44845 55 1 ] ¥ B # 2 & K X ¢ 3 4 Vol.48.No.1

20184 1H JOURNAL OF UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA Jan. 2 01 8

B . 0253-2778(2018)01-0007-13

ETRERXENAGSEUNEXIESR
o ER.E B

O E B2 BOR R 2R BB BR 2B ZRUA AL 230026)

WE. RE—FATERSHBARXNALFNARNER ZERGEN DRI FE QWA 8 &
FmEEN A T AT R L i Bl AN e X Z BT EY
archive Z M Tk, P BB — T A 5, &5 ko archive Z M # AT — A H B AAKREHS A
FREFAZEEFOASERTAFT R ERIAA G B AR &Ik, A ARZHEE M, F1HRR
TEAF RS TR AR 26 NS EEH MR T 26 AAAH ket Bie T A T4
Bk F M EAE EFAER(EAP_IS) ¥ A2k, 5t —F 4 EAP_IS 5 ARl S 4E R 47 T &)
Yo, R R AR, PR a9 AE T A R G AL FL R ey R A Mk

KB . MR S rub B e T AN

hESES . TP301 XEAFRIRAD . A doi: 10.3969/].issn.0253-2778.2018.01.002
SIAEK. FE . RER SR, R TFEELENA ST IRERL] PEB AR K¥ %, 2018,48(1)
7-19.

XU Han, LIU Weiming. LI Bin. Evolutionary algorithm portfolios based on information sharing[ J].
Journal of University of Science and Technology of China, 2018,48(1) :7-19.

Evolutionary algorithm portfolios based on information sharing

XU Han, LIU Weiming, LI Bin
(University of Science and Technology of China »School of Information Science and Technology » He fei »230026)
Abstract: A general framework for combining multiple evolutionary algorithms EAP_IS is proposed. Each
of the constituent algorithms in this framework has its own population to maintain its characteristic and the
continuity of the evolution process. EAP_IS runs each constituent algorithm with a part of the given time
budget and encourages information sharing among the constituent algorithms. The effectiveness of EAP_IS
has been verified by investigating 26 instantiations of it on 25 benchmark functions, and further
comparisons of EAP_IS with other combinatorial frameworks have been conducted. Experimental results
show that the proposed framework can improve the performance of constituent algorithms effectively.
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Tab.2 Bench mark function set

P B BRI A Fin |
F,: Shifted sphere function [—100,100]
F, . Shifted schwefel’s problem 1.2 [—100,100]]
P REL  F,: Shifted rotated high conditioned elliptic function [—100,100]
F,: Shifted schwefel’s problem 1.2 with noise in fitness [—100,100]
F; . Schwefel’s problem 2.6 with global optimum on bounds [—100,100]
””””””””””” F,: Shifted rosenbrock’s function [ —100,100]
F; . Shifted rotated griewank’s function without bounds [0,600]
A F5 . Shifted rotated ackley’s function with global optimum on bounds [—32,32]
o B F, . Shifted rastrigin’s [unction [—5,5]
F, : Shifted rotated rastrigin’s function [—5,5]
F,, : Shifted rotated weierstrass function [—0.5,0.5]
F,: Schwefel’s problem 2.13 [—m,m]
4@ F: Expanded extended griewank’s plus rosenbrock’s function (FsFy) (=311
PREL  F ., . Shifted rotated expanded scaffer’s F [—100,100]
z Fi: Hybrid composition function [—5.5]
W F 5 : Rotated hybrid composition function [—5,5]
# F1;: Rotated hybrid composition function with noise in fitness [—5,5]
F 5 : Rotated hybrid composition function [—5,5]
F1y: Rotated hybrid composition function with a narrow basin for the global optimum [—5,5]
;iz F 4 : Rotated hybrid composition function with the global optimum on the bounds [—5,5]
EE F, : Rotated hybrid composition function [—5,5]
F., : Rotated hybrid composition function with high condition number matrix [—5,5]
F,;: Non-continuous rotated hybrid composition function [—5,5]
F,,: Rotated hybrid composition function [—5,5]

