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Improved whale optimization algorithm based on siege mechanism

WANG Yan-feng, LIAO Rong-hang, LIANG En-hao, SUN Jun-wei'

(School of Electrical and Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002,
China)

Abstract: An improved whale optimization algorithm based on siege mechanism is proposed to solve the problems of the
traditional whale optimization algorithm, such as its insufficient global exploration ability, low convergence accuracy and
slow speed. Firstly, the algorithm uses Tent chaos mapping and nonlinear parameters to make the population distribution
more uniform and coordinate the exploration and development ability of whale optimization algorithm. Then, considering
the important role of algorithm fitness in optimization, the limited fitness control and Gaussian detection mechanism
are proposed. Finally, combined with the siege mechanism of the Harris hawks optimization algorithm, the global
exploration and local optimization capabilities of the whale optimization algorithm are improved. The results show
that the improved whale optimization algorithm based on the siege mechanism has good robustness and stability, while
ensuring the convergence accuracy and speed.

Keywords: whale optimization algorithm; Tent chaos mapping; nonlinear parameters; fitness control; siege mechanism
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WOA 3.59¢-02 3.88¢-02 4.64e-02 1.72¢-02 7.65e-02 3.99¢-02 9.61e-02 4.72e-02
Fio HHO 1.00e-05 1.19¢-05 3.51e-06 3.33e-06 4.90e-06 5.46e-06 1.03e-06 1.02e-06
IWOA 3.87e-15 6.18e-15 4.35¢-16 7.15e-16 3.74e-16 6.50e-16 2.76e-16 6.42e-16
WOA 4.47¢-01 2.86e-01 2.89e+00 8.63e-01 1.22e+01 3.11e+00 1.82e+01 3.69¢+00
Fi3 HHO 7.13e-05 1.37e-04 1.51e-04 2.64e-04 2.29e-04 1.69¢-04 4.05e-04 4.84e-04
TWOA 1.39-13 3.58e-13 6.08e-13 1.93e-12 2.11e-13 3.69e-13 1.97e-13 4.40e-13
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GWO MFO ALO SSA ITWOA
R giitss R
30 100 30 100 30 100 30 100 30 100
mean 5.83e-28 1.51e-12 1.00e+03  7.36e+04 1.24e-03  4.90e+03  3.95e-07 1.31e+03  0.00e+00  0.00e+00
Fy
std 6.69e-28 1.05e-12 3.00e+03  1.60e+04 1.13e-03 1.88e+03  6.73e-07  3.02¢+02  0.00e+00  0.00e+00
mean 1.09e-16 4.47¢-08 3.0le+01 2.51e+02  6.64e+01 3.0l1e+02 2.14e+00 4.76e+01  0.00e+00  0.00e+00
Fy
std 9.26e-17 1.43e-08 2.28e+01  2.84e+01  4.73e+01 1.48¢+02 1.81e+00  6.44e+00  0.00e+00  0.00e+00
mean 3.83e-06  3.40e+02 2.62e+04  2.52e+05 3.78e+03  7.79e+04  1.82e+03  3.87e+04  0.00e+00  0.00e+00
F3
std 4.82e-06 2.17e+02  1.18e+04  5.04e+04  1.30e+03  2.29¢+04 1.17e+03 1.61e+04  0.00e+00  0.00e+00
mean 1.03e-06 9.82¢-01 6.74e+01  9.39e+01 1.74e+01  3.26e+01 1.17e+01  2.88e+01  0.00e+00  0.00e+00
