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Abstract

In the process of solution optimization, precision, convergence rate
and computing time are crucial to the ability of a search methodology.
Once coming across a problem with high dimensions and complexity,
poor algorithms will debase the precision and convergence rate or boost
up the computing time. This paper aims at these three long-existing
problems.

Therefore, to improve efficiency, implementing a concept of
cooperative search is significant. It is aso vital to enhancing the contact
among multi-teams and building up the inner communication policy
between teams. In this way, individuals may catch information from each
other, and through exchanging and stimulating, can hit upon the allied
information of the optimal solution. All these allow the multi-teams to
locate the optimal solution in a most efficient and convergent way.

This paper aso combines genetic algorithm (GA), and simplex
method as one of the algorithms for the realization of the concept of
cooperative search, called hybrid multi-smplexes GA cooperative
search(HMSGA-CS). Many papers have emphasized that genetic
algorithms have good exploration at searching all solution space and
therefore GA has been extensively applied in the area of the optimal
solution searching. Nevertheless, “exploitation” is what GA lacks.
Therefore, we hybridized GA with a local search that has the ability of



exploitation. Above and beyond, Cooperative Search is also adopted to
Increase the searching competence.

To demonstrate the statement above, this paper adopts
random-sampling test for 15 functions. The consequence verifies that
HMSGA-CS essentially discovers the supreme solution in each example.
In addition, we also compared with traditional genetic algorithm and
Yen-Lee's (Y-L) hybrid methods, it shows that HMSGA-CS evidently
revealsits priority in real implementations.
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4.1
() () YL [52]
Y-L
(GA) (Adaptive Simulated Annealing,ASA)
G (G-bit Improvement)
D (Convergence Percentage)
/ )*100
(2 30
3
(4) )
(5) 30
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(Root Mean Squared Error)
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Min. F(X)=

24 1 (4‘ 1)
0.002+> ——;

j:0j+Z(Xi -ay)

where X, e[-65.536,65.536]
ay,; =—32,-16,0,16,32 forj=0,1,2,3,4

8y = 8, | mods for j=5,6,...,24

a; =-32,-16,0,16,32 for j=0,5,10,15,20

a,=a,, for k=1,2,3,4
(Ideal) 0.998004 25

e
= o
[
|1L|""'_"-, 2 e T "
i o -
4.1 De Jong F5
2
a N+1
N [52]
42 44
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10°

24
(Roulette)
R=025 [52]
(Arithmetic Crossover)
e. 2.1
P, =0.389 [52]
(Uniform Mutation)
f. 3000
g. 10° 20
h. 30
i
5 10 15
3)
4.2 4.8 4.1
(ANOVA) ( Al 1l Al. 3)
4.1 HMSGA-CS
100 HMSGA-CS
Y-L GA
Real Value
(p-value=0.0813>a
Al. 2)
Y-L GA
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(p-value=0.3585>x Al. 4)
4.2 [52] (Real Value)

Y-L
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(ASA) Y-L
Y-L Y-L
Y-L 10
4.1 ( )
Convergence|Average*  |Standard Mean* Mean Accuracy
Method Percentage |Generation|Deviation |Time(sec.)  |Value
(Generation)|(Convergence)
Nds=5 100% 26.967 7.009 1.909 0.9980039|3.650E-08
Binary|Nds=10|  100% 23.533 2.029 1.304 0.9980038|8.815E-08
HMSGA Nds=15|  100% 22.167 0.791 1.085 0.9980038|9.657E-08
-CS Nds=5 100% 35.367 26.677 1.923 0.9980038|1.010E-07
Real |Nds=10| 100% 30.621 26.320 2.389 0.9980038|1.053E-07
Value [Nds=15 100% 22.833 1.683 0.905 0.9980038(1.125E-07
Y-L (Binary) 56.67% | 168.2353 | 120.3477 | 39.3653 | 1.064972 |4.74E-02
Y-L (Real Value) 100% 563 714.98 46.3057 | 0.998004 |4.24E-07
GA (Binary) 0% 1000 0 110.6535 | 1.0120 [9.9E-03
GA (Real Value) 0% 1000 0 48.8918 1.0591 |4.32E-02
* 0
1000
4.2 ( )
Method Average Generation
GA 12,103
Y-L’'s Hybrid(Real Value) 1,695
G-bit Improvement 6,961
ASA 1,065
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Max. F(X):isin(x)sinzm(i)%) (4-2)

where x <[0,7] , m=10 or 100, N=10
(Ided) m=10 9.66 m=100
9.655 N

4.9Sin
(2)
a 44
b.
10°
19
(Roulette)
R =04

(Arithmetic Crossover)

e 2.1
P,=0.03

(Uniform Mutation)
f. 40000
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g 0.01 20

5 10 15
3)

4.10 4.15 4.3
(ANOVA) ( Al.5 Al. 6)
4.3 HMSGA-CS
Real Value Nds 5
(Real Vaue)
Binary
HMSGA-CS

HMSGA-CS Real Vaue

(p-value=0.3884>a ) Binary
(p-value=0.2718>a )
HMSGA-CS
HMSGA-CS Rea Vaue

(p-value=0.1744>a ) Binary
(p-value=0.1317>a )
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4.3 ( )
Convergence|Average* |Standard Mean* Mean |Accuracy
Method Percentage |Generation|Deviation |Time(sec.)  |Value
(Generation)|(Convergence)
Nds=5 40% 16033 2671.4 1761.7 9.6498 | 7.193E-03
Binary|Nds=10]  20% 21645 2122.7 2140.9 9.6466 | 9.462E-03
HMSGA Nds=15 20% 23007 2790.9 2477.9 9.6507 | 6.549E-03
-CS Nds=5 70% 10046 1635.4 812.6 9.6581 | 1.369E-03
Rea |Nds=10 50% 12585 1910.9 1139.3 9.6566 | 2.437E-03
Value [Nds=15] 50% 14252 1747.6 1287.1 9.6565 | 2.502E-03
Y-L (Binary) 0% 40000 0 5803.8 9.5978 | 4.400E-02
Y-L (Real Vaue) 40% 32980 2660.3 2550.9 9.6571 | 2.079E-03
GA (Binrary) 0% 40000 0 20944.1 | 8.8734 | 5.562E-01
GA (Real Vaue) 0% 40000 0 14368.7 | 9.0947 | 3.997E-01
*
4.4 ( )
m=10
Approach Averagetrialstoreach | Runsthat found the
the optimum optimum
GA 315,501 10
Y-L 57% Simplex-GA Hybrid 37,307 10
G-bit Improvement 97,174 10
ASA 184,426 8
Convergence Percentage
0%
%
0%
0%t
Percentage 40%
0%
0%
0% t
0% .
MSE NIOBE NISE MNSR MIOR MR YLE VYLR GABR GAR
Method
4.10 ( )
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Average Generation

F0000
40000 +
3000+
Generation
000+
10000 +
0 1 1 1 1 1 1 1 1 1
M5B MIOBE NISBE MNSE MIORE NISE YLEBE YLE GAB GAR
Method
4.11 ( )
Standard Deviation(Generation)
3000
200+
W00+
Standard
Deviaton 10 |
1000+
00 b
0 1 Y
NiB  NIOE NISB MR NICR MR YLBE YLE GAB GAR
Method
4.12 ( )
Mean Time
25000
W00+
Time 15000 f
Gec)  jo0m |
500+
0
NSB  NIOB HNISBE NSE  NIOR NISE YLB YLE GAB GAER
Method
4.13 ( )
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Standard Deviation(Time)
1000
oo v
Standard  E00 |
Deviation i b
jm L
0
MB NWIWOB NISB NSR NIR NIR VLB VYLE GAR GAR
Method
4. 14 ( )
Accuracy
0.6
.5
.4
Error 0.3
0.2
.l e
SR Ii:j P
HMSGA-CS HMSGA-CS
(Binary) (Real Value)
HMNS E BNIOE HBENIDE HEHNSE ENIO E
BHNIE R ¥l E ¥L_E A B Bca R

4.15 ( )

4.1.3 ( ) DelJongfunction F1
(4-3) 4.16



Min. F(X):ixf (4- 3)

where -5.12<x <5.12
(Ideal) 0

L= dong # 1 # ieciion io b= miremized

=]
.
30
o
i0
v : i .|.|_'. )
4. 16 De Jong F1
(2)
a. 44
b. 20
C. (Roulette)
d.
k=04
(Arithmetic Crossover)
e 2.1
P, =0.03
(Uniform Mutation)
f. 1000
g. 0.001
20

