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Preface

Chaos is a general nonlinear phenomenon that lies in the nonlinear system.
It is not a mess of “disorder” , but a class of nonlinear phenomenon that has ex-
quisite intrinsic structure. Chaos has the following main characteristics; quasi —
randomness ; ergodicity; sensitive dependence on initial conditions. Since ergod-
icity is an effective mechanism to avoid trapping into local minima in the search-
ing process, chaos has been a novel and potential optimization tool.

In the early 1990s, inspired by a well — known experiment of finding the
shortest route between a nest and a food source, a famous scholar Marco Dorigo
first proposed a well — known ant colony optimization algorithm. From then on,
the research of swarm intelligence theory rapidly extended. The swarm intelli-
gence theory has attracted wide attentions from international and inland scholars.
It has become the hotspots and frontal problems due to its potential developments
and applications in many areas of science and technology such as manufacture ar-
rangement and scheduling, business operation, finance administration, electron-
ics, communication, automatic control, optics, biology.

Much of the existing developed ant — inspired optimization algorithms are
based on the random metaheuristic of non — deterministic probability theory.
However, it has been discovered by a biologist Cole that an ant colony exhibits a
periodic behavior, while single ants show chaotic activity patterns. The ant colo-
ny has an intelligent team which continually accomplished tasks. We believe that
the existence of colony periodic behavior is the process that individual ants works
and then they present a self — organization behavior and corporate to finish com-
plex tasks. From the aspect of dynamics, it is evident that chaotic behavior of in-

dividual ant must have an inherent relation with the strong self — organization a-



bility of ant colony. Their relations are adaptations to the surrounding environ-
ment. These behaviors are very important for the ant to survive. However, the
ant colony optimization model that was given by Marco Dorigo based on proba-
bility theory could not explain the chaotic phenomenon. And the problem of how
the chaotic behavior of single ant relates to the self — organizing and foraging be-
haviors of ant colony has received little concerns.

From a novel aspect, this book analyzes the process that ants go out for for-
aging, build the nest and find the shortest route. We construct a map relation be-
tween food source and the nest, and consider the process of the ants’ foraging
and the process of chaotic search as a whole. And the process of the ants’ fora-
ging as that of chaotic search. The building of shortest food route is the process
that chaotic search continually transforms into the transient chaos until the
process converges the shortest food route. That is to say, the ant is in the self —
organization process under the pheromone trails and chaos. It is similar to the
process of chaos annealing. In the whole process, ants transfer the best trail in-
formation through emitting pheromone continually and form the self — organiza-
tion through pheromone. The above idea is different from that of Marco Dorigo.

Inspired by the behaviors of ants foraging and building the shortest trail be-
tween the nest and food source, and based on chaos search mechanism, self — or-
ganization theory and swarm theory, we construct a new mathematical model
(called Chaotic Ant Swarm) in a creative way in order to solve the optimization
problems. The model not only can explain the chaotic search behavior of ants
(at this time the ant does not been organized) , but also can explain the process
that ants build the best food source. This model can be used to implement a me-
taheuristic for the search of a global optimum or near optimum of a nonlinear
function in a search space.

In order to verify the feasibility, effectiveness and the application fields of
the proposed algorithm, further, this book deals with the chaotic ant swarm
(CAS) algorithm and its application in parameter estimation, fuzzy system de-

sign, neural network training, PID controller parameter tuning, etc. and attained



many good results. Thus, the new scheme of swarm intelligence optimization is
formed.

The authors of this book have obtained may helps and supports from interna-
tional and domestic scholars of the same occupation in their research works on
swarm intelligence optimization for the past ten years. We express our heartfelt
thanks for them. Especially, Prof. Guan Xinping early took part in the papers
discussion and writing works on neural network, chaos control and chaos syn-
chronization; Prof. Lu Huibin early took part in the discussion and simulation
works on ant colony optimization algorithm; Prof. Wang Xiangdong took part in
the inspiration idea discussion and English paper writing works on the proposed
algorithm based on chaotic behavior of ants; Prof. PengHaipeng took part in the
whole discussion and paper writing works with me; Prof. Cailiejin studied the
application of chaotic ant swarm on the power system optimization; Prof. Tang
Yinggan studied the design of fractional — PID controller and the identification of
time — delay dynamical systems based on CAS algorithm; Dr. Li Yuying studied
several applications of CAS on the mathematical field and designed many modifi-
cations of CAS; Dr. Wanmiao studied the applications of CAS in data cluste-
ring, data classification, web user preselection, web user clustering, etc. ; Prof.
JurgenKurths and Prof. Hans Joachim Schellnhuber discussed the idea of chaotic
ant and took part in the modification of my papers for many times with me.

The publication of this book obtained the foundation of China Association
for Science and Technology Sanxia Science and Technique Publication Subsidy
Program. We express our heartfelt thanks for the foundation. The authors also
thankGaoLibo Zhang Limei, Xia Fengjin etc. in the China Science and Technol-
ogy Press edited, reviewed this book and supported the successful publication of
the book. Yang Yixian thanks the National Natural Science Foundation of China
( Grant No. 61121061) , Li Lixiang thanks the Foundation for the Author of Na-
tional Excellent Doctoral Dissertation of PR China ( Grant No. 200951) and the
National Natural Science Foundation of China ( Grant No. 61170269 ) China
Fostdoctoral Science Foundation funded project ( Grant No. 2012750209) for



their funds about the research contents of this book.

In view of the limited knowledge levels of the authors, it is inevitable for
the book to have something wrong or unsuitable. Therefore, we expect all the
criticisms from all the experts and the readers. Please give us the feedback of all

the comments on the book. We express our heartfelt thanks for this.

Li Lixiang, Lei Min, Yang Yixian
September 2012
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