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Numerical Optimization Based on Competition and Evolution

among Generating Mechanisms for Search Points

KEI OHNISHI' and HIDEYUKI TAKAGItt

‘We show a concept of optimization based on competition and evlolution among mechanisms
that generate search points, and realize an algorithm for numerical optimization problems
based on the concept, and evaluate it with several benchmark functions. The mechanisms
that generate search points in the proposal concept have (1) areas where search points are
generated and (2) sampling methods within their areas. Conventional evolutionary compu-
tation (EC) generates new search points by using EC operators, and the characteristics of
its mechanism that generates search points does not change. Conventional probabilistic ap-
proaches that replace the EC search mechanism with probabilistic models do not change the
characteristics of its mechanism that generates search points, too. The essential point of our
discussion in this paper is to dynamically change the characteristics of a mechanism that

generates search points and aim to increase its optimization capability.
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Fig.1 Outline of the proposed optimization method.
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Fig. 2 Hierarchical search.
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Table 1 Benchmark functions used for the evaluation of the proposed algorithm.

Label Function Range of variable
Fl EN=1 & z; € [-5.12,5.12]
N 212 2
F2 Yo £100(zy — 27)? + (2 — 1)*} z; € [—2.048,2.048)]
F3 pORNER z; € [5.12,5.12]
sin2 Z:\;l ©2-0.5
F4 05+ —¥Y —— z; € [—100,100]
1.040.001 2‘71 2
. N
F5 OO a2)02s [s1n2{50(2i=1 22)%1} 1.0] z; € [~100, 100]
F6 10N + Z_l{x? — 10 cos(2ma;)} z; € [—5.12,5.12]
F7 418.9829N + Y {—aysin/|zi[} z; € [~500, 500]
F8 (z1 —5)% + Z ,{1000(z; — 5)} z; € [-5.12,5.12]

F9 204+ e —20exp(—0.24/ + Z i1 x2) — exp{ & Z cos(27rac,i)t}

DA
F10 i -1, cos(\—}) +1
F11 - Zi\]—1 sin(z;) sm27”(

x; € [—30,30]

x; € [—600, 600

: )7 where m = 10 z; € [0, 7]
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Table 2 Values of the algorithm’s parameters for the
experiments.