45

10°



h. 30
I 0 50 100
5 10 15
3
4.17 4. 23 4.5
(ANOVA) ( Al.7
Al. 8)
4. 5 30
HMSGA-CS Y-L GA
(Binary) HMSGA-CS
(p-value=0.083>a )
HMSGA-CS Y-L
GA Binary
(p-value=0.274>a Al.9)
4.6
4.5 ( )
Convergence|Average* |Standard Mean* Mean |Accuracy
Method Percentage |Generation|Deviation |Time(sec.)  |Vaue
(Generation)|(Convergence)
Nds=5 100% 23.6000 1.4541 0.8064 0.0005 |4.964E-03
Binary|Nds=10|  100% 22.9333 1.6242 0.7136 0.0003 |9.151E-04
HMSGA Nds=15|  100% 22.4000 1.1832 0.6630 0.0002 |5.539E-04
-CS Nds=5 100% 23.6923 0.9473 0.1634 0.0003 |3.811E-04
Rea |[Nds=10| 100% 23.2000 1.5213 0.2309 0.0002 |4.708E-04
Value |Nds=15| 100% 22.5333 0.8338 0.2543 0.0002 |5.539E-04
Y-L (Binary) 100% 125.8 22.740 16.469  |0.00058|4.482E-04
Y-L (Real Value) 100% 229.8 229.4736 8.7953  |0.00046|3.644E-04
GA (Binary) 100% 40 6.4219 15412  |0.00066|4.68E-04
GA (Real Vaue) 90% 457.89 | 247.448 13481  |0.00079|5.6E-04

*
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Binary

27 2.083
30 1.743
40 4.326
38 2.393
Ndes 29 1.793
33 2.383
26 1.543
35 4.656
33 0.831
37 1.232
49 5.788
32 2.333
62 8.262
30 1.933
0% Nds=10 2 0971
23 0.631
26 1.192
38 3.445
28 1.602
23 0571
60 9.303
62 9.944
44 5.618
29 1.953
NGe15 24 0.932
145 29.282
28 1.802
27 1.643
53 7.56
24 0.912
50% Nds=5 35 3.485
27 1.633
25 1.141
36 3.726
25 1.141
25 1.152
29 2.243
28 2.063
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39

41

5 & R &S

47

49

50

51

52

53

55

56

57

58

59

60

61

62

63

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

25 1.202
25 1.181
25 1.342
24 1.041
22 0.601
24 1.532
Nds=10 22 0.511
22 0.801
25 1.662
33 3.656
24 1121
23 0.751
22 0.651
22 1.192
22 0.571
23 0.921
Nd=15 23 0.841
39 6.55
23 1111
26 2.073
22 0.761
23 0.952
ALL 702 186.479
503 100.24
201 48.177
410 95.107
Nds=5 304 87.24
57 18.942
29 6.359
403 93.775
84 32.124
962 257911
Nds=10 415 111.751
37 4.246
85 21471
152 33.458
45 1.252
64 10.936
112 23.093
50 6.145
72 12.435
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80 52 3.724
81 22 0.561
82 30 2421
83 23 0.831
84 35 4,126
85 40 4.824
86 Nds=15 485 144.047
87 24 1.122
88 33 3.625
89 28 2137
90 180 52.085
91 Real Value 25 0.211
92 22 0.11
93 22 0.11
9 23 0.14
95 23 0.15
96 Nds=5 23 0.141
97 24 0.11
98 22 0.07
99 25 0.18
100 22 0.11
101 23 0.3
102 23 0.261
103 22 0.2
104 23 0.26
105 22 0.201
106 None Nds=10 4 03
107 22 0.19
108 23 0.261
109 25 0.44
110 22 0.181
111 22 0.25
112 24 0.431
113 23 0.361
114 21 0.1
115 24 0.45
116 Nds=15 23 0.301
117 23 0.551
118 22 0.19
119 22 0.21
120 23 0.381
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121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

46 1.001
23 0.11
23 0.121
23 0.11
NGS5 25 0.18
24 0.16
25 0.191
24 0.15
25 0.19
23 0.11
22 0.15
23 0.19
22 0.14
22 0.14
50% Nds=10 24 0261
24 0.26
23 0.19
23 0.201
23 0.19
22 0.13
25 0.501
22 0.18
56 3.345
22 0.19
Ndts 21 0.09
22 0.191
22 0.19
22 0.19
23 0.271
21 0.1
100% 24 0.2
28 0.33
31 0.441
23 0.12
NGS5 24 0.17
24 0.161
25 0.21
23 0.13
24 0.16
22 0.1
Nds=10 22 0.16
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162 24 0.35
163 24 0.27
164 24 0.281
165 23 0.22
166 23 0.21
167 21 0.061
168 21 0.08
169 21 0.07
170 24 0.27
171 22 021
172 22 0.201
173 23 0.28
174 30 0.941
175 22 0.191
176 Nds=15 22 0.19
177 24 0.391
178 22 0.19
179 21 0.09
180 21 0.1
Convergence Percentage
102%
100%
B
6
455
Percentage -
0%
iz
B
24
W5 B WIOE NISE HSE NIOER NISE YLE YLE GAE GAFR
Meihod
4. 17 ( )
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Avmrage Generation

sn
450
400 |
=0
oo
Gemeration 150 |
oo
[
oo

& & ey &
bl

M5 B MIOB MIS B M5 R MIDR MISR YLEB YLR GAB GAR
Methad

4.18 ( )

Srwmlard Devistisn Generwtion

3 or

430 r

2m

100

50

0

H:EB HIOE HIZE H5E HIOE WIS E YL E YLE JA R GA R
Metbod
4.19 ( )
Mein Timie

LE

&

Li

L2

0]
? B

E

i

a

. e -

Hi_E FIO B KIS_B Ha_E HIO_E RISk YL_R YL_E A _B =a_K
Mrihed
4.20 ( )
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Standand Deviation(Time)

25

20

Standard
Deviation

0 — + ; *- " >

WiE WIOE NISE NSE NIOE WISRE YLE YLE GAE GiR
Meihod

4.21 ( )

ACCULacy

(.0006
(.0005
(.0004
Error 0.0003
0.0002
0.0001
0

bt e

HMSGA-CS HMSGA-CS
(Binary) (Real Value)

HN-_BE ONIOBE HBENISE BENSR BEMNIO_R
BMIS_E YL_B YL_E GA_E HEGA_E

4.22 ( )
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o] — - -
L BHOA Dinary (o 53
[ - MEHGA-Binary Nds=15)
— — — MSEHGCA-Real walue{MNHds=E)
— — — MSHGSA Real Value(kMds—100
50 S S ea e ethdsTTs)
% 40 —_— ¥-L's Hybrnd-Heal valus
=
% 20
= 20
1o 5
o — e S & . N
] 50 1000 150 p=lal] =250
-1
Cenerations
4.23 ( )
(4)
1.
4.7
a =0.05
4.7 ( )
F P-value
46980.36 12933.96 3.632326 0.058439
98251.32 12933.96 7.596384 0.000702
91995.05 12933.96 7.112675 0.001094
VS
2 |214521.5 12933.96 16.58591 2.8E-07
VS
2 (8161.839 12933.96 0.63104 0.533341
VS
4 129093.64 12933.96 2.249399 0.066021
VS
VS| 4 |75045.87 12933.96 5.802235 0.000217
162




4.8

4.8
50
4.8 10 15
15
4.8 ( )
Binay |RedVaélu 0% 50% |100% | 5 10 15
84.089 51.78 72.783  |25.233(105.71|112.97|48.916|41.9167
4.9 100
50

100




4. 11
3
4.9 (
VS VS
1 B vs 0% 3867 |Bvs5 142.1
2 B vs 50% 2563 |[Bvs10 55.47
3 B vs 100% 18797 |Bvsi5 54.7
4 R vs 0% 10703 |Rvs5 83.83
5 R vs 50% 2483 |Rvs10 42.37
6 R vs 100% 2347 |Rvs15 29.13
4.10 ()
VS

