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Whale Optimization Algorithm Based on Adaptive Weights and
Dynamic Spiral Parameters

GUO Yan, LI Mu, XU Jiaqi, WANG Yifeng, LEI Jiawei

(School of Information and Electrical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: Aiming at the poor convergence performance of whale optimization algorithm ( WOA) and the problem
of local optimization, a whale optimization algorithm ( ADS-WOA) based on adaptive weights and dynamic spiral
parameters is proposed. First of all, a nonlinear distance control factor is introduced to improve the exploitation
and exploration ability of the algorithm. Secondly, an adaptive inertia weight is proposed to improve the
convergence speed of the algorithm in the later stage. Finally, the spiral shape parameters of WOA are improved ,
the fixed spiral path of whale populations is changed, and the convergence accuracy and convergence speed of
the algorithm are improved. ADS-WOA and other optimization algorithms are tested on 10 sets of benchmark
functions, and the test results are tested with Wilcoxon rank sum test, as well as an analysis of three
improvement strategies and ADS-WOA time complexity. The results show that compared with WOA, ADS-WOA
algorithm has better optimization and anti-interference capabilities, and can cope with objective function
optimization problems in high-dimensional complex environments.
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1000 3.94E+01 1.21E+01 2.05E+01 7.82E+00 2.55E-02 6.04E-02 1.23E+01 8.94E+00 1.28E-03  2.06E-03
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A2 3 APt R IE 10 LR R b ey TR AR
_— WOA WOA-1 WOA-2 WOA-3 ADS-WOA
Mean Std Mean Std Mean Std Mean Std Mean Std
F, 3.63E-71 2.24E-70 3.89E-112 2.72E-111 0.00E+00 0.00E+00 1.52E-53 6.03E-53  0.00E+00  0.00E+00
F, 8.16E-48 5.61E-47 3.24E-67 2.11E-66  0.00E+00  0.00E+00 3.21E-43 1.35E-42 0.00E+00  0.00E+00
Fy 5.12E+06 1.81E+06 4.78E+06 1.62E+06 0.00E+00 0.00E+00 4.76E+06 1.65E+06 0.00E+00  0.00E+00
F, 1.98£+02 1.51E-01 1.98E+02 1.37E-01 1.97E+02 1.18E-01 5.58E+00 1.13E+01  6.34E-02 1.58E-01
Fs 1.06E+01  2.77E+00  1.55E+01  4.30E+00 4.46E+00 2.03E+00 1.41E-01 6.49E-02 6.52E-04  2.18E-03
Fe  -6.88E+04 1.15E+04 -7.07E+04 1.23E+04 -8.29E+04 2.66E+03 -8.34E+04 1.25E+03 -8.38E+04 2.40E+01
F, 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 0.00E+00 9.09E-15 4.46E-14 0.00E+00  0.00E+00
Fy 4.37E-15 2.51E-15 4.51E-15 2.61E-15 8.88E-16 0.00E+00 3.94E-15 2.75E-15 8.88E-16  0.00E+00
Fy 6.74E-02 2.64E-02 1.27E-01 5.92E-02 2.25E-02 1.22E-02 7.73E-04 3.56E-04 4.04E-06  7.20E-06
F 6.68E+00 2.77E+00  8.32E+00 2.48E+00 1.73E+00 7.31E-01 1.01E-01 8.08E-02 2.87E-04  5.21E-04
3.4 B KA u E RO PIA

FEART ot 25k IS u SRR ERER R
0.5,0.7,0.9 F5EIEAE 10 05K R B S0

A 200, 573847 50 IR,

M) , 43K

BIE RSB, A b 5w 6 0.1,0.3,

REVEAT IR AR , BCE AR UGEI QBN 500, FiER/NA 30, /44

wo=0.9 iF SEVEAE T 22 1 H AR R & O PERE 4y

PERESE bR B2l A 3 Mk 4 Ps. MR 3 Ik 4 nl LI H]: k =0.3 5

A3 RR kAL Sk e ¥ e
k=0.1 k=0.3 k=0.5 k=0.7 k=0.9
Mean Std Mean Std Mean Sud Mean Std Mean Std
F, 0.00E+00  0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 0.00E+00
F, 0.00E+00  0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 0.00E+00
Fy 0.00E+00  0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 0.00E+00
Fy 6.34E-02 1.58E-01 4.98E-02 7.44E-02 1.36E-01 2.56E-01 2.37E-01  3.88E-01 2.45E-01 6.60E-01
Fy 6.52E-04 2.18E-03  7.39E-04 1.23E-03 1.65E-03 2.72E-03 3.42E-03 3.94E-03 5.15E-03  8.55E-03
Fg -8.38E+04 2.40E+01 -8.38E+04 5.22E+01 -8.38E+04 5.80E+00 -8.38E+04 5.93E+00 -8.38E+04  7.37E+00
F; 0.00E+00  0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 0.00E+00
Fy 8.88E-16  0.00E+00  8.88E-16  0.00E+00 8.88E-16 0.00E+00 8.88E-16  0.00E+00  8.88E-16  0.00E+00
F, 4.04E-06 7.20E-06 8.24E-06 1.25E-05 1.39E-05 3.37E-05 1.47E-05 248E-05 1.35E-05  1.96E-05
Fiy  2.87E-04 5.21E-04 229E-04 3.79E-04 4.84E-04 7.63E-04 5.18E-04 8.57E-04 7.47E-04  1.33E-03
K4 RREE AL SRR a
_— n=0.1 n=0.3 n=0.5 n=0.7 ©n=0.9
Mean Std Mean Std Mean Std Mean Std Mean Std

