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ABSTRACT

Algorithmsinspired by the collective behavior of social organisms, frominsect colonies
to human societies, promoted the emergence of a new field of research called swarm
intelligence. The applications of swarm intelligence range from routing in
telecommunication networks to robotics. This chapter discusses some of the ideas
behind swarmintelligence, focusing on a clustering algorithm motivated by the social
behavior of some ant species. The standard ant-clustering algorithmis presented; a
brief review fromtheliterature concerning the applications and variations of the basic
model is provided; two novel modifications of the original algorithmare proposed and
discussed; and a sensitivity analysis of the standard and modified algorithminrelation
to some user-defined parameters is performed. A variation of a simple benchmark
problemin thefield is used to perform the sensitivity analysis of the algorithm and to
assess the proposed modifications of the standard algorithm.
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INTRODUCTION AND MOTIVATION

Providing efficient and feasible solutions to complex problems are some of the
central challengesin engineering and computing. Finding out new approachesto solve
well-known and novel problemsisoneof themaingoal sof theseareas. From abiol ogical
perspective, itisalso possibletoview each form of lifein natureasdifferent “ solutions”
to the “problem” of surviving (Bonabeau et al., 2000): living organisms compete for
limited resources and mating, and adapt themselves to changes in their environment.
Therefore, living (surviving) isone of the most successful problem-solving techniques
developed to date.

In many cases, organi ¢ processes sol ve complex problemswith simpleelements; the
interaction (cooperation, competition, and coordination) of the elements of the system
exerts a more important role than the actions of individual agents themselves. By
observing the behavior of a whole ant colony while dealing with several new and
unexpected situations, it is possible to have an idea of the variability of emergent
behaviorsthat can arise out of agroup of simpleagents. Ant coloniescanform extremely
complex raidsinthesearchfor food; they can build bridgeswith their ownbodiesinorder
tocarry food over avalley; they can organize and cleantheir nestsand create cemeteries;
they can build nests with complicated tunnel and temperature control systems; and so
forth.

The study of the behavior of various insects seems to be a good approach to the
understanding of some collective phenomena. It also gives us new insights into the
development of novel problem solving techniques. Someinsectscan beparticularly more
adequate as a source of inspiration because they can be studied and observed without
much complication and costs. In this sense, ants are specially relevant dueto the large
amount of information, both theoretical modelsand empirical observations, about their
behavior. Several papers, books, and essays have already been published and may serve
asabasefor abio-inspired problem-oriented study of specific phenomena(Camazine et
al., 2001; Franks, 1989; Holldobler & Wilson, 1994). However, ant colonies are not the
only example of the successful collective behavior of simple organisms. A large group
of termites working, a colony of bees searching for pollen, and a flock of birds flying
synchronously are further examples.

The dynamic and harmonic unity is one common element in all these collective
behaviorsand afactor whoseimplicationsarenot well known. Thereisalot of knowledge
about each part of these (organic) systems; however, an understanding of the interac-
tions of these elements, their integration and coordination, is not always available.
Despite that, several researchers from computer science, engineering, and other fields
of investigation have been developing tools for solving problems in the most varied
domains, motivated by the collective behavior of simplesocial organisms. Onetermthat
has recently been proposed to characterize such systems is swarm systems or swarm
intelligence (Bonabeau et al., 1999; Kennedy et al., 2001).

Algorithmsinspired by the collective behavior of diverse groups of animals and
insect societieshaveresulted in new computational tool swith applicationsin areassuch
as:

i Planning and task allocation (Bonabeau & Théraulaz, 2000);
i Robotics (Kube & Bonabeau, 2000);
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