1 0% vs5 116.7

2 0% vs 10 57.6

3 0% vs 15 44.25

4 50% vs 5 27.05

5 50% vs 10 23.6

6 50% vs 15 25.05

7 100% vs 5 195.15

8 100% vs 0 65.55

9 100% vs 15 56.45

56




4.11

VS

VS

a =0.05

57

1 Binary vs 0% vs Nds=5 32.8
2 Binary vs 0% vs Nds=10 33.6
3 Binary vs 0% vs Nds=15 49.6
4 Binary vs 50% vs Nds=5 28
5 Binary vs 50% vs Nds=10 24.4
6 Binary vs 50% vs Nds=15 24.5
7 Binary vsAll vs Nds=5 365.5
8 Binary vsAll vs Nds=10 108.4
9 Binary vsAll vs Nds=15 90
10 Real-Va vs 0% vs Nds=5 200.6
11 Real-Va vs 0% vs Nds=10 81.6
12 Real-Va vs 0% vs Nds=15 38.9
13 Real-Val vs 50% vs Nds=5 26.1
14 Real-Val vs 50% vs Nds=10 22.8
15 Real-Val vs 50% vs Nds=15 25.6
16 Real-Va vsAll vs Nds=5 24.8
17 Real-Val vsAll vs Nds=10 22.7
18 Real-Va vsAll vs Nds=15 22.9
.12




4.12

F P-value
3413.379 996.479 3.42544 0.06602
7370.566 996.479 7.39661 0.000843
6361.471 996.479 6.383949 0.002144
VS
2 (16991.4 996.479 17.05144 1.9E-07
VS
2 |593.7584 996.479 0.595856 0.552294
VS
4 12069.367 996.479 2.076679 0.086222
VS
VS 4 15408.572 996.479 5.427683 0.000398
162
4. 13
4. 13
50
4. 13 10 15

15
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4.13

Bi nary Vadke aldw 50% | 100% | 5 10 15
17.077 8.367 14.258 0.95 [22.957| 2458 | 749 | 6.08
4. 14
50
4. 16
14
4,14 ( )
S VS

1 B vs 0% 3.95 Bvs5 32.28
2 B vs 50% 1.58 Bvs10 8.94
3 B vs 100% 45.68 Bvs15 10.01
4 R vs 0% 24.56 Rvs5 16.89
5 R vs 50% 0.31 Rvs10 6.05
6 R vs 100% 0.22 Rvs15 2.16
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4.15

(

)

VS
1 0% vs5 26.27
2 0% vs 10 10.22
3 0% vs 15 6.28
4 50% vs 5 1.06
5 50% vs 10 0.74
6 50% vs 15 1.04
7 100% vs 5 46.42
8 100% vs 0 11.52
9 100% vs 15 10.93
4.16
S VS
1 Binary vs 0% vs Nds=5 2.2983
2 Binary vs 0% vs Nds=10 2.6728
3 Binary vs 0% vs Nds=15 6.8949
4 Binary vs 50% vs Nds=5 1.8967
5 Binary vs 50% vs Nds=10 1.3018
6 Binary vs 50% vs Nds=15 1.5623
7 Binary vsAll vs Nds=5 92.6354
8 Binary vsAll vs Nds=10 22.8511
9 Binary vsAll vs Nds=15 21.5779
10 Real-Va vs 0% vs Nds=5 50.2387
11 Real-Val vs 0% vs Nds=10 17.7716
12 Real-Va vs 0% vs Nds=15 5.6766
13 Real-Va vs 50% vs Nds=5 0.2323
14 Real-Val vs 50% vs Nds=10 0.1852
15 Real-Val vs 50% vs Nds=15 0.5248
16 Real-Va vsAll vs Nds=5 0.2022
17 Real-Val vsAll vs Nds=10 0.1972
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18 Real-Val vsAll vs Nds=15 0.2784

4.1.4 ( ) DelJongfunction F2

(1)
(4-4) 4,24
Min. F(X)=100(x’ —X,)*+ (1-x)? (4-4)
where X, e[-2.048,2.048]
(Ideal) 0
Ua Jong F2 Fenchom o e mnesizad
A0 -
) E LT K
;_: SN
- [ n]
4. 24 De Jong F2
2
a 42
b. 19 10°
C. (Roulette)
d.
P =04
(Arithmetic Crossover)
e 2.1
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P =0.03

(Uniform Mutation)
f. 1000
0. 0.001
20
h. 30
I
5 10 15
3)
4. 25 4, 31 4. 17
(ANOVA) ( Al.10 Al 11)
4. 17 5 HMSGA-CS
Y-L GA
Y-L Binary
5(Nds=5) HMSGA-CS Y-L Y-L
GA
4.17 ( )
Convergence|Average* |Standard Mean* Mean Accuracy
Method Percentage |Generation|Deviation |Time(sec.) |Value
(Generation)|(Convergence)
Nds=5 | 96.67% | 2955385 | 303.1154 | 34.7382 |0.0005545|3.9209E-04
Binary|Nds=10] 93.33% | 44.4286 | 39.7878 6.0362  [0.0004656|3.2922E-04
HMSGA Nds=15| 100% 258333 | 5.6513 1.58593  |0.0003016|2.1326E-04
-CS Nds=5 40% 134.3333 | 157.9996 9.0575 0.0583 [4.1224E-02
Real [Nds=10| 83.33% 53.64 | 915336 2.6086 0.0237 |1.6758E-02
Value [Nds=15| 83.33% 23.52 2.0025 0.3922 0.0255 |1.8031E-02
Y-L (Binary) 90% 2258889 | 2295406 | 26.0029 |0.0011087|7.8396E-04
Y-L (Real Value) 56.67% | 188.0588 | 178.4042 7.2492  |0.0154738|1.0941E-02
GA (Binary) 46.67% 318 281.88 2753 0.07964 |5.632E-02
GA (Real Vaue) 6.67% 487.5 174.66 18.006 0.0479 |3.387E-02

*
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120%%
10054

Bl
[Percemiuge G0
474

204

M:_B HIO_B MIS_E Ni_R HI0_RHMIS_R YL _EB YL_R CA_B GA R
e chaid

4. 25 ( )

600
500
400

mnn
Lo

Cempration 300 -

M5_B MI0_B MIS_B M5 R HIDRHISR YLB YLR GAPR GAR
Meihad

4. 26 ( )

Sitaridasd Deviatisn Gene raibsmn)

M5 B MIO B MI5 B M5 F MIOR MISE YLBE YLE GAB GAR
Meihod

4,27 ( )




Mean Time

40

ERI
30 f
5 f
Time(sec.) 20 r
15 ¢

N5 B NIOBNISB N5 R NIORMNISR YLB VLE GAPR GAR
Method

4.28 ( )

Standard Deviation(Time)

45
40
35
30

Standard 25
Deviation ()

N5 B NI0 B NISB N5 R NIORNISR VLB YLE GAB GAR
Method

4.29 ( )
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ACCUracy

0.06
0.05
0.04
Error Q.03
0.02
0.01
0

b

HMSGA-CS HMSHGA-CS
(Binary) (Real Value)

HN5_E ONI0E ENISEBE BEBN>E EBENIOR
BMNIS E EYLE TL_R GAE BEGAER

4.30 ( )

—— e SR AR e M= R
m 7 — MEHGA-Binwa Nds=10)
——— == KMEHGA-BinwnMds=15]
— — = MEHGA-Real ValueMis=5)

i

4 -
i 0 . MEHGA-Real ValueMds=11]
- ' MEHG A-Figal ValseMds=15]
= H) ! e - ¥-L'g Hybrid-Binary
“ I|_ ———  =l's Hybirid:Real Value
2H Py

H:I B I_‘

10 il sl 104 150 MK 250

Cenerations

4.31 ( )
4.1.5 ( ) Schaffer F6 function

(1)
(4-5) 4. 32
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2 (V2 2
Min. F(X)=05+—an VX% ~05 (4-5)
[1.0+0.001(x + x5)]

where X, €[-100,100]
(Ideal) 0

Srhnfer FE Fueciion io b= miremiged

i,
03
b2
it -
o ©
4. 32 Schaffer F6
)
a 42
b. 25 10°
C. (Roulette)
d.
P =0.4
(Arithmetic Crossover)
e 2.1
P =003
(Uniform Mutation)
f. 1000
g. 0.00001
20
h 30
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5 10 15
3
4. 33 4. 39 4. 18
(ANOVA) ( Al. 12 Al. 14)
HMSGA-CS (ANOVA)
(p-value=0.48
Al. 13)
Y-L(Real Value) 0
30
5000 0.009715
883.831
4.18 ( )
Convergence|Average* |Standard Mean* Mean |Accuracy
Method Percentage |Generation|Deviation |Time(sec.) |Value
(Generation)|(Convergence)
Nds=5 56.67% 33.5294| 13.4959 2.9456 0.0038 | 2.694E-03
Binary|Nds=10 50.00% 27.5333| 4.7036 1.8640 0.0049 | 3.436E-03
HMSGA Nds=15 60.00% 25.6111| 2.9533 1.688 0.0036 | 2.580E-03
-CS Nds=5 56.67% 32.6429| 13.4084 0.4743 0.0070 |4.930E-03
Real |Nds=10 50.00% 33.7273| 24.1416 1.0808 0.0065 |4.583E-03
Value |Nds=15 56.67% 26.2353| 6.8422 0.7152 0.0043 |3.071E-03
Y-L (Binary) 20% 1175 | 95459 38.6955  [0.0020 |1.477E-03
Y-L (Real Value) 0% 1000 0 261.085 |0.0152 |1.080E-02
GA (Binary) 30% 10156 | 40.908 5.73 0.0068 | 4.81E-03
GA (Red Vaue) 0% 1000 0 69.591  |0.02248 | 1.589E-02
* 0