F,;: Rotated hybrid composition function without bounds [2,5]
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Tab, 3 Experimental results of EAP_IS and sub-algorithms
F, F, F, F, F;
algorithm
mean rank mean rank mean rank mean rank mean rank
SPSO 4,27TE—28 25 6.80E—24 18 2.15E4+05 28 8.69E+01 27 1.21E+03 29
SaDE 0.00E+00 1 7.74E—21 19 3.55E+04 17 2.47E+00 24 2.81E+02 24
ABC 5.12E—16 31 2.54E+03 31 6.10E4+06 31 2.12E+04 31 6.18E+03 31
CMA 3.03E—27 29 1.78E—26 15 1.25E—22 9 5.74E+03 30 5.21E+01 10
CoDE 2.02E—30 16 1.31E—17 20 6.61E4+04 20 4.40E—03 19 2.77E+02 22
SPSO_SaDE 0.00E+00 1 2.3TE—25 17 6.34E4+04 19 3.51E—04 15 2.78E+02 23
SPSO_ABC 5.58E—28 28 1.97E—10 27 5.14E4+05 30 1.04E+03 29 1.45E+03 30
SPSO_CMA 5.43E—28 27 3.13E—27 12 1.12E—22 6 1.73E—08 13 5.27E+01 11
SPSO_CoDE 0.00E+00 1 717E—17 21  1.61E4+05 24 4.29E—04 16 2.24E+02 21
SaDE_ABC 0.00E+00 1 4,07E—08 29 1.63E+05 25 1.36E+02 28 4.07E+02 28
SaDE_CMA 2.02E—30 16 2.42E—27 11 7.57E—23 2 1.08E—27 6 2.46E+01 4
SaDE_CoDE 0.00E+00 1 2.52E—16 22 5.21E4+04 18 2.54E—03 17 1.42E+02 16
ABC_CMA 3.84E—27 30 2.17E—26 16 1.57E—22 11 7.22E+01 26 1.70E+02 17
ABC_CoDE 0.00E+00 1 5.85E—08 30 2.09E4+05 27 1.40E+01 25 3.84E-+02 27
CMA_CoDE 8.08E—30 22 1.19E—27 8 5.43E—23 1 1.19E—27 2 2.20E+01 3
SPSO_SaDE_ABC 0.00E+00 1 7.71E—15 24 1.54E+05 23 1.88E—01 22 3.65E+02 26
SPSO_SaDE_CMA 0.00E+00 1 2 17E—27 10 1.23E—22 8 2.97E—27 4 1.74E+01 1
SPSO_SaDE_CoDE 0.00E+00 1 3.88E—16 23 1.01E4+05 21 4.,14E—03 18 1.78E+02 18
SPSO_ABC_CMA 5.24E—28 26 3.66E—27 14 1.44E—22 10 6.50E—05 14 7.40E+01 14
SPSO_ABC_CoDE 2.02E—30 16 8.26E—11 26 2.63E4+05 29 1.26E—01 21 2.92E+02 25
SPSO_CMA_CoDE 2.02E—29 24 9.90E—28 4 9.48E—23 5 2.92E—27 3 3.42E+01 6
SaDE_ABC_CMA 2.02E—30 16 3.32E—27 13 1.15E—22 7 8.08E—27 10 2.56E+01 5
SaDE_ABC_CoDE 0.00E+00 1 1.62E—09 28 1.16E+05 22 3.25E—01 23 1.85E+02 19
SaDE_CMA_CoDE 0.00E+00 1 7.49E—28 1 9.44E—23 4 9.21E—28 1 2.16E+01 2
ABC_CMA_CoDE 2.02E—30 16 1.00E—27 5 7.98E—23 3 6.21E—27 8 1.14E+02 15
SPSO_SaDE_ABC_CMA 4.04E—30 21 1.90E—27 9 2.06E—22 12 6.69E—27 9 4.87TE+01 9
SPSO_SaDE_ABC_CoDE  0.00E+00 1 6.28E—11 25 1.69E+05 26 5.52E—02 20 2.04E+02 20
SPSO_SaDE_CMA_CoDE  0.00E+00 1 1.08E—27 6 2.20E—22 13 3.00E—27 B) 3.80E+01 7
SPSO_ABC_CMA_CoDE  1.62E—29 23 1.14E—27 7 3.04E—22 15 1.28E—26 12 4.67E+01 8
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SaDE_ABC_CMA_CoDE  0.00E+00 1 8.04E—28 3 2.59E—22 14 4.62E—27 7 7.13E+01 13
SPSO_SaDE_ABC_CMA_CoDE 0.00E+00 1 8.00E—28 2 6.61E—10 16 1.05E—26 11 6.49E+01 12
Fy F, Fy F, Fi
algorithm
mean rank mean rank mean rank mean rank mean rank
SPSO 4,08E4+02 31 2.90E—02 30 2.04E4+01 23 6.98E+01 31 8.20E+01 28
SaDE 1.62E+00 21 2.22E—02 27 2.08E+01 31 3.58E—01 19 5.00E+01 11
ABC 1.79E+00 24 1.19E—01 31 2.07E+01 29 1.64E—17 16 2.68E+02 31
CMA 6.38E—01 18 2.27E—03 6 2.00E+01 1 4.58E+01 30 4.59E+01 10
CoDE 4,78E—01 16 1.12E—02 18 2.03E4+01 19 3.58E—01 19 4.38E+01 9
SPSO_SaDE 1.98E+00 26 1.85E—02 23 2.04E+01 22 1.83E4+00 24 6.25E+01 20
SPSO_ABC 2.90E+00 27 2.06E—02 26 2.05E4+01 27 4.62E—14 17 8.84E+01 30
SPSO_CMA 1.59E—01 10 1.77E—03 4 2.00E+01 1 4.09E+01 29 4.01E+01 4
SPSO_CoDE 1.74E+00 23 1.96E—02 25 2.00E+01 11 1.23E4+00 23 6.33E+01 21
SaDE_ABC 6.54E—02 9 1.88E—02 24 2.08E+01 30 7.89E—33 4 7.69E+01 25
SaDE_CMA 3.56E—25 1 1.48E—03 1 2.05E+01 25 1.95E+00 25 3.35E+01 1
SaDE_CoDE 1.59E+00 20 1.62E—02 22 2.02E+01 18 0.00E+00 1 4,09E+01 8
ABC_CMA 1.82E—24 B 2.37TE—03 7 2.00E+01 10 1.20E—29 12 5.77E+01 18
ABC_CoDE 1.00E+00 19 1.06E—02 17 2.03E+01 21 1.97E—33 3 7.80E+01 26
CMA_CoDE 1.59E—01 10 3.64E—03 13 2.00E+01 1 2.43E+00 26 4.02E+01 S
SPSO_SaDE_ABC 1.33E+01 28 1.44E—02 20 2.05E+01 26 3.89E—31 8 6.82E+01 22
SPSO_SaDE_CMA 1.59E—01 10 1.68E—03 3 2.00E+01 1 4.50E+00 28 4.09E+01 7
