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Abstract: Enlightened by the conception of ethnic group in social science and a perspective to analyze the
structure and evolutionary tendency of population in terms of ethnic group, a population structured technology,
ethnic group mechanism, is proposed. Meanwhile, an ethnic group evolution algorithm (EGEA) with a dual track
co-evolution process and special ethnic group operators is designed for binary coding. The simulation tests of the
classical function and challenging composition test function show that the EGEA can restrain premature
convergence effectively during the evolutionary process while improving the search efficiency greatly. The
comparisons between EGEA and other typical algorithm show EGEA is a competent algorithm for solving
numerical optimization problems.

Key words: genetic algorithm; ethnic group mechanism; ethnic group dual track co-evolution
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RIAS A b i A B — SE L DR B, O X e R A R E A A i R T AR T ORI — R 50 Mk ) S AL
3) BHEHT
HE ST L& MR I PR R0 50 M T B 55 5 0 s BT, I T IR — AR AN 4, LA
BEAF B AT H T8GR AT B4R ) OB AE T — AR Rk
AR R AR T BELE £ AME A, M2 HOE A
Pegucationr=1-0; (22)
W2 X A AR R RBEAT IR, W0 Pogcation™Random(0,1), MG TU ) MV {380 1L 46 45 W% 5 5 X
M EM F0f NYERT e A TU T £ — A B Io AR A, BUAT A4 505 S50 75 WO B 22 4 1 4t 9 45 L.
ABR 3. VEACEE AN R IR I Y AR, I AR A AN
233 ABEIMRHET
A AY R A I B A F e R e g o 2 5 T v R IR e I A R AT AR S R DR AR )
DI M SRS W
R L 25 B 2 1) 4 2 B F) SR I R A s = (1, ) R HTUR 25, BEICIE I E N O oy S B 8 1 442
RIK N [or-mort il =[x = x| /R = 2),x W, AP RIAAR x; 100 E UL o 1 ST K P 45 B4 2R
PHBo=1,2,.. 0 x, MR K N g=nila.
AR 2. VS o, AEIE I 55 3 g I A T ) AT FD R e S I R AR A R P R K T 1) A
N x; FAE R T 1]
AR 3. WA ROD R AN AR, & AR
o =of +hg'd} (23)
o, df = 1,1 h xR JT 10, h=1,. . e VP B A2 1 o AN A PR I 8 A, B 3L v B 3 K& B B A AN
H AL = (0,0t
SR A R P <F O R R S I A R B R AL, B LLL AL = (of .08 B R 46 A
Bk =g o IR IR 2 fEX 1] [0f — g o + g* ] T R,
2.4 EGEARY#ITIZEE

LAR O EGEA [R#RAT I R, 20 S8R 4 i A mh AR 1) B0, O 7 5 I AR IR i AR, 12 32 37 L 4
pe(0,1), %7 T AU A ym DSR2 HOE R AE

Algorithm EGEA.

01: begin

02: k=0;

03: initialize population N, randomly;
04: evaluate the race exponent (N);

05: while (the termination criteria are not reached) do
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06: begin

07: E=ethnic group clustering (N,);

08: for i=1 to £do

09: while (children number of E,(i) are not reached) do
10: C(i)=mutation (crossover (mate (E(i),NVy)));
11: evaluate the race exponent (N, Cy);

12: Ny.1=selection next population (N;,Cy);

13: EM;=initialize experience matrix (£;);

14: Nj+1=education (splice experiment (EM,), w);

15: evaluate the race exponent (N;4);

16: k=k+1;

17: end;

18: adjutant-searching (4;.);

19: end.

3 BEiRMEReK

3.1 MR RS

6 IR 22 4 bR KRN 6 TR A bR B0 B BRI EGEA. FRIE BE. IR B& B £~ R fs.fe 23 3% 19 SCHR[16]
H (1 22 B2 BR B~ RO SR . 3R MR 005 bR 5 LA DA R AR T A Sl s DR A v 5 4 AR M D, 4
Soe DU 5 A DT LA SR B DA v % A — R AL T 2R DX 1 v B A 0 SR 6 DL R R
THE R 7 A G U8 B (0 3 2 sk 3K I S8 B2 R T L S b AL B SIZ ) R, SR 1738
XF bR BCREAT AA R AR Hite e 7 A 45 LA B 2 ) 28 i 45 — 2R 448 it A B B A 2 Rk e v P S DK o B CF ~Cs
S AR n=100, 5 HE 5> 5S4 v=0.6,6=0.3, 20 LA =0.2, ] 3 1y 12 AWK R 2505 248 1) 2 5 K JE