1000
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Comvergemee Pementage

Th%
G0%
b
Mmﬂm
0%
2%
1 0%
n'li'rﬂ L i L L i L L '}
M5 B BIIOEB MIS B M5 F MIORMISE YL B YL R GAR GAFR
Methand
4.33 ( )
Average Generation
1200
1000
00
Generation  Al0
400 F
200 f
|:| | # * L L3
M5B OBLO BMIS B MY R B0 RHIZ R YLE YLE GAR GAR
Menthod
4.34 ( )
Seanedard Devixtieni Gene raten)
120
1om
a0
fill
Drewintion
40
20
0 L 1 L L - -k -ow
Hi_B MID_B MIS_B Wi R MID_R WIS R YL E YL R GA_B GaA_R
flethod
4.35 ( )

68




300

250
200

Time

150
100

(sec.)

50

Mean Time

N5 B N10 BN15B N5 R N0 RNI5E YLB YLR GAB GAR
Method

4. 36 ( )

50

40 r

Siandard U [
Dﬂriﬂﬁﬂ]lzﬂ L

Standard Deviation(Time)

‘q_—l_— { — & ! ! !
.

N5 B WIOBNI5B N5R NIORNISR TLB VLR GAB GAR
Method

4.37 ( )
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Accuracy

0.02

0.015

Error  0.01

0.005

(Binary) (Real Value)

HBNS_E ONIO_E BEBNISE BENSER EBENIOR
BNIS E EYLE YL_E GAE BGca_R

4.38 ( )
| 2
[ - ————- M3HGA-Binary(Nds=5)
| L ——— MSHGA-Binary(Ncs=10)
e MEHGA-Binary{Nris=15)
X | — — — MSHGA-R=al Value(Nils=5)
N , —m = MSHGA-R2zl Vzlus(Nds=10]
—E | e MSHGAR2E] Valua(Nds=15)
;‘ [)L" L —1 ------------------- YaL's Hybrid-Binary
1 |_| — = — Y¥-L's Hybrid-Raal Value
77 .
Log b u,
- ) |
(R — : |
g__l _____ \I )
A —* '
o b 30 100 150 200 ()
Crenerations
4. 39 ( )
4.1.6 ( ) Schaffer F7 function
(1)
(4-6) 4. 40
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Min. F(X)= (xl2 + x22)°'25[si n2(50(x12 + x22)°'1) +1.0] (4- 6)
where X, e[-100,100]
(Ideal) 0

Schafler FT Fumciion ta be oninied Ded

4. 40 Schaffer F7

)
a 42
b. 25 10°
C. (Roulette)
d.
P =04

(Arithmetic Crossover)

e 2.1
P =0.03

(Uniform Mutation)
f. 1000
g. 0.001
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20

h. 30
I
5 10 15
3
4. 88 4. 94 4. 19
(ANOVA) ( Al. 15 Al.17)
Y-L(Real Value) 0
30
5000 0.2009316
597.489
0
(ANOVA) HMSGA-CS
(p-value=0.2589>a Al. 16)
(p-value=0.2619>a Al.18)
4.19 ( )
Convergence|Average*  |Standard Mean* Mean Accuracy
Method Percentage |Generation|Deviation |Time(sec.) Value
(Generation)|(Convergence)
Nds=5 | 100.00% 35 3.605551 3.27267 | 8.02E-04 |5.676E-04
Binary|Nds=10| 100.00% | 27.3333 | 2.663688 1.7652 8.0E-04 |5.691E-04
HMSGA Nds=15| 100.00% | 25.5333 | 1.28388 1.619 5.28E-04 3.735E-04
-CS Nds=5 93.33% 323571 | 2.273835 0.51078 1.67E-02 |1.182E-02
Rea |Nds=10| 100.00% 27.6 1.80475 0.57946 6.8E-04 |4.817E-04
Value [Nds=15| 100.00% | 26.3333 | 1.588650 0.675 5.79E-04 |4.091E-04
Y-L (Binary) 66.67% 179.8 101.856 16.035 2.99E-03 |2.120E-03
Y-L (Real Value) 0.00% 1000 0 49.96853 |5.401E-01(3.819E-01
GA (Binary) 100.00% | 285.167 | 98.966 19.108 8.19E-04 |5.79E-04
GA (Red Vaue) 0% 1000 0 40.161 8.56E-01 |6.058E-01
* 0
1000
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Mean Time
60

0
40
Time(sec.) 30
0

10
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Method
4. 44 ( )
Standard Deviation(Time)
12
10+
2t
dtadard
Deviation
4t
a
A e e =V
Ny B NIOBNISE NS R NIORNISR YLB YLE GAE GAR
Method
4. 45 ( )
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Accuracy

0.7

0.6

0.5

0.4
Error

0.3

0.2

0.1

SOOI | porr Sy Y oo

HMSGA-CS HMSGA-CS
(Binary) (Real Value)

HN>3_E ONIO_E BENISE BENSE ENIOR
MNIS_ E HYL_E YL_E Ga_ B BEGAR

4. 46 ( )
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4. 47 ( )

4.1.7 ( ) Shubert function

(1)
(4-7) 4.48
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Min. F(X) :ii cos(i +1)x +i] i. cod(i +)x, +i] (4-7)

where X, [-10,10]
(Ideal) -186.727 760
18

100
L
4. 48 Shubert
(2)
a 42
b. 21 10°
C. (Roulette)
d.
P.=0.4
(Arithmetic Crossover)
e 21
P,=0.03
(Uniform Mutation)
f. 1000
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0. 0.001
20
h. 30
I
5 10 15
3)
4. 49 4. 55 4. 20
(ANOVA) ( Al.19 Al. 21)
4. 20 HMSGA-CS  Y-L
(Binary)
(Binary) Nds=10 Nds=15
Y-L(Binary)
(p-vaue=0.121>a Al. 20)
4.20 ( )
Convergence|Average* |Standard Mean* Mean |Accuracy
Method Percentage |Generation|Deviation |Time(sec.)  |Value
(Generation)|(Convergence)
Nds=5 | 80% 219 231.1438 | 5561306 |-186.72|6.835E-03
Binary|Nds=10| 100% 37.7 24.4348 439185 |-186.72|2.295E-03
HMSGA Nds=15| 100% 319 52.4353 95062  |-186.73|2.408E-03
-CS Nds=5 | 24% 120.167 | 192.284 8.8425 [-186.25(3.371E-01
Real [Nds=10| 60% 29.25 | 45.7108 2.82 -186.58|1.008E-01
Value|Nds=15| 80% 31.9375 | 16575 1.706  |-186.73|9.087E-03
Y-L (Binary) 100% 37.87 9.619 1.8844  |-186.73|3.029E-03
Y-L (Real Value) 83.33% | 20572 | 1329155 6.3411  |-186.72|6.297E-02
GA (Binary) 53.33% | 46825 | 283772 38.998 |-186.50|1.602E-01
GA (Real Vaue) 0% 1000 0 41622  |-185.65|7.627E-01
* 0

1000
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4.51 ( )
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Mean Time

60

500r
40
Time(see) 30
20 ¢
10+

N5B NIOB NISE N5R NIORNISR TLB TLR CGAB GAR
Method

4.52 ( )
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Method
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Accuracy

0.5
0.7
0.6
0.5
Error 0.4
0.3
0.2
0.1

HMSGA-CS HMSGA-CS
(Binary) (Real Value)
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4.1.8 ( ) SinCosfunction

(1)
(4-8) 4. 56
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(2)

o 0 T w

Min.F(X) =0~ 257+ (%~ 40) +10-108inC% ) cos( x,

(4-8)
where X. e[-256,256]
(Ideal) 0 20,480

BinCof Fuiclian 1o be minde2ad

Fitnass Valug

4. 56 SinCos
42
26
(Roulette)
P =04
(Arithmetic Crossover)
2.1
P,=0.03
(Uniform Mutation)
1000
0.001
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20
h. 30

