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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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Algorithm EGEA.

01: begin

02: k=0;

03: initialize population N, randomly;

04: evaluate the race exponent (Ny);

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

07: E=ethnic group clustering (Ny);

08: for i=1 to £do

09: while (children number of £,(7) are not reached) do
10: Ci(i)=mutation (crossover (mate (Ey(7),Ny)));
11: evaluate the race exponent (N,,Cy);

12: Nji1=selection next population (N, Cy);

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

14: Nj.1=education (splice experiment (EM}),y);

15: evaluate the race exponent (N+);

16: k=k+1;

17: end;

18: adjutant-searching (4p.s);

19: end.
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Table 1 Experimental statistic results of EGEA for f|~f; based on 30 dimensions
F 1 EGEA X 30 4E s 30 fi~fs LI Se vl 45 1

Function 7 1 A1 5 [ 5 [ %
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 —12569.486 6 0 0 0 0 0
Mean -12569.485 7 0 0 1.25e-5 0 0
Standard deviations 1.15e-3 0 0 8.67¢—4 0 0
Maximum 35779 11 695|122 001 | 33 189 20881 |12 836
Function evaluations Minimum 14 790 4005 [ 5914 | 15787 | 9324 | 2725
Mean 27 186 8914 | 13409 | 21858 [18392| 8106
Standard deviations 5494 2354 | 3598 | 4782 | 3623 | 1264

EGEA 1EX fo.f3.f5 Fll fo BAELI) 50 XAEALHRAE 200 ACA K2 T S LA £ b8 2 50 LRI RE A7 3 Ik
BEAAE 200 AR N WCSIE] 42 Jry S AL X £y e B R BB 45 2R 12 569.486 6.
% 2 EGEA 5 OGA/Q,HTGA ,MAGA,StGA,LEA F1 OEA iX 6 FhLiE% 30 4k fi~f; B AL 45 B (K5 B
H i 0 75 SCATSE S5 5% P AN ) AR e L A 3 J LR 32 ) DL 95 (AR i FE S SIOKS 152 LA KA 9% 14 b B or A D 8, vl
LN {000 T s Bl 5 e S92 00 1 ) AN I e B DA BB D 110 22 .
Table 2 Comparison of experimental results between EGEA and

6 algorithms for f~f; based on 30 dimensions

32 EGEA 5 6 FlELkXT 30 4k ok B fi~f S50 45 B %) L

Function fi 5 S Ja fs Jo
MNFE 27 186 8914 13 409 21858 18 392 8106
EGEA | MFV |-12569.4857 0 0 1.25e-5 0 0
(Std) (1.15e-3) (0) 0) (8.67e—4) (0) 0)
MNFE 302 166 224710 112 421 134 000 112 559 112 612
OGA/Q | MFV |[-12569.4537 0 4.44e-16 0 0 0
(Std) (6.447¢—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 | -12569.46 0 0 0 0 0
(Std) ) ) ) () () 0)
MNFE 1500 28 500 10 000 52 500 30 000 17 600
StGA | MFV -12569.5 4.42¢—13 3.52¢-8 2.44e-17 2.45e-15 2.03e-7
(Std) (0) (1.1e-13) (3.5¢-9) (4.5e-17) (5.2e—-16) (2.95¢-8)
MNFE 287 365 223 803 105 926 130 498 110 674 110 031
LEA | MFV | -12569.4542 | 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) | (6.218e—16) | (4.236e—19)
MNFE 300019 300019 300 018 300 020 300017 300 014
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)
Std: Standard deviations

MNFE: Mean number of function evaluation MFV: Mean function value
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Table 3 Experimental statistic results of EGEA for Cfi~Cfs
F 3 EGEA X%l CH~Cfs BB Zivh 45 R

Function cr Ch s Cf; Cfs Cfe
Maximum | 287 280 | 299 | 298 | 296 | 297

Generations Minimum | 102 155 1o | 175 | 122 | 198
Mean 221 239 | 245 | 257 | 225 | 272

Std 567 | 522 | 544 | 356 | 548 | 327

Maximum | 4.90e-2 | 28.1 753 120.0 21.4 375
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 23 310
Std 1.36e-3| 4.01 37.3 23.6 7.6 5.6
Maximum | 51 079 | 54 729 | 52334 | 54 807 | 56 247 | 55253
Minimum | 18 527 | 28 164 | 19443 | 30 867 | 22 389 | 35195
Mean 39425 | 44374 | 42912 | 48 877 | 41 660 | 48 870
Std 69759 | 7128.7 |7563.7|7418.5|7103.8|6390.7

Function value

Function evaluations

Table 4 Comparison of experimental results between EGEA and 6 algorithms for Cf;~Cfs
4 EGEA 5 6 PSRN oL CAA~Cf, IS5 45 RN EL

Function Ch Ch Ch Cly Cfs Cfs
MFV 1.03e-3 4.54 13.2 100.7 2.3 310
o 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

1E Cfy BBUAL Se B b EGEA 32 B 1) 55 ks B 2 107,20 Yese B b ik 8 1073 K5 10 17 W, HAts 6 F gk
s U5 CLPSO HIpifb 4 4+ EGEA.

15 Cfy BB S B h EGEA 3 B 1) 5 ks 2 1075,20 YOse B b ik 8 1073 K5 AT 14 I HoA 6 P41k
A HEIE BIXAKEIE.

1 Cf BB AL 5256 b EGEA 14 3 (1) 58 ok BE 2 107420 R S8 T3k 3 107 SRS 6 IR, JLAh 6 RhiTk
HOA fig ik B XA K BE

TE Cfa,Cfs Fl Cf 13X 3 ANTRAT PRI 22 FhAS ) bR 5502 1, 16 73 45 4 5 0 ]2 4%,/ EGEA XFIX 3 ANk 3 ik
2h LW B BT T Lk 6 ek
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