SPSO_SaDE_CoDE 1.98E+00 25 2.23E—02 28 2.02E+01 16 3.58E—01 19 7.04E+01 24
SPSO_ABC_CMA 9.66E—25 4 2.07E—03 5 2.00E+01 1 2.54E—30 9 5.66E+01 17
SPSO_ABC_CoDE 1.45E+01 29 1.53E—02 21 2.03E+01 20 1.84E—24 14 8.54E+01 29
SPSO_CMA_CoDE 3.19E—01 13 4.83E—03 16 2.00E+01 1 4. 10E+00 27 3.89E+01 3
SaDE_ABC_CMA 4.51E—25 2 2.96E—03 10 2.01E+01 15 0.00E+00 1 5.16E+01 14
SaDE_ABC_CoDE 1.65E+00 22 1.39E—02 19 2.06E+01 28 1.89E—28 13 6.97E+01 23
SaDE_CMA_CoDE 4.78E—01 15 2.46E—03 8 2.01E+01 14 1.99E—01 18 3.82E+01 2
ABC_CMA_CoDE 6.76E—25 3 4,24E—03 14 2.00E+01 13 3.35E—32 5 5.48E+01 15
SPSO_SaDE_ABC_CMA  3.87E—02 8 3.55E—03 11 2.00E+01 1 1.49E—32 6 5.08E4+01 13
SPSO_SaDE_ABC_CoDE  2.29E+01 30 2.32E—02 29 2.04E+01 24 3.39E—21 15 7.89E+01 27
SPSO_SaDE_CMA_CoDE  4.80E—01 17 2.66E—03 9 2.00E+01 1 7.96E—01 22 4.03E+01 6
SPSO_ABC_CMA_CoDE  2.04E—05 7 4.43E—03 15 2.00E+01 12 3.51E—31 7 5.54E+01 16
SaDE_ABC_CMA_CoDE  1.05E—05 6 3.64E—03 12 2.02E4+01 17 2.93E—30 10 5.04E4+01 12
SPSO_SaDE_ABC_CMA_CoDE 3.51E—01 14 1.68E—03 2 2.00E-+01 9 2.62E—30 11 5.77E+01 19
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Fu Fy, Fi; Fy, Fi;
algorithm
mean rank mean rank mean rank mean rank mean rank
SPSO 2.52E+01 30 6.34E+03 29 4.497345 31 11.25927 1 4.33E4+02 31
SaDE 1.78E+01 22 1.74E4+03 14 1.562736 18 12.00633 11 3.54E+02 24
ABC 2.56E4+01 31 7.35E+03 31 1.169613 7 12.81506 30 2.94E—04 12
CMA 6.74E+00 1 5.66E+02 1 3.229087 29 13.43923 31 3.25E+02 18
CoDE 1.47E+01 18 3.41E+03 25 1.865362 23 12.49381 25  3.80E+02 28
SPSO_SaDE 1.99E+01 27 1.90E+03 15 1.680181 19 11.55425 2 3.47E+02 22
SPSO_ABC 2.47E4+01 29 7.10E+03 30  1.121392 5 11.70454 3 7.17E—06 11
SPSO_CMA 8.46E4+00 13 1.73E+03 13  3.652192 30  11.92933 7 3.73E+02 26
SPSO_CoDE 1.64E+01 20 5.56E4+03 28  2.353207 26 11.81859 4 3.74E+02 27
SaDE_ABC 1.92E+01 26 2.81E+03 22 1.153794 6 12.42578 23 1.89E—16 4
SaDE_CMA 8.38E+00 10 1.11E+03 7 1.739112 20  12.10228 12 2.84E+02 17
SaDE_CoDE 1.26E+01 17 1.12E+03 8 1.345137 17 12.20761 17 4.17E+02 30
ABC_CMA 9.04E4+00 15 3.36E+03 24  1.074399 2 12.75928 29 1.89E—16 4
ABC_CoDE 1.67E+01 21 3.22E4+03 23  1.034789 1 12.51808 26 5.75E—13 6
CMA_CoDE 8.23E4+00 8 8.11E+02 2 2.872344 28  12.25569 19 3.40E+02 21
SPSO_SaDE_ABC 2.09E+01 28 3.54E+03 26  1.221003 12 11.8193 5 5.08E—09 9
SPSO_SaDE_CMA 8.13E+00 7 1.60E+03 12 1.904056 24 11.95532 9 3.25E+02 19
SPSO_SaDE_CoDE 1.56E4+01 19 2.34E+03 18  1.740484 21 11.92133 6 4.08E+02 29
SPSO_ABC_CMA 9.22E4+00 16 9.18E+02 3 1.192579 10  12.33192 21  0.00E+00 1
SPSO_ABC_CoDE 1.83E+01 24 4.37E403 27 1.232325 15 11.94047 8 1.08E—09 7
SPSO_CMA_CoDE 7.97TE+00 6 2.48E4+03 19  2.673532 27 12.16079 14  3.32E+02 20
SaDE_ABC_CMA 7.14E+00 3 1.17E+03 9 1.084371 3 12.42267 22 0.00E+00 1
SaDE_ABC_CoDE 1.81E4+01 23 2.53E+03 20 1.221979 13  12.44719 24 1.00E—07 10
SaDE_CMA_CoDE 8.35E+00 9 1.07E+03 5 1.816694 22 12.23856 18 3.47E+02 23
ABC_CMA_CoDE 8.43E4+00 12 1.28E+03 10  1.102428 4 12.55397 28 3.59E+02 13
SPSO_SaDE_ABC_CMA  7.25E+00 4  2.19E4+03 17  1.172896 8 12.15274 13 0.00E+00 1
SPSO_SaDE_ABC_CoDE  1.91E+01 25 2.07E403 16  1.282116 16 11.95836 10 2.08E—12 8
SPSO_SaDE_CMA_CoDE  7.57E+00 5 1.57E+03 11 2.02569 25 12.16337 15 2.34E—05 25
SPSO_ABC_CMA_CoDE  8.43E+00 11 1.05E+03 4 1.210365 11 12.27681 20  2.85E—01 16
SaDE_ABC_CMA_CoDE  6.97E+00 2 1.08E+03 6 1.189963 9 12.5437 27 3.45E402 14
SPSO_SaDE_ABC_CMA_CoDE 9.03E+00 14 2.66E+03 21 1.225836 14 12.20153 16  5.18E400 15
Fy Fy; F Fy Fy
algorithm
mean ank mean rank mean rank mean rank mean rank
SPSO 1.43E+02 26 1.98E4+02 29 9.02E+02 31 9.26E4+02 31 9.19E+02 30
SaDE 1.02E+02 5 9.87E+01 5 8.85E+02 21 8.86E+02 17 Q&.77E+02 17
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ABC 2.73E+02 31 3.27E+02 31 8.16E+02 18 9.10E4+02 29 9.15E+02 29

