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Table 1 Experimental results of various optimization algorithms for non-rotating test functions

ECIE 4 % JE I/ AR PSO CLPSO UPSO wFIPS BUPSO
Min 4. 10E-03 4. 46E-05 3.23E-03 3.23E-03 3. 75E-06

/s 20 Mean 1. 77E-03 4. 84E-03 1. 57E-03 3.23E-03 3. 38E-04
Std 2. 48E-06 1. 38E-05 2. 96E-06 6. 77E-06 1. 13E-07
Min 6. 96E+05 7. 0E+05 6. 73E+05 4. 97E+05 6. 96E+05
fi 20 Mean 1. 09E+06 9. 67E+05 1. 07E+06 1. 02E+06 1. 46E+05
Std 3.40E+10 1.32E+10 2.87E+10 2. 88E+10 1. 10E+09

Min 8. 67E-01 1. 57E+00 9. 32E+00 1. 21E+01 1. 95E-01
Js 20 Mean 2. 12E+01 8. 77E+00 9. 96E+00 1. 49E+01 8. 65E+00
Std 5. 12E+02 4.51E+01 7. 80E+00 3. 11E-01 3. 00E-02

Min 2. 15E-01 1. 75E-01 1. 113E-01 1. 51E+01 7. 80E-02

Sfia 20 Mean 3.91E-01 3. 08E-01 2.93E-01 2. 98E-01 2. 70E-01
Std 9. 00E-03 1. 00E-02 9. 00E-03 2.30E-03 2. 00E-03

x2 BRUMEENEEMNRRBTHER
Table 2 Experimental results of each optimization algorithm for rotation test functions

k&K % A" AR PSO CLPSO UPSO wFIPS BUPSO
Min 5.71E+01 7.26E+01 5.07E+01 7.92E+01 2. 84E+01
Sy 20 Mean 7. 73E+01 9.33E+01 7. 68E+01 1. 00E+02 4. 98E+01
Std 1. 40E+02 6.41E+01 9. 38E+01 6.22E+01 5.32E+01
Min 8. 81E+01 1. 07E+02 9. 20E+01 1. 22E+02 6. 64E+01
Sy 20 Mean 1. 20E+02 1. 46E+02 1.23E+02 1. 44E+02 9. 46E+01
Std 1.55E+02 1. 56E+02 1. 13E+02 1. 03E+02 5. 05E+01

Min 7.78E-12 4.52E-14 9.27E-13 1. 27E-12 7. 77E-16

S 20 Mean 9. 45E-08 1. 36E-07 1. 13E-07 7. 61E-07 1. 02E-08
Std 3. 19E-14 7. 02E-14 3.29E-14 3. 1069E-12 1. 7E-17
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R 3 Wilcoxon #FI8 p &

Table 3 P values of Wilcoxon rank sum test
;E-ik‘ * f] fz f3 f4 fs fz* f3* f4* f7*

BUPSO-UPSO  3.07e-02  2.53e-12  8.39e-05 6.37e-03 4.44e-15 8.39e-02  1.30e-02  3.50e-03  3.30e-03

BUPSO-CLPSO  7.20e-03  3.22e-22  1.52e-06  8.32e-08 1.37e-02  1.73e-14  2.5le-14  1.02e-04 7.07e-18
BUPSO-PSO  2.81e-06  2.12e-19  1.80e-03  2.00e-09  8.15e-05 7.92e-16  2.26e-14  2.64e-09 4. 16e-12
BUPSO-wFIPS  1.32e-06 7.6847e-12 9. 54e-18 0. 2868 8.32e-08  2.27e-16  2.02e-16  4.20e-03 9. 70e-08

p 0 1 1 0 1 1 1 1 1
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Fig.4 Convergence features of non-rotating detection functions
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Fig.5 Convergence features of rotation detection functions
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Table 4 Robustness analysis of various algorithms

. 7 . 7 I T T
FEs S FEs S FEs S FEs S FEs S FEs S
PSO 80 580 88 30 720 48 59 700 10 90 000 100 90 000 46 90 000 12
CLPSO 90 022 10 28 429 44 67 410 100 92 052 64 90 258 40 90 845 0
wFIPS 90 000 6 33 480 54 90 000 34 90 000 44 90 000 60 90 000 10
UPSO 90 000 66 21 690 52 13 320 58 93 000 36 81 000 72 72 000 34
BUPSO 66 000 100 19 890 100 21 450 100 90 000 100 69 000 100 93 000 100
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Particle Swarm Optimization Based on Scout Learning Strategy

ZHANG Qian' , LIU Yan-min’ , YANG Mei-lan' , SHU Xiao-Ii’

(1. School of Mathematics and Statistics, Guizhou University, Guiyang 550025, China;
2. School of Mathematics, Zunyi Normal University, Guizhou Zunyi 563006, China;

3. School of Data Science and Information Engineering, Guizhou Minzu University, Guiyang 550025, China)

Abstract ; Aiming at the problem of insufficient convergence ability of particle swarm optimization and easy to

fall into local optimum, a novel particle swarm optimization based on scout learning strategy is proposed. The

algorithm first uses the topology structure to construct the particle population, and then uses the local search ability

and global search ability of the joint factor equalization algorithm, and improves the speed and position formula of the

algorithm through the scout learning strategy to generate candidate solutions. The results of Wilcoxon rank sum test

and CEC2017 benchmark function test show that this novel particle swarm algorithm has better convergence ability,

optimal solution precision and algorithm stability, indicating that the performance of the algorithm has been improved.

Key words : particle swarm optimization ; topology structure; scout learning strategy
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