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Chaos-based sine-cosine whale optimization algorithm
LIN Jie, HE Qing, WANG Qian, YANG Rongying, NING lJieqiong
(College of Big Data and Information Engineering, Guizhou University, Guiyang 550025, China)

[ Abstract] A chaos—based sine—cosine whale optimization algorithm has been proposed to address the shortcomings of whale
optimization algorithms (WOA) such as premature maturation and slow convergence speed. First, the initial population and random
parameters in the algorithm are generated by using chaotic Tent mapping to accelerate the algorithm’s convergence speed.Secondly ,
the sine and cosine algorithm is fused with the whale optimization algorithm, and the leader position is filtered to avoid the
shortcomings of the algorithm. In the end, an adaptive weight is added to the algorithm to tune the algorithm “s global search
capabilities and local development capabilities while retaining the benefits of the whale optimization algorithm. The performance of
the improved whale optimization algorithm is evaluated by simulation experiments on 10 benchmark functions, Wilcoxon tests, MAE
and other methods. Experimental results show that the improved algorithms all have good optimization performance, which proves
that the proposed improved whale optimization algorithm has certain effectiveness.
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EWOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 49 %%Hjlél’ﬂﬂ&ﬂfﬁffo JHS E 5% B‘JE%7J<¥T@'EFH

TWOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 304

fo WWOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 106 SR I, R I A ST B SR s B RGBT 4
SCWOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 190

SCA  0.00E+00 9.34E+00 1.33E+00 3.07E+00 504 RS HMB RS FAAE R EES, EY,
GWO  5.18E+00 4.43E+02 1.84E+02 1.05E+02 797 . NN e s
WOA 8.88E-16 7.99E-15 4.56E-15 2.72E-15 373 Mp < 5%, AT DIBIA Rk B4 B ARG YA 15

EWOA 8.88E-16 8.88E-16 8.88E-16 0.00E+00 97 S M S v H. 2 e 1]
TWOA 8.88E-16 7.99E-15 4.44E-15 2.64E-15 374 TE’IEHﬁﬁXTtK%/f/\ﬁE%riiﬁ °

fi WWOA 8.88E-16 8.88E-16 8.88E-16 0.00E+00 317 XS HIHTAE 10 MR RECT A a5 H
SCWOA 8.88E-16 8.88E-16 8.88E-16 0.00E+00 329

SCA  4.00E-14 5.06E-14 4.14E-14 2.40E-15 446 i 6 NXF B ETE Wilcoxon K86 H Y p i, I G

GWO 1.26E+00 2.06E+01 1.76E+01 6.58E+00 260 Sl \ Vs

WOA  0.00E+00 1.62E-01 5.40E-03 2.96E-02 331 56 EWOA 5 [ B H B, BT LUK EWOA 5 WOA |

EWOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 59 TWOA WWOA SCWOA SCA GWO ‘;;l;/* A

TWOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 300 A > > A HEAT LR
fs  WWOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 150 #* 5 Wilcoxon #%F#LE p &

SCWOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 227
SCA  L.11E-16 4.36E-02 1.45E-03 7.96E-03 575
GWO  5.90E+01 8.20E+02 2.96E+02 1.82E+02 820 WE p s s s s s
WOA 1428203 1.11E-01 1.48F-02 2.30E-02 " 933 fi 121E-12 121E-12 Na  121E-12 121E-12 121E-12
EWOA 4.69E-04 5.94E-03 2.66E-03 1.36E-03 630

Tab. 5 Wilcoxon rank sum test p value

TWOA  196E-03 948500 331E-01 173E+00 991 fo 120E-12 120E-12  Na  121E-12 121E-12 12IE-12
f WWOA 3.40E-03 1.03E-02 6.67E-03 180E-03 651 fs  120E-12 120E-12  Na  121E-12 121E-12 12IE-12
SCWOA 1.06E-03 1.14E-02 4.99E-03 2.83E-03 913 fi 121E-12 120E-13  Na  121E-12 121E-12 121E-12
SCA  6.27E-03 7.98E-02 3.44E-02 1.47E-02 - fs  583E-04 408E-03 S583E-04 175E-02 583E-04 583E-04
GWO 3.45E-01 1.31E+01 2.08E+00 2.74E+00 809 s Na Na Na Na  468F-10 121F-12
ggv%éx 2355_8? ?ggg‘gi ?g‘;g‘g; ;‘S‘gg‘gé Zég fi 126E-08 122E-08  Na Na  350E-13 121E-12
TWOA 8.35E-02 7.74E-01 3.05E-01 1.77E-01 926 Js 334E-01 Na Na Na - 416E-14 - 121E-12
SCWOA 1.77E-02 2.22E-01 1.02E-01 4.85E-02 944 S 546E-09  6.07E-11 557E-10 2.13E-05 3.02E-11 3.02E-11
SCA  1.95E-01 8.91E-01 5.29E-01 1.95E-01 - +/=/- 8/1/1 82/0 370 /30  10/0/0  10/0/0

GWO  2.22E+00 2.71E+02 1.54E+01 4.89E+01 812

( FHEER 52 1)



