=4 2R XA
Control Theory & Applications

Vol. 25 No. 5
Oct. 2008

25 B 5 W
2008 4F 10 A

XEHS: 1000—8152(2008)05—0862—05
SK e Ve 4 2 AL Il ) B 3 22 73 REAL SR

SOV, EARE, A1 OL, it

WL TMER 2 £ B TR 2B, LA #TTT 310032)

FE: ES AR SRR ZHS AT (ML AE b, $2 W —Fh H3E 2% 0y 340 575 (ADE). ADES V0l ik it H & M
WSS TR 1A 2 VR S 1 R T 0 AR S SR R, [ IR A AT SRS g I N R A e PR B B R E T, SR RR
AR REE T M FIN, fe R0 m Bk 5 10 R B o A 7. 304k 1n) B I BB A 7 45 SRR WIADES L R
ELDE. DERL VL 2 DERB = 5592 5 PR A AL SIGEE A R Sk, JU 338 &1 i 4 22 A0 A0 1) 3L A SR .

KRR 2R, 250k, IR 75 BUE T

HES3ES: TP391 XERARIRAD: A

Adaptive differential evolution for

high-dimension multimodal optimization problems

ZHANG Gui-jun, WANG Xin-bo, YU Li, FENG Yuan-jing
(College of Information Engineering, Zhejiang University of Technology, Hangzhou Zhejiang 310032, China)

Abstract: Based on the theoretcal analysis of selective variance in mutation operator of original differential evolution
(DE) algorithm, we proposed an adaptive differential evolution (ADE) algorithm to tackle the high-dimension multimodal
optimization problems. In order to make a good tradeoff between the exploration and exploitation, ADE algorithm adopts
an adaptive weighted centroid mutation strategy. Furthermore, modifications in mutation and crossover rule are suggested
to the original DE algorithm to intensify the search around the global minima. These modifications intend to exploit the
information derived from the previous function evaluations to improve the efficiency of the algorithm in the local search,
without deteriorating the behavior of the original DE algorithm in the global search. Numerical experiments indicate that
the resulting algorithm is considerably better and more efficient than the DE, DERL and DERB algorithms. Finally, a

numerical study is carried out using a set of 30 test problems, many of which are inspired by practical applications.
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Table 1 Thirty benchmark problems
P n en P n en P n en
ACK 10 ? AP 2 2 BL 2 4
BF1 2 ? BF2 2 ? BP 3
CB3 2 3 CB6 2 3 CM 2,4 7
DA 2 3 EP 2 ? EM 5 ?
EXP 10 ? GP 2 5 GW 10 ?
GRP 3 ? H3 3 5 H6 6 5
HV 3 ? HSK 2 2 KL ?
LM1 3 125 LM2 5,10 ? MC 2 2
MR 3 ?  MCP 4 ? ML 10 ?
MRP 2 3 MGP 5 NF2 4 ?

ADEF VA S B BEARFIBIN = 10n; KEHL
FAEm = max{3,n}; a1 HEF = 0.5; &2 X
KCp = 0.5; WK TR E R = 1000, WSk H
Tl EEERZBE = 3. DEFVES B ES N
#Rk[5], DERL. DERBAT % 2 5 % & 2 UL SCHR[9]. I
Ab, ARPEVEIN U VFR ZE I BEE Ae = 0.00001, PEAY
Fe b K H by 28 A £ (function evaluation, fe)#ll
J& Ty #E (success ratio, st) KA &, s B T IRE S
RIBATIRECZ L.
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Table 2 The results of A group problems

DE DERL DERB ADE

P—n
fe sr fe sr fe sr fe sr

AP-2 789 1.00 709 1.00 660 1.00 562 1.00
BL-2 11931.00 783 1.00 857 1.00 655 1.00
BF1-2 1091 1.00 895 1.00 826 1.00 734 1.00
BF2-2 17671.00 986 1.00 977 1.00 792 1.00
BP-2 2561 1.00 896 1.00 934 1.00 682 1.00

CB3-2 1177 1.00 723 1.00 635 1.00 553 1.00
CB6-2  15951.00 829 1.00 740 1.00 590 1.00
CM-2 718 1.00 598 1.00 540 1.00 499 1.00

DA-2 1362 1.00
EP-2 12350.93
GP-2 1949 1.00

1005 1.00 904 1.00 890 1.00
807 1.00 704 1.00 629 1.00
919 1.00 795 1.00 692 1.00

HSK-2 689 1.00 614 1.00 538 1.00 474 1.00
MC-2 1141 1.00 663 1.00 602 1.00 508 1.00
MRP-2 4865 0.57 1359 0.60 1283 0.53 848 0.60
MGP-2 2421 0.83 827 0.47 770 0.53 558 0.60
AVE 16370.955 841 0.938 784 0.937 644 0.947
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Table 3 The results of B group problems

