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An improved bat algorithm based on
cross-border relocation and Gaussian mutation

LI Yong-heng,ZHAQO Zhi-gang

(College of Computer and Electronics Information,Guangxi University, Nanning 530004, China)

Abstract: Aiming at the problem that individuals cross border and suffer from premature conver-
gence in the bat algorithm, we propose an improved bat algorithm based on cross-border relocation and
Gaussian mutation. The algorithm pulls the individuals which cross the solution boundary back into the
solution space, and uses the cross-border relocation strategy to relocate. We then use the Gaussian mu-
tation strategy to control the search range of individuals, and the population is radically searched around
the optimal solution as the center, which enhances the local search and global optimization ability of the
bat algorithm. Since the loudness and pulse frequency of the bat algorithm are inconsistent when bats
approaching the target solution, which affects the continuous evolution ability of the algorithm, we in-
troduce the linear gradient strategy to ensure that the updates of loudness and pulse frequency are com-
patible with the continuous evolution of the algorithm. We compare the optimization ability of the new
algorithm with other algorithms under different position relationships in the solution space, and analyze
the convergence stability of the new algorithm with the experimental data. Experimental results show
that the proposed algorithm has better convergence speed and accuracy. In addition, the global optimiza-
tion ability and high dimensional problem optimization ability of the algorithm demonstrate good robust-
ness.
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Table 1 Test functions and position relationship
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D
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Griewank  f2(a)= 4000 II cos(Z5)+1 [—600,600]”  [—10,1190]”  [0,1200]P 0 0.01
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Table 2 Optimization results of Sphere function

% 2 Sphere MU ERGFIT
, Adl Bl c4l
/i Min Mazx o Min Ma. or Min Max o

Center 0 3.36e—08 1 0 1.78e—07 1 0 5.93e—06 1

CRBA Close 0 3.45e—08 1 0 1.95e—07 1 0 6.29¢—06 1
Exactly 0 0 1 0 0 1 0 0 1

Center 7.60e—09 2.50e—08 1 4.96e—08 1. 08e—07 1 2.30e—06 3.16e—06 1

VSABA Close 1.57¢—09  2.21e—08 1 5.24e—08 1.12e—07 1 2.29¢—06  3.15¢e—06 1
Exactly 0 0 1 0 0 1 0 0 1

Center 5.73e—09 2.30e—08 1 5.05e—08 1.17e—07 1 2.3le—06 3.13e—06 1

Absorbing Close 7.03e—09 2.13e—08 1 5.19e—08 1.13e—07 1 2.38e—06 3.47¢—06 1
Exactly 0 0 1 0 0 1 1.20e—06  2.15¢—06 1

Center 5.25e—0 2.25e—08 1 4.87¢—08 1. 14e—07 1 2.17¢—06 3.24e—06 1

Damping Close 6.74e—09 2.26e—08 1 4, 88e—08 1.13e—07 1 2.14e—06 3.35e—06 1
Exactly 0 0 1 0 6.92e—08 1 9.40e—07 2.08e—06 1

