TR Bl 0k Bk S iR 93 B V- R

CHINA SCIENCE AND TECHNOLOGY PRESS

& PEREARAR AL



o E R = iR AR ¥ Bh i %1

RIS 00 B vy

FWAE BEM L =

b R 22 R R 4
- Jk -.?‘



EEFER&E (CIP) HiE

IR KOV, i, B 30 . —Ibat:

rh ERLEROR AL, 2012, 12

(R B = I BB i RRBE B3

ISBN 978 -7 —5046 - 6280 -4

[. DR 0. Dz QF--
S -BEME - V. © 0415.5

. @R

[ A I B4R CIP Bl %7 (2012) 27 311560 5

BOR X ORER MEE XRGF
IHRY e 8

WO A W

mEBAHBAK AEE F oK OB M

H B BOR H A
B AT Bl KA R AT
i

HE AbmUHRE X R OC R R 16 5

HB 4 100081
RITHIE 010 -62103349
1 E 010 -62103166

] Hit  http.//www. cspbooks. com. ¢n

FF & 787mm x1092mm 1/16
2 ¥ 350 T

Ep # 17.25

R %k 20134F1 A% 1

Ep w2013 4E 1 A5 1 E

B0 Rl b sUHRERENRIA R A

+H S ISBN 978 -7 —5046 - 6280 -4/0 - 162

7€ ffr  70.00 &

(LB FEAABER, AR, BR, MK

HEHE ARE £ oW kAl
HEREXW &R
ENRIMEH  2FHF
EHEEH akEK

#, AALEZATHR TR )



[ R & 2

HEAAXLFLBOEXRER, CIHRZAXAR T HREBH N, S5HER,
A E BRANYh B AL L RAALN B FEE, FEAIHLEAFER
RikFE— A BRGESRA A FBCEEFA, OFHHBH, 2K, KL
ME IR O ES AT LT ENE, K EafHEKS AL
RE K, AmitE A LA,

HBEERAHTRR A A 2RO ERHRAY X, S0 RAR
ARAE, @K FFREFHHRTFRAFBRA T AR AHHETELE
2R, 1543 5, FaRH (RAKETHR) AbB TS HiR, wEFAL
EFHARAR LG —RESG, HOAFERRTALBEN, HFEF0 5
Fwbdigt, 1687 F, FHMEKENE (ARYFHRFRE) F#, £H
BE HF RLPFPUFEARTEERYw, FEEFRAFZKRE
EFRTAIN A RAEGBEE, 1789 F, BRHER THGX K EE (LT
WME), AR FERIA-TTAERINFIHETT A, KREHELFHE
LE T, 1873 F, X5 Bmey (bdfomt) +7E 5 kit 4
3, ZEL¥EY, BmF, EFXRr—Rk, RADELHWEFLEARL
R

ERBROFRABERREHFERNOBAAFLEH, HFEEHRR
AR FRRGEGRRRE, RAXBEMEFHELETE, BEHEL L,
ARAR, AHRAZFHERBEEIFAAZ, FPRATEZAAEL A ZFH R
WRIHR S, —ABREMARKNG G A4S, £—6 s R k3|
AEROHEEFHET, REFYRHI L, EREKF. GRAEUFAFE
H, MAMB TAEH AT B e R TAEH 09 RiiE K,



FEMAFHAND AR T EAR LGB RALR, 2L BUFEK R
BHIfEOHRERas, EARTFRERFRAIA. HFEA AFTEF. &
RL50EFE, EABRFAFHE IR LA RNELYS, PERKTZ =5
EANIATEAHEXAEART AL, REFHABEFLAE, £2#F,
EAKE, AHAFHFERELNELAHE, 2011 F12 A, PEAHFHK
Profo P B Kz Zuk £ H A 8] AT RS, KEEREL “PEANZ
s AHOE R A B R, RS ABKFRAMAT, 2AEABFLREART
A, BRI BRI RO FRENS, 545 5
ATFTHFFAB X, PEAFFHREEAREA A LB AL AT AR
BEAE, TETMHBARERETFRAERE,

HF B ERAZ, “PEAY AR BRI B R Rk, HEiFk
RERMAFARR, IR RABAFHAFALE, RBARIHEEFK
Rk, FRARBERK, TEPERAFRARABRAF K ERSLE, & L8R
B, TR,

AR

YRE Rl ALdEF L

53

2012 412 H



il

]

BAEEFETELARRAFH —HRILGENFELERL, EHFE
—F “BRE", MEHERZANELEAN —XFLUANR, BRANEEEZE
AWHEHLE ., B AR, TR T B R
HEBNBBR AN NEZHE, FRBEERACRI —HFALAHKL N
T TR,

20 #4290 £RAT, TRBTELRYIREFEIRABENE L KR
B &, ¥# Marco Dorigo ¥ FF Bl MR T H L AR LEE,
BEGEAFRAREF, B THEHRERELE IR GRE., BLERE,
AREE . BTIRA, BN, BEH. L¥. AWFEFLFARTEA
EABWRNAB A RLENE, CESIRENIFHN ZXE, KATTEA
WHHEN, BEFMEREHNETAIAR TR EEAE,

