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Individuals Differential Search

Abstract

Abstract: An estimation distribution algorithm based on the multiple elites sampling and the individuals
differential search (EDA-M/D) is proposed. In EDA-M/D, the elites carry out the sampling to generate the
offspring independently and enhance the exploration. Meanwhile, the variance of the population
distributionis selected to control the sampling radius. Thus, the target of the population can be gradually
transited from exploration to exploitation. If the elite population stagnates, the nonentities will choose the
mean value of the elites distribution 4 and the population historical best solution as the two exemplars to
execute a differential search operator, and then help the population jump out of a potential local optimum.
Based on the adaptive strategy, two generation methods for the offspring, i.e., basing on the multiple
elites sampling and the differential search, can be hybridized. Hence, the macro information of population
and the micro information of individuals can be organically integrated. Experimental results show that
EDA-M/D outperforms the other peer algorithms in the algorithm stability and the global optimal search
capability.
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Abstract: An estimation distribution algorithm based on the multiple elites sampling and the individuals
differential search (EDA-M/D) is proposed. In EDA-M/D, the elites carry out the sampling to generate the
offspring independently and enhance the exploration. Meanwhile, the variance of the population
distribution o is selected to control the sampling radius. Thus, the target of the population can be gradually
transited from exploration to exploitation. If the elite population stagnates, the nonentities will choose the
mean value of the elites distribution u and the population historical best solution as the two exemplars to
execute a differential search operator, and then help the population jump out of a potential local optimum.
Based on the adaptive strategy, two generation methods for the offspring, i.e., basing on the multiple elites
sampling and the differential search, can be hybridized. Hence, the macro information of population and the
micro information of individuals can be organically integrated. Experimental results show that EDA-M/D
outperforms the other peer algorithms in the algorithm stability and the global optimal search capability.
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TS SR bRl AR AR 4 AN ) R ) 5K
2 R R 1~4 s

F 1 XFEUSEAE CEC2017 R 4E P0G bR A (f~fs) L 1) S 36 &5 o1

Tab. 1 Comparison results of 7 peer algorithms on unimodal functions (f;~f3) in CEC2017 test suite

kA PERE EDA-M/D UMDAC PBILc BOFEDA GAEDA PSOEDA  AIL-DE/ED
Mean 3.46E+03 5.09E+10 6.73E+03 4.35E+10 2.38E+07 1.07E+10 3.47E+09

i Median 2.02E+03 5.15E+10 4.46E+03 4.33E+10 2.06E+07 9.94E+09 3.46E+09
Mean 4.22E+08 2.53E+39 7.00E+16 1.67E+48 1.44E+19 1.33E+38 2.13E+38

% Median 3.05E+03 4.18E+38 4.19E+09 1.44E+46 1.19E+16 5.65E+32 6.12E+36
Mean 1.64E+01 1.10E+05 1.97E+04 2.01E+05 2.04E+04 9.03E+04 2.74E+05

s Median 2.91E-05 1.13E+405 1.39E+04 2.02E+05 1.97E+04 8.79E+04 2.68E+05

# 2 XHESETE CEC2017 MIALE 2 06 iR B (i~ fr0) L (152560 25 R
Tab. 2 Comparison results of 7 peer algorithms on multiimodal functions (f;~f10) in CEC2017 test suite