Center 6.45e—09 2.31e—08 1 5.75e—08 1.16e—07 1 2.34e—06 3.17¢e—06 1

Reflecting Close 6.72e—09 2.26e—08 1 4.66e—08 9.72e+03 0.48 1.91e—06 3.10e—06 1
Exactly 0 1.90e—08 1 0 1. 44e+04 0.48 2.03e—06 3.14e—06 1
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Table 3 Optimization results of Griewank function
# 3 Griewank B MU ER ST
) Ad B4 c4d
fe Min Mazx s Min Maz o Min Max s
Center 0 4.00e—09 1 0 1.44e—08 1 0 2.70e—06 1
CRBA Close 0 4.70e—09 1 0 1.57¢—08 1 0 1.83e—07 1
Exactly 0 0 1 0 0 1 0 0 1
Center 10. 03 90. 65 0 5.92 151. 41 0 5.68e—08 41. 31 0.48
VSABA Close 0.174 0.272 0 3.95e—09 612. 40 0. 50 6.20e—08 4.33e+03 0. 14
Exactly 0 348. 79 0.98 0 1.15e¢+03 0. 80 0 3.54e+03 0.54
Center 0.061 10. 60 0 4.63e—09 0.90 0. 38 6.00e—08 0.011 0.90
Absorbing Close 0.022 19. 80 0 4.31e—09 0.12 0.44 5.87e—08 0.012 0. 84
Exactly 0 11. 04 0. 82 0 22.91 0.08 4.30e—08 0.025 0.76
Center 1. 37 31.73 0 3.87¢—09 8.08 0.22 5.83e—08 0.016 0. 86
Damping Close 0.036 5.03 0 2.88e—09 0.25 0.42 6.08e—08 0.034 0.92
Exactly 0 15.22 0.50 0 5.06 0. 06 4.11e—08 0.047 0. 70
Center 8.70 80. 98 0 3.49 118. 99 0 6.28e—08 16. 55 0. 60
Reflecting Close 0.191 365. 70 0 0.226 1.21e+03 0 1.39e+03 4.56e+03 0
Exactly 0 310. 64 0.52 115. 25 1.22e+03 0 1.99e+03 4.80e+03 0
Table 4 Optimization results of Rastrigin function
& 4 Rastrigin BRI E RS T
) A B4 c4d
/e Min Mazx 5 Min Maz o Min Mazx 5
Center 0 7.90e—06 1 0 4.02e—05 1 0 0.001 1
CRBA Close 0 7.21e—06 1 0 3.51le—05 1 0 0.001 1
Exactly 0 0 1 0 0 1 0 5.57e¢—05 1
Center 5.96 94.52 0. 66 24. 87 157. 20 0.2 126. 36 372.11 0
VSABA Close 7.95 89. 54 0.9 17.90 389.02 0. 38 1.50e+03 2.04e+03 0
Exactly 0 243.76 0.9 0 510. 40 0.58 1.09e+03 2.77e+03 0
Center 10. 94 82.58 0.76 21. 88 141. 28 0.32 121. 38 384.05 0
Absorbing Close 7.95 183. 06 0.32 117. 40 372.10 0 1.42e+03 1.92e+03 0
Exactly 0 201.97 0.52 198. 98 536. 26 2.17e+03 2.98e+03 0
Center 14.92 65. 66 0. 88 22. 88 86. 56 0. 46 112. 43 347.24 0
Damping Close 7.95 155. 21 0. 34 74.62 417. 87 0 1.35e+03 1.97e+03 0
Exactly 0 201.97 0.32 56.71 518. 35 1.96e+03 2.74e+03 0
Center 10. 94 78. 60 0. 84 26. 86 140. 28 0.50 138. 29 367.13 0
Reflecting Close 7.95 164. 16 0. 44 98. 49 344. 25 0 1.36e+03 1. 88e+03 0
Exactly 0 198. 98 0.40 0 578. 05 0. 04 2.08e+03 2.87e+03 0
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Table 5 Optimization results of Rosenbrock function
#& 5 Rosenbrock i # AL E R Gt
i Ad B4 CH4
/i Min Mar 5 Min Mazx o Min Mar 5
Center 5.90e—06 0. 020 1 4.76e—05 0.091 1 2.46e—05 0.151 1
CRBA Close 6.03e—07 0.218 1 1.52e—06 0.072 1 6.38e—05 0.012 1
Exactly 9.27e¢—07 0.015 1 4.33e—06 0.136 1 1.91e—04 0.043 1
Center 0.413 1. 16e+03 0.82 13. 83 1.52e+03 0. 64 92. 26 677.94 0.28
VSABA Close 4.26 4.97e+03 0. 64 15. 35 5.55e+03 0. 54 93.19 6.31le+03 0. 20
Exactly 5.91 812. 87 0.8 17.10 5.74e+03 0.62 96.76 5.96e+03 0.62
Center 1. 69 530. 00 0. 80 11. 66 1.53e+03 0. 80 90.02 1.45e+03 0.32
Absorbing Close 2.99 4.93e+03 0. 56 7.03 5.34e+03 0.32 94.58 5.11e+03 0. 06
Exactly 0.125 443. 49 0.94 0.034 117.61 0. 90 1. 00 112. 21 0. 86
Center 1.41 386. 81 0.92 10.12 1.12¢+03 0.74 94. 33 676.58 0.32
Damping Close 0. 347 4.49e+03 0. 66 13.08 5. 46e+03 0.24 91. 37 5.19e+03 0.08
Exactly 0.065 435.91 0.98 0. 044 116. 10 0.92 0.02 156. 04 0. 80
Center 2.85 354. 27 0. 84 9.91 1.70e+03 0.76 83. 29 1.373+03 0.28
Reflecting Close 4.39 5.08e+03 0. 64 8.12 1.11e+03 0.66 94. 88 3.6384+03 0. 06
Exactly 0.015 5.17e+03 0.76 2.50 5.86e+03 0.62 97. 81 4,857+03 0. 04
Table 6 Optimization results of Ackley function
Fz 6 Ackley BE ML ERGIT
) A4 B4 c4l
/s Min Max s Min Mazx 5 Min Max 5
Center 8.88e—16 2.41e—04 1 8. 88e—16 4.0le—04 1 3.73e—04 0.001 1
CRBA Close 8.88e—16 2.49e—04 1 2.02e—06 4.08e—04 1 1.34e—05 8.70e—04 1
Exactly 2.26e—05 2.46e—04 1 8.88e—16 3.82e—04 1 8.88e—16 9.72e—04 1
Center 12.57 19. 95 0 13.02 19. 96 0 12. 96 19. 96 0
VSABA Close 1.07e—04 4.77 0. 64 2.36e—04 4.42 0.12 3.959 4.27 0
Exactly 8.88e—16 8.88e—16 1 8.88e—16 4.93 0.82 8.88e—16 4.56 0.1
Center 1.59e—04 19. 96 0.02 12.75 18. 40 0 12. 38 19. 96 0
Absorbing Close 9.37¢—05 4.54 0. 26 2.31 4. 36 0 3.55 4. 46 0
Exactly 8.88e—16 4.42 0. 64 8.88e—16 4. 66 0.12 3.63 4.69 0
Center 1.22e—04 16. 04 0.02 6. 20 16. 93 0 3.50 19. 96 0
Damping Close 1.20e—04 4. 66 0. 26 2.31 4.29 0 3.50 4. 27 0
Exactly 8.88e—16 4. 77 0.50 8.88e—16 4,54 0. 04 3.62 4.52 0
Center 9.45 19.93 0 13. 38 19. 96 0 13. 60 19. 96 0
Reflecting Close 9.68e—05 4.66 0.32 2.30e—04 4.83 0.02 3.50 4.23 0
Exactly 8.88e—16 4.77 0. 46 8.88e—16 4.66 0.02 3.92 4.65 0