parameter used value
N 50, 100, 200
N, 500, 1000, 2000
N 5
N, 5 x 10°
L 2
K 3
Rpazs Rmin (0.1,0.02)
Ryc, Rys (0.2,0.02)
Pm 0.01
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Table 3 Results of the experiments. This shows the average of the best fitness val-
ues (Mean), the standard deviations of those (SD), the number of times
which a search space for PA contains the global optimum (Opt-PA), the
average of the number of times which an area that RGA crossover operator
determines contains the neighborhood of the global optimum (Opt-GA),
. . . . 5
and the average of calculation times for one implementation (T) at 5x 10°,
109, 1.5 x 10%, 2 x 10%, and 2.5 x 10° iterations.
[ 1st (5 x 10%) 2nd (10%) | 3rd (1.5 x 106) 2nd (2 x 106) [ 3rd (2.5 x 106) [ T[s]
L=1 L=2
PA Mean 2.0530 x 1072 8.9941 x 10~0 3.7629 x 10~ 9 3.7629 x 10~ 9 3.4457 x 1079 33
F1 (N¢=50) SD 9.1270 x 10~ 6 1.9353 x 10— 12 under 10~ 18 under 10~ 18 under 10~ 18
(N, =500) Opt-PA 50/50 46/50 44/50 43/50 43/50
RGA Mean under 10~ 18 under 10— 18 under 1018 under 10— 18 under 10— 18 53
(BLX-a) SD under 1018 under 1018 under 1018 under 1018 under 1018
Opt-GA 344541 683706 1021521 1359552 1401993
PA Mean 1.7670 4.1377 x 10— 1 | 4.0896 x 10— 1 | 3.9239 x 10—1 | 3.9055 x 101 36
F2 (N¢=200) SD 5.3804 x 1072 4.8452 x 1072 4.7980 x 102 4.8066 x 10~ 2 4.8047 x 102
(Ny=1000) | Opt-PA 50/50 0/50 0/50 0/50 0/50
RGA Mean 2.7754 1.6606 1.1491 8.6096 x 101 6.6892 x 10~ 1 286
(SPX) SD 1.2391 x 101 4.1596 x 1072 1.8881 x 1072 1.0857 x 102 7.5419 x 1073
Opt-GA 35011 69542 106735 145640 185876
PA Mean ~120 ~120 ~120 ~120 ~120 40
F3 (N=200) SD 0 0 0 0 0
(Ny,=1000) | Opt-PA 50/50 50/50 50/50 50/50 50/50
RGA Mean —120 —120 —120 —120 —120 46
(BLX-a) SD 0 0 0 0 0
Opt-GA 488044 088044 1488044 1988044 2488044
PA Mean 2.9714 x 1071 5.2452 x 1071 4.3670 X 10—2 | 4.3670 x 10—2 | 4.3670 x 102 33
F4 (Ne=50) SD 3.0857 x 10—4 1.0692 x 1073 under 1018 under 1018 under 1018
(Ny=2000) | Opt-PA 50/50 10/50 0/50 5/50 0/50
RGA Mean 1.1055 x 10— 1 | 1.1055 x 10— 1 1.1055 x 101 1.1055 x 101 1.1055 x 101 41
(BLX-a) SD 1.2732 x 10~ 2 1.2731 x 10~ 2 1.2731 x 10— 2 1.2731 x 10~ 2 1.2731 x 10~ 2
Opt-GA 25344 25344 25344 25344 25344
PA Mean 2.0316 3.8063 x 10— 1 | 2.8343 x 10— 1 | 1.8791 x 10— 1 | 1.43885 x 101 35
F5 (Ne=50) SD 9.7479 x 103 2.1322 x 10~ 5.0576 x 102 2.0387 x 1072 1.4508 x 10~ 2
(Nyp=1000) | Opt-PA 50/50 20/50 3/50 22/50 3/50
RGA Mean 6.4889 x 10— 1 6.4615 x 10~ 1 6.4253 x 10~ L 6.3921 x 10~ 1 6.3921 x 10~ 1 45
(BLX-a) SD 7.7086 x 1072 7.6289 x 10~ 2 7.1763 x 1072 6.8747 x 10~ 2 6.8747 x 1072
Opt-GA 36373 36373 36373 36373 36373
PA Mean 5.4971 1.2604 x 101 1.2268 x 101 6.2049 x 1072 6.1777 x 1072 42
F6 (N¢=200) SD 6.0063 x 101 1.0389 x 10~ 1 1.0399 x 10— 1 5.5767 x 1072 5.5796 x 102
(N =500) Opt-PA 50/50 23/50 20/50 19/50 18/50
RGA Mean under 10— 18 under 1018 under 10— 18 under 1018 under 1018 53
(BLX-a) SD under 1018 under 1018 under 1018 under 1018 under 1018
Opt-GA 52881 52881 52881 52881 52881
PA Mean 27.1536 1.2115 x 102 1.0169 x 1075 1.0169 x 10° 4.9315 x 10~6 50
F7 (N¢=100) SD 13.0297 4.0692 x 106 1.0048 x 10—9 1.0048 x 10~ 9 4.9254 x 1013
(Nyn=500) Opt-PA 50/50 49/50 46/50 49/50 45/50
RGA Mean 5.5182 X 10—7 | 5.5182 x 10— 7 | 5.5182 X 10—7 | 5.5132 x 107 | 5.5182 X 107 57
(BLX-a) SD under 1018 under 1018 under 1018 under 1018 under 1018
Opt-GA 22403 22403 22403 22403 22403
PA Mean 15.1815 1.1241 x 101 1.0270 x 101 1.6628 x 102 1.3842 x 1072 32
78 (Ne=50) SD 3.5177 7.7046 x 102 7.5297 x 1072 3.0628 x 103 2.9422 x 103
(N =500) Opt-PA 50/50 21/50 7/50 20/50 12/50
RGA Mean under 10— 18 under 1018 under 10— 18 under 1018 under 1018 43
(BLX-a) SD under 1018 under 10— 18 under 10~ 18 under 1018 under 10~ 18
Opt-GA 408475 908475 1408475 1908475 2408475
PA Mean 1.9227 9.2158 x 102 7.3605 x 102 1.7295 x 102 1.1696 x 102 42
F9 (Ne=50) SD 2.7182 x 1072 1.9963 x 10~ 2 1.9698 x 102 1.8672 x 1073 1.8870 x 1073
(Nyn=1000) | Opt-PA 50/50 31/50 31/50 27/50 23/50
RGA Mean 6.22 x 10— 16 6.22 x 1016 6.22 x 10— 16 6.22 x 1016 6.22 x 1016 55
(BLX-a) SD under 1018 under 10~ 18 under 10~ 18 under 1018 under 10~ 18
Opt-GA 153758 153758 153758 153758 153758
PA Mean 1.0760 1.1926 x 102 1.9469 x 103 1.4999 x 103 5.5676 X 10— 6 52
F10 (Ne=100) SD 1.1469 x 10—4 7.4330 x 105 2.3087 x 10~° 1.0075 x 10~5 2.5473 x 10— 11
(Nyn=1000) | Opt-PA 50/50 50/50 33/50 48/50 33/50
RGA Mean 1.1336 x 10—3 | 1.1336 x 103 | 1.1836 x 103 | 1.1336 x 10— 3 1.1336 x 1073 62
(BLX-a) SD 1.0010 x 10—5 1.0010 x 102 1.0010 x 1075 1.0010 x 102 1.0010 x 10~2
Opt-GA 106634 106634 106634 106634 106634
PA Mean —17.5017 —18.9745 ~18.9711 —19.0394 ~19.0404 66
F11 (N¢=100) SD 4.5242 x 102 3.3437 x 102 3.3395 x 102 2.6880 x 102 2.6848 x 102
(N =1000) | Opt-PA 50/50 0/50 0/50 0/50 0/50
RGA Mean —19.6364 —19.6369 —19.6370 —19.6370 —19.6370 296
(SPX) SD 3.5918 x 1076 4.2152 x 1078 5.4550 x 10~ 13 5.6346 x 10713 | 4.2393 x 10713
Opt-GA 108080 178905 252261 325727 398589
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Fig.3 Graph drawing values of “Opt-GA” up to 5 x 10°

iterations for the benchmark functions F4, F5, F6,
F7, F8, and F10.
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