CMA 2.67TE+02 30 2.35E+02 30 9.05E+02 16 8.16E4+02 10 8.16E+02 11

CoDE 1.13E4+02 13 1.02E+02 6 9.16E4+02 25 9.06E+02 25 9.05E4+02 24
SPSO_SaDE 1.09E+02 10 1.50E4+02 19 9.15E402 30 9.12E4+02 30 9.23E+02 31
SPSO_ABC 1.23E+02 18 1.77E+02 27 8.16E+02 29 9.07E+02 27 9.06E+02 27
SPSO_CMA 1.66E+02 29 1.67E+02 24 9.02E+02 10 &.16E+02 16 8.16E+02 16
SPSO_CoDE 1.04E+02 8 1.28E+02 13 8.84E+02 23 8.98E+02 21 9.07E+02 28
SaDE_ABC 9.70E+01 2 1.27E+02 12 8.13E+02 17 9.07E+02 28 8.89E+02 19
SaDE_CMA 1.64E4+02 28 1.67E+02 25 8.97E4+02 2 8.15E+02 7 &.12E4+02 2
SaDE_CoDE 6.70E+01 1 8.06E4+01 1 8.16E+02 19 8.89E+02 18 9.06E+02 25
ABC_CMA 1.29E+02 22 1.97E+02 28 9.05E+02 14 8.16E4+02 9 7.99E4+02 1
ABC_CoDE 1.15E4+02 15 1.19E+02 9 8.15E+02 24 9.02E4+02 22 9.06E+02 26
CMA_CoDE 1.43E+02 25 1.51E+02 20 9.13E+02 9 8.16E+02 12 8.16E+02 13
SPSO_SaDE_ABC 1.30E+02 23 1.61E+02 22 8.14E4+02 28 8.97E+02 20 9.02E+02 22
SPSO_SaDE_CMA 1.32E4+02 24 1.75E+02 26 8.98E4+02 5 8.14E+02 5 &.15E4+02 7
SPSO_SaDE_CoDE 1.04E+02 7 9.56E+01 3 8.16E+02 20 9.06E4+02 26 9.02E+02 23
SPSO_ABC_CMA 1.08E+02 9 1.40E+02 16 9.07E+02 11 8.16E+02 11 8.15E+02 10
SPSO_ABC_CoDE 1.27E4+02 20 1.17E+02 7 8.16E+02 26 9.02E4+02 24 9.02E+02 21
SPSO_CMA_CoDE 1.48E+02 27 1.60E+02 21 8.14E+02 13 8.16E+02 15 8.16E+02 15
SaDE_ABC_CMA 9.91E+01 3 1.39E+02 15 9.02E4+02 7 8.15E+02 6 8.13E+02 4
SaDE_ABC_CoDE 1.15E4+02 14 9.44E+01 2 8.13E402 22 9.02E+02 23 &.82E+02 18
SaDE_CMA_CoDE 1.25E+02 19 1.36E+02 14 8.16E4+02 3 8.15E+02 8 8.14E402 5
ABC_CMA_CoDE 1.02E+02 4 9.58E+01 4 8.15E+02 15 8.16E+02 14 8.16E+02 12

SPSO_SaDE_ABC_CMA  1.29E+02 21 1.49E402 18 9.07E+02 8 8.10E4+02 1 8.13E+02 3
SPSO_SaDE_ABC_CoDE  1.16E+02 16 1.25E+02 11 8.14E+02 27 8.94E+02 19 8.93E+02 20
SPSO_SaDE_CMA_CoDE  1.23E+02 17 1.24E4+02 10 8.16E+02 6 8.14E4+02 4 8.15E+02 8
SPSO_ABC_CMA_CoDE  1.12E+02 11 1.67E+02 23 8.12E+02 12 8.16E+02 13 8.16E+02 14
SaDE_ABC_CMA_CoDE  1.13E+02 12 1.18E+02 8 8.13E+02 1 8.13E+02 2 8.15E4+02 9