Fy
std 6.01e-07 7.22e-01 7.15e+00  1.58e+00  5.34e+00  3.05e+00 3.47e+00 3.60e+00  0.00e+00  0.00e+00
mean 2.67e+01  9.80e+01 1.02e+04  1.69e+08 1.07e+02 6.42e+05 5.30e+02 1.72e+05  7.07e-11 3.55e-11
Fs
std 4.95e-01 4.63e-01 2.69e+04  8.73e+07 5.16e+01  6.19e+05 6.58e+02 6.76e+04  5.8le-11 2.38e-11
mean 6.61e-01 1.00e+01  4.02e+03  6.42e+04  9.19¢-04  5.49e+03 1.07e-07 1.52e+03 2.34e-13 9.68e-14
Fg
std 2.78e-01 1.01e+00  9.20e+03  1.19¢+04  4.74e-04  2.72e+03  5.50e-08  4.03e+02  5.00e-13 1.64e-13
mean 2.20e-03 7.63e-03 8.10e-01 3.11e+02  2.53e-01 5.09e+00 1.43e-01 2.66e+00 1.95e-04 3.39¢-04
Fr
std 1.19¢-03 2.30e-03 1.22e+00  1.11e+02 8.65¢-02 1.84e+00  3.39¢-02 6.92¢-01 1.51e-04 4.07e-04
mean —6.21e+03 —1.61e+04 —8.53e+03 —2.28e+04 —5.50e+03 —1.85e+04 —7.54e+03 —2.15e+04 —1.26e+04 —4.19¢+04
Fy
std 6.93e+02  2.78e+03  1.01e+03  2.22e+03  7.86e+01 1.55e+03  6.29e+02 1.51e+03  7.15e-08 4.03e-06
mean 5.52e+00 4.93e+00 1.66e+02  8.52e+02  7.09e+01  3.77¢+02  4.69e+01  2.35e+02  0.00e+00  0.00e+00
Fy
std 3.45e+00 3.71e+00 4.81e+01  5.87e+01 1.35e+01  4.69e+01 1.61e+01  5.00e+01  0.00e+00  0.00e+00
mean 9.93e-14 1.27e-07 1.54e+01 1.99e+01  5.66e+00 1.32e+01  2.49e+00  1.08e+01 8.88e-16 8.88e-16
Fio
std 1.23e-14 2.95e-08  7.03e+00  4.40e-02  4.15e+00 1.34e+00  5.33e-01 1.32e+00  0.00e+00  0.00e+00
mean 3.51e-03 4.96e-03 9.41e-01  4.93e+02  6.20e-02 4.77e+01 1.74e-02 1.14e+01  0.00e+00  0.00e+00
Fyy
std 7.05e-03 9.99¢-03 1.42e-01 1.02e+02 3.10e-02  2.48e+01 1.08e-02  2.36e+00  0.00e+00  0.00e+00
mean 3.92e-02 2.96e-01 2.59e+07  3.78e+08  1.35e+01 1.68e+03  7.17e+00  3.45e+01 3.87e-15 4.35e-16
Fia
std 1.27e-02 7.88¢-02  7.67e+07 1.72e+08 5.15e+00 3.25e+03  2.90e+00  1.00e+01 6.18e-15 7.15e-16
mean 6.40e-01 6.94e+00  8.20e+07  7.82e+08  2.79e+01 1.05e+05 2.41e+01  8.30e+03 1.39%¢-13 6.08e-13
Fi3
std 1.92e-01 6.00e-01 1.64e+08  3.07e+08  1.54e+01  7.59e+04  1.58e+01 1.74e+04  3.58e-13 1.93e-12
Friedmanmean 2.31 2.23 4.69 4.69 4.00 4.08 3.00 3.00 1.00 1.00
Friedman std 2.31 2.23 4.92 4.54 3.62 4.00 3.15 3.23 1.00 1.00
Wilcoxon 1.47e-03 1.47¢-03 1.47e-03 1.47¢-03 1.47¢-03 1.47e-03 1.47¢-03 1.47e-03 — —
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x5 TEBERUEENIMHERILI
EWOA GSWOA IWOA-1 WOABAT IWOA
L GEitsh
30 100 30 100 30 100 30 100 30 100
P mean 1.44e-140 8.31e-140  0.00e+00  0.00e+00 6.25e-276 3.96e-277 1.42e-06  2.18e-05  0.00e+00  0.00e+00
! std 4.31e-140  2.49¢-139  0.00e+00  0.00e+00  0.00e+00  0.00e+00  5.02e-07  5.47e-06  0.00e+00  0.00e+00
. mean 8.63e-82  9.31e-81 6.51e-307 9.34e-295 7.03e-140 1.6le-141  8.35e-03  4.53e-02  0.00e+00  0.00e+00
2 std 2.59%-81 2.78e-80  0.00e+00  0.00e+00 2.11e-139 4.67e-141 1.81e-03  4.26e-03  0.00e+00  0.00e+00