DE DERL DERB ADE
P—n
fe ST fe sr fe sr fe st
ACK-10 41650 1.00 68030 1.00 41788 0.87 20855 1.00
EXP-10 14433 1.00 14286 1.00 5824 1.00 5040 1.00
GW-10 80283 1.00 98160 1.00 398310.47 17692 0.93

LM2-10 17610 1.00 17703 1.00 7727 1.00 5669 1.00
ML-10 100  0.00 100 0.00 100 0.00 100  0.00
H6-6 10110* 0.70* 6820 0.90 3756 0.60 2922 0.93
EM-5 21843 1.00 8820 0.87 6041 0.63 5224 0.80
LM2-5 4827 1.00 4070 1.00 2671 1.00 2211 1.00
CM-4 2972 1.00 2504 1.00 1709 1.00 1736 1.00
KL-4 89524 1.00 5653 1.00 3461 1.00 2060 1.00

MCP-4 54947 1.00 2990 1.00 2329 1.00 2247 1.00
NF2-4 780745 1.00 67874 0.10 49405 0.97 14550 1.00
GRP-3 42995 1.00 5329 1.00 5052 1.00 1783 1.00
H3-3 2062 1.00 1364 1.00 1090 1.00 789 1.00
HV-3 2254 1.00 1834 1.00 1452 1.00 1319 1.00

LM1-3 1844 1.00 1541 1.00 1227 1.00 1137 1.00
MR-3 20854 1.00 3623 1.00 3273 1.00 2296 1.00

AVE 69944 0.923 18277 0.875 10396 0.855 5155 0.921

*1e=0.20
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5 45 (Conclusion)

AE R REE TR N, a4 w5k N
ISR AE ) A2 2 AR A ey LA AT T s T A 1 —
AT () . A AR R P SR B 4 M A b, A
SCHE Bl Y 2 S BE VR ADE, A H
R PR AN T AR S SR, ST AR DA A S 4 2 3 SR
R Z WP PE, S AN E T R IT M kX
FII S P ol A A S A 2D 1 T AR AR A B
T R R e ). BUE A 45 B & W] ADESLVEA
B

£ % ik (References):

[1] MORDECAL A. Nonlinear Programming Analysis and Methods[M].
New York, American: Prentice Hall, 1976.

[2] NELDER J A, MEAD R A. A simplex method for function mini-
mization[J]. Computer Journal, 1965, 7(7): 308 — 313.

[3] WALSH G R. Methods of Optimization|[M]. London, England: Wiley
Press, 1975.

[4] HORST R, TUY H. Global Optimization[M]/ Deterministic Ap-
proaches. Berlin, Germany: Springer Verlag, 1990.

[5] STORN R. Differential evolution—a simple and efficient heuristic
for global optimization over continuous spaces[J]. Journal of Global
Optimization, 1997, 11(4): 341 — 359.

[6] ALIMM, TORN A. Population set based global optimization algo-
rithms: some modification and numerical studies[J]. Computer and
Operations Research, 2004, 31(10): 1703 — 1725.

[71 GOLDBERG D E. Genetic Algorithm in Search, Optimization and
Machine Learning[M]. Boston, American: Addison-Wesley, 1989.

[8] ALIMM, TORN A. A numerical comparison of some modified con-
trolled random search algorithms(J]. Journal of Global Optimization,
1997, 11(4): 377 - 385.

[9] KAELO P, ALI M M. A numerical study of some modified differ-
ential evolution algorithms[J]. European Journal of Operational Re-
search, 2006, 169(3): 1176 — 1184.

[10] ALI M M, KHOMPATRAPORN C, ZABINSKY Z B. A numeri-
cal evaluation of several stochastic algorithms on selected continuous
global optimization test problems[J]. Journal of Global Optimization,
2005, 31(4): 635 - 672.

[11] ROGERS A, PRUGER-BENNETT A. Genetic drift in genetic algo-
rithm selection schemes(J]. IEEE Transactions on Evolutionary Com-
putation, 1999, 3(4): 298 — 303.

e T A

RERE  (1974—), 55, WL TR 5w #0%, FERICT Mk
AL FESS, E-mail: zgj@zjut.edu.cn;

TR  (1984—), B, Wil TV KSR 0F 50 A, 2 iy
[ P4k 1 B2 45, E-mail: roomct@hotmail.com;

B 3L (1961—), B3, WRL DMK B, 1 LA S, E ZEAT
05 I M E5 45 I R 40 5%, B-mail: lyu@zjut.edu.cn;

W (1976—), 5, Wil TV K2R ##%, F 2907 [0 b
WAL ZE, E-mail: fyjing@zjut.edu.cn.