SPSO_SaDE_ABC CMA_CoDE 1.02E+02 6  1.44E+02 17 9.02E+02 4 8.14E+02 3 8.14E4+02 6

le F22 FZS F34 FZ")
algorithm

mean rank mean rank mean rank mean rank mean rank
SPSO 6.59E+02 30 9.21E+02 27 7.14E4+02 30 2.00E+02 1 2, 16E+02 29
SaDE 5.38E+02 28 9.08E+02 25 5.62E+02 28 2.00E+02 1 2.14E+02 27
ABC 4.89E+02 2 1.02E+03 31 5.33E+02 1 3.14E+02 31 5.18E+02 31
CMA 8.62E+02 31 5.43E+02 16 8.70E+02 31 2.11E+02 28 248E+02 30
CoDE 5.00E+02 11 8.77E+02 18 5.34E+02 18 2.00E+02 1 2.11E+02 17

SPSO_SaDE 5.40E+02 29 9.14E+02 26 5.92E+02 29 200E+02 1 2.11E+02 21
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SPSO_ABC 4.83E4+02 1  9.38E4+02 30 5.34E4+02 25 2.00E+02 1 2.16E-+02 28
SPSO_CMA 5.00E402 11 5.18E-+02 15 ©5.37E+02 26 2.11E+02 27 2.11E+02 20
SPSO_CoDE 5.12E4+02 27 8.87E+02 21 5.34E402 16 200E+02 1 2.11E+02 13
SaDE_ABC 4.93E+02 3 9.33E+02 29 5.33E4+02 3 2.00E+02 1 2.13E+02 26
SaDE_CMA 5.00E4+02 11 5.17E402 13 ©5.34E+02 17 2.00E+02 1 210E+02 9
SaDE_CoDE 5.00E402 11 8.73E+02 17 5.34E-+02 10 2.00E4+02 1 2.11E+02 15
ABC_CMA 4.97E402 9  5.03E+02 1 533E402 4  2.12E+02 30 2.12E+02 22
ABC_CoDE 4.96E4+02 6 8.81E+02 19 ©5.34E402 19 200E+02 1 2.12E+02 25
CMA_CoDE 5.00E402 11 5.05E4+02 6 5.34E402 24 200E+02 1 210E+02 4

SPSO_SaDE_ABC 5.00E4+02 11 9.22E+02 28 5.34E+02 11 2.00E4+02 1 2.12E+02 23
SPSO_SaDE_CMA 5.00E4+02 11 5.06E4+02 8 ©5.34E-+02 15 200E+02 1 2.10E+02 12
SPSO_SaDE_CoDE 5.00E4+02 11 8.83E+02 20 5.50E-+02 27 2.00E4+02 1 211E+02 14
SPSO_ABC_CMA 5.00E402 11 5.04E+02 2 534E402 20 2.12E+02 29 2.12E+02 24
SPSO_ABC_CoDE 5.00E4+02 11 8.89E+02 22 ©5.34E402 23 200E4+02 1 211E+02 18
SPSO_CMA_CoDE 5.00E402 11 5.17E402 14 534E+02 21 2.00E+02 1 210E+02 7
SaDE_ABC_CMA 4.96E4+02 7  5.06E4+02 11 5.34E4+02 14 2.00E4+02 1 2.10E+02 10
SaDE_ABC_CoDE 5.00E4+02 11 8.91E+02 23 ©5.34E-+02 12 200E+02 1 2.11E+02 19
SaDE_CMA_CoDE 5.00E+02 11 5.05E4+02 5 5.34E4+02 9 2.00E4+02 1 2.10E+02 1
ABC_CMA_CoDE 4.97E4+02 10 5.06E402 10 5.34E-+02 22 200E+02 1 2.10E+02 5
SPSO_SaDE_ABC_CMA  4.96E+02 8 5.07E+02 12 5.34E4+02 8 2.00E+02 1 2.10E4+02 11
SPSO_SaDE_ABC_CoDE  4.93E+02 5 8.96E4+02 24 5.34E4+02 5 2.00E+02 1 211E+02 16
SPSO_SaDE_CMA_CoDE ~ 5.00E4+02 11 5.05E+02 7 5.34E+02 7 2.00E+02 1 2.10E+02 3
SPSO_ABC_CMA_CoDE  5.00E+02 11 5.06E+02 9 5.34E4+02 13 2.00E4+02 1 2.10E+02 6
SaDE_ABC_CMA_CoDE  4.93E-+02 4  5.04E4+02 3 533E+02 2 2.00E+02 1 2.10E4+02 2
SPSO_SaDE_ABC_CMA_CoDE5.00E+02 11  5.04E4+02 4 5.34E4+02 6 2.00E+02 1 210E+02 38

T T UL M LY R A B B PR R L R B R
SIS R AT — 2 Gt A bR AR
.

CL) A BT A M ek 20 B9 HE 2 1 349148 .
it A average rank.