F 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
F, 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
Fy  0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
Fy 4.46E-02 7.87E-02  6.32E-02  1.55E-01 2.76E-02 4.13E-02 6.34E-02 1.58E-01  3.90E-02 6.57E-02
Fs 2.54E-04 4.09E-04 3.88E-04 8.03E-04 4.37E-04 9.86E-04 6.52E-04 2.18E-03 1.25E-03 3.12E-03
Fg -8.38E+04 1.64E+01 -8.38E+04 1.96E+01 -8.38E+04 4.46E+01 -8.38E+04 2.40E+01 -8.38E+04 3.83E+01
Fy 0.00E+00  0.00E+00  0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00 0.00E+00 0.00E+00
Fy 8.88E-16  0.00E+00 8.88E-16  0.00E+00  8.88E-16  0.00E+00  8.88E-16  0.00E+00  8.88E-16 0.00E+00
Fy 5.07E-06  1.37E-05 1.32E-05 3.32E-05 4.19E-06 7.90E-06 4.04E-06 7.20E-06 2.55E-06 5.18E-06
Fio 3.56E-04 9.83E-04 2.52E-04 5.98E-04 2.28E-04 4.24E-04 2.87E-04 5.21E-04 1.13E-04 2.45E-04
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FEHIFF O(T) , WHARFEH 5 O(TN) , BBRRE AR O(T + TN). ADS-WOA & Fh b i 5w iy >k iy
)52 2 B3R oy i o AR R PR BE S FE I 28 O(T) , G RIRPEAE R O(T) , AL 187E H + 4
OCTN) it LA [ SZ A2 O (2T+TN) , 5 WOA I ] 52 A% 2 FEAAH 2.0 1 50 WL WL £ 51 ADS-
WOA [t A28, 5 ADS-WOA 5HAB AL F, ~ F S is47 50 K, A& L WP FE T, angk 5
. AFR 5 AT AT ADS-WOA 75K 53 sR YIS T TE ] L WOA [ IWOA , GS-WOA (1%, F¢ JETE Fs Tl Fy
MyB AT R R 4 e, S AT I Rl HE A QK T C-A-WWOA |, 7] W, ADS-WOA A ALEE T T Sk e Sk
R, B4 T — & W is AT ).
&5 BSLEAAMRF R LT EATH N

PRER WOA IWOA C-A-WWOA GS-WOA ADS-WOA
F, 0.157 2 0.185 9 0.163 1 0.171 3 0.151 9
F, 0.167 2 0.199 7 0.162 2 0.182'5 0.161 6
Fy 1.454 7 1.462 2 1.440 0 1.602 5 1.491 3
F, 0.195 3 0.217 8 0.158 4 0.189 7 0.174 1
Fy 0.162 2 0.192 2 0.140 9 0.190 0 0.137 2
Fg 0.246 6 0.279 7 0.203 8 0.257 8 0.200 9
F, 0.199 7 0.240 3 0.164 4 0.191 3 0.179 7
Fy 0.200 6 0.202 8 0.154 7 0.208 8 0.185 3
Fy 1.146 9 1.135 6 1.118 4 1.2197 1.111 9
Fi 1.101 6 1.133 4 1.104 4 1.208 4 1.145 9
Sums 5.0320 5.249 6 4.810 3 5.4220 4.939 8

3.6 Wilcoxon #kFn#& 18

S 3 WL SSORE B2 FBR UE 28 2 AR B , IB AN 6% 20 WLt Sz e — Fp SR vE I 25 G VERE , Oy 1 i — 20 BRIk ADS-
WOA PERENY 7 , A SO I B #E4T Wilcoxon BRFIRG S0 AU I LA FIELE Fy ~ F o MRS
ARSI A , 2 SRk Is AT IR [R] 3.3 49, IF 55 ADS-WOA {58 B 4s 647 X0 L, Al 25 R a3k 6
7K.

BOE B EMEZE TR 5%.24 P <5%0 LN E % %S ADS-WOA R R E A 25524 P >5%
I BRAGE BTIE S ADS-WOA fERERM 1T B 52552, P = 1 I, %255  NaN 267 ADS-WOA 5%
5 1 B M 5 PR BB TG 2% 5 M2 6 T LIRS P (HACHS/N T 0.05 JE T ADS-WOA (9740t

56 Wilcoxon A Anio i 2t £

PR WOA IWOA GS-WOA C-A-WWOA
F 3.31E-20 NaN NaN NaN
F, 3.31E-20 3.31E-20 3.31E-20 NaN
F, 3.31E-20 NaN NaN NaN
F, 7.07E-18 7.07E-18 6.62E-02 7.07E-18
Fy 7.07E-18 7.07E-18 1.21E-08 7.07E-18
Fy 3.53E-17 5.20E-03 9.93E-14 2.42E-05
F, NaN NaN NaN NaN
Fy 9.64E-14 NaN NaN NaN
Fy 7.07E-18 7.07E-18 8.00E-03 7.07E-18
Fio 7.07E-18 7.07E-18 1.81E-06 8.46E-18

4 ik
1) ADS-WOA 73R fift 25 4 1015504 B PR
2) ADS-WOA TEIBICHERE 8 HElE I e 217 0 B 46 Jy T 4 2 4 7Y
3) ADS-WOA 152 B B AR AT F5 2 E. F— 25 I RT3 5 4% ADS-WOA [y F T 5257 1 24 ok T 78
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