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Preface

The spread of the Internet, mobile communications and the evolution of tradi-
tional market models, such as the proliferation of e-commerce, has led to much
existing [T infrastructure operating as a global dynamic system. It is therefore
important that software that operates over this infrastructure adapt accordingly,
to provide highly customised services to a huge user population. New mainte-
nance requirements have to be met, for example software that cannot be stopped
must still evolve. Furthermore, software must cope with changes in interconnec-
tivity requirements, such as network topology workload fluctuations, mobility
of devices, node failures, and interoperation of unreliable, possibly erroneous
distributed code.

As information handling systems get more complex, it becomes more difficult
to manage them using traditional approaches based on centralised and predefined
control mechanisms. Over recent years there has been a significant increase in
interest in taking inspiration from biology, the physical world, chemistry, or
social systems to more effectively manage such systems — generally based on
the concept of Self-organisation. This gave rise to Self-organising Applications
(SOA) — generally applications that undertake problem solving (in a particular
application domain) based on distributed interactions between uncoupled system
components. Typical examples of such distributed interactions in SOA include
systems that reproduce behaviours of social insects or multicellular organisms.
Another example is multiagent systems that aim to reproduce behaviours found
in human societies — thereby providing a useful paradigm for managing large,
distributed information handling systems. In multiagent systems self-organising
behaviour results from the autonomous behaviour of system components and the
locality of their interactions. The key characteristic of all these applications is
their ability to achieve complex collective tasks with relatively simple individual
behaviours.

There is currently a consensus that modern applications can gain in robust-
ness, management, and simplicity if they are developed according to the princi-
ples of self-organisation (which one finds in nature). The central question related
to the engineering of SOA is how to specify the local behaviours of individual
components .to achieve the desired (self-organising) global system behaviour.
This involves, in particular, defining a global goal, designing local behaviours
and interactions that will result in the desired global behaviour. Subsequently, it
is necessary to monitor system execution to verify the emergence of the correct
system behaviour, and the achievement of the global goal. This is a difficult exer-
cise because the global system behaviour is not directly predictable as the “sum”
of the local behaviours. It is also important to note that self-organisation is not
useful in all instances — as it may lead to “parasitic” and unwanted behaviours.
The need to monitor the system as it evolves from some initial state is therefore
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an important requirement in many applications that make use of self-organising
principles.

Traditional software engineering methodologies also make it possible to de-
fine a global behaviour only as a closed function of the behaviour of the var-
ious parts of the system. They involve techniques based on assumptions, such
as interfaces fixed at design time and statically established ontologies, which
therefore makes them insufficient for engineering self-organisation. Furthermore,
traditional practices in multiagent systems have introduced basic techniques for
autonomously interacting or retrieving information, such as agent coordination,
service description, and ontology-based interaction. However, these techniques
rely on preprogrammed interaction patterns, preventing large-scale adaptation
to unexpected environmental changes.

Current engineering practices that directly address self-organisation primar-
ily involve designing distributed algorithms according to natural life metaphors,
such as the social insect metaphor and the immune system. More recently, appro-
priate interaction mechanisms and middleware technologies specifically targeting
the development of self-organising applications have been introduced. However,
many issues such as verification and systematic methodologies covering the whole
engineering life cycle still remain open.

This book intends to serve as a reference and starting point for establish-
ing the field of Fngineering Self-Organising Applications. It comprises papers
presented at the Engineering Self-Organising Applications (ESOA 2003) work-
shop. (held at the Autonomous Agents and Multi-Agents Systems conference
(AAMAS 2003) in Melbourne in July 2003), and selected invited papers from
leading contributors in the self-organisation field.

The book presents the current state-of-the-art perspective on the field. Part
I contains several papers related to self-organising applications: Di Marzo Seru-
gendo et al. review natural self-organising systems and their interaction mech-
anisms and discuss several examples of artificial self-organising applications;
Brueckner et al. present SWARMing principles applied to mobile ad hoc net-
works; Thompson then discusses the use of self-organising systems for agent-
based implementations.

In Part II, translations from a diverse collection of natural-life metaphors
are presented. Naghpal presents self-organising principles from multicellular or-
ganisms and their application to multiagent systems. Tateson et al. apply self-
organising behaviour of cells in a developing fruit fly to wireless communication
networks, Guo et al. present a genetic algorithm for designing self-assembling
objects. This is followed by two papers inspired from ant-based behaviour prop-
erties such as indirect communication of interacting entities via the environment
(stigmetry): Handl et al. apply ant mechanisms in data set clustering, and Hadeli
et al. in manufacturing control. Foukia et al. combine ant-based behaviour and
the immune system metaphor to build an intrusion detection and response sys-
tem in a computer network. Ulieru et al. design logistics infrastructures based
on the holonic structure of the Universe. Subsequently, Babanov et al. take their
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inspiration from evolutionary computation to build an additional layer on top
of heterogeneous strategies in electronic markets.

Part IIT describes artificial self-organisation mechanisms specifically intro-
duced for computer systems applications. Capera et al. propose an adaptive
multiagent system theory for providing self-organising behaviour in mechanical
design. Hales et al. propose the notion of tags, a marking attached to agents
and observable by other agents, as an interaction mechanism for realising self-
organisation. Yolum et al. then establish the notion of trust as a self-organising
mechanism in referral networks.

In Part IV, self-organisation specific to coordination models is discussed by
Menezes et al. in the case of the Linda-based systems. Along this line, Mamei et
al. describe the TOTA coordination environment propagating tuples according
to a propagation rule,

Part V concludes the book with methods and tools for engineering emer-
gent behaviour. Airiau et al. discuss the COllective INtelligence framework for
accessing shared resources among several users. Jelasity et al. describe simple
components that can be combined to implement complex functions. Finally,
Bernon et al. present the Adelfe methodology that guides a programmer during
the design of SOA.

December, 2003 Giovanna Di Marzo Serugendo,
Anthony Karageorgos,

Omer F. Rana,

Franco Zambonelli
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