolved problems. Agan, the discussons were livdy and
participants learned a lot from each other. This pand was a high point in the day and involved
90 minutes of livdy discusson. Since we redized there was not enough time to identify
specific issues, the participants concentrated on broad issues about software engineering for
large-scdle multi-agent systems. Since there was a lot of agreement in the group, we were able
to make good progress in our discussons. The pandigs and the workshop participants

discussed severd topics. Below isareview of the panelists' statements.

Prof. Catain explaned that his research interets are related to software agents as
architecturd components (agents such as unity of modularity, unity of execution, and unity of
mobility). Roman asserted that an important property in MAS is openness and, as a
consequence, context-awareness (and its different degrees) is a criticd point in the
devdopment of large-scde MAS. He explained context-aware computing refers to the explicit
ability of a software system to detect and respond to changes in its environment. Most current
facilities supporting context-awareness are relatively smple and limited in scope. When the
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needs of the gpplication must reach beyond the basics (e.g., the application requires access to
sarvices avalable a a remote location), the programmer needs to contend with more complex
processes that include discovery and communication. While these extra costs may be
acceptable in wired networks where connections persst over extended periods of time, n ad
hoc networks the complexity of managing frequent disconnection can ggnificantly increese
the programming effort. Yet, mobile systems do need access to a broad range of resources,
maybe even more so than distributed application.

Dr. Griss described the work on multi-agent software enginering at the HP research
ldboratory. He commented that his team has largdy focused on the functiondity,
customizability and robustness of the persond assstant and supporting agents. Focusing on
the persona and mobile aspects of agents, and for the moment downplaying the shopping and
e-commerce aspects, his group has been building a sysem cdled “CoolAgent”, which
involves a group of persond, team and service agents and assstants. These agents and
assstants work together to manage cdendars, meeting rooms, and teleconference lines to set
up distributed meetings. In addition, Dr. Griss advocated the need for studying reusability in
the context of MAS. Component reuse is enhanced when components are loosely coupled,
flexible and adgptable because components can more easly be combined into novel, robust
combinations. So, agent technology is a way of making very flexible reusable components. To
some degree, an agent component adjusts itsdf to its environment, making it more reusable.
Findly, he advocated that there is a need for agent sandards deding with challenges in large-
scale multi- agent systems, like robustness, inter-operability, security, and so forth.

Prof. Gustavsson claimed that since current gpproaches for networked information systems
with a societd focus can be characterized as emphasizing the notion of coordinated behavior
and openness, what we need to do next should be based on lessons learned by other sciences
and expeimentd dudies to undersand the real problems with developing multi-agent
software systems. In addition, he thinks that coordination should be a fird-dass ditizen in
MASs.

8. Workshop Discussions, Lessons Learned and Lines for Future Research

The workshop brought together a diverse group of researchers and practitioners experienced
in many aress of software engineering for MAS. This alowed the workshop to identify a
number of best practices when building MAS, as wdl as directing the participants to
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problems requiring further research. Based on the various postion Statements, a number of
assartions were made during the discussons in the sessons and in the pand. These cdlaims can

be followed as guiddines when dedling with research in the workshop topics:

Coordination is an issue that is central to MAS engineering research. Roman and Mame
asserted that there is a need for concelving new ways to let the agents of a system
communicate and coordinate with each other in a powerful and flexible way and to
support these new paradigms with innovative middleware and programming models.

Support for reusability and evolution of MAS can be eased by raising the level of
abstraction. This assartion was explicitly made by Otavio Slva and colleagues with their
notion of architecturd patterns. The god is not only to get a better conceptua grip on the
problem, but also to bcus on levels where changes and reuse can have grester impact on
the overdl architecture of an agent-based application. Cysneiros dso advocated tha his
approach raises the levd of abdraction & which the change impact and reusability
andyssis performed.

Coordination and mobility raise new problems to fault-tolerance research. Guessoum
advocated that the intriguing problems of fault tolerance in MAS could be classfied into
two man categories. A fird category focuses especidly on the rdiability of an agent
within  a mult-agent sysem; this approach handles the serious problems of
communication, interaction and coordination of agents with the other agents of the
sysem. The second category addresses the difficulties of making reiable a mobile agent,

which is more exposed to security problems.

Design Patterns for MAS. Design patterns are important vehicles for congtructing high-
quaity software. Architecturd patterns define the basc dtructure of software architecture
and of sysdems which implement that architecture;, design patterns are more problem-
oriented than architectura petterns, and are gpplied in later design stages. In this sense,
there is a need for dedgn patterns for MAS that refine generic architectura patterns.
When Pace asked Otavio Slva how he intends to provide guiddines for MAS
development in later dedgn stages, he mentioned the intention of his research group in
investigating a language of desgn paterns to refine his hightlevel pattern (architectura
leve) in subsequent software engineering phases (detalled desgn and implementation
phases).
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Advanced separation of concerns can help with MAS reusability and maintainability. The
complexity associated with MAS development is that there are many different kinds of
complex concerns that come up during its software lifecycle, dl of which should be
recognized and at least some of which should be separated. MAS development methods
should ded properly with important dimensions of concern that turn up during each phase,
and guide the rdaionships among such different concerns. The rddionships of MAS
concans ae vey complex dnce they are naurdly overlgoping (eg. mobility and
coordination, auonomy and learning, planning and adaptation, and so forth). As a
consequence, separation and the compostion of concerns must be achieved in different
MAS development stages. Empirical studies should evidence the extent to which MAS
concerns span lifecycle phases and interact with concerns arisng in other phases. Tom
Holvoet discussed that AOP [13], in the sense of obliviousness and quantification [3], is
an effective way to promote reusability and maintainability of different MAS concerns.

