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[ Abstract] In order to solve the problems of premature and low precision in the moth—flame optimization algorithm ( MFO) , an
improved moth—flame optimization algorithm (IMFO) is proposed in this paper. Firstly, the good point set is used to initialize the
population, which makes the initial population distribution more ergodic. Then, using inertial weights to update the moth position,
balancing the development and exploration capability of the algorithm; The barycenter reverse mutation strategy is used to mutate the
position to produce a new solution and jump out of the local optimum. Eight kinds of test functions were selected for testing.
Simulation results show that IMFO algorithm has faster convergence, stronger global optimization ability and robustness.

[ Key words)] Good point set; Moth—flame optimization algorithm; Inertia weight; Centroid opposition—based mutation; Test
functions
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Tab. 1 Basic information of the 8 test functions

PR E4 AR E S Al
F, Sphere 60 [-100,100] 0
F, Schwefel’s Problem 2.22 120 [-10,10] 0
Fy Schwefel’s Problem 1.2 10 [-100,100] 0
F, Schwefel’s Problem 2.21 200 [-100,100] 0
Fs Quartic 30 [-1.28,1.28] 0
Fy Rastrigin 10 [-5.12,5.12] 0
F, Ackley 60 [-32,32] 0
Fy Griewank 120 [-600,600 ] 0
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Tab. 2 Comparison of benchmark function optimization results

Bk R FE mEE dRfEE
Fy IMFO  0.00E+00 0.00E+00 0.00E+00 0.00E+00

MFO 2.83E+01 1.11E+04 4.05E+04 1.28E+04
GWO 3.33E-41 3.12E-39 3.64E-38 6.69E-39
SCA 1.30E+00 4.37E+02 2.99E+03 6.56E+02
PSO 1.15E-03 1.93E-02 1.31E-01 2.65E-02

F, IMFO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
MFO 1.52E+02 2.23E+02 3.29E+02 4.20E+01
GWO 8.54E-17 2.37E-16 6.35E-16 1.19E-16
SCA 5.04E-02 4.66E+00 2.35E+01 5.98E+00
PSO 1.09E+01 2.51E+01 4.89E+01 8.88E+00

Fy IMFO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
MFO 1.71E-09 5.00E+02 5.00E+03 1.53E+03
GWO 6.70E-64 5.62E-53 1.23E-51 2.31E-52
SCA 8.01E-17 2.07E-09 4.04E-08 7.58E-09
PSO 8.42E-16 1.02E-11 1.94E-10 3.69E-11

F, IMFO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
MFO 9.45E+01 9.69E+01 9.85E+01 1.05E+00
GWO 2.61E+00 1.30E+01 2.64E+01 6.20E+00
SCA 8.92E+01 9.51E+01 9.75E+01 1.54E+00
PSO 1.54E+01 1.73E+01 2.07E+01 1.37E+00

Fs IMFO 9.24E-07 5.01E-05 2.02E-04 5.58E-05
MFO 2.56E-02 4.15E+00 2.43E+01 7.24E+00
GWO 1.94E-04 9.37E-04 2.81E-03 5.40E-04
SCA 3.37E-03 2.85E-02 8.01E-02 2.15E-02
PSO 3.43E-02 7.52E-02 1.36E-01 2.59E-02

Fe IMFO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
MFO 3.98E+00 2.40E+01 7.18E+01 1.60E+01
GWO 0.00E+00 3.82E-01 7.06E+00 1.49E+00
SCA 0.00E+00 2.84E-01 8.52E+00 1.56E+00
PSO 9.95E-01 4.01E+00 6.96E+00 1.56E+00

Fy IMFO 8.88E-16 8.88E—16 8.88E—16 0.00E+00
MFO 1.75E+01 1.96E+01 2.00E+01 6.89E-01
GWO 3.29E-14 4.00E-14 5.06E-14 3.49E-15
SCA 1.26E-01 1.67E+01 2.06E+01 7.36E+00
PSO 3.82E-02 1.13E+00 2.18E+00 6.27E-01

Fq IMFO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
MFO 1.74E+02 4.81E+02 8.77E+02 1.50E+02
GWO 0.00E+00 3.61E-04 1.08E-02 1.98E-03
SCA 1.04E+01 8.21E+01 2.71E+02 7.18E+01

PSO 5.68E-02 9.84E-02 1.59E-01 2.80E-02
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Tab. 3 The p value of Wilcoxon rank sum test

PR IMFO/MFO  IMFO/GWO  IMFO/SCA  IMFO/PSO
F, 1.21E-12 1.21E-12 1.21E-12 1.21E-12
F, 1.21E-12 1.21E-12 1.21E-12 1.21E-12
F 1.21E-12 1.21E-12 1.21E-12 1.21E-12
Fy 1.21E-12 1.21E-12 1.21E-12 1.21E-12
Fy 3.02E-11 3.69E-11 3.02E-11 3.02E-11
Fg 1.21E-12 1.61E-01 1.10E-02 1.15E-12
F, 1.21E-12 4.51E-13 1.21E-12 1.21E-12
Fg 1.21E-12 3.34E-01 1.21E-12 1.21E-12
+/=/- 8/0/0 6/0/2 8/0/0 8/0/0
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Fig. 1 The average convergence curve of /', function
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Fig. 2 The average convergence curve of F, function
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Fig. 3 The average convergence curve of F; function
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Fig. 4 The average convergence curve of F, function
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Fig. 5 The average convergence curve of F;function
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Fig. 6 The average convergence curve of F¢function
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Fig. 7 The average convergence curve of F, function
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