Function index
>

10 12 14 16 18
Number of binary bits

Fig.3 Code length of functions
B3 bR g i

32 XRER
3.2.1 BB oR H AL SE B

1E 30 4E[1) fi~fe AL S5 EGEA ¥ 5 OGA/Q' HTGA" MAGA!'® StGARY LEAIHII OEAMX 6
Tl B8 B AL 7 1T B0 L R AR BE I FVE BEAT LE 8. OGA/Q K FH I 1 46 1F 2 AE 1 000 ALIAR 7 48 50 14k
(¥ 5 s v A B2 S LHTGA 1 28 0k 4 1 2 B A o S5 AN 1A 10 bR 508/ 505 OGA/Q Rt 11 1 3 &5 1),
MAGA [ R4 AE X REA B BB 3R 2R 150 AR StGA 8 % B it AR B I AAE 200 1R LA POLLEA 2%
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1E414 5 OGA/Q MR OEA [#1£% 11 41 2 b8 BOE A% YR B T 300 0001 EGEA SR H 28 11 45 4 S %o 455 e %
ARI R 200 A28 1 A XHEEAS REGESE 50 s F A i gt 8.

Table 1 Experimental statistic results of EGEA for fi~fs based on 30 dimensions
%1 EGEA X} 30 4EpR 2L fi~fs IS I G0t 45 R

Function fi f f fa fs fs
Maximum 197 162 153 199 168 62
Generations Minimum 79 18 29 70 33 9
Mean 148 70 77 166 108 35
Standard deviations 24.2 27.6 28.1 31.9 24.1 10.3
Maximum —12569.469 8 0 0 1.4e—4 0 0
Function value Minimum -12 569.486 6 0 0 0 0 0
Mean -12569.485 7 0 0 1.25e-5 0 0
Standard deviations 1.15e-3 0 0 8.67e—4 0 0
Maximum 35779 1169522001 | 33189 (2088112836
Function evaluations Minimum 14 790 4005|5914 | 15787 | 9324 | 2725
Mean 27 186 8914 | 13409 | 21 858 [ 18392 8106
Standard deviations 5494 2354 | 3598 | 4782 | 3623 | 1264

EGEA TEXT fo.f3.fs T f5 BB SO IRARALHBTE 200 AR 9 483 T S ARAF. AT £ s 50 A R A 3 Ik
WA AE 200 1A WS B4 RS AR ) /1 eR B &R I i L 45 R —12 569.486 6.
# 2 4 EGEA 5 OGA/Q,HTGA,MAGA,StGA,LEA Fll OEA X 6 Fl§73:0} 30 4E fi~f 2R B4k 45 % L.
H i i 7 SRS AR AS ) AR HE LA Fod JU RIS R AR 25 AE AR 3 T Se SIORS FE LA B A 2 1 o BC0P Al U B, T
DA A0 T Jiz e 45 o 50308 00 e 0 AS T o SO AKG B D 1 2 .

Table 2 Comparison of experimental results between EGEA and
6 algorithms for fi~fs based on 30 dimensions

