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Preface

The German conference on Multi-Agent System Technologies (MATES) provides
an interdisciplinary forum for researchers, users, and developers to present and
discuss the latest advances in research work as well as prototyped or fielded
systems of intelligent agents and multi-agent systems. The conference aims to
promote theory and applications and covers the whole range of agent- and multi-
agent technologies.

For the fifth time, the German special interest group on Distributed Artificial
Intelligence in cooperation with the Steering Committee of MATES organized
this international conference. Building on the four successful predecessors in
2003, 2004, 2005, and 2006, MATES 2007 took place September 24-26, 2007
under the umbrella of the SABRE (Software, Agents, and Services for Business,
Research, and E-Sciences) event organized by the University of Leipzig.

Situated in the lively scene of agent-based computing in Europe that is ex-
emplified by federated events such as Durham Agents’007; SABRE itself —that
also included the Central and Eastern European Conference on Multi-Agent Sys-
tems (CEEMAS); and the subsequent European Conference on Complex Systems
(ECCS 2007) in Dresden, MATES 2007 not only succeeded in attracting 27 sub-
missions, out of which 17 could be accepted for presentation and discussion, but
also in holding an edition of the doctoral mentoring programme, an important
occasion for both students and established researchers to interact and discuss
scientific and managerial aspects of activities. The programme of MATES 2007
was rounded off with invited presentations by the distinguished speakers Michael
Georgeff and Rafael Bordini.

Our thanks go to the Programme Committee for their diligent, careful, and
constructive work; the local organizers of SABRE for their constant support;
and foremost to all authors of submitted papers: the present selection stands to
testify the important contribution of the MATES conference series to the rich
international agent-oriented systems research landscape.

July 2007 Paolo Petta
Jorg P. Miiller

Matthias Klusch

Michael Georgeff
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Multi-Agent System: A Guiding Metaphor for the
Organization of Software Development Projects

Lawrence Cabac

University of Hamburg, Dept. of Informatics, Vogt-Kolln-Str. 30, D-22527 Hamburg
http://www.informatik.uni-hamburg.de/TGI

Abstract. In this work we propose the introduction of multi-agent con-
cepts for the organization of software development projects of (especially
multi-agent) application design and implementation. This is expressed
by the guiding metaphor (German: Leitbild) of a multi-agent system of
developers.

Team orientation and concurrent development are two aspects that
are crucial in every large development project. Consequently, the orga-
nizational structure of the programming team has to take account for
both. If the developed application is distributed, concurrent and team-
oriented — e.g. a multi-agent application — one approach is to aim for a
comparable (homomorphic) structure of a developed system and devel-
opment team. We achieve this by reintroducing the multi-agent system
metaphor into the organizational structure of the development team.

Agent attributes such as autonomy, communication, cooperation, self-
organization and the capacity for teamwork are transferred by the guid-
ing metaphor back to team members. Concurrency and distribution of
resources and processes is naturally supported by the guiding metaphor.

This guiding metaphor can be applied to any project organization.
However, it is best suited for the organization of multi-agent application
development, due to the similarity in structure.

Keywords: agents, guiding metaphors, multi-agent system of develop-
ers, Leitbild, metaphor, project management, software development ap-
proach, team organization.

1 Introduction

Multi-agent systems are applications based on encapsulated, autonomous soft-
ware entities that can flexibly achieve their objectives by interacting with one
another in terms of high-level interaction protocols and languages. Agents bal-
ance their reactive behavior in response to influences from the environment with
their proactive behavior towards the achievement of design objectives.

The agent metaphor is highly abstract and it is necessary to develop soft-
ware engineering techniques and methodologies that particularly fit the agent-
oriented paradigm. Traditional software development techniques such as for
example object-oriented analysis and design are inadequate to capture the flex-
ibility and autonomy of an agent’s problem-solving capabilities, the richness

P. Petta et al. (Eds.): MATES 2007, LNAI 4687, pp. 1-12, 2007.
© Springer-Verlag Berlin Heidelberg 2007



2 L. Cabac

of agent interactions and the (social) organizational structure of a multi-agent
system as a whole. Many agent-oriented software development methodologies
have been brought forward over the last years, many of them already in mature
state.

Agent-oriented development methodologies such as GAIA [1,2], MASE [3] or
PROMETHEUS [4] are well-established. Similarities can be found in methods and
abstractions such as use cases, system structure (organization) diagrams, role
models, interaction diagrams and interaction protocols. However, it is not a
trivial task to decide on a suitable implementation platform as pointed out by
Sudeikat et al. [5].

