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An improved chaotic optimization algorithm

FEI Chun-guo, HAN Zheng-zhi .
( Department of Automation, Shanghai Jiaotong University, Shanghai 200030, China)

Abstract: To overcome premature convergence of genetic algorithm ( GA) and long search time of chaotic
optimization, an improved chaotic optimization algorithm (ICOA) is proposed by combining GA, chaotic optimization
and mutative scale method. This algorithm uses chaotic characteristics-randomness, ergodicity and regularity to avoid
trapping around local optima. It can overcome premature convergence of GA. At the same time, mutative scale method
is introduced into the algorithm to improve search speed. The convergence analysis of algorithm is also given. Finally,
the proposed algorithm is applied to solve some complex benchmark functions, and the simulations show the proposed

algorithm can provide better performance than mutative scale chaotic algorithm and GA.
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1 3|3 (Introduction)

WAERF L 22 E XHR MM Bk (GA) E
BT TS XKL IBREZEME T GA 1
R, AR M B X AR 1T N
3, REE R R AR BT 2 ¥ VA B 4 B 0 Rk S
BARAL. SCHER [ 2 ] 5% Rk 2 B A R0 I 5] 42 1) 2R
BHEAMASHRBE R EXIMNE, REA
logistic j* A Y FF5 X§ Fp BE AT 5. SCHR(3, 4158
F GA BRERMEB KRR/ ME SR G e~k
HIEB I N A TIR AR AL B 2R RBEIR AR Ak 4% SCHESC
BR[S]RIEERE B, IMAT GA MR KHRMERE
T DR RE B B T —FMeGHE IR E LR
= (improved chaotic optimization algorithm, ICOA).
2  Hi%EpJ3R H (Proposition of algorithm)

2.1 E X iR (Description of algorithm)
PEAL R BUF AR R
min f(z), s.t.z e T, (1)

Wka B 1. 2004 -03 -05; WeiEsoHs H 5. 2005 - 11 -28.

HepTREQ) BT ABNES. ICOA A
FTRUNT -

HR1 REAERLARFEEABIRIE
R Rz e [a, b], E&FEx,.,, = Ax, (1 - x,),
0=<A <4 BWEEERNAX),X =a+2(b-a).
MEze[~a,al,®THFx,,, =Ax) - Az, +x,,1 <
A <4, BIRREERNA(X), X = ax.

HR2 WEABEVR TR E AR
x € [0, 1] [ -1,1],(i=1,2, -, n). HEH
‘Hfﬁlé*g‘hﬁf(xo,') HP Xy =a + 2, (b —a) X, =

- axy, n HTREEEL

HB3I  REFTEAIRMN T BERA R x 1
Al ErE AR e [0, 1] BI-1, 1],
(i =1,2, -, n). WEHMM A HERERS IR (X)),
HP X, =a+x,(b-a) HX, = ax,.

]I WRS(X) < f(Xy), MR GA WE
HIEHEZH® X, = X,
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B2

WS AR CA h B, FELH B
FRRE A AR R IRMER p. FFATACHR.

W6 R CA FHERBH, YL F
MR EIEER p, HTEBR 234 ~6 &
BERRE X, BT BRI R K G x, e [0,
118[-1,1], (i =1,2, -+, n).

FB|T  WRAX,) < (X)), MEZHH
Xoo =X, %0 = xy FPEE X, PR REFE AR ST
AIRRRE , N R PR BB BT B MAICAE X, KRG HE
IR 3. MR X, TEAE LRI m A R 18
REHRZEFSRIGRFM, WBAT TR 8, BNEIR.

BH|E DL PHREGRX APL, LS
R, REI— B RER, 6 AEBET U
o = A%, (1 =2,) Bow = Ax, = Az, +x, HER
R BEREAT3 ~ 7 4/ N E N 408
R HWRGEERIX, -1/6, X, +1/8].