£ 2 EGEA 5 6 P&t 30 4 pR 0 fi~fe 20045 B 1 %) He

Function fi 1 f fa fs fs
MNFE 27 186 8914 13 409 21 858 18 392 8 106
EGEA | MFV |-12569.485 7 0 0 1.25¢-5 0 0
(Std) (1.15e-3) (0) (0) (8.67e—4) 0) 0)
MNFE 302 166 224 710 112 421 134 000 112 559 112 612
OGA/Q | MFV |-12569.453 7 0 4.44e-16 0 0 0
(Std) (6.447e-4) (0) (3.9e-16) (0) 0) 0)
MNFE 10 862 11427 9 656 9777 9502 9591
MAGA | MFV |-12569.486 6 0 4.44e-16 0 0 0
(Std) | (7.121e-12) (0) (0) 0) 0) 0)
MNFE 163 468 16 267 16 632 20 999 20 844 14 285
HTGA | MFV -12 569.46 0 0 0 0 0
(Std) (0) © () 0 0 ()]
MNFE 1500 28 500 10 000 52 500 30 000 17 600
StGA | MFV -12 569.5 4.42e-13 3.52¢-8 2.44e-17 2.45e-15 2.03e-7
(Std) (0) (1.1e-13) | (3.5¢-9) | (4.5¢-17) | (5.2e-16) | (2.95¢-8)
MNFE 287 365 223 803 105 926 130 498 110 674 110 031
LEA MFV | —12 569.4542 | 2.103e-18 3.274e—14 | 6.104e—16 | 4.727e—16 | 4.247¢-19
(Std) (4.831e—4) |(3.359¢ —18) | (3.001e—14) | (2.513e¢—17) | (6.218¢—16) | (4.236¢—19)
MNFE 300019 300019 300018 300 020 300017 300014
OEA | MFV | -12569.4866 | 5.430e-17 | 5.336e-14 1.317e-2 | 2.481e-30 | 2.068e—13
(Std) | (5.555e-12) | (1.683e—16) | (2.954e—13) | (1.561e-2) | (1.128e-29) | (1.440e—12)

MNFE: Mean number of function evaluation

MFV: Mean function value

Std: Standard deviations
TEXE fo F0 fy BRBARAL T EGEA R 9% T 5/ I s ACTAL B B T 42 JR e LA
EXS fi PREOLAG P StGA & ME— 4k 21 55 0 1) 5075 EGEA 16 9% 18 0 2 UF A5 U BRI SIORS B 2247 T

OGA/Q,HTGA F! LEA;
TEXT f3 BB AT MAGA Rl StGA 14 9% 11 T35 s AT AL Ik B i /> EGEA 5 HTGA 48 % 25 F10R 1% B v,
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H EGEA 1E 9% 1)~ 35 iR ZOPFAL IR B 2L/ T OGA/Q,LEA Fl OEA;

L fo A fs AR AL o MAGA R T S M B8, EGEA (4L 45 R 5 HTGA 3,517 T OGA/Q,StGA,
LEA F1 OEA.

LEL KA AEXT fi~fs BB AL T MAGA KRBl E EGEA 5 HAl 5 Fh &304 5 A [l s S A A O %
P,
3.2.2 R REIAL LR
HR[17]7id 3% T PSO,CPSO,CLPSO,CMA-ES,G3-PCX F1 DE iX 6 Ff $5.35 %V A 06 B A0 Ak 45 S B Fh A
PO bR B REAT T 20 YRS 5L AREAS BRI SR K VEAN OB BRI A 50 000 Y.EGEA X BEAN B B3 T T 20
WIs B s KRB 10 300 /8,36 3 b EGEA I8 H G M4t 45 5.3 4 ) EGEA 5 ik 6 Fi& b g R
(1% L.

Table 3 Experimental statistic results of EGEA for Cfi~Cfs
#z 3 EGEA X Cfi~Cfy HISEI e il 45

Function Cch cf Cfs Cfa Cfs Cfs
Maximum | 287 289 299 298 296 297
Generations Minimum 102 155 110 175 122 198
Mean 221 239 245 257 225 272
Std 56.7 52.2 54.4 35.6 54.8 32.7
Maximum | 4.90e-2 | 28.1 75.3 120.0 21.4 375
Function value Minimum | 2.03e—4 | 1.25¢-6 | 1.2e—4 | 90.5 1.9 304
Mean 1.03e-3 | 4.54 13.2 100.7 2.3 310
Std 1.36e-3| 4.01 37.3 23.6 7.6 5.6
Maximum | 51 079 | 54 729 | 52 334 | 54 807 | 56 247 | 55 253
Function evaluations Minimum | 18 527 | 28 164 | 19443 | 30 867 | 22389 | 35195
Mean 39425 | 44374 | 42912 | 48 877 | 41 660 | 48 870
Std 69759 | 7128.7 |7563.7|7418.5|7103.8|6390.7

Table 4 Comparison of experimental results between EGEA and 6 algorithms for Cf~Cfs

