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Improved artificial rabbits optimization based on
Levy flight and adaptive inertial weight strategy

LI Shanhong

(College of Big Data and Information Engineering, Guizhou University, Guiyang 550025, China)

Abstract: Aiming at the problems of low population diversity, being prone to fall into local optimum and slow convergence, an
artificial rabbit optimization algorithm ( WLARO) that introduces inertial weights and Levy flight is proposed in this paper. Firstly,
the Tent chaotic map is used to initialize the population, increase the population diversity, and improve the robustness and global
optimization ability of the algorithm. Secondly, in the artificial rabbit detour foraging stage, the adaptive inertial weight factor is
introduced to enhance the development and search ability of the algorithm, so that the algorithm can achieve a good balance. Finally,
the Levy flight strategy is introduced in the random hiding stage of artificial rabbits to avoid the algorithm falling into local optimum.
The improved artificial rabbit algorithm ( WLARO ) is compared with other algorithms on 10 benchmark functions, and Wilcoxon
rank sum test is used to verify the performance of the algorithm. The experimental results show that the improved artificial rabbit
algorithm has greatly improved the solution accuracy, convergence speed and optimization ability.
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Tab. 1 Test functions
PRELA R PR WRIXE Ry 2R
Sphere Fi(X) = Y a? [-100,100] 0 LI
i=1
Schwefel’s 2.22 Fo(X) = 3 1a [+ I I | [-10,10] 0 PG
i=1 i=1
Schwefel’s 1.2 Fy(X) = ()2 [-100,100] 0 LU
i=1 j=1
Schwefel's 2.21 Fy(X) = max{ |« || [-100,100] 0 e
Step Fo(X) = Y (Ly, +0.5))° [-100,100] 0 LT
i=1
Quartic Fo(X) = Y ix;* + random[0,1) [-1.28,1.28] 0 g
i=1
Rastrigin F(X) = 2 [«7 = 10cos(2mx;) + 10] [-5.12,5.12] 0 Z &
i=1
Ackley Fg(X) =-20exp(-0.2 | inz/n) — exp( 2005(21716/11) +20 +e [-32,32] 0 Zl
i=1 i=1
Griewank Fo(X) LN D (£)+1 [ -600,600] 0 Lt
riewan 9 = 40001:1% i:l(,()s i s E
25 -1
R 3 I S
Shekel’s Foxholes Fo=1500 /= 2 . [-65.65,65.65] 1 AL
i+ Y (x = ay)
i=1
x2 HEB¥
Tab. 2 Parameters of functions
Ak FESHLE Bk FEBHRE Wy EESHRE || ZESHERE
WLARO @, =09, 0,, =02,8=15| WHO PC = 0.1,PS = 0.2]| SCA a=2 ARO -
BOA p=08,c=001,a=01 PSO ay =a, = 1.5 WOA b=1 SSA -
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Tab. 3 Comparison of results of different algorithms

R Bk FRME RUE REME WER || R (X7 M RIUE REME pEE

F WLARO  0.00E+00 0.00E+00 0.00E+00 0.00E+00| F, WLARO  0.00E+00 0.00E+00 0.00E+00 0.00E+00
ARO 1.54E-122 6.52E-139 5.63E-94 1.91E-93 ARO 6.49E-68 1.70E-75 8.61E-67 2.02E-67
BOA 1.69E-14 1.43E-14 1.99E-14 1.05E-15 BOA 9.73E-12 2.75E-12 1.16E-11 2.35E-12
PSO 1.48E+01 7.72E+00 2.33E+01 3.64E+00 PSO 1.31E+01 8.62E+00 1.81E+01 2.23E+00
SCA 3.59E-03 1.66E-07 6.71E-02 1.21E-02 SCA 5.07E-06 3.67E-09 3.70E-05 7.79E-06
SSA 9.64E-09 6.54E-08 1.35E-08 2.10E-09 SSA 3.23E-01 6.53E-04 1.51E+00 3.97E-01
WOA  3.50E-167 2.80E-188 1.00E-165 0.00E+00 WOA  4.30E-105 4.90E-117 1.30E-103 2.30E-104
WHO  1.20E-106 9.70E-118 2.60E-105 4.80E-106 WHO 1.03E-58 6.47E-68 1.16E-57 2.88E-58

Fy WLARO  0.00E+00 0.00E+00 0.00E+00 0.00E+00 F, WLARO  0.00E+00 0.00E+00 0.00E+00 0.00E+00
ARO 1.96E-97 2.40E-118 5.86E-96 1.07E-96 ARO 2.84E-51 9.12E-59 8.27E-50 1.51E-50
BOA 1.69E-14 1.52E-14 1.87E-14 9.06E-16 BOA 1.19E-11 1.08E-11 1.30E-11 5.75E-13
PSO 1.24E+02 5.72E+01 1.94E+02 2.93E+01 PSO 2.31E+00 1.82E+00 3.09E+01 8.28E+00
SCA 2.23E+03 1.61E+01 8.15E+03 2.25E+03 SCA 1.37E+01 3.95E+01 1.91E+01 1.05E+01
SSA 5.34E+01 1.67E+00 1.82E+02 5.16E+01 SSA 4.05E+00 4.56E-01 8.52E+00 1.96E+00
WOA 1.37E+04 1.36E+03 3.39E+04 7.98E+03 WOA 3.25E+01 2.27E-02 8.51E+01 3.28E+01
WHO 1.37E-62 1.01E-79 3.45E-61 6.35E-62 WHO 1.62E-40 1.09E-45 4.04E-39 7.35E-40