Similar claims hold for the management of development processes, the organi-
zation and guidance of a team as well as for project management. As well as for
methodologies and techniques of software development, there also exists a ne-
cessity to develop approaches for the management of projects that particularly
fit the agent-oriented paradigm. As already proposed by Petrie et al. [6] the or-
ganization of projects can be oriented towards the agent concept. The proposal
here is to increase even more the symmetry between the project management
and the software being build.

We present a guiding metaphor that is capable to dynamically adapt to the
needs of the team and development processes. Criteria for a powerful and accept-
able metaphor is its simplicity, flexibility and the range of the commonly known
concepts. It should take account of the main concepts and design objectives of
the developed system; e.g. for a multi-agent application these are concepts such
as distribution, concurrency and dynamical structures.

Section 2 introduces the term guiding metaphor and explains the guiding
metaphor multi-agent system of developers® for the development of multi-agent-
based projects in detail. Section 3 describes the utilization and our experiences
with this guiding metaphor.

2 Leitbild: MAS

Before we start with our approach we will elaborate on the notion of the guiding
metaphor. Then we will describe the guiding metaphor of a multi-agent system
of developers in regard to three aspects. First, we describe the guiding metaphor
in more detail in its role as a Leitbild [7] regarding orientation, notions, strate-
gies and terminology in the environment of multi-agent application development.
Second, we go into detail of the guiding metaphor’s manifestation in the organi-
zational structure of a (multi-agent application) development project especially
in regard to concurrent and distributed development. Third, we focus on com-
munication, coordination, project organization and team management.

! We include all participants of a development process, such as programmers, users,
supporting staff, etc. We could thus also call the metaphor multi-agent system of
participants but in the context of system development we regard all participants as
developers of the system.
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2.1 Guiding Metaphor

A guiding metaphor (German: Leitbild [7]) is a strong and well-established con-
cept that can guide the participants of a development team in a general sense.
While the term originated in business management, it is also well established in
software engineering. A guiding metaphor should have four functions. It should
offer orientation and have a strong integrative force. Decision processes should
be supported by the guiding metaphor and it should also be a means of coordi-
nation. Ziillighoven et al. define a guiding metaphor as follows.

A guiding metaphor in software development defines a frame of orien-
tation for involved groups in development processes as well as during
utilization. It supports the design, utilization and the evaluation of soft-
ware and is based on values and goals. A guiding metaphor can be used
constructively or analytically (7, from German, p. 73].

An important feature is that the guiding metaphor is so general and common
that every potentially involved person has at least a good idea of the organiza-
tional concepts, structures, notions and rules. A good guiding metaphor comes
with a whole set of other metaphors that do not have to be named explicitly.?
In the context of developing software we can distinguish three different forms
of guiding metaphor. It can be used to characterize the software systems, the
development process and also the team organization (respectively project man-
agement).> Examples of guiding metaphors are the tools & material approach [7]
or the expert work place 8] for software systems. Guiding metaphors for team
organizations are the factory, the office, the workshop or the (free) jazz band [9)].

One interesting approach as to how to define a new guiding metaphor for team
organization has been done by Mack [10]. He proposes the guiding metaphor of
an expedition for the development process and derives some aspects that are
useful in everyday (work) life of a software developer. Here we will not go into
detail of this guiding metaphor but we would like to elaborate on the notions
that are instantly linked to this example to show the potentials of a guiding
metaphor.

For a (development) expedition one will need a team (developers, supporting
users and other staff) and resources (computers, software, rooms, paper, etc.).
There should be a good notion on how much everyone can carry (individual
capabilities of team members) on the way. The organizers need to work out a
plan in advance that is detailed enough to take as many aspects as possible
into account and flexible enough to allow the team members to react to sudden
changes and dangers. In an expedition it seems clear that all members have to
support each other and that conflicts that are left unsolved can lead to difficulties
that can endanger the expedition (software project). A good communication

2 In this way the guiding metaphor can be compared to an extended metaphor or even
a parable as used in literature.

3 In this work we focus on the function of the guiding metaphor for the team’s orga-
nizational structures / project management.
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between members of the team is essential in all stages of the expedition. We
know that an expedition is a socially challenging project that can be adventurous
as well as hard work. In addition, the outcome of an expedition is open in the
beginning.

The example shows that a strong guiding metaphor offers many notions (com-
mon in the team) and a multitude of metaphors. These help team members to
find orientation in the project and by this the guiding metaphor succeeds in
guiding a team.

In the following sections we describe a guiding metaphor that is well applicable
to the development of multi-agent application and is also well known in the
multi-agent community. It is the multi-agent system.

2.2 Multi-Agent System of Developers

Our approach of organizing projects for multi-agent application development is
described by the guiding metaphor of multi-agent system of developers. Devel-
oper teams, their members and their actions are characterized by the attributes
usually related to agents [11], multi-agent systems [12] and cooperative work-
flows [13].* In the team members are acting in a self-organized, autonomous,
independent and cooperative way. They all have individual goals that culminate
in a common vision of the system that is to be developed.