% 4 EGEA 5 6 FIH LN Bl Cf~Cf FIS2 55 25 R X L

Function Ch ¢h s Cfa s Cfs
MFV 1.03e-3 4.54 13.2 100.7 2.3 310
EGEA Std 1.36e-3 4.01 37.3 23.6 7.6 5.6
PSO MFV 100.00 155.91 172.03 314.30 83.45 861.42
Std 81.650 131.76 32.87 20.07 101.11 125.81
CPSO Mean 156.26 242.29 362.64 522.37 255.56 853.14
Std 134.27 148.95 196.31 122.09 175.63 127.98
CLPSO MFV 5.74e-8 19.16 132.81 322.32 5.371 501.16
Std 1.04e-7 14.75 20.03 27.46 2.61 0.78
CMA-ES MFV 100.00 161.99 214.06 616.40 358.53 900.26
Std 188.58 151.00 74.18 671.92 168.26 0.0831
G3-PCX MFV 60.00 92.699 319.80 492.96 26.02 772.08
Std 69.921 99.067 125.19 142.49 41.58 189.39
DE MFV 0.07 28.76 144.41 324.86 10.79 490.94
Std 0.11 8.63 19.40 14.75 2.60 39.64

7E Cfy RERAL SE 56 T EGEA 1 B () d5 ks FE A2 1074,20 USSPk 1) 1070 K5 BEIAT 17 IR, 304 6 Fh 41

th U CLPSO AL 45 AL T EGEA.

TE Cfs BRERAL 5256 1 EGEA 15 B [ d5e ikl 42 1070,20 WRSEE0 TPas 1) 107 K5 BEMAT 14 A 6 FhET i

HRA RELE BX AN L

£ Cf; B ERAG 5250 1 BGEA JA I de R 2 107,20 W28t ik 2] 107 KEBE AT 6 R HiAl 6 Pk

HRAR REIE X AN

£ Cfa,Cfs M Cfg 31X 3 AR AT R K 22 Tl AN 7] oy B4 B, (45 45 40 B0 O B2 2% fH EGEA XX 3 AR Atk
2 AW 2 T B 6 R
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JBAE S AL HEAC AR 2 3R N A T2 A8 )2 1 ) AL 238 383X POBL AR m LAy {5 1t 42 40 A% 45 K A7 2t By
A 05 A R A ZRONN J) B R R R 5% AR AN T i vt B0 A B0 A R IR R B BARE ) AR SR ot T B
T 2 B 5 3P AR 20 S5 1%, DR T AZ R S R T FE T B A O B [ 34 A e A0 F TR B2 A0 030 DA RAR L F
JEAE A1 R AR £ 73 2 B8 0, XU bl ) 2 AR AL i 07 A R << A M I AR RE AN A 2 D) e A
B AT A LA A AR LA B K 0% 3R AR S 22 2 pR B0 AL 5206 P BGEA Sl L 5 7 e AL i RoAT
P PERERT 6 b LI iOORT L, W W HE AL ST AT 58 4 7 19 2 4 o OO0 A 0305 D R ARt A S it
YA IR ) R AR RE 3,6 A B Lk At P P 7 K o BB T T EGEA. 1YL A &5 SR W1 2 24 1 SR 1 7] 3 =%
PRI JLRR S R DA 5 2R b3l 45 SRR WY 5 T IR & 0 (R 2 A R AN S Wl AT 19, 1 HL A R [ I 3 v i A
B R AR BEOL AL SR O T A RAF AR S, PRI, 25 JRATTRE A ST A e A A8 A i) AL

BOS AU, T [0 A SO H S B B RS A S LU R S AR SO A R T A TR (7] 2 37 S F) S !