5 10 15

3
4. 57 4. 63 4.21
(ANOVA) ( Al. 22 Al. 23)
4. 21 HMSGA-CS 5
(Binary)  Y-L
Y-L
Y-L HMSGA-CS
Y-L GA HMSGA-CS
4.21 ( )
Convergence|Average*  |Standard Mean* Mean |Accuracy
Method Percentage |Generation|Deviation |Time(sec.) Value
(Generation)|(Convergence)
Nds=5 | 96.67% 124.157| 126.971 29.679 0.0048 (0.003395814
Binary|Nds=10| 90% 127.588| 244.22 37.90 0.032 |0.022650947
HMSGA Nds=15| 100% 46.6 124.22 15.648 0.00026(0.000186834
-CS Nds=5 | 80% 159.33 140.1 8.66 0.048 |0.034106293
Rea |Nds=10| 60.00% 131.33 46.83 11.16 0.096 |0.068131357
Velue [Nds=15| 73% 110.91 148.97 14.366 0.00871(0.061592153
Y-L (Binary) 36.67% 111.857 | 145.889 13.526 0.276 |0.195028581
Y-L (Real Value) 6.67% 320 0 9.514 0.504 |0.356037257
GA (Binary) 60.00% 306.94 235.294 24.909 0.10328|0.073033372
GA (Red-vaue) 0% 1000 0 53.346 0.78149(0.552602597
* 0
1000
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4.59 ( )
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Accuracy

0.
0.5
04
Error O3
0.2
0.1 focs]
. o et
HMSGA-CS HMSGA-CS
(Binary) (Real Value)
HMNS_E ONlO E BENISE BRNSER ENIO_E
M5 R YL_E YL E CA_E Eca E
4. 62 ( )
i
B L S e ey R B
bA R HAG A - R miry (ka1
-~ R — = (A D O - O iy i = )
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4.1.9
D)

4.63

( ) Goldstein Pricefunction

(4-9)

Min.
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F(X) =[1+ (X + X, +1)*(19-14x, + 3% —14X, + 6X X, + 3X})]
[30+ (2% — 3x,)?(18—32x, +12%? + 48X, — 36X, X, + 27%)]

(4-9)
where X e[-2,2]
(Ideal) 3

4. 64 Goldstein-Price

(2)
a 42
b. 19 10°
C. (Roulette)
d.
P =04

(Arithmetic Crossover)

e. 2.1
P,=0.03

(Uniform Mutation)
f. 1000
g. 0.001

20
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5 10 15
3
4. 65 4. 71 4. 22
(ANOVA) ( Al. 24 Al. 26)
4. 22 (Real Value)
Y-L GA 100
HMSGA-CS
Y-L GA Y-L
HMSGA-CS
HMSGA-CS GA
HMSGA-CS
(p-vaue=0.051>a Al. 25)
(p-value=0.381>a Al.27)
4.22 ( )
Convergence|Average* |Standard Mean* Mean |Accuracy
Method Percentage |Generation|Deviation |Time(sec.)  |Vaue
(Generation)|(Convergence)
Nds=5 | 100.00% 28.333 | 14.40569 1.80527 |3.00034(2.427E-04
Binary|Nds=10| 100.00% 25.200 2.51282 1.20440 |3.00029|2.070E-04
HMSGA Nds=15| 100.00% 24.600 3.94244 1.24573  |3.00029|2.044E-04
-CS Nds=5 | 100.00% 35.667 7.01699 0.76447 |3.00039|2.758E-04
Real |Nds=10| 100.00% 34.733 | 25.23169 1.34793 |3.00034(2.374E-04
Value |Nds=15| 100.00% 28.267 | 13.45079 1.09353 |3.00035|2.445E-04
Y-L (Binary) 100.00% 95.733 | 236.35309 | 10.40567 |3.00047|3.355E-04
Y-L (Real Value) 67.67% | 422.300 | 380.55108 | 19.84940 |3.00047|4.445E-03
GA (Binary) 96.67% | 114.207 | 911578 6.1769  |5.07162|1.91033
GA (Real Value) 10.00% | 504.667 | 290.5173 | 13.639 9.2 |4.38447

*

87




108

100%s

-
-
L 3
-
-
L 3
3

anse
Percemtage 6% |
4 |
0% |

M5B WIOB MIZR HiR WIDR HISR YLE YLRE GAE GAR
Teliet hed

4. 65 ( )

Awerage Generation
&00

00
400
Generatisn ()
200
100

& &
& &
— + * * " '
i i 5 i i

W5 B HI0 B MISE NS R WILRNISRYLE YLR GAB GAR
Prdetheed

4. 66 ( )

Standar] Deviadam| Generatisn)

400
350
oo
230
Standard 200
150
100

an

Mi_B MID_E WIS_E MS_R HID_R HISR YL_B VL_E GA_B GA_R
Medhad

4. 67 ( )

88




Mean Time
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1
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Methed
4.68 ( )
Standard Deviation(Time)
35
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4. 69 ( )
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Error

Accuracy

HMSGA-CS HMSGA-CS
(Binary) (Real Value)
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90

4.70 ( )
g
S HG A Bin iy Mol s =5 )
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4.71 ( )
( ) Bohachevsky function 1
(4-10) 4.72



Min. F(X) = x* +2x; —0.3cos(37x,) — 0.4cos(47x,) +0.7  (4- 10)

where X, €[-50,50]
(Ideal) 0

Hohaches iy # Funcion o be menmized

4. 72 Bohachevsky 1

(2)
a 42
b. 23 10°
C. (Roulette)
d.
P =0.4

(Arithmetic Crossover)

e 2.1
P,=0.03

(Uniform Mutation)
f. 1000
g. 0.001

20
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h. 30
I
5 10 15
3
4. 73 4. 79 4. 23
(ANOVA) ( Al.28 Al. 30)
4. 23 (Real Value)
Y-L GA
HMSGA-CS
(p-vaue=0.331>a Al. 29) Y-L
HMSGA-CS (Binary)
(Real Value)
Nds=5 HMSGA-CS
(p-value=0.574>a Al 31)
4.23 ( )
Convergence|Average* |Standard Mean* Mean |Accuracy
Method Percentage |Generation|Deviation |Time(sec.) Value
(Generation)|(Convergence)
Nds=5 | 100.00% | 23.6667 1.1751 0.7625  |0.0003|1.93284E-04
Binary|Nds=10| 100.00% | 22.8000 1.1464 0.6716  |0.0002|1.09851E-04
HMSGA Nds=15| 100.00% | 22.4667 1.8074 0.6770  |0.0002|1.71466E-04
-CS Nds=5 | 93.33% | 27.0714 7.7506 0.3119  |0.0035(2.509559E-03
Real |Nds=10| 100.00% | 26.5333 | 14.8077 0.5073  |0.0001|8.92169E-05
Value [Nds=15| 100.00% | 26.9333 | 15.2759 0.7677  |0.0002(1.34163E-04
Y-L (Binary) 100.00% | 35.7333 | 13.0245 14321  |0.0005|3.6797E-04
Y-L (Real Value) 40.00% 93.1667 | 135.0650 19595 |0.0468|3.312373E-02
GA (Binary) 100% 45.83 8.5423 293 0.0005(3.331E-04
GA (Red Value) 3% 337 0 35.534  |0.1449(0.10248

*
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4.1.11 ( ) Easom function
(1)
(4-11) 4. 80
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Min. F(X) = —cos(x,) cos(x,)e *%~"~te-n)’ (4- 11)

Where X. e[-100,100]
(Ideal) 1

4. 80 Easom
(2)
a 42
b. 25 10°
C. (Roulette)
d.
P.=0.4

(Arithmetic Crossover)

e 21
P,=0.03

(Uniform Mutation)
f. 1000
g. 0.001

20

96



h. 30
I
5 10 15
3
4. 81 4. 87 4,24
(ANOVA) ( Al.32 Al. 33)
(Rea Value) Y-L
GA 30
HMSGA-CS Y-L
GA (Binary) Nds=10 Nds=15
(Real Value)
(p-vaue=0.064>a  p-value=0.074>a )
HMSGA-CS (Real Value) Y-L
(p-vaue=0.775>a )
4.24 ( )
Convergence |Average*  (Standard Mean* Mean |Accuracy
Method Percentage |Generation |Deviation Time(sec.) Value
(Generation) |(Convergence)
Nds=5 | 100.00% | 44.0000 21.9013 3.8695 |-1.0000 0
Binary|Nds=10| 100.00% | 28.6800 2.4956 22759  |-1.0000 0
HMSGA Nds=15| 100.00% 25.5263 2.6113 3.1384  |-1.0000 0
-CS Nds=5 | 100.00% | 40.3333 27.472 0.9234  |-1.0000|1.4901E-08
Real |Nds=10| 100.00% 29.2000 4.1952 0.7077  |-1.0000 0
Vaue [Nds=15[ 100.00% | 27.2667 6.0293 0.7978  |-1.0000|1.4901E-08
Y-L (Binary) 100.00% 60.2000 23.5590 3.8709  |-1.0000 0
Y-L (Real Value) 40.00% 167.1667 | 104.5111 3.5683 -0.6665| 0.2358
GA (Binary) 0% 1000 0 90.902 |-0.4817| 0.3664
GA (Redl Vaue) 0% 1000 0 40.320 -0.4306| 0.4026
* 0
1000
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4.1.12 ( ) SQRNS5 function