Mechanisms and techniques for improving MAS dependability are intriguing research
issues. This concluson was obvious from the large number of submissons tha
emphasized the need for such mechaniams and techniques.  The different concerns
involved in MAS development (eg., high degree of autonomy and mobility) makes more
difficult the promotion of dependability in MAS

There is a need for techniques for assuring reliability in non-deterministic MAS. Zahia
Guessoum presented her proposd for improving fault-tolerance in MAS based on the
active replication technique. Her research team has performed some experiments applying
this replication-based solution in deterministic MAS and they obtained interesting results
[8]. However, she advocated that there is a need for promoting empiricd <udies to
understand better the fault-tolerance problems in non-determinisic MAS and providing
solution for these potentia problems.

Conceptual models can help with providing domain-independent support for MAS
research. It is wel known that there is a lack of conceptud modes widely used in the
multi-agent software enginering fidd. Every researcher has a different notion of
agenthood and MAS. In this sense, the workshop participants felt an urgent need for
theoreticad foundations making the MAS conceptual setting clear according the different
agency viewpoints. When Carlos Lucena asked the panel about the basic agent properties,
each panelist agreed that interaction, autonomy and alaptation are the basic properties for
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agents as proposed in the OMG green paper [16].

What multi-agent software engineering different from object-oriented software
engineering? Although the group did not tackle that question explicitly, some of the issues
rased during the discussons were rdlevant in that context. Arthur Reyes pointed out that
agents cannot be developed smply with mechanisms, methods and techniques from
object-orientation dnce the main benefits of MAS comes from the notion of emergent
behavior. Yet another issue discussed was that of modding and desgn methodologies.
While sandard methodologies like UML could be adapted to modd MAS, it was unclear
whether the current date of the UML technology is enough to cepture dl fundamentd
notions, and to express them a the most suitable level of abdraction. In this context, it
was dso daed that misusang abgractions as provided by standard methodologies can

point to defects or alack of expressiveness in these abstractions.

The handling of emergent behavior is a special challenge to engineers of realistic multi-
agent software. Marco Mame argued that since distributed multi-agent systems exhibit
autonomy of components and openness, undesirable behaviors are likdy to make ther
appearance as soon as agents begin to populate the Internet. This requires methodologies,
and tools, to predict and control emergent behavior in large multi-agent systems, and
ather enabling the exploitation of emergent behavior as additiond design dimensons or
the prevention of undesirable behavior.

The term “large-scale” may be interpreted in several ways. Tom Holvoet has discussed
that in a given context, a large-scde MAS can be interpreted as a system composed of
thousands of agents. From the Cysneiros viewpoint, a large-scde MAS is a software
sydem that requires multiple stakeholders during its development process. Other
viewpoints were presented by Roman and Griss. Roman, for example, argued that a large-
scde MAS can be achieved not only with increasing the number of agents, but dso with
increasing the reachability of the agents into the system. Griss advocated that a large-scde
MAS can be viewed as a system composed of a high number of agents or agent types. In
this sense, we need to make clearer what alarge-scae MAS redlly isfor our next meeting.

Existing agent-oriented methodologies need to be applied to the development of large-
scale MAS Cysneiros argued that despite rapid advances in agent technologies, ther

adoption in mainstream application areas such as large-scde informetion sysems is 4ill
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limited. He advocated that a mgor reason is the lack of systematic methods to guide the
development of agent-oriented systems and their gpplication to complex, distributed
software systems.

Cooperation between academia and industry is important for research in software
engineering for large-scale MAS The approaches discussed in the workshop were mostly
based on academic research. Rune Gustavsson and Zahia Guessoum argued that to
evauate the real vaue of the gpproaches, they need to be tested and applied on real world
software  engineering tasks. It was further remarked that the cooperation between
academia and indudry is important, if not essentid, for further devdopment of the

approaches.

9. Conclusions

The paticular focus of this fird meding was on the role of MAS in supporting the
development of complex, distributed software systems. Altogether, the workshop was a very
big success due to the qudity of the submitted papers, the levd of participation of the
audience and the profile of the pandists. The workshop achieved its god to provide a forum
for interactive discussons on the research issues of software engineering for large-scae
multi-agent systems. Especidly in Sesson | and Sesson Il, the topics of the postion papers
were closdy related. In severd taks during the one-day workshop, the speakers presented

itemsfor aresearch agenda.

SELMAS 02 was our firs attempt to put researchers from software engineering together to
discuss the multi-faceted issues that emerge in usng MAS to engineer complex, digtributed
sysems. Given the leve of the contributions, we are confident that the workshop was usgful
to the multi-agent software engineering community, by providing many origind and
heterogeneous views on such an interdisciplinary topic as well as severd atempts to put
everything together. It is our hope that SELMAS 02 was only the fird event of a series, meant
to provide the agent community with a forum where nove ideas and results can be shared by
crossng the boundaries of the many research and application areas that meet in the agent
fidd.

As SELMAS, other important, related workshops were organized to discuss research and
practice on multi-agent software engineering (such as AOIS and AOSE workshops [19, 20]).
As is evident from these meetings and this workshop report, work on multi-agent software
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engineering remains to be done. There are a number of ways to learn more about current work

and get involved:
Vigt the workshop Web ste for details about ongoing work.

Read the referenced papers in this report and the podtion papers from SELMAS for
background information.

Contact any of the organizers and authors of the SELMAS papers for more information.

Fndly, a high-qudity set of workshop papers and invited papers are going to gppear in the
book Software Engineering for Large-Scale Multi-Agent Systems (LNCS, Springer, 2002). In
addition, there will be some invited papers. The SELMAS 03 workshop is being planned for
ICSE 2003. We look forward to an excellent program aso next year.
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