(1) T Wilcoxon fF 5 B £ 8
nWins " ,n Wins Ge it 75 38 JH T X0 58 78 B4 08
B b SIS A5 R AT A R H B A BT % O e
FHEAR X E 2 0.05 B9 R B8 27 4T 5 Bk A 46
(Wilcoxon signed rank) X382 JE47 PN HL 5. 40 2R
—ANREI R AL T HAB S (B p<<0.05) , FR M.
EHLRWEE—1 A p=>0.05,Z AKX FAS
R NI RO 7 il W DRV I o0 A o 21

JE S22 nWins {H.n Wins (B K R % & 2%

AR T AR T A I s

ARG T 2% 25 AW ek 2 173
HEA F 0 Wins 5 98 J5 AR 408 D0 X ok B50RR P o 59 12 o A7
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B ROR M PR BRI 2R N T

Mg Fy~F
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W Fy F, Fg ,Fy . F W Fp o Fis~Fa;
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Gt as R 4 Y HEA BT = B9 SE LA R
IR,
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F4 HRERFHHEZM nWins Fit
Tab.4 Average rank and n Wins

£ g Z I TiE % IR AR AE 2 5
algorithm average average average average average

ok n Wins onk n Wins o n Wins ok nWins onk n Wins

SPSO 26.24 —27 25.4 —11 26.45 —28 25.38 —27 27.67 —24

SaDE 18.68 —11 19 2 18.6 —10 18.94 —10 25.33 —14

ABC 25.24 —29 31 —30 23.8 —27 26.06 —29 25.33 —24

CMA 19.52 —14 22 —5 18.9 —15 18.00 —14 19.83 —6

CoDE 18 —11 18.4 —3 17.9 —10 16.56 —6 19.17 —8
SPSO_SaDE 19.88 —15 14.2 4 21.3 —18 21.44 —18 24.00 —21
SPSO_ABC 22.28 —25 27.8 —23 20.9 —17 22.13 —25 27.67 —23
SPSO_CMA 16 —2 13.8 —1 16.55 —10 14.19 —2 15.17 —3
SPSO_CoDE 18.32 —13 15.8 3 18.95 —12 17.31 —10 17.50 —6

SaDE_ABC 16.92 —12 22 1 15.65 —1 18.25 —10 22.50 —14
SaDE_CMA 10.96 16 8 7 11.7 8 10.31 15 12.00 14
SaDE_CoDE 14.2 1 15.8 3 13.8 8 13.88 B 17.00 —6
ABC_CMA 14.84 6 21 —38 13.3 4 14.13 7 10.67 13
ABC_CoDE 17.08 —11 19.6 1 16.45 —2 18.38 —13 22.50 —13
CMA_CoDE 12.2 16 9.4 7 12.9 10 11.50 15 8.33 17
SPSO_SaDE_ABC 18.48 —15 17.8 2 18.65 —14 19.38 —15 22.00 —13
SPSO_SaDE_CMA 10.24 17 4.4 8 11.7 7 9.00 16 7.83 17
SPSO_SaDE_CoDE 17.8 —11 17.6 3 17.85 —10 17.06 —10 19.67 —13
SPSO_ABC_CMA 12.12 15 14.6 —3 11.5 14 13.00 9 11.83 8
SPSO_ABC_CoDE 18.88 —15 21 —38 18.35 —10 18.50 —15 20.83 —9
SPSO_CMA_CoDE 13.64 8 10 6 14.55 2 12.56 12 10.17 15
SaDE_ABC_CMA 8.68 23 11.8 5 7.9 22 9.50 19 10.67 17
SaDE_ABC_CoDE 17.36 —38 18.8 1 17 —4 17.56 —9 20.50 —8
SaDE_CMA_CoDE 8.88 19 2.4 13 10.5 14 8.44 21 5.83 20
ABC_CMA_CoDE 10.6 15 10.2 4 10.7 16 12.06 15 11.67 11
SPSO_SaDE_ABC_CMA 9.28 19 11.8 2 8.65 17 9.00 19 7.33 17
SPSO_SaDE_ABC_CoDE 17.56 —38 19 3 17.2 —2 18.00 —10 18.17 —7
SPSO_SaDE_CMA_CoDE 9.44 17 5.2 6 10.5 14 7.44 21 5.17 19
SPSO_ABC_CMA_CoDE 12.04 15 13.8 1 11.6 14 12.63 8 11.00 13
SaDE_ABC_CMA_CoDE 7.56 26 6 5 7.95 27 7.88 23 6.67 16
SPSO_SaDE_ABC_CMA_CoDE 9.12 14 5.4 5 10.05 13 8.00 18 7.33 15

MR 4 WG ERRE RZBUEOT e BREREIE T I MR L. 2 B H & R E
RYEAEZ LR nWins JEAP_IS A8 RIE WA BAYPERE A /N B KUK 7T DLAE 78 70 TR) A B R A
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AEE 25 R HETAEM.