(1)
(4-12)

100




(2)

o 0 T @

Min. F(X)= ZS:

j=1

1

D (% —q)’

i=1

where X, €[0,10]

4. 25 SQRNS5 function
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7.0
9.0
5.0
1.0
2.0
3.6

4.0
1.0
8.0
6.0
3.0
2.0
3.0
8.0
6.0
7.0

4.0
1.0
8.0
6.0
7.0
9.0
3.0
1.0
2.0
3.6

0.1
0.2
0.2
4.0
0.6
0.6
0.3
0.7
0.5
0.5

(Ideal)

-10.1527

(Roulette)

P =0.4

(Arithmetic Crossover)

P =003
(Uniform Mutation)

40

101

20

21

1000

(4- 12)

10°



g. 0.001
20
h. 30
I 0 50 100
5 10 15
3
4. 88 4. 94 4. 26
(ANOVA) ( Al.
34 Al. 36)
Y-L HMSGA-CS
(Real Value) HMSGA-CS
(p-value=0.699>x A1l. 35)
(p-value=0.845>0 Al. 37)
4. 27
4. 26 ( )
ConvergencelAverage* |Standard Mean* Mean |Accuracy
Method Percentage |Generation|Deviation |Time(sec.)  (Value
(Generation) |(Convergence)
Nds=5 | 46.67% 49.1429 | 24.7972 7.8984 -7.6621 | 1.7611
Binary|Nds=10| 77% 28.134 4.3829 24602 |-8.73917| 0.9995
HMSGA Nds=15| 66.67% 23.2 28.5687 12472  |-7.99644| 1.5247
-CS Nds=5 | 80% 29.7917 3.4133 0.5666 -9.1585| 0.7030
Real |[Nds=10| 86.67% 27.2692 3.9044 0.7834 -9.3331| 0.5795
Value |Nds=15| 86.67% 25.2308 3.7769 0.8647 -0.3928 | 0.5373
Y-L (Binary) 36.67% 80 20.8038 7.3643 -5.8848 | 3.0179
Y-L (Real Value) 16.67% 488.4 179.3929 22,2082 |-52971| 34334
GA (Binary) 0% 1000 0 135.895 |-5.5208| 3.2752
GA (Real Vaue) 0% 1000 0 46.639 -5.24 3.4738

*

1000
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4.27
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Binary

241 41.69

78 10.976

333 62.69

29 1.692

Nds=5 510 101.125
22 4.847

50 8.134

81 11.431

103 12.974

135 14.317

26 1.352

26 1.332

74 12.618

43 5.287

0% Nds=10 26 1372
112 21.662

72 12.097

27 1572

28 1.863

27 1.602

88 19.869

234 62.289

24 1.643

26 2473

Nds=15 29 2.203
28 1.102

24 1.372

25 1.001

25 1.402

34 3.786

50% Nds=5 58 9.864
28 2.043

29 2.313

30 2.574

31 2.844

34 3.735

30 5.478

41 11.716
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39

41

5 & R &S

47

49

50

51

52

53

55

56

57

58

59

60

61

62

63

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

35 8.513

36 9.143

29 3.165

28 2.814

25 1.853

25 1.582

Nds=10 31 3.385
24 1.222

28 2453

27 2.123

25 1472

30 2.965

24 1472

37 5.698

38 5.999

27 2.313

Nds=15 28 2.724
31 3.775

25 1.683

24 1.352

41 7.25

24 1.382

ALL 34 3.555
36 4.036

64 11.386

62 10.876

Nds=5 31 2.804
29 2.294

39 4.897

31 2.834

30 4.726

29 4317

Nds=10 29 2.163
27 4.377

35 1.742

26 1.162

24 1722

26 2.314

28 7.901

46 9.694

52 7.611
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80 45 1.802
81 26 2.023
82 28 2.704
83 24 1.342
84 26 2.063
85 NG=15 32 4.106
86 26 2.063
87 25 1.732
88 25 1.723
89 24 1.362
90 25 1.692
91 Real Value 31 0.611
92 27 0.39
93 32 0.65
94 26 0.341
95 33 0.701
96 Nds=5 28 0.441
97 29 0.48
98 27 0.391
99 28 0.42
100 26 0.331
101 25 0.501
102 25 05
103 26 0.581
104 29 0.852
105 26 0.58
06 None Nds=10 ” L33
107 25 0.501
108 30 0.951
109 27 0.661
110 24 0.421
m 24 0.57
112 23 0.421
113 23 0.441
114 23 0.42
115 Nds=15 25 0.711
116 24 0.561
117 44 3.454
118 26 0.862
119 24 0.581
120 23 0.451
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121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

31 0.661

26 0.35

29 0511

27 0.4

Nds=5 26 0.331
33 0.751

27 0.401

27 0431

32 0.671

21 0.06

24 0421

23 0.3

25 0.491

29 0.891

50% Nds=10 % 1492
27 0.681

24 0.401

24 0411

24 0.411

27 0.721

24 0.601

24 0.711

32 1.883

32 1.972

Nds=15 23 0.441
32 1.763

26 0.871

26 0.882

31 1.582

23 0431

100% 30 0571
31 0.651

29 0.531

28 0.47

Nds=5 25 0.301
33 0.761

28 0471

36 0.992

28 0.491

26 0.36

Nds=10 26 0.631
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162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

24 0.401
27 0.701
24 0.401
25 05
23 0311
27 0.701
27 0.711
34 1.453
25 0.53
24 0.611
24 0.591
27 1.012
23 0.43
Nds=15 26 0.861
24 0571
24 0.561
23 0421
23 0.42
24 0.571
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100%

0%
g0% I
0%
a0% |
Percemiage 50%
0%
0%
0%
0%

0%

Convergence Percentage

1 1 1 1 1 1 1 1 1 ~

N5E NIOE NI5B N5R NIOR NISR YLE YLR GAB GAR
Method

4.88 ( )

1200

1040

200

Generation 00
400

200

Average Generation

N5 B NIOBNISE NSR NIORNISR YLE YLR GAB Ga R
Meihod

4. 89 ( )

Standard
Deviation

Standard Deviation(Generation)

1 1 1 1 1 1 1 Y

N5 B NIOB NI5B NSR NIDR NISR YLE VLR GAP GAR
Method

4.90 ( )
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Mean Time

40
120+
1t
Timetsec) °0 [
il
40 ¢
a0 r
e S S
M5B NIOB NI5E NSR NIOR NISR YLB VLR GAB GAR
Method
4.91 ( )
Standard DeviationTime)
12
i r
E L
Standand
Deviation
4 L
2 L
[I | |
N5 B NIOBNISB NS R NIORNISRVLE YLR GAB GAR
Method
4.92 ( )
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(4)

Acouracy

3.5
3
25
E 2 =am
Iror HHH
15("] i
g
0.5F | :
+*
oL
HMSGA-CS HMSGA-CS
(Binary) (Real Value)
BNS E ONIWOE BNISE BNSR ENWOER
BNi5 R EYLE HBHYLR BHGAB BGAR

4.93

Fitness Walue

MAHAA-FIraryhNos=5)
MEHGA-BI ayhus—110)
MESHGA-Dirarybae=15)
MEHGA- Walma(Hds-5)

smnsnmnn s A vbiic-Binan v
——— ¥-_'s dvbrc-Raa Yale

MSHTA-Real Valuse(Mde=10)
MAHGA-Rea Valw{Mds=10)

100
Generations

150

200

4.94

4. 28
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a =0.05

4.28
F P-value
23529.8 1706.789 13.78601 0.000281
14905.14 1706.789 8.732855 0.00025
0541.272 1706.789 5.590189 0.004491
VS
2 [14523.82 1706.789 8.509439
0.000306
VS
2 7478.317 1706.789 4.381512
0.014022
VS
4 |5684.172 1706.789 3.330331
0.011876
VS
vs| 4 |5753.133 1706.789 3.370735
0.011129
162
4. 29
4. 29 50 0
50 100
4. 29 10 5
15 10
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4.29

