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Whale optimization algorithm based on cosine control factor and
polynomial mutation

HUANG Qing-bao®, LI Jun-xing, SONG Chun-ning, XU Chen-hua, LIN Xiao-feng
(School of Electrical Engineering, Guangxi University, Nanning 530004, China)

Abstract: The basic whale optimization algorithm (WOA) has the defects of low convergence, getting easily trapped into
local optima, and being difficult to keep balance in exploration and exploitation when solving the shifted functions whose
optimum are not at the near origin. A whale optimization algorithm based on cosine control factors and polynomial
mutation (CPWOA) is proposed to solve the mentioned defects. In this algorithm, the control parameter is changed as a
cosine curve, and a synchronous cosine inertia weight is added to slow down the convergence speed early in the iteration
of the algorithme thus improve exploration, and to accelerate the convergence in the later iteration thus improve the
accuracy of the exploitation. And polynomial mutation is joined in the optimum whale location to enhance the ability of
jumping out of local optimal solutions. By the experiments on multiple shifted benchmark functions such as unimodal,
multimodal, and fixed-dimension multimodal, the proposed strategy outperforms the WOA, the EHO, the GWO, the SCA,
the MBO and other improved WOAs on solution accuracy and stability. The non-parametric statistical test is carried out
to show the significance of the difference of the proposed method.
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0 Ave 3.12e+07 1.90e+07 5.94e+06 3.67e+05 4.36e+05 1.24e+01

Std 4.82¢+07 3.10e+07 3.40e+06 5.48¢+05 5.17e+05 2.46e+01

P 2 Ave 2.64e+10 1.47e+10 2.48e+09 8.13e+07 8.00e+06 5.21e+02
0 Std 2.26e+10 1.01e+10 1.14e+09 1.87e+08 5.71e+06 7.03e+02
% Ave 1.35e+11 6.10e+10 2.85e+10 5.42¢+08 1.87¢+08 1.68e+03

Std 7.35e+10 2.01e+10 8.08e+09 7.29e+08 1.76e+08 2.01e+03

0 Ave 9.89¢+00 1.10e+01 9.06e+00 1.62e+00 8.25e+00 1.53e-04

Std 1.85¢+00 3.78e+00 9.51e-01 1.94e+00 5.05e+00 9.75e-05

; 20 Ave 1.92e+01 1.96e+01 1.73e+01 7.39e+00 1.94e+01 4.32e+00
7 Std 8.94e-01 9.41e-01 5.87¢-01 2.11e+00 7.27e-01 7.12e+00
% Ave 2.07e+01 2.05e+01 1.96e+01 1.19e+01 2.03e+01 9.05¢+00

Std 3.28¢-01 1.39¢-01 5.66¢-01 1.95¢+00 2.83e-01 8.31e+00

" Ave 2.29e+01 2.64e+01 7.43e+00 6.28¢-01 9.64e-01 1.69¢-01

Std 1.18e+01 2.67e+01 2.08e+00 2.38e-01 4.49¢-01 1.01e-01

5 2 Ave 5.48¢+02 3.71e+02 1.85¢+02 1.04e+01 2.89¢+00 4.23e-01
8 Std 1.37e+02 1.42e+02 3.94e+01 1.06e+01 1.61e+00 1.17e-01
% Ave 1.11e+03 9.09e+02 5.16e+02 6.02e+01 1.60e+01 6.64¢-01

Std 2.59¢+02 1.82e+02 6.08e+01 3.85e+01 4.61e+00 1.66e-01

0 Ave 2.50e+01 5.08¢+01 3.78e+01 9.65¢+00 4.75¢+01 4.81e+00

Std 6.28e+00 1.38e+01 6.07e+00 5.86e+00 1.80e+01 2.45e+00

P 2 Ave 2.71e+02 3.52e+02 2.79e+02 9.35e+01 2.61e+02 5.76e+01
o Std 4.87e+01 3.73e+01 1.86e+01 3.02e+01 4.66e+01 1.40e+01
s Ave 7.26e+02 6.86e+02 5.77e+02 2.15e+02 4.90e+02 1.69¢+02

Std 9.51e+01 5.16e+01 3.79e+01 4.28e+01 6.67e+01 2.69e+01

0 Ave 9.21e-01 4.71e+00 2.82e+00 1.60e-01 2.94¢+00 5.28¢-03

Std 3.39¢-01 1.60e+00 7.75e-01 2.04e-01 1.95e+00 7.11e-03

P 20 Ave 4.34e+01 4.55e+01 3.57e+01 3.64e+00 3.64e+01 2.97e+00
1o i Std 9.87¢+00 7.95¢+00 3.34e+00 1.70e+00 8.96¢+00 1.85¢+00
s Ave 1.04e+02 8.70e+01 8.12e+01 1.25e+01 7.42e+01 1.07e+01

Std 1.93e+01 1.18e+01 7.73e+00 4.80e+00 1.75e+01 4.36e+00

#z7 MARBAORBER (EE%)