AR 25 A ) B HE & A, FRATT & B
CMA AT e — Mk HA CMA 2 5 H G
PR 7N RYERE L 5 A HE A AT 10 B9ME SR AR
CMA 2 5454, 38 CMA X Hfth LA FREEA R
Ui B AMEH].CoDE J& 5 TR/ ik d g S hE s s
). CoDE 25U & 5 I A &% CMA —FExTH
20 1S A AR B R Y A A . R AT] A 08 58 B TS
HOBIEN AR IENTERE S T H 78k sk ik
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T E PR e AR CoDE B4, 41 & 3 L7 %
A FIH CoDE HE 5 F 15 & F# i T CoDE,
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RHI A AR T LD B B i vk B
bF HyPERE.
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ABC_CMA_CoDE.FA1F 3| DE 57k 7 2 W [n) i 1
Z 50 G 10 R B Q0 A B0 [R] IS 4 LR, A B
PERERS 55 (19 CMA _ES., ABC 1) Py [5) 7 F JF 4R & %

Xof T it A AR AR #E 30 B B IRl B, CMA 14
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S50 JLAN IR G 1 A0 HE 42 1 52 50 245 SRAE L B T X
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PAP, 33X = FHE S A & A7 2L 2 P/ RO R BE L BB AT
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AT HAE 4RI AT T & E 5 A d R R i
(CMA-ES, PSO, SaDE, ABC. CoDE), & X 4%
i 430 5 4R B 1 EAP_TS 1531 1 52 56 2% 5
HZ X, 108 EAP_IS 1ARIE % 4 B4 i+45 8. 41
4 SaDE_ABC_CMA_CoDE 44t i . ic H
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PR X LG S 1 A PP L AR SCRE IR S5 S
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RN A5 IR PR B BB AT 25 WA B 1 A R R
SR AL R 1R 22 I Y {E (mean) , FE 31T HES Gr) W B
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Tab.5 Experimental results of EAP_IS and other algorithm portfolios
F, F, F, F, F; Fy F,;
algorithm

mean r mean r mean r mean r mean r mean r mean r
EAP_IS 2 0.00E+00 1 8.04E-28 2 2.59E-22 1 4.62E-27 1 7.13E+01 3 1.05E-05 2 3.64E-03 3
EAP_IS1 0.00E+00 1 8.00E-28 1 6.61E-10 3 1.05E-26 2 6.49E+01 2 3.51E-01 5 1.68E-03 2
AMALGAM-SOY  8.38E-15 5 4.82E-15 5 9.47E-14 2 8.53E-+01 5 9.72E-05 1 9.04E-15 1 3.94E-15 1
MultiEA™ 0.00E+00 1 3.95E-24 4 8.82E+04 5 5.18E-02 3 1.01E+03 4 3.26E-01 3 6.90E-03 4
PAP 3.89E-29 4 9.83E-26 3 4.06E+04 4 2.36E+00 4 1.33E+03 5 3.26E-01 3 8.56E-03 5
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FS F9 Flu Fll FIZ FlS Fl;
algorithm
mean r mean r mean r mean r mean r mean mean r
EAP_IS 2 2.02E4+01 2 2.93E-30 3 5.04E+01 4 6.97E400 2 1.08E403 3 1.19E+00 2 1.25E+01 4
EAP_IS 1 2.00E4+01 1 3.23E-30 4 5.77E+01 5 9.03E400 3 2.66E+03 4 1.23E+00 3 1.22E+01 2
AMALGAM-SO™ 2.10E4+01 5 5.05E+00 5 7.93E+00 1 9.91E-01 1 3.86E+02 2 1.73E+00 4 1.13E+01 1
MultdEA™! 2.06E+01 4 0.00E400 1 4.29E401 3 9.06E4+00 4 9.06E4+00 1 9.94E-01 1.25E+01 3
PAP 2.03E401 3 0.00E4+00 1 3.70E4+01 2 3.41E+01 5 1.38E+04 5 9.46E+00 5 1.33E401 5
F15 F16 F17 F18 F19 F20 F21
algorithm
mean I mean r mean r mean r mean r mean mean r
EAP_IS 2 2.73E-01 1 1.13E402 4 1.18E+02 2 8.12E+02 1 8.13E4+02 1 8.15E402 2 4.93E+02 1
EAP_IS 1 8.12E-01 2 1.02E+02 3 1.44E+02 3 8.13E4+02 2 8.14E+02 2 8.14E+02 1 5.00E+02 4
AMALGAM-SO™ 2.45E+02 4 2.58E+01 1 4.80E+01 1 9.04E402 4 9.04E+02 4 9.04E+02 4 5.00E+02 3
MultiEAM? 1.40E+01 3 7.66E+01 2 1.51E4+02 4 8.52E4+02 3 8.52E402 3 8.52E+02 3 4.93E+02 2
PAPM! 3.24E4+02 5 1.46E+02 5 2.23E+02 5 9.07E4+02 5 9.07E+02 5 9.07E+02 5 5.12E4+02 5
FZZ FZS FZ{ FZ.':
algorithm averageRank
mean r mean r mean r mean r
EAP_IS 2 5.04E4+02 1 5.33E+02 1 2.00E+02 1 2.10E402 2 2.00
EAP_IS1 5.04E4+02 2 5.34E+02 5 2.00E+02 1 2.11E402 3 2.64
AMALGAM-SOY 8.49E+02 4 5.34E+02 3 2.00E402 1 2.09E+402 1 2.76
MultiEAL 5.77E4+02 3 5.33E+02 2 2.00E+02 1 5.79E+02 4 2.84
PAPM! 9.06E+02 5 5.34E+02 3 2.00E+02 1 1.63E4+03 5 4.12
St EE R WoR ARSI H 1 EAP_IS 4 A fE4R
% 2% 3 ik (References)
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SR T T B I ) AS AR H Y EAP_TS HE 2 ik
A — A AN B ) M T D 3G N R A U
Y Mooy L4 45 505 J5 20T LIAR 38 55 3% BLEY
By 2 B 1 3 10 9 B S TR 3 R L 0 — 20 B TR
O PERE. O 445 HE 28 w1 530k 22 [A] B B AR th 2 5
e HE SR 1R RE Y B I R L S R B AT Bk 2 ) 22
S A EL MR B A SR T ST