PRI WMREREMERREEAHRIRE
BOR&M B 8kEEUh /e H— /IR EE
IR ~ T MR MRWRIREERFMRS
R BRAFREIN X, 1 A(X,) ARt
2.2 #Ei%18 (Explanation of algorithm)

gt piR M b5 w1 BE 86 70 IR S B8, I
IR 2REME, LRI R EE, R ER
A RIFHIMERE. A CEER SRR B2 b,
TR 4 ~6 A GA MR SZHRAZ R EHRIE. X
SARAERBEHE T AR AN BA R E T
AT UERERERHE BT, SRR
e AR BEE T EA RSN SCERE.

Y73 (AR, 8 P B [ S, T A SR E
LRBME BRBEE 5 R B FIR IR Hm
WS EER , KL — R LR R iR 2R #E,
XETE AR 0, BUME R LR i — B/
TCHRINHTER, TUIRE R R E. £ T EARA,
IR R B, 7220 0K 8 LA b — A5 BRI IR A%
St LA r/8 B/ MER A 8], LHE/NEE N
K R FE PRI T 2R UREHERGEEN.
18 3T R B e R T DAER B BT O IR, i —
8 /MO R A R T LR B 2 R T

BH n,m M8 M B HETLMEL GA FHEL
Bk, 1) AR, 2) AR, 3) Bl
% HPBREERE AN -FTE, EERELR
FERBENSE ARG, B ZRITEERIKGR
B A BRI

FER AR AT, BT LASEE T A R . AR

R BEEER, M n BLEUE LA K — 2, kg8
KEFE], R Z 0] AU /h—26. H i, n BEHERNS
BWREBBIEW. m RGBGE/N, Y m BG/h,
[FIE & BuiG o KB, TR RIG R 48/ DA S S 2
RBEMBAEERIEE N, NTESRLRART
B 2R m BUSE KR B HEEREEEE [F
S BUSR/DN, hHREERE, KREBAR
EEA. BTLL, m MIEEER 55 6 SEFERIE L.
3 IS4 #7 ( Analysis of convergence)

M ICOA HRTLUE i, WG R BB P~ - L 72
B VSR 8K ErN =4 R 55—
WHIRVEEAR ¢, MR AT AL MRS B IR S JF ELE
EARMEE NN, BEXANIETUHARY
Markov §E3 R,

FE 1 ICOA /=4 & — R Fh i H R
Markov §5 255K 1.

iE FRREER A R SETR R G, B
R R SMHERREFC, MERZ » TX. FHitt

Pij:P{XnH:j‘Xn:j*a (2)
BIr AR SF IR Markov #%. UEEe.

SERBRERE P AT LM C, M, S A T TR, C,
M, SFI T4y BIZRsc A5 B MENE Tl
TR HRZS FERS AR .

EHE 2 ICOA BHEBEM P = TSCMS Z1E4E
.

i X THBER T, B— A RS ERE b
AR AR B IR M R BT A . (Rt 4 TFE
B, j e NRE | BRMIGRNj ERY 1, =

1, j=i+1 3 s ]

{0’ gyl RETRIGEES R, RG] s
XA 3, XA AFE LA 5 HTEREHLE, LR
Bl L.

S TERSSERE S, TEBOE R B AL RRBE SR, T
LA B A B e TR, A TR BB 2
Pt B T A B, A TE M i,
Je N, RE I BERBER N WERN s, -

{0.5, j=ii+ l,sﬁﬁﬁﬁfﬁzm%,ﬁfus’@%

0, Hfd
BEHLANT S VE.
X TACHIERE C LRI, ] € N | B3R
(1 -p)"", j=i+1,
W RN ¢, = {”°
! Lo pi(l-p)™, H,

a A 3SR B C EFEYUMSI SVFE).
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X AEFEEE M BRI, j € NI | SR
B B m, = {”m(‘ )T
L=l —p)™,

b S S KL M ARBERURIS e
[0 €M, S EBRHUIEHE , FLM R £, S 71 5t
Ve BRLASAR(6) 9514, 1 A = CMS
RIS, 8 B = SA, N S RREBLY I S t5 47
ok E STt A B TR i, j e N

j=1+1,

Hit,

N
by = > ssa; >0,B1B >0,BHIE. 4P =1TB =
k=1

TSCMS,BR T 2L, W P = TSCMS > 0,
Bl P = TSCMS g 1E4E . HEEE.