Bi nary VdueRe al% 50% | 100% | 5 10 15
49.86 26.99 51.62 28.95| 29.7 |5298 | 31.1 | 31.18

4. 30

4. 30

10 15
4. 31
5 8
4. 32 1
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4.30

Vs VS
1 B vs 0% 86 Bvs5 77.3
2 B vs 50% 30.76667 |Bvs10 35.7
3 B vs 100% 32.8 Bvs15 36.567
4 R vs 0% 27.23333 |Rvs5 28.667
5 R vs 50% 27.13333 |Rvs10 26.5
6 R vs 100% 26.6 Rvs15 25.8
4.31 (
1 0% vs5 93.45
2 0% vs 10 36.6
3 0% vs 15 39.8
4 50% vs 5 3155
5 50% vs 10 26.7
6 50% vs 15 28.6
7 100% vs 5 33.95
8 100% vs 10 30
9 100% vs 15 25.15
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4.32

VS

VS

1 Binary vs 0% vs Nds=5 158.2
2 Binary vs 0% vs Nds=10 46.1
3 Binary vs 0% vs Nds=15 53.7
4 Binary vs 50% vs Nds=5 35.2
5 Binary vs 50% vs Nds=10 27.2
6 Binary vs 50% vs Nds=15 29.9
7 Binary vsAll vs Nds=5 38.5
8 Binary vsAll vs Nds=10 33.8
9 Binary vsAll vs Nds=15 26.1
10 Real-Va vs 0% vs Nds=5 28.7
11 Real-Va vs 0% vs Nds=10 27.1
12 Real-Val vs 0% vs Nds=15 25.9
13 Real-Va vs 50% vs Nds=5 27.9
14 Real-Val vs 50% vs Nds=10 26.2
15 Real-Val vs 50% vs Nds=15 27.3
16 Real-Va vsAll vs Nds=5 294
17 Real-Val vsAll vs Nds=10 26.2
18 Real-Va vsAll vs Nds=15 24.2

4,113 ( )  SQRNT7 function

(1)

(4-13)
. u 1
Min. F(X)=-> - (4- 13)
= 2. -3, )*+c
where X, €[0,10]
(Idedl) -10.4028
25

(2)
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a 40
b. 20 10°
C. (Roulette)
d.
P =0.4
(Arithmetic Crossover)
e 2.1
P,=0.03
(Uniform Mutation)
f. 1000
g. 0.001
20
h. 30
i
5 10 15
3)
4. 95 4. 101 4.33
(ANOVA) ( Al. 38 A1l. 40)
4. 33 Y-L GA
HMSGA-CS
Y-L GA HMSGA-CS
(p-vaue=0.063>a Al. 39)

(p-value=0.099>a Al. 41)
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4. 33 ( )
Convergence|Average* |Standard Mean* Mean |Accuracy
Method Percentage |Generation|Deviation | Time(sec.) Value
(Generation) |(Convergence)

Nds=5 | 100.00% | 38.3333 11.3242 49985 |-10.4017| 0.0004
Binary|Nds=10| 100.00% | 28.1333 5.2626 24722  |-10.4020| 0.0002
HMSGA Nds=15| 100.00% | 25.0000 3.1168 17772  |-10.4021| 0.0002
-CS Nds=5 | 86.67% 28.1538 2.5770 0.5447 -9.3818 | 0.7216
Real |Nds=10| 100.00% | 25.4000 1.6818 0.6202  |-10.4021| 0.0002
Value [Nds=15| 100.00% | 24.6667 3.2660 0.8058 |-10.4021| 0.0001
Y-L (Binary) 36.67% 57.9091 12.9031 4.7066 -5.7297 | 3.3040
Y-L (Real Value) 13.33% 685.25 249.3236 36.377 -4,9381| 3.8638
GA (Binary) 0% 1000 0 148.548 -5.614 | 3.3858
GA (Rea Value) 0% 1000 0 53.998 -5431 | 35150

* 0

1000
Convergence Percentage

120%

100%
a0t

Percentage 603 r

a0+
%+
D%‘n 1 1 I I I 1 1 I + I "
M5B NIOB NISE NSR NIOR NISR VLB YLR GAB GAR
Method
4.95 ( )
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1200

1000

800

Generation 600
400

200

Average Generation

— & "y "y
I . . ; . 1 . I . T & 1 I

N5B NIDB NI5B N5R NIOR NISR YLB VLR GAB GAR

Method

4.96 ( )

300

230

L]
Standard

Dieviation 130

100

A

Stsmdsared Dol Geme yaHom)

-
—_— " . . -

MSE MIOE NI B NIR NWIOR MISE YLE YLER
Methad

G4 B

a4 R

4. 97 (

160

140

120

1a0
Time(sec.) 50
I

40

20

1]

Mean Time

T "y " . " M |

N5B NIOB NISB NSR NIOR NISR YLB VLR GAB GAR

Method

4.98 (
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Standand Deviation(Time)

NiB NIOE NISB NSR NIOR NISR YLE VLR GAB GAR
Method

4.99 ( )

Accuracy

AT | L

HMSGA-CS HMSGA-CS
(Binary) (Real Value)

HN>_E ONIO_E BENISE BENSE ENOER
BMNIS_ E HEYL_E TL_RE Ga_ B BGAR

4.100 ( )
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g 4 | i
ﬁ ) —— ::
£ '. — i
10 =
-12
’ - Gensrations - -
4.101 ( )
4.1.14 ( )  SQRN10 function
(1)
(4-14)
Min. F(X)=—§ ; L (4-14)
2 -a) e
where X, €[0,10]
(Ideal) -10.5359
25
2
a 40
b. 20 10°
C. (Roulette)
d.
P =0.4
(Arithmetic Crossover)
e 2.1
P,=0.03
(Uniform Mutation)
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f. 1000
g. 0.001
20
h. 30
I
5 10 15
3
4. 102 4. 108 4. 34
(ANOVA) ( Al. 42 Al. 43)
4. 34 Y-L GA
0
HMSGA-CS Y-L GA
(Binary)  Nds=10 Nds=15 (Real Vaue)
Nds=10  Nds=15 (ANOVA)
(p-vaue=0.1>a ) HMSGA-CS
(p-value=0.0915>a )
4.34 ( )
Convergence|Average* |Standard Mean* Mean |Accuracy
Method Percentage |Generation|Deviation  |Time(sec.) Value
(Generation) |(Convergence)
Nds=5 | 100.00% | 31.6667 4.0649 3.0108 |-10.5353| 0.0003
Binary|Nds=10| 100.00% | 27.4000 5.3157 24710 |-10.5355| 0.0002
HMSGA Nds=15| 100.00% | 24.4667 2.3258 17545 |-10.5356| 0.0002
-CS Nds=5 | 86.67% 32.9231 8.5485 1.0862 -9.6671| 0.6143
Real |Nds=10| 100.00% | 25.8667 2.6957 0.8346  |-10.5355| 0.0002
Value [Nds=15| 100.00% | 24.9333 2.2824 1.0528 |-10.5355| 0.0002
Y-L (Binary) 46.67% 59.7143 11.5187 5.3641 -6.5297 | 2.8327
Y-L (Real Value) 16.67% 505.4 192.8595 27.8038 |-5.5971| 3.4922
GA (Binary) 0% 1000 0 143.93 -5,501 | 3.5598
GA (Red Vaue) 0% 1000 0 59.122 -5.125 | 3.8261
* 0

1000
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Convergence Percentage

120%
100%
8%

Percentage 60% r

0%
%
I:I% 1 1 1 | | | 1 1 i 1 &
N5 B N10 B N15 B N5 R NIORNISRYLB YLR GAB CGAR
Method
4.102 ( )
Average Generation
1200
1000
800 ¢
Gemeration #00 |
400 -
200 F
0 ‘_I . T + il + I + T . d 1 I 1 I
M5B WNIOE WISB N5R NIOR NISR YLE VLR GAB GAR
Method
4,103 ( )
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Standan Deviationg e me ration)

LTI
200 F
150 ¢
Standard
Deviatios
100 r
0 F
n ey n . N
H5iB NE HISE WSR WiOR HISR YLE YLR GAE GAR
e thnd
4.104 ( )
Bleam Time
e
40
1]
[401]
Timeisec)) E0
L]
Ll
1|
u LS e s
R B HIDE HWI3E H:R HIORE HIJRE TLH YLE A8 GAR
Medhod
4.105 ( )
Standard Deviatiom Time)
1&
14 F
12 F
10 F
Standard |
Dieviatinom
& |
4
? B *_,_,_,—ll-—\_\_|_\_\_-_
i L i l .. I . i L i
HER HIOE WISE HSR MIOR HISR YLE YLR GABR GAR
Polerd o
4.106 ( )
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Error

ACCUracy

4

30

3
200

2

1.5
1

0.5 —i

0
HMSGA-CS HMSGA-CS
(Binary) (Real Value)

HBN>_E ONIO_E BENISE BENSE ENIOE
GAE HEGAE

BMNIS R EYLE TL_R

4.107 ( )
i
O
2 o
.
w -4 1'|
=
=
= MEHGA BinargMos=5
] 4 MEHGA-Binarg(Nos=10]
- — — ——  MEIGA-Dinarg Hos=15]
= — = MIIGA-Rasl Yalus(Hda=5)
i _..3 MIHGA-Raal Valual Hds=10)
MIHOA Real Valoel Mda=150)
'''' el s oyl b - i
_ _—— T-L & Hybrel-edl ¥aue
11
12k
H] 50 100 130 200
Liensrahons
4. 108 ( )
4.1.15 ( ) Colvillefunction

D)
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(4-15)
Min.

