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Table 1 16 benchmark functions
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fi De Jong F1 }5.12,5.12] (0,0, 0) 0

fa De Jong F2 £2.048, 2.048] (1,1) 0

f3 De Jong F3 $5.12,5.12] BB/ IMAE S 30

fa De Jong F4 £1.28,1.28] (0,0,-,0) 0
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fie Perm [-2,2] 1,2 0
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Table 2 Discussion of differer® values

P 2 5 10 15

20 25 30 35 40

SEHME 2.02E-26 1.59E-37 1.04E-43 4.11E-46 1.33E-46 1.69E-45 1.56E-45 1.23E-44 4.28E-44

f1

“F#){E 2.89E+00 1.46E-00 1.02E-00 0.9982
5 s
T

“FH5{H 5.56E+00 2.17E-00 6.54E-04 4.60E-13
JH#% 3.26E+02 1.22E-02 2.14E-05 1.06E-23

9

Fi7% 3.36E-51 2.50E-73 3.73E-86 4.88E-91 1.64E-92 1.07E-90 3.99E-90 2.51E-88 1.75E-87

0.9980  0.9980 0.9980 0.9980  0.9980

4.92E+00 1.41E-00 7.65E-03 1.27E-06 1.12E-12 2.22E-18 1.13E-17 9.26E-12 4.95E-09

0 0 0 0 0
0 0 0 0 0

“FI(E 2.44E-13 2.02E-22 4.00E-27 5.22E-30 7.88E-31 4.97E-31 5.87E-31 2.33E-30 1.29E-29

10

JiZE  7.22E-26 1.28E-43 1.14E-53 1.61E-59 4.78E-61 1.51E-61 8.96E-62 2.29E-60 9.76E-59

SF¥ME 3.07E+01 9.87E-03 3.44E-05 2.75E-05 2.60E-04 7.90E-04 4.55E-03 8.15E-03 4.91E-02

f11

S —0.6500 —0.669
f1a

FiZ 2.31E+03 4.79E-03 3.77E-09 5.63E-11 5.34E-08 7.72E-07 3.44E-05 6.19E-05 2.50E-03

—0.670 —-0.6718 -0.6694 —-0.6720 —0.6735 —-0.6737 —0.6736
JiZ% 1.52E-03 3.78E-05 4.33E-05 5.90E-06 4.00E-05 1.65E-05 8.66E-07 1.72E-10 1.48E-09
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Table 3 Comparison of four algorithm search results

mEC WE WM RN M WS Lo S EOPSIC RMU % s o)
GABS 100E 01 181E3 202E2 002 O GABS 122E01 1.48E 07 2.33E02 002 4
MGABS 4.89E-46 2.39E-47 6.60E-91 0.03 100 MGABS 7.69E-06 4.38E-08 1.17E-10 0.03 100

7' HCLPSO 6.65E11 3.70E-12 4.19E-21 0.14 100|| /2 HCLPSO 3.63E08 1.11E-12 227E-14 0.20 100
EFADE 2.95E-33 1.70E-37 1.01E-64 0.45 100 EFADE 0.00E+00 0.00E+00 0.00E-00 0.49 100
GABS —18.0800 —25.0000 6.16E00 0.02 0 GABS —2.3601 —3.3463 2.16E-01 0.12 O
MGABS —30.0000 —30.0000 0.00E-00 0.03 100 MGABS -2.4741 —3.3785 1.39E01 0.14 O

3 HeLPsO —30.0000 —30.0000 0.00800 0.19 100|| * HCLPSO —3.1552 —4.3033 1.81E01 041 0
EFADE —30.0000 —30.0000 0.00E-00 0.46 100 EFADE —3.2252 —3.9862 9.14E-02 1.17 0
GABS  6.4500 0.9994 1.220D1 0.24 O GABS 8.38E-00 5.92E-00 1.11E-00 0.05 O
MGABS  0.9880 0.9880 5.52E-19 0.26 100 MGABS 8.88E-17 —1.33E-15 3.09E-30 0.06 100

5 Helpso  0.9880 09880 1.43E-31 093 100| f® HCLPSO 224E01 4.98E-02 8.04E02 021 0
EFADE  0.9880 0.9880 4.02E33 1.20 100 EFADE 1.15E+00 3.01E-01 2.48E-01 0.70 O
GABS 9.37E-00 3.58E-00 8.17E-00 0.06 0 GABS 1.84E-07 2.27E-06 1.80E-14 0.03 0
MGABS 0.00E+00 0.00E+00 0.00E+00 0.07 100 MGABS 4.89E-33 3.33E-34 2.10E-65 0.05 100

J7 HCLPSO 5.10E01 1.30E-01 3.51E-02 038 0| /* HCLPSO 6.44B02 9.69E-01 4.28E-05 029 0
EFADE 9.02E-01 7.53E-01 3.43E-03 091 O EFADE 2.61EF00 2.02E-01 8.18E-00 0.78 0
GABS 1.07E-02 8.06E-01 1.29E-02 0.04 0 GABS 8.96E-08 2.52E-08 9.42E-16 0.03 0
MGABS 0.00E+00 0.00E+00 0.00E-00 0.06 100 MGABS 4.98E-31 1.08E-31 9.94E-62 0.04 100

o HeLPsO 1.84E01 822800 3.80E01 021 0 ||/° HCLPSO 7.77B:04 1.63E-04 1.83E-09 018 0
EFADE 4.47E+01 3.05E-01 3.98E+01 0.77 O EFADE 1.83E+03 1.44E-02 2.27E+06 0.67 0
GABS 1.44E-02 250E-03 8.24E-03 0.02 0 GABS —1.45E+01 —1.91E+01 1.32E-01 0.02 O
MGABS 5.14E-04 2.79E-05 1.55E-07 0.03 14 MGABS —1.92E+01 —1.92E+01 2.90E-08 0.03 100

1 HeLpso 2.55E-05 2.55E-05 2.12E-27 0.18 100| /2 HCLPSO-1.92E+01 —1.92E+01 6.17E-23 0.18 100
EFADE 2.55E-05 2.55E-05 0.00E-00 0.43 100 EFADE —1.92E+01 —1.92E+01 1.16E-28 0.44 100
GABS 152E-01 1.30E-03 1.89E-02 0.02 O GABS —3.62E-01 —6.68E-01 2.17E-02 0.02 0
MGABS 2.29E-06 1.41E-07 7.27E-12 0.03 100 MGABS —6.74E-01 —6.74E-01 9.93E-09 0.03 44

F13 Helpso 1.21E06 7.47E-12 121E-11 0.8 100| /" HCLPSO—6.74E-01 —6.74E-01 5.98E-30 0.32 100
EFADE 0.00E+00 0.00E+00 0.00EF00 0.44 100 EFADE —6.74E-01 —6.74E-01 3.20E-31 0.60 100
GABS —6.72E+00 —7.61E+00 3.58E-01 0.02 0 GABS 143E01 6.51E-08 1.41E-01 0.03 12
MGABS —8.54E+00 —8.55E+00 2.50E-03 0.03 4 MGABS 1.70E-03 1.44E-07 1.15E-05 0.04 56

F15 HeLPSO—-8.25E+00 —8.55E100 1.69E-01 021 58|16 HCLPSO 557E12 2.62E-18 7.68E-22 0.35 100
EFADE —8.32E+00 —8.55E+00 1.62E-01 0.42 74 EFADE 0.00E+00 0.00E+00 0.00E-00 0.68 100
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