. mean 1.13e-03  1.83e+01  0.00e+00  0.00e+00 8.94e-252 3.52e-247 1.02e+00 1.25e-04  0.00e+00  0.00e+00
? std 3.38¢-03  3.60e+01  0.00e+00  0.00e+00  0.00e+00  0.00e+00  3.07e+00 1.47e-05  0.00e+00  0.00e+00
. mean 1.08e-42  4.28e-46  4.57e-304 7.54e-302 1.07e-131 8.13e-131  1.01e-03 1.52e-03  0.00e+00  0.00e+00
‘ std 3.24e-42  9.68e-46  0.00e+00  0.00e+00 3.10e-131 2.37e-130  9.42e-05 1.83e-04  0.00e+00  0.00e+00
" mean 2.79e+01  9.81e+01  3.46e-02  9.55e-02  2.81e+01 9.80e+01  8.49e+00 1.95e+01  7.07e-11 3.55e-11
’ std 5.63e-01 3.64e-01 5.01e-02 1.07e-01 2.23e-01 8.38e-02  1.30e+01 3.91e+01  5.8le-11 2.38e-11
. mean 8.45e-01  7.52e+00  3.26e-04  8.09e-04  2.43e-01  1.12e+00  1.84e-06  2.24e-05  2.34e-13  9.68e-14
¢ std 3.86e-01  1.58e+00  4.37e-04  9.59e¢-04  8.50e-02  2.20e-01 8.71e-07  6.25e-06  5.00e-13 1.64e-13
. mean 2.55e-03 3.00e-03 1.16e-04  6.73e-05 8.94e-05 8.31e-05  6.74e-04  7.07e-04 1.95e-04  3.39e-04
! std 3.24e-03  2.50e-03 1.12e-04  7.87e-05 6.31e-05 5.81e-05  9.18e-04  6.95e-04 1.51e-04  4.07e-04
. mean  —7.85e+03 —2.49e+04 —1.22e+04 —4.14e+04 —1.24e+04 —4.18e+04 —1.22e+04 —3.95e+04 —1.26e+04 —4.19e+04
s std 9.09e+02  4.30e+03  6.11e+02  9.94e+02  3.24e+02  9.05e+01  1.07e+03  7.15e+03  7.15e-08  4.03e-06
. mean 1.15e+01  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  2.99e+00  9.95e+00  0.00e+00  0.00e+00
? std 3.46e+01  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  8.95e+00 2.98e+01  0.00e+00  0.00e+00
. mean 3.02e-15 3.73e-15 8.88¢e-16  8.88e-16  8.88e-16 8.88e-16  9.30e-04 1.98e-03 8.88e-16  8.88e-16
1 std 1.74e-15  1.42e-15  0.00e+00  0.00e+00  0.00e+00  0.00e+00  2.29e-04  1.86e-04  0.00e+00  0.00e+00
. mean 6.29¢-03  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  6.68e-08  3.30e-07  0.00e+00  0.00e+00
" std 1.89e-02  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  2.50e-08  4.74e-08  0.00e+00  0.00e+00
. mean 5.97e-02 1.13e-01 1.71e-05 2.28e-06  7.65e-03 7.38e-03 1.86e-08  4.69e-08  3.87e-15  4.35e-16
' std 3.17e-02  3.71e-02  3.55e-05 2.03e-06  2.74e-03 3.81e-03  6.30e-09 8.11e-09  6.18e-15  7.15e-16
. mean 8.27e-01  4.45e+00 1.71e-04  3.06e-04  1.11e-01  4.64e-01 1.68e-07  2.68e-06  1.3%-13  6.08e-13
' std 2.93e-01  1.58e+00 2.21e-04  3.69e-04  2.75e-02  1.30e-01  6.82¢-08  7.78e-07  3.58e-13 1.93e-12
Friedman mean 4.54 4.31 2.31 2.23 2.92 3.00 3.77 3.92 1.46 1.54
Friedman std 4.46 4.15 2.23 2.38 2.62 2.62 4.08 4.15 1.62 1.69
Wilcoxon 1.47e-03  3.35e-03  4.99¢-02  4.99e-02  2.18e-02  2.18e-02  1.47e-03 1.47e-03 - —
+—/= 13/0/0 11/0/2 71115 /115 9/1/3 9/1/3 13/0/0 13/0/0 - -
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