Fs WLARO  0.00E+00 0.00E+00 0.00E+00 0.00E+00 | F¢ WLARO 3.28E-05 7.03E-07 1.05E-05 2.79E-05
ARO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ARO 2.04E-04 1.78E-05 5.92E-04 1.55E-04
BOA 5.38E+00 3.69E+00 6.74E+00 7.61E-01 BOA 6.04E-03 2.01E-03 1.38E-02 2.61E-03
PSO 1.49E+01 6.04E+00 2.32E+01 4.45E+00 PSO 4.89E+01 1.34E+01 9.59E+01 2.07E+01
SCA 4.42E+00 3.61E+00 6.31E+00 5.21E-01 SCA 2.93E-02 3.76E-03 1.69E-01 3.37E-02
SSA 9.07E-09 5.96E-09 1.24E-08 1.32E-09 SSA 6.27E-02 1.98E-02 1.07E-01 2.24E-02
WOA 4.61E-03 1.18E-03 2.41E-02 4.02E-03 WOA 8.91E-04 7.49E-06 4.89E-03 1.11E-03
WHO 3.85E-15 1.33E-18 5.76E-14 1.26E-14 WHO 3.90E-04 1.68E-05 1.36E-03 3.04E-04

Iy WLARO  0.00E+00 0.00E+00 0.00E+00 0.00E+00 Fy WLARO 8.88E-16 8.88E-16 8.88E—16 0.00E+00
ARO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ARO 8.88E-16 8.88E-16 8.88E-16 0.00E+00
BOA 1.88E+01 0.00E+00 1.94E+02 5.74E+01 BOA 1.13E-11 4.44E-12 1.35E-11 1.67E-12
PSO 2.06E+02 1.63E+02 2.43E+02 2.23E+01 PSO 4.32E+00 3.34E+00 5.10E+00 3.81E-01
SCA 9.01E+00 1.91E-05 9.79E+01 2.00E+01 SCA 1.39E+01 1.57E-04 2.02E+01 9.31E+00
SSA 5.12E+01 2.98E+01 8.06E+01 1.32E+01 SSA 1.82E+00 2.31E-05 3.02E+00 5.86E-01
WOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 WOA 4.56E-15 8.88E-16 7.99E-15 2.55E-15
WHO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 WHO 2.31E-15 8.88E-16 4.44E-15 1.77E-15

Fy WLARO  0.00E+00 0.00E+00 0.00E+00 0.00E+00 | F), WLARO 9.98E-01 9.98E-01 9.98E-01 0.00E+00
ARO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ARO 9.98E-01 9.98E-01 9.98E-01 2.93E-15
BOA 9.84E-16 0.00E+00 3.44E-15 1.03E-15 BOA 1.00E+00 9.98E-01 1.02E+00 6.91E-03
PSO 5.27E-01 3.64E-01 6.91E-01 9.41E-02 PSO 1.55E+00 9.98E-01 6.90E+00 1.15E+00
SCA 1.95E-01 1.28E-05 1.02E+00 2.70E-01 SCA 1.26E+00 9.98E-01 2.98E+00 6.86E-01
SSA 8.70E-03 2.41E-08 3.20E-02 9.18E-03 SSA 9.98E-01 9.98E-01 9.98E-01 2.00E-16
WOA 3.30E-03 0.00E+00 5.48E-02 1.23E-02 WOA 2.04E+00 9.98E-01 1.08E+01 2.97E+00
WHO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 WHO 1.15E-76 1.72E-86 3.36E-75 6.13E-76
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Fig. 5 Average convergence curves of different algorithms
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Tab. 4 Values of Wilcoxon rank sum test of test function

ARO BOA PSO SCA SSA WHO WOA

P S P S P S P S P S P S P S
Fy 1.07E-12 + 1.21E-12 + 1.21E-12 + 1.17E-13 + 3.16E-12 + 1.18E-12 + 1.21E-12 +
F, 1.01E-12 + 1.21E-12 + 9.28E-13 + 2.07E-12 + 2.64E-12 + 1.08E-12 + 1.21E-12 +
Fy 1.07E-12 + 1.21E-12 + 1.18E-12 +  490E-13 + 3.61E-13 + 1.18E-12 + 1.18E-12 +
Fy 1.04E-12 + 1.21E-12 + 1.18E-12 + 1.17E-13 + 1.46E-12 + 1.17E-12 + 1.11E-12 +
Fg 1.09E-12 + 1.21E-12 + 1.21E-12 + 1.17E-13 + 3.64E-12 + 1.19E-12 + 1.21E-12 +
F; 2.67TE-11 + 3.02E-11 + 2.67E-11 +  4.56E-11 + 3.51E-10 + 2.99E-11 + 2.99E-11 +
Fy 1.06E-12 + 8.90E-13 +  4.96E-13 + 1.17E-13 + 6.46E-13 + 1.19E-12 + 1.20E-12 +
Fi, 8.04E-13 + 1.15SE-12 + 1.14E-12 + 1.22E-12 + 1.44E-11 + 1.17E-12 + 1.21E-12 +
Fy, 1.07E-12 + 1.21E-12 + 1.20E-12 + 1.17E-13 + 3.43E-12 + 1.17E-12 + 1.21E-12 +
Fiy 3.07E-13 + 1.04E-12 + 9.91E-13 + 1.99E-11 + 1.73E-11 + 1.16E-12 + 1.11E-12 +
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Fig. 6 Design model of pressure vessel
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Tab. 5 Comparision of pressure vessel solved by different
optimization algorithms
TR/ Ts Ty R L S(x)
WLARO 0.778 1 0.384 6 40.3196 199.999 6 5885.337 5
ARO 0.778 2 0.384 7 40.3233 199.947 9 5 885.667 9
MFO 0.8125 0.4375 42.0984 176.636 5 6 059.714 3
GA  0.8125 0.4375 42.0973 176.654 0 6 059.946 3
DE  0.8125 0.4375 42.0984 176.637 6 6 059.734 0
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