BIEERE 1, T8 2 ACEk6 ) hrE 4.2 |
1 ICOA 2 —/Nii I3 155K i) Markov 4. il 7 i)
XA, MEB RSB A, 23 T KRR
BE, 8RR —TREWERAEFT p, I FEE
FIFIEEIRAS , Markov 8 T B RESHAEE -1
KFFHIRR 0. GEARBGE S K e, R
feim TR NREER. XA TFE - REREHAS
DI i, B S A R RE R R IR L A 27,
LEER LB m R KET, TP RS o], 77
limp(f(x*)) =1, Fi ICOA B2 /RH#filsy.

4 {HFHES R FiTiL (Simulation results and
discussion )

T A — 2 P & e i i R K oR $% ICOA
HOTHEHR, BS54 R ERENRKL
(MSCOA) V1 GA HEATELAR. 29 1 38 510 B fE X
BHRBORBIZ 0, FEYL7EH R 2 R HHL 100 S H) 46
18, G 405 B = Fh 3k 0 494 e Bt R
BATRG TEERICAR LB Al THENE
Bl A

21 gRAMNRIHHHFAER

Table 1 Simulation results of benchmark functions
B HRETE AR F, F, F,
B R 70 968 2000
BARERER 157 2309 4505
B 114 1468.2 3411.2
2 100 100 100
ICOA  EARAIWE
| \
&Ezid 4. 61x107® 6. 01x10™® 8. M@x10°°
&gzik 3, 98x107° 3. 9%6x10™° 3.98x10°

e IR
MS  fRERE
COA HBIME/NDR 0.0769
WA
e IR
LRI E
REWERNF
0. 0003
L E

0 0

0.0214

0 0 0

0.0024
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Fig. 1 Comparison of local convergence on
F,, F,, F, by three algorithms
1) Schwefel pR%:

F, = i |z, |+ ﬁl |x,|, —10 <x, <10 ,(3)
F £5(0,0,0) F&R&R/AME0. ZHHH:n =
10; r = 10;m =5;86 = 10;P, =0.5;P, =0.2.

2) Colville pR%X :

F, =

100(x, —x3)° + (1 —2,)> +90(x, —x3)° +

(1 —x3)2 +10.1(x, 1)+ (x, - 1)) +

19.8(x, - 1)(x, -1) ,-10=<x, <10, (4)



474 #

2 ® 5 M H

F23%

F,fE58(1,1,1, 1) B2RB/MEC SEE N n =
150;r = 10;m = 8036 = 3;P, =0.5;P, =0.2.
3) Rosenbrock pR%K:

4

Fy = > [100(x

-10=sx, <10, (5)
FERQ0Q,1,1,1,1) BERB/MENO. S25E
H:n =300;r = 10;m = 20036 =3;P, =0.5;P, =
0.2.

WFEx,, =A%) — Ax, +2,(A = 4) FERIEH Y
B4 F <4 x107° NYUCHRBI T 2/BMmHE W&
1 A1 el LU &, X F 100 A R A 56 E,
ICOA 18 Bl R B, I B Sl B L ik,
BELLES. £5 ICOA HFRIZHiRE T, MSCOA
i GA WARRILRHEMMAE. B LR ER
M, ICOA FRHEEMBEESF TEIMKT
MSCOA #il GA.

5 & %iE(Conclusion)

AOKH CGABMEIRAAMERFERE SR Y
T ICOA. Bt TIRMERE v, AL ER S
Bk R AR, BN — R R F R RO, GA B
FEBRE T, M A SRR, AL BEA1R=E
FHEEREN. AR BEEREAERNE S TEX,

FOAW R T ENEE (TR, LERRT
MSCOA il GA.

_xm)2 + (1 _xi)2] s
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