FemE  CRBA B3k X 1) X b 530 325 14 40 3ol J2 Ak izt
NG A5 o IR A S5 3% AR BB ol o ) g — IRk
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ST 2 AW S 2 0 R B, CRBA 1 310 L2 %
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Table 7 Optimization results of Quartic Noise function
# 7 Quartic Noise &£ 1L & R %t
f Ad B4 cH4
6
Min Max sr Min Max sr Min Max sr
Center 5.7le—06 0.001 1 1. 88e¢—05 0.003 1 7.37e—08 0.001 1
CRBA Close 2.09e—05 7.11e—04 1 1.48e—05 0.001 1 3.83e—06 2.78e—04 1
Exactly 4.19e—06 0. 006 1 4.82e—05 0.005 1 3.16e—06 0. 004 1
Center 0.001 0. 050 0. 26 0.023 0.166 0 0. 828 1. 89 0
VSABA Close 0.001 0. 045 0.24 0.025 0. 308 0 0.813 2.78 0
Exactly 2.71e—06 0.017 0.98 7.72e—06 0.015 0.98 1.10e—05 3.24 0. 30
Center 0.001 0.033 0.58 0.011 0.110 0 0.482 1. 84 0
Absorbing Close 7.83e—04 0.017 0. 86 0.008 0.095 0.02 0.495 1.70 0
Exactly 4.13e—05 0.024 0. 90 6.28e—04 0. 089 0.02 0. 686 2.33 0
Center 0.001 0.031 0.68 0.015 0.092 0 0.578 1. 490 0
Damping Close 4.23e—04 0.016 0.90 0. 004 0.101 0.02 0.493 1.51 0
Exactly 6.72e—05 0.022 0. 94 0.001 0. 090 0.10 0.616 2.08 0
Center 0.002 0.047 0.4 0.027 0.236 0 0.779 1.99 0
Reflecting Close 0.003 0.058 0. 26 0.025 0.251 0 1. 000 3.32 0
Exactly 1.15e—07 0.034 0.72 6.60e—05 0. 269 0.12 1. 412 3.11 0
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Figure 1  Optimization curve of Sphere function Figure 2 Optimization curve of Girewank function
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Figure 3 Optimization curve of Quartic Noise function
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Figure 5 Optimization curve of Rosenbrock function
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