PRk PERE EDA-M/D UMDAC PBILc BOFEDA GAEDA PSOEDA  AIL-DE/ED
Mean 3.20E+01 9.68E+03 8.81E+01 1.22E+04 1.45E+02 1.34E+03 4.54E+02
fa Median 3.41E+01 9.69E+03 8.79E+01 1.19E+04 1.43E+02 1.09E+03 4.60E+02
i Mean 2.31E+01 4.30E+02 3.71E+01 4.69E+02 3.74E+01 2.78E+02 2.21E+02
fs Median 2.39E+01 4.32E+02 2.62E+01 4.62E+02 3.71E+01 2.74E+02 2.24E+02
Mean 4.11E-05 8.47E+01 5.31E-03 1.00E+02 2.88E-01 6.45E+01 1.04E+01
fe Median 1.37E-07 8.52E+01 1.41E-06 9.96E+01 2.29E-01 6.55E+01 1.04E+01
Mean 5.16E+01 1.49E+03 1.88E+02 1.10E+03 8.35E+01 7.24E+02 2.78E+02
fi Median 4.84E+01 1.50E+03 1.91E+02 1.11E+03 8.07E+01 7.16E+02 2.80E+02
Mean 2.64E+01 3.86E+02 3.01E+01 4.46E+02 3.55E+01 2.42E+02 2.21E+02
fo Median 2.34E+01 3.89E+02 2.46E+01 4.44E+02 3.58E+01 2.37E+02 2.22E+02
Mean 1.62E+00 1.40E+04 2.50E-14 1.73E+04 1.04E+02 6.97E+03 1.15E+03
fo Median 8.95E-02 1.42E+04 0.00E+00 1.71E+04 8.55E+01 6.55E+03 1.15E+03
Mean 3.65E+03 7.26E+03 9.33E+02 8.25E+03 2.16E+03 7.71E+03 7.52E+03
fio Median 4.21E+03 7.31E+03 8.78E+02 8.28E+03 2.17E+03 7.87E+03 7.62E+03
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Tab. 3 Comparison results of 7 peer algorithms on hybird functions (f1;~/20) in CEC2017 test suite
EaRA PERE EDA-M/D UMDAC PBILc BOFEDA GAEDA PSOEDA  AIL-DE/ED
Mean 4.65E+01 6.14E+03 8.58E+01 2.01E+04 3.59E+02 8.50E+02 9.62E+02
Ju Median 3.78E+01 6.37E+03 7.64E+01 1.99E+04 2.52E+02 6.59E+02 9.02E+02
i Mean 4.69E+04 5.96E+09 6.89E+05 6.56E+09 3.83E+06 6.09E+08 5.95E+08
F2 \edian | 235E404  GOOE+09  390E+05  6.10E09  3.19E+06  3.30E+08  5.72E+408
Mean 1.47E+04 2.41E+09 2.13E+04 5.81E+09 4.43E+04 2.24E+08 1.18E+08
Jra Median 1.03E+04 2.51E+09 1.99E+04 5.40E+09 3.56E+04 4.75E+06 1.14E+08
Mean 1.59E+04 4.95E+05 6.26E+04 6.46E+06 7.09E+05 3.87E+05 1.69E+05
Sua Median 1.03E+04 5.27E+05 4.90E+04 5.21E+06 6.48E+05 8.46E+04 1.48E+05
i Mean 5.86E+03 1.79E+08 8.19E+03 7.10E+08 2.92E+03 1.07E+07 1.65E+06
Sis Median 3.18E+03 1.85E+08 3.96E+03 5.43E+08 2.35E+03 7.78E+04 1.61E+06
Mean 3.91E+02 2.93E+03 1.50E+02 3.70E+03 6.65E+02 1.77E+03 1.99E+03
fio Median 3.93E+02 2.96E+03 1.02E+02 3.60E+03 6.69E+02 1.75E+03 2.02E+03
Mean 1.11E+02 1.38E+03 7.38E+01 2.20E+03 2.51E+02 9.13E+02 8.21E+02
S Median 1.05E+02 1.41E+03 6.26E+01 2.00E+03 2.56E+02 8.97E+02 8.40E+02
i Mean 2.38E+05 8.60E+06 6.29E+05 1.03E+08 8.19E+05 2.56E+06 6.05E+06
Sra Median 1.39E+05 7.93E+06 3.80E+05 9.37E+07 6.50E+05 6.17E+05 5.50E+06
Mean 4.70E+03 3.07E+08 9.94E+03 7.65E+08 4.50E+03 1.72E+07 1.42E+06
Sis Median 2.48E+03 3.00E+08 4.36E+03 6.93E+08 2.47E+03 4.01E+05 1.40E+06
Mean 1.59E+02 7.98E+02 7.32E+01 1.31E+03 3.16E+02 7.83E+02 6.36E+02
S0 Median 1.72E+02 8.07E+02 4.05E+01 1.34E+03 2.77E+02 8.07E+02 6.25E+02
4 XEHVEAE CEC2017 MR K 15 bR 2L (fou~a0) L HU SR 4 AL
Tab. 4 Comparison results of 7 peer algorithms on composite functions (f1:~/20) in CEC2017 test suite