AEHZTEBMBATHIRRTEENRAE L, KEHRETHNE
EHHF AT RN MEE LR BT RN, ERILFRAEHF K Cole I
BARBAARE-—MHABAH, RUENGHOTHHZRET AN HH
EAREEALHWANRN, XAARELHABEZR I X —NMESH, &K
A A A B AT o = 4 E RS b 4 B 1E WL 2 B 40 R R W 1 %k —
A AL R, NS B R, 84K R AT A F
FEBEANHARRE I ZNLRGFEEEMAENRX R, XX R 2R
MEABEEFREEN S - REE, XBTHAATERNER, A
77 3% 5 H % A Marco Dorigo K EME R B R H LN AR M EAZ L EHR
Ho BB KRBT S HEAN AR N BHFEURKERENETL
ZHEE-—FH LR R, X—RKEHNARAIREGHTRERFRE) Z



s

AEREHHAZE AN THBSNERR, AR IR B & L RA
Bt RMNBLIHE - “E—R2WE—K" ZFHNRAEX R, #
WA EREIRE RN B AL - RRBTE R, A
B HBRERE N R RAIE, RERYHEENAE LLEN X
HBEEHAEH SRS REAA RSB AR H RN, wrtx
W, BEAT-NMEGEEMBAEXFAFEATH AL LR, —MXUT
BBk AR, AR LT ENED T2 W E R R R ERFR
BRER, HARBEEREMREALR, HNREXANELEE LT F T Marco
Dorigo H#y kx T 80 M i L & S R A L A B R E R

FTHBSANE AR EMA YR AR I RABEATANE LR, £
TREEENE, aALERBER, KN EERMET — D0
REREA G B FEA, AR LT U EBEH W REREATHA
(HEHEBF R ARARRR), WHTURBHEE I RERY B AN
o U UH kKR — B A R R P R AR L 2 R R
B KRG ERAERAE

ATH—FUREFOHRE, TAEURK ENAGREE, %A1
AFRTRAENBRCEEAGAFZRSHHR, EHMAA I, #E
M%&) %, PID 4l #5408 w, BERE, Web I P RE . Web Al FATH
TR, B RAATEFRE., FRKKR, ZENS, BHAX, 4614
REFEHRARR, BRTREHHER, FEFRT SAKBEE, K
MR T — N FHx TR RELEELT E,

RHEH LR XU 10 F B BHEERABWHFLEY, FETADE
WARATH B fr S, AR ETFROHERH, HPHANERIBE: X
FPHBSMT R EH X THENL ., Bl kg B P oy g Xy 3t
FRETH; PERERS M T REH X THMHECEEZNITRE
FHEIH; TMAHABSM T RELEMBEH X TETEHBREAT AW
FHBERARREX R XHEE TH; BRA#ABHATTREKHRLHE



BEERNRGE T TN ARR T, BERTHRHATT £ TR AR
HEW %0 PID =8 B ehikit. m¥ s hFREHRE T @WK I
FERBMLHATTRAERBRACEZINERFTRTENNLA R EITT %
Tt Rk AL RAENBELNA THERE, ZEL L. Web
AFPHE, Web Fl F REFHH; BT ERAZERAKBEENLA TAHS
., oA Rk E % 7 E; Jiirgen Kurths 2 4% 1 Hans Joachim Schellnhu-
ber 4% % K W H W Bk i oy BB Fu S 5 AKX ik X B K T,

AHEHHBAETHER B Z A EREB TR WK, EhET
KOS, FHEALERMTPENERABRERA REF LK. TW. B
A, KA RE A E R AL LF. FEHXERHAERERHF
e (H5: 61121061), EHZWERMLEH L FAAXEH LT K4
FHHE (%he:200951), BEXEABFEL (%5 61170269), H[E
BrERNES (55 2012T50209), X BEARHER 8 KA FE 4
(%5 : 61100204) Xt FARHHL2HR WAL KB

ETAFEERTFAR, FH A ZHEHRZLAENEL, ik, #
FEFRMEELZGH, EHRBNIIHELRLEREARAN, EhET
RS R

FmE WM Bk
2012 49 A



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. It has the following main characteristics; quasi — ran-
domness ; ergodicity ; sensitive dependence on initial conditions. Since ergodicity
is an effective mechanism to avoid trapping into local minima in the searching
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 and etc.

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
in which the 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 impacts of pheromone trails and chaos. It is
similar to the process of chaos annealing. In the whole process, ants transfer the
best trail information through emitting pheromone continually and form the self —
organization 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 applications 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 in their cooperative research works on swarm intelli-
gence 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 synchronization;
Prof. Lu Huibin early took part in the discussion and simulation works on ant
colony optimization algorithm; Prof. Wang Xiangdong took part in the inspira-
tion idea discussion and English paper writing works on the proposed algorithm
based on chaotic behavior of ants; Prof. Cai Jiejin studied the application of cha-
otic ant swarm on the power system optimization; Prof. Tang Yinggan studied
the design of fractional — PID controller and the identification of time — delay dy-
namical systems based on CAS algorithm; Dr. Li Yuying studied several appli-
cations of CAS on the mathematical field and designed many modifications of
CAS; Dr. Wan Miao studied the applications of CAS in data clustering, data
classification, web user preselection, web user clustering, etc.; Prof. Ge Fang-
zhen applied chaotic ant swarm algorithm into the fields of combinatorial optimi-
zation, distributed system collaborative optimization and etc.; Prof. Jiirgen
Kurths 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
thank Gao Libo, Wang Li, Xia Fengjin, Zhang Limei etc. in the China Sci-
ence and Technology Press edited, reviewed this book and supported the success-
ful 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 National Excellent Doctoral Dissertation of PR China ( Grant



No. 200951), the National Natural Science Foundation of China ( Grant No.
61170269 ) , the China Postdoctoral Science Foundation funded project ( Grant
No. 2012T50209), Peng Haipeng thanks the National Natural Science Founda-
tion of China ( Grant No. 61100204 ) 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, Peng Haipeng, Yang Yixian
September 2012
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