BRI L7 MBO EHO SCA GWO WOA CPWOA
P Ave 1.03e+00 1.20e+00 1.33e+00 3.48e+00 1.59¢+00 9.98¢-01
H Std 1.81e-01 4.49¢-01 7.52e-01 3.62e+00 1.86e+00 3.13e-16
; Ave 1.98¢-03 4.11e-04 8.35e-04 2.98e-03 6.49¢-04 3.44e-04
2 Std 5.12e-03 2.16e-04 4.12e-04 6.93e-03 3.31e-04 1.67e-04
p Ave 3.98¢-01 3.98¢-01 3.98¢-01 3.98¢-01 3.98¢-01 3.98¢e-01
18 Std 7.49¢-05 7.63e-04 3.44e-04 2.14e-07 1.04e-07 0.00e+00

; Ave —9.67e-01 —6.54e-01 —1.00e+00 —1.00e+00 —1.00e+00 —1.00e+00
H Std 1.83¢-01 3.36¢-01 4.08¢-04 1.12¢-07 1.89¢-08 0.00e+00

; Ave —3.29e+00 —3.25¢+00 —2.92¢+00 —3.28¢+00 —3.26e+00 —3.29e+00
" Std 5.55e-02 6.58e-02 4.35¢e-01 7.59-02 7.49¢-02 5.54¢-02
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= % 5 & K %35%

£ 8 WilcoxonFKFniGIE 25 R

N CPWOA vs MBO CPWOA vs EHO CPWOA vs SCA CPWOA vs GWO CPWOA vs WOA
IIRENEEAY
P W P W P w P W P w
fi(n = 10) 3.02e-11 + 3.02e-11 + 3.02¢-11 + 3.02¢-11 + 3.02e-11 +
f2(n = 10) 2.63e-11 + 3.02e-11 + 2.95¢-11 + 3.02¢-11 + 3.02e-11 +
f3(n = 10) 3.02e-11 + 3.02e-11 + 3.02¢-11 + 3.6%¢-11 + 3.02e-11 +
fa(n = 10) 3.02e-11 + 3.02e-11 + 3.02¢-11 + 3.02¢-11 + 3.02e-11 +
fs(n = 10) 3.02¢-11 + 3.3de-11 + 3.02¢-11 + 4.12¢-01 = 3.02¢-11 +
fo(n = 10) 3.02e-11 + 3.02e-11 + 3.02¢-11 + 1.47¢e-07 + 6.07e-11 +
f1(n = 10) 3.02e-11 + 3.02¢e-11 + 3.02e-11 + 3.02e-11 + 3.02e-11 +
fs(n = 10) 3.02e-11 + 3.02e-11 + 3.02¢-11 + 1.69¢-09 + 4.98e-11 +
fo(n = 10) 2.95e-11 + 2.95¢-11 + 2.95¢e-11 + 2.74e-05 + 3.26e-11 +
fio(n = 10) 3.02¢-11 + 3.02¢-11 + 3.02e-11 + 4.11e-07 + 3.02¢-11 +
fin 3.34e-01 = 1.91e-10 + 3.41e-07 + 1.90e-06 + 2.15e-02 +
fi2 8.33e-05 + 1.45¢-07 + 2.82e-10 + 6.26e-05 + 1.41¢-08 +
f13 2.92¢-05 + 1.65e-11 + 1.20e-12 + N/A N/A N/A N/A
fia 1.60e-01 = 1.21e-12 + 1.21e-12 + N/A N/A N/A N/A
fis 2.52¢-04 + 4.08e-04 + 1.01e-11 + 5.16e-01 = 1.55¢-04 +
#z 9 CPWOAEZSHMEUHE WOAEEZMITELERILE
PR Ei=2an WOA MWOA AWOA WOAWC LWOA CPWOA
fn=10) Ave 1.97e-01 5.85e+03 6.75e+03 6.63e+02 2.18¢-03 9.08¢-08
Hin= Std 2.22¢-01 1.30e+03 2.20e+03 1.10e+03 7.76e-04 1.39¢-07
= 10) Ave 2.48e+00 7.11e+00 7.21e+00 5.50e+00 2.94e-02 3.49¢-04
2= Std 1.12e+00 9.74e-01 1.09¢+00 2.01e+00 2.05e-02 1.79¢-04
o= 10) Ave 4.43e+03 6.80e+03 6.80e+03 7.00e+03 1.33e-01 4.16e-03
3= Std 1.74e+03 1.39e+03 1.55e+03 2.09¢+03 8.21e-02 4.64¢-03
fotn = 10) Ave 4.21e+00 4.23e+01 4.62e+01 4.27e+01 1.04e+00 1.15¢-04
ol = Std 1.15e+01 1.01e+01 1.79e+01 1.62e+01 2.05e+00 8.25¢-05
fom = 10) Ave 5.54e-02 2.81e+00 4.24e+00 1.46e+00 8.94¢-03 3.12¢-03
st = Std 2.77e-02 1.47e+00 1.72e+00 1.36e+00 5.99¢-03 1.76e-03
P Ave 4.36e+05 2.20e+08 2.21e+08 8.38e+06 5.94e+00 1.24e+01
ol = Std 5.17e+05 4.26e+07 4.77e+07 1.50e+07 2.97e+00 2.46e+01
fin = 10) Ave 8.25¢+00 1.72e+01 1.74e+01 1.69¢+01 1.96e+00 1.53e-04
7= Std 5.05e+00 6.07¢-01 5.25¢-01 2.01e+00 3.49¢+00 9.75e-05
fan = 10) Ave 9.64¢-01 1.24e+02 1.47e+02 1.19e+01 3.94e-01 1.69¢-01
s = Std 4.49¢-01 3.14e+01 3.87e+01 8.46e+00 2.24e-01 1.01e-01
b= 10) Ave 4.75e+01 6.62e+01 6.76e+01 6.50e+01 8.37e+00 4.81e+00
o= Std 1.80e+01 1.31e+01 1.14e+01 2.05e+01 3.33e+00 2.45e+00
fotn = 10) Ave 2.94e+00 5.95e+00 5.49¢+00 4.75e¢+00 1.66e+00 5.28¢-03
oln = Std 1.95e+00 1.81e+00 1.89¢+00 2.24e+00 1.16e+00 7.11e-03
; Ave 1.59¢+00 1.16e+00 1.06e+00 1.62e+00 9.98¢-01 9.98¢-01
" Std 1.86e+00 5.27e-01 2.52¢-01 1.28e+00 3.3le-12 3.13e-16
P Ave 6.49¢-04 3.49¢-04 3.37e-04 4.43e-04 6.38e-04 3.44e-04
2 Std 3.31e-04 3.69¢-05 3.31e-05 1.63¢-04 3.68e-04 1.67¢-04
s Ave 3.98e-01 3.98e-01 3.98e-01 3.98e-01 3.98e-01 3.98e-01
" Std 1.04e-07 1.13e-04 2.19¢-04 6.32¢-07 2.13e-06 0.00e+00
f Ave —1.00e+00 -8.00e-01 —1.00e+00 —1.00e+00 —1.00e-+00 —1.00e+00
1 Std 1.89¢-08 4.07e-01 4.87¢-04 3.32¢-05 1.91e-07 0.00e+00
; Ave —3.26e+00 —3.25e+00 —3.16e+00 —3.13e+00 —3.16e+00 —3.29¢+00
15