Like agents in a multi-agent system, developers are situated in an environ-
ment, in which they communicate with other developers and other participants
of the development process. Moreover, the environment offers services or restricts
the possibilities of actions for the developers.

Multi-Agent System of Developers

coordination

negotiation

proactiveness

learning

Fig. 1. Agent concepts used in the context of team organization (selection)

* In the following many agent concepts are used to describe behavior or attributes of
members of the development team. These are used for the metaphorical power.
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Figure 1 shows a selection of typical multi-agent concepts and their inter-
relationships that are utilized in the development project context as metaphors.
Lippert et al. [8] identify a selection of key metaphors as shown in the figure as
a metaphor design space.

The agent metaphor leads to dynamic and flexible structures in the team’s
organization. All members can form (sub-)teams with other members during
the development process. This is not only encouraged but also a main aspect
of the self-responsible and autonomous actions of team members. The structure
of a team is not static. Sub-teams are able to decide their own dissolution and
to proactively decide on new alliances. From this point of view concurrent and
distributed work is a natural phenomenon.

According to the multi-agent system of developers metaphor control, project
management and organizational matters in the development process are man-
aged through mechanisms typically owned by social agents [14]. Thus social
norms, conventions and motivation become important forces in the team’s be-
havioral patterns.

At first glance it seems odd to re-transfer the concept (metaphor) of a multi-
agent system, which has been used to define and organize software systems in
the manner of (sociological) organizations, back to an organizational structure
of people. However, the metaphor of a multi-agent system has grown so strong in
recent years that many developers are well acquainted with the notions and key
elements of agent concepts. Therefore, the multi-agent system is a reasonable,
well-established and powerful guiding metaphor. But even for participants of the
team that do not share the concepts of multi-agent systems as paradigm — e.g.
users with no technical background - still all the concepts are well known, since
they are rooted in social organizations.

In the following two sections we elaborate on two main aspects of agent-
oriented development. These are the communication of agents and the con-
currency and distribution. Through the guiding metaphor both aspects take a
leading role in our vision on the project organization.

2.3 Matrix Organization

In a multi-agent application development project the organizational structure
has to be defined, such that responsibilities for certain aspects can be assumed
by team members or sub-teams. The general perspectives in the area of a multi-
agent system and — therefore also here — for the development process are structure,
behavior and terminology. These perspectives are orthogonal with connecting
points at some intersections (compare Fig. 2).

The structure of a multi-agent system is given by the agents, their roles,
knowledge bases and decision components [15,16]. The behavior of a multi-agent
system is given by the interactions of the agents, their communicative acts and
the internal actions related to the interactions [17]. The terminology of a multi-
agent system is given as a domain-specific ontology that enables agents to refer
to the same objects, actions and facts. The agents’ common ontology is crucial
for their successful interactions.
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Behavior

Agent 1 Agent 2 Agent 3

Structure

Fig. 2. Two dimensional matrix showing perspectives (behavior, structure)

A schematic two dimensional matrix is depicted in Figure 2 showing the inde-
pendence and interconnections of agents and interactions. Neither is there any
direct relationship between any pair of agents, nor between any pair of interac-
tions. Thus these architectural elements are independent and drawn in parallel
to each other. Agents and interactions are orthogonal because each agent is in-
volved in some interactions and the same holds the other way around. When an
agent and an interaction are coupled, a circle marks the interconnection point.

The general case for any two structural and/or behavioral elements is inde-
pendence. In the diagram interconnections are explicitly marked. The ontology,
which is omitted in the diagram, is the third dimension of perspectives. This per-
spective is orthogonal to the other two perspectives, but it tends to have many
interconnection points because each-interaction and each agent needs parts of
the ontology definition to fulfill its purpose.

Since the three perspectives are orthogonal and independent within each per-
spective, it is easily possible to divide the tasks of design and implementation
into independent perspectives and independent parts. This means that different
interactions can be developed by independent sub-teams and different agents
can be designed by other independent sub-teams. Between agent teams and in-
teraction teams, coordination is needed for the crucial parts only (circles).

Following this method, the different parts of the system can be developed
independently and concurrently as long as there is enough coordination / syn-
chronization between intersecting groups.

In general it is not a good idea to assign tasks of orthogonal dimensions to the
same sub-team because then the responsibilities of the different dimensions might
become blurred. However, developers are well advised to look for similarities
between independent elements of the same dimension, like for example a set of
similar interactions. In such a situation, code reuse becomes possible if a sub-
team is responsible for multiple parallel elements.

The (agent-based) software system imposes its matrix structure onto the team
organization. In the metaphor of multi-agent system of developers this is natu-
rally supported.