References:
[1]  Rudolph G. Convergence analysis of canonical genetic algorithms. IEEE Trans. on Neural Networks, 1994,5(1):96—-101.
[2] Jiao LC, Wang L. A novel genetic algorithm based on immunity. IEEE Trans. on System, Man, and Cybernetics—Part A: Systems
and Humans, 2000,30(5):552-561.
[3] Wang CX, Cui DW, Wan DS, Wang L. A novel genetic algorithm based on gene therapy theory. Trans. of the Institute of
Measurement and Control, 2006,28(3):253-262.
[4] LiuJ, Zhong WC, Jiao LC. An organizational evolutionary algorithm for numerical optimization. IEEE Trans. on Systems, Man,
and Cybernetics—Part B, 2007,37(4):1052—-1064.
[5] ZhangJ, Chung HSH, Lo WL. Clustering-Based adaptive crossover and mutation probabilities for genetic algorithms. IEEE Trans.
on Evolutionary Computation, 2007,11(3):326-335.
[6] Wang YP, Dang CY. An evolutionary algorithm for global optimization based on level-set evolution and Latin squares. IEEE Trans.
on Evolutionary Computation, 2007,11(5):579-595.
[71 Xie T, Chen HW, Kang LS. Evolutionary algorithms of multi-objective optimization problems. Chinese Journal of Computers,
2003,26(8):997-1003 (in Chinese with English abstract).
[8] SunJG, Liu J, Zhao LY. Clustering algorithms research. Journal of Software, 2008,19(1):48—61 (in Chinese with English abstract).
http://www.jos.org.cn/1000-9825/19/48.htm
[91 Gan J, Warwick K. Dynamic niche clustering: A fuzzy variable radius niching technique for multimodal optimization in GAs. In:
Kim JH, ed. Proc. of the IEEE Congress on Evolutionary Computation. Seoul: IEEE Press, 2001. 215-222.
[10] Ling Q, Wu G, Yang ZY, Wang QP. Crowding clustering genetic algorithm for multimodal function optimization. Applied Soft
Computing, 2006,8(1):88-95.
[11] Ortiz-Boyer D, Hervas-Martinez C, Garcia-Pedrajas N. Improving crossover operator for real-coded genetic algorithms using
virtual parents. Journal of Heuristics, 2007,13(3):265-314.
[12] Garcia-Martinez C, Lozano M, Herrera F, Molina D, Sanchez AM. Global and local real-coded genetic algorithms based on
parent-centric crossover operators. European Journal of Operational Research, 2008,185(3):1088—1113.
[13] De Jong KA, Spears WM. A formal analysis of the role of multi-point crossover in genetic algorithms. Annals of Mathematics and
Artificial Intelligence, 1992,5(1):1-26.
[14] Wolpert DH, Macready WG. No free lunch theorems for optimization. IEEE Trans. on Evolutionary Computation, 1997,1(1):
67-82.
[15] Reynolds RG, Zhu S. Knowledge-Based function optimization using fuzzy cultural algorithms with evolutionary programming.

IEEE Trans. on Systems, Man and Cybernetics—Part B: Cybernetics, 2001,31(1):1-18.



990 Journal of Software #AFF ¥k Vol.21, No.5, May 2010

[16]

[17]

(18]

[19]

Zhong WC, Liu J, Xue MZ, Jiao LC. A multiagent genetic algorithm for global numerical optimization. IEEE Trans. on Systems,
Man and Cybernetics—Part B: Cybernetics, 2004,34(2):1128-1141.

Liang JJ, Suganthan PN, Deb K. Novel composition test functions for numerical global optimization. In: Kennedy J, ed. Proc. of
the IEEE Swarm Intelligence Symp. Pasadena: IEEE Press, 2005. 68-75.

Leung YW, Wang Y. An orthogonal genetic algorithm with quantization for global numerical optimization. IEEE Trans. on
Evolutionary Computation, 2001,5(1):41-53.

Tsai JT, Liu TK, Chou JH. Hybrid Taguchi-genetic algorithm for global numerical optimization. IEEE Trans. on Evolutionary
Computation, 2004,8(4):365-377.

[20] Tu ZG, Lu Y. A robust stochastic genetic algorithm (StGA) for global numerical optimization. IEEE Trans. on Evolutionary
Computation, 2004,8(5):456-470.
Mt o 3052 STk

(7]
(8]

Ui R KHE BB ST 1. 22 H AR AL B AL S 1 S ML 24 31,2003,26(8):997-1003.
PN D A R IE 72 SR BRI 90 3 AF 24 410,2008,19(1):48-61. http://www.jos.org.cn/1000-9825/19/48 . htm

B8 K Fr (1960 — ), Zc, 1o - 76 U i, 3= 22
FUHEC B e AR AL,

FRAE (1978 —), I3 T db 2 A i 2k X
SRS A AL T A M P2 4

EHR01945—), 5,89 4 200,
BRI I AN A HE A T L VL 2%, £ 1
PREA.

RIR(1976—), 2, TR, WL WU
AT

EWMER1975—), 5, 4 YR, = E
FUATER Oy 8 e v 4, 20 A U