F(X)=1000%, - %) + (1~ %)* +90(x, — %)

+(1-%,)* +10.2((%, —1)* + (X, —1)?) (4- 15)
+19.8(%, -1 (%, -1
where X, €[0,10]
(Idedl) 0
)
a 40
b. 21 10°
C. (Roulette)
d.
P =04
(Arithmetic Crossover)
e. 21
P =003
(Uniform Mutation)
f. 1000
g. 0.001
20
h. 30
.
5 10 15
3)
4. 109 4. 115 4. 35
(ANOVA) ( Al. 44 Al. 45)
4. 35 Y-L GA 30
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(Real Value)

Y-L GA
(ANOVA) (Binary)
HMSGA-CS Nds=10 Nds=15
(p-vaue=0.0615>a ) (Real Vaue) HMSGA-CS
(p-value=0.0602>a )
HMSGA-CS
(p-value=0.345>a )
4.35 ( )
Convergence|Average*  |Standard Mean* Mean Accuracy
Method Percentage |Generation |Deviation |Time(sec.) Value
(Generation)|(Convergence)
Nds=5 | 100.00% 304 2.8234 2.5677 0.0006 | 0.0004
Binary|Nds=10{ 100.00% 27.0667 | 1.9445 1.9421 0.0004 | 0.0003
HMSGA Nds=15| 100.00% 253333 | 28452 1.6057 0.0003 | 0.0002
-CS Nds=5 | 86.67% 824 128.9151 | 3.5077 0.0004 | 0.0003
Real |Nds=10| 100.00% 37.3333 | 20.3634 1.2812 0.0004 | 0.0003
Value [Nds=15| 100.00% 26.2 8.8415 0.6436 0.0002 | 0.0002
Y-L (Binary) 0% 1000 0 169.3715 0.8223 | 05815
Y-L (Real Value) 0% 1000 0 73.5117 8.6097 | 6.0879
GA (Binary) 0% 1000 0 158.1267 9.1376 | 6.4612
GA (Redl Vaue) 0% 1000 0 71.0048 113.295| 80.113

*

1000
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M ethnd

4. 109

1200

100x)

20

Gearration ()]
400

20

M5B MIOB WIS B HNSR MWIWR WIS R YLE VLR OAB OAR

4.110

140 &
1200 ¢
foo -

EHH.-IED
Dievintion gy L

a0k

&

Stamdan] DevistionGenrcadisn)

&

Hi B HWIWO_E HIFE HiE HIIRE HIJR TLE VLR OA B OAR

Prdedhad.

4.111

126




Mean Time
180

160
140

120 t
Time 11

(sec.) 90 |

60
40 r
20

0 ¢! ! —l—'_._‘—‘—-:- 4
NSB NIOE NISE NSR MIORNISR YLE YLR GAB GAR
Meihod

4,112 ( )

Standard Deviation(Time)

16

14
12

10
Standard

Deviation

L] -2 N LT |
T

NS B NIOENISE NSR NORNISR VLB VLR GAE GAR
Method

4,113 ( )
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Error

ACCUracy

100
50
&0
40
20
0 LAOTT TR AEFTTER S da”
HMSGA-CS HMSGA-CS
(Binary) (Real Value)
HNS_B ONIOE BNISE BEBNOR  ENIOER

MN15 E EYL_E YL_R Ga_E HBECAR

4.114 ( )
T
— - ==  MSHGA-BEA AR MaEs=5)
GO0k — MASHGA-BinaryMds=101
=N — === MSHGA-BinargiMdi=15)
| — —  MSHGA-REE WalieMAa=5|
=00 -', - MSHGA-Roal WValise!Mde=10}
I - MOINGA-R=al ValueiHde=15)
= P e YL Fiykm i -Blamny
3 4030 : — — = Y8 HyenO-Feal v aiue
-3
= I
- _"‘"\.l:_lﬁ _I 5
EE. - i =
:__. 3:',.\, il L]
L LI 1 :". .
I -
100 [
1
I i—n‘.‘lﬂ-\.m-\.ﬂ'. ““““““““““““ - LN A L L A L S e
100 &
i S0 100 150 200
Ceneraticns
4.115 ( )

128




4.2

Y-L
6 2
(ANOVA)
1. 15 HMSGA-CS

Y-L [52]

HMSGA-CS 80
73.33 (22/30 30 HMSGA-CS 15 ) Y-L
80 30 (9/30) Y-L 20

30 (9/30) GA 80
16.67 (5/30) GA 20
63.33 (19/30)
15
2. HMSGA-CS

15
11
3. HMSGA-CS

100 (ANOVA) 30
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30

130

1000

HMSGA-CS



5.1

(Cooperative Search)
(Simplex Method)

15
1. (Cooperative
Search)
(Cooperative Search)
2.
(Stimulate)
3. (Simplex Method)
(Simplex Method)
4.
Y-L GA
5.

5.2
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(N
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N+1
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Total SST N-1
2.
(1) De Jong F5 function
a
i
Al 1
ss MS F P-
53848917 9 5983213 262.44 0.0000000"
6611534 290 22798.39
60460451 299
Al.2
SS MS F P-
2386 2 1193 2.58 0.0813
40189 87 462
42576 89
ii.
Al 3
ss MS F P-
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169996 290 586.194
679992 299
Al 4
SS MS F P-
46.37 5 9.27 1.106 0.3586
1458.08 174 8.3797
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Al 1 Al. 3 0.05




(2) Sin function
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.
Al 5
Sss MS F P-
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8.02E+09 90 8 9 BP0
1.27E+10 99
ii.
Al.6
ss MS F P-
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1.08E+0 8 120004 5
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Al. 5 Al. 6 a 005
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(3 De Jong F1 function
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Al 7
ss MS F P-
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ss MS F P-
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25370 290 87
38220 299
ALl 9
ss MS F P-
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a
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17.399 5 3.48 1.066 0.381
568.06 174 3.265
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(10) Bohachevsky #1 function
a
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Al. 28
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76807.93 ‘ 299
Al 31
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143.541 5 28.71 0.768 0.574
6506.451 174 37.4
6650 179
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Al. 28 Al. 30 a 0.05
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(12) Easom function
a
i
Al 32
SS MS F P-
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(12 SQRNS function
a
i
Al 34
ss MS F P-
33942280 9 3771431 28.893 0.00000000
37854021 290 130531
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Al 35
ss MS F P-
95497 2 47748.5 0.36 0.699
11554411 87 132809
11649908 89
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(13) SQRNT7 function
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a
.
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Al. 39
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SS MS F P-
719201.4 9 79911 17.345 0.000000000*
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Al 41
SS MS F P-
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17300.21 174 99.43
18237 179
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Al. 38 Al. 40 a 0.05




(14) SQRN10 function
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a
i
Al.42
ss MS F P-
54363980 9 6040442 323.103 0.0000000*
5421574 290 18695
59785554 299
ii.
Al. 43
Ss MS F P-
697975 9 77552 92.3 0.00000000*
243724 290 840
941699 299
b.
Al. 42 Al. 43 a 005
.
ii.
(15) Colville function
a
I
Al. 44
ss MS F P-
69487507 9 7720834 4667 0.00000000*
479690.4 290 1654.01
69967197 299
ii.
Al. 45




ss MS F P-
1228098 9 136455 4750 0.000000000*
8330 290 28.72
1236428 299

Al. 44 Al. 45 a 005
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