Std 7.49e-02 6.26e-02 1.18e-01 1.24e-01 1.28e-01 5.54e-02
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X} fo BT 545 57 2408 AN bR HE 2 AR, {2 Wilcoxon
PR 56 &5 TR 3% W X b 22 S5 A 8 3 1. S5 [l
YR R ER, B D 3B o B 4 SR 3 2 R B VAR
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F 10 Wilcoxon kAL LE R (5 E b 2if B WOA LEER)

CPWOA vs NWOA CPWOA vs AWOA CPWOA vs WOAWC CPWOA vs LWOA
ik
P w P w P w P w
fi(n =10) 3.02¢-11 + 3.02¢-11 + 3.02e-11 + 3.02e-11 +
f2(n =10) 3.02¢-11 + 3.02e-11 + 3.02e-11 + 3.02e-11 +
f3(n=10) 3.02e-11 + 3.02e-11 + 3.02e-11 + 3.02e-11 +
fa(n =10) 3.02¢-11 + 3.02¢-11 + 3.02¢-11 + 3.02¢-11 +
f5 (n =10) 3.02¢-11 + 3.02¢-11 + 3.02¢-11 + 9.83e-08 +
fo(n = 10) 3.02¢-11 + 3.02¢-11 + 3.02¢-11 + 2.71e-01 =
f71(n=10) 3.02¢-11 + 3.02e-11 + 3.02e-11 + 3.02e-11 +
fs(n = 10) 3.02e-11 + 3.02e-11 + 3.02¢-11 + 1.49¢-04 +
fo(n = 10) 2.95e-11 + 2.90e-11 + 2.95e-11 + 5.79¢-06 +
fio(n = 10) 3.02¢-11 + 3.02¢-11 + 3.02¢-11 + 3.02¢-11 +
fu 8.15e-02 = 1.61e-01 = 5.20e-06 + N/A N/A
fi2 1.25e-04 + 1.12e-02 3.83e-06 + 6.04e-07
fi3 3.41e-07 + 6.18e-10 N/A N/A 3.34e-01 =
fia 1.66e-08 + 1.64e-11 8.76¢-07 + N/A N/A
fis 4.96e-05 + 4.31e-07 1.09e-07 + 9.18e-08 +
4 % ® PR T, DT £ TG R S 4 R 5 R 4
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