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Cellular and quantum-behaved wolf pack evolutionary algorithm for
solving discrete optimization problems

MA Long, LU Caiwu, GU Qinghua
(School of Management, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: To solve optimization problems in discrete space, a cellular quantum-inspired wolf pack evolutionary al-
gorithm is proposed for solving discrete optimization problems. First, to speed up the global convergence of the al-
gorithm, when generating the diversity of population, the method fully utilizes the double strategy quantum bit initializa-
tion method and the sliding mode crossover method to help generate the initial position and candidate wolf, respectively.
Then, to accurately describe the distance between the wolf and the prey as well as enhance the traverse range of wolf
pack, the methods of the binary encoding and evolution rules of the cellular automata are used to realize precise descrip-
tion and the selection of the quantum rotation angle, respectively. Then to prove the convergence performance of the al-
gorithm, the method fully utilizes the functional analysis to verify the global convergence. Finally, simulation experi-
ment on six benchmark functions was carried out, and the comparison between the wolf pack algorithm and quantum-in-
spired wolf pack evolutionary algorithm was provided. The results show that the proposed approach has better conver-
gence speed and great global convergence optimization ability.

Keywords: discrete optimization; quantum-inspired wolf pack algorithm; cellular automata; double strategy method;

sliding mode crossover; binary encoding; functional analysis; wolf pack algorithm; quantum rotation angle
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Table 1 Experimental results of six test functions
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fi(x) 20 02742 35291 3.1710
30 0.1262 8.8454 4.009 1 0 0 0 0 0 0
10 00209 12874 08437 1.2730x10°  24178x10°  12766x10° 1.2728x10" 1.2728x10" 1.2728x10"
HX) 20 00036 19871 05220 2.5460x10°  2.9102x10°  2.5564x10° 2.5455x10 " 2.5455x10" 2.5455x10 "
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Table 2 Comparison of iterations

PREL ERK Bk (R AR e RIEARUEL AR 1% THFE AL 1]/
WPEA 500 — — 0 31.545 960
fid) 35 QWPEA 500 13.40 10 100 3.692 419
CQWPEA 500 17.95 12 100 0.460 025
WPEA 500 909 501 25 91.341 201
£() 1y QWPEA 500 28.5 11 80 3.238 189
CQWPEA 500 7.20 2 100 0.822 512
WPEA 500 950.20 502 10 77.387 860
£() 1y QWPEA 500 — — 0 2.615 991
CQWPEA 500 300.85 249 100 0.511912
WPEA 500 — — 0 —
LX) 3 QWPEA 500 — — 0 5.197518
CQWPEA 500 18.75 16 100 0.724 987
WPEA 500 — — 0 33.743 127
() 3 QWPEA 500 907.35 66 10 3.103 910
CQWPEA 500 27.60 21 100 0.842 867
WPEA 500 — — 0 31.591 887
i) 3 QWPEA 500 — — 0 3.250 854
CQWPEA 500 21.40 10 100 0.545 058
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Fig. 6 Evolutionary curves for six test functions
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