[ 1] HOLLAND J H. Adaptation in natural and artificial
systems: An introductory analysis with applications to
intelligence [ ] .
Quarterly Review of Biology, 1992, 6(2): 126-137.
EBERHART R, KENNEDY J. A new optimizer using
particle swarm theory[ C]// International Symposium
on MICRO Machine and Human Science. Nagoya:
IEEE Press, 1995: 39-43.
STORN R, PRICE K. Differential evolution - a
simple and efficient heuristic for global optimization

of Global

biology, control, and artificial

(2]

[3]
spaces [ J 1. Journal
Optimization. 1997, 11(4) . 341-359.

LARRANAGA, P. LOZANO J A Estimation of

Distribution Algorithms: A New Tool for Evolutionary

over continuous

L4]

Computation [ M J. Science & Business
Media. 2001.

KARABOGA D, BASTURK B. A
efficient algorithm for numerical function optimization:

Artificial bee colony (ABC) algorithm[]J]. Journal of

Springer

powerful and



%14 & F1

)

BEF A MERMAT EER 19

Global Optimization, 2007, 39(3): 459-471,

[ 61 TALBI E G. A taxonomy of hybrid metaheuristics [J].
Journal of Heuristics, 2002, 8(5): 541-564.

[ 7] VRUGTJ A, ROBINSON B A, HYMAN J M. Self-
adaptive multimethod search for global optimization in
real-parameter spaces [ J ]. IEEE Transactions on
Evolutionary Computation, 2009, 13(2): 243-259.

[ 8] VRUGT J A, ROBINSON B A. Improved evolutionary
optimization from genetically adaptive multimethod
search[ J]. Proceedings of the National Academy of
Sciences, 2007, 104(3): 708-711.

[97YUEN S Y, CHOW C K. ZHANG X. Which
algorithm should T choose at any point of the search:
An evolutionary portfolio approach[ C] // Proceedings
of the 15th Annual Conference on Genetic and
Evolutionary Computation. Amsterdam: ACM Press,
2013 567-574.

[10] MOLINA D. LOZANO M, HERRERA F. MA-SW-
Chains: Memetic algorithm based on local search
chains for large scale continuous global optimization
[C]// Proceedings of the IEEE Congress on
Evolutionary Computation. Barcelona: ACM Press,
2010. 1-8.

[11] PENG F, TANG K, CHEN G, et al. Population-based
algorithm portfolios for numerical optimization [ J ].
IEEE Transactions on Evolutionary Computation,
2010, 14(5) . 782-800.

[12] TANG K. PENG F, CHEN G, et al. Population-based
algorithm portfolios with automated constituent
algorithms selection[ J]. Information Sciences. 2014,
27(1)9: 94-104.

[13] AKAY R, BASTURK A, KALINLI A, et al. Parallel
population-based algorithm portfolios: An empirical
study[J]. Neurocomputing, 2017, 247(C); 115-125.

[14] SOURAVLIAS D, PARSOPOULOS K E, ALBA E.
Parallel algorithm portfolio with market trading-based

time allocation [ C]// Proceedings of the Operations

Research. Springer, 2016.: 567-574.

[15] GONG W, ZIHOU A, CAI Z. A multioperator search
strategy based on cheap surrogate models for
evolutionary optimization [ J]. IEEE Transactions on
Evolutionary Computation, 2015, 19(5) . 746-758.

[16] Goldberg D E, Richardson J. Genetic algorithms with
sharing for multimodal function optimization [ C]//
Proceedings of the 2nd International Conference on
Genetic  Algorithms. Cambridge, USA. Hillsdale,
1987 41-49.

[17] HANSEN N. The CMA evolution strategy: A
comparing review [ AJ// Study in Fuzziness & Soft
Computing. Springe, 2006, 192: 75-102.

[18] ZAMBRANOBIGIARINI M, CLERC M, ROJAS R.
Standard particle swarm optimisation 2011 at CEC-
2013: A baseline for future PSO improvements[ C]//
IEEE Congress on Evolutionary Computation, 2013:
2337-2344.

[19] QIN A K, HUANG V L, SUGANTHAN P N.
Differential  evolution  algorithm  with  strategy
adaptation for global numerical optimization[ J]. IEEE
Transactions on Evolutionary Computation, 2009, 13
(2):398-417.

[20] WANG Y, CAI Z, ZHANG Q. Differential evolution
with composite trial vector generation strategies and
control parameters [ ] ]. IEEE Transactions on
Evolutionary Computation, 2011, 15(1): 55-66.

[21] SUGANTHAN P N, HANSEN N, LIANG J J, et al.
Problem definitions and evaluation criteria for the CEC
2005 special session on real-parameter optimization
[R]. KanGAL Report, NCL-TR-2005001, 2005.

[22] WILCOXON F. Individual comparisons by ranking
methods[ ] ]. Biometrics Bulletin, 1945, 1(6): 80-83.

[23] DE LA FUENTE A L T, SaNCHEZ ] M P. A

hybrid

algorithms: Multiple offspring sampling (MOS) [D].

Universidad Politécnica de Madrid,2009.

framework  for dynamic  evolutionary