PRI PEfE EDA-M/D UMDAC PBILc BOFEDA GAEDA PSOEDA  AIL-DE/ED
Mean 2.25E+02 5.83E+02 2.24E+02 6.60E+02 2.34E+02 4.56E+02 4.27E+02
Ja Median 2.25E+02 5.83E+02 2.23E+02 6.61E+02 2.34E+02 4.48E+02 4.27E+02
Mean 6.49E+02 5.65E+03 4.22E+02 8.17E+03 1.11E+03 5.43E+03 7.49E+03
Jz Median 1.00E+02 5.73E+03 1.00E+02 8.21E+03 1.35E+02 7.35E+03 7.82E+03
i Mean 3.77E+02 9.37E+02 3.73E+02 1.31E+03 4.03E+02 7.29E+02 5.90E+02
Iz Median 3.77E+02 9.41E+02 3.73E+02 1.31E+03 4.04E+02 7.22E+02 5.91E+02
Mean 4.58E+02 1.05E+03 4.48E+02 1.54E+03 4.84E+02 7.27E+02 6.77E+02
Jos Median 4.52E+02 1.06E+03 4.46E+02 1.54E+03 4.84E+02 7.09E+02 6.77E+02
Mean 3.87E+02 4.11E+03 3.87E+02 3.98E+03 4.27E+02 8.45E+02 4.96E+02
Jos Median 3.87E+02 4.17E+03 3.87E+02 3.88E+03 4.25E+02 8.22E+02 4.99E+02
i Mean 1.33E+03 7.20E+03 1.25E+03 8.59E+03 1.70E+03 4.74E+03 3.15E+03
B Median  133E+03  721E+03 | 127E408  B50E403  L70E+03  A80E+03  3.13E+403
Mean 5.13E+02 1.09E+03 5.08E+02 5.00E+02 4. 84E+02 5.00E+02 5.00E+02
% Median 5.14E+02 1.09E+03 5.07E+02 5.00E+02 4.85E+02 5.00E+02 5.00E+02
Mean 3.45E+02 3.63E+03 4.33E+02 5.00E+02 5.29E+02 6.37E+02 5.00E+02
S Median 3.00E+02 3.70E+03 4.21E+02 5.00E+02 5.29E+02 5.00E+02 5.00E+02
i Mean 5.15E+02 2.63E+03 4.86E+02 3.58E+03 6.01E+02 1.94E+03 1.59E+03
Jaa Median 4.96E+02 2.70E+03 4.55E+02 3.53E+03 5.83E+02 1.88E+03 1.56E+03
Mean 3.82E+03 2.87E+08 9.06E+03 7.28E+08 2.80E+03 1.11E+07 1.30E+07
S Median 3.39E+03 2.73E+08 9.18E+03 6.54E+08 1.90E+03 2.85E+06 1.38E+07
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(1) Unimodal Functions (fi~fs): M SZE64E Rn]
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(2) Simple Multimodal Functions (fa~f1o) :
EDA-M/D Xt 5 4™ 22 Wk B (fa~fa) KM 45 SR 1K) Mean
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(3) Hybrid Functions (fi1~f20): M 3256 &5 5 nT LA
% th, EDA-M/D £ fi1s fias fiz» fra Ml fig 55 5 MR
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(4) Composition Functions (f1~f3): 7E 10 ™NM&
A% L, PBILc fil EDA-M/D BUfS 1 AR SE A
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Tab. 5 T-test results between EDA-M/D and other 7 peer algorithms
X Eb &5 UMDACc PBILc EDA-B/O GA-EDA EDA-PSO AIL-DE/EDA
Better 30 12 28 24 28 29
Same 0 8 1 2 1 0
Worst 0 10 1 4 1
B-W 30 2 27 20 27 28
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Fig. 3 Comparison results of 7 peer algorithms on CEC2017 test suite
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