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Adaptive Adjustment of Weights and Search Strategies-Based
Whale Optimization Algorithm
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Abstract: The whale optimization algorithm ( WOA ) has slow convergence speed and low
convergence accuracy and tends to fall into local optimum. In order to solve these problems, a
whale optimization algorithm ( AWOA ) based on adaptive adjustment of weight and search strategy
was proposed. An adaptive adjustment of weight with the current distribution of whale population
was designed to improve the convergence speed of the algorithm, and an adaptive adjustment of
search strategy was designed to improve the ability of the algorithm to jump out of local optimum.
Using 23 standard test functions, the algorithm was tested for high-dimensional and low-
dimensional problems, respectively. The simulation results showed that the AWOA is generally
superior to other improved whale optimization algorithms in terms of convergence accuracy and
convergence speed.
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Table 1 High dimensional test functions
PR MR PR BRI RN FE WSO
Sphere fi(x) =27:1x§ [ -100,100] 0  1x10°®
Rosenbrock ﬁ(x):Z_":[loo (X = X))+ (x,-1)%] [ -30,30] 0 1 x10°
Step £ =" (x+0.5) [ -100,100] 0 1x10°°
n-1
fi(x) =%{IOSin(Tryl)+z[:l(yi—1)2[1+10sin2(1'ry[.+1)]+
(vo= D21+ u(x,,10,100,4)
Penalizedl =l [-50,50] 0 1x10?
Tl k(x;—a)", x;>a
X.
y, =1+ ’4 u(x;,a,k,m) = 0, -a<x<a
k(-x;—a)" ,x,<—a

£i(x)=0. 1{sin2(3ml)+2_”_] (x,—1)?[1+sin*(3mx,+1) ]+
Generalized Penalized = . [ -50,50] 0 1x107?

(x,—=1)*[1 +sin*(2mx,) ]} + z_=]u(xi,5,100,4)
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PR Tt PR A A 5K g HRXA e/ME
Loy 1 -
Shekel’s Foxholes fo(x) = (500 =+ 2,11 (x,—a,j)(’j ? Sl :
b +b, 2
Kowalik Ho=Y" [ai—M 4 [-5.5]  0.00030
i=l b +bx; +x,
Shekel’s Family fi(x) =- 2::1 (X -a) (X -a)" +¢,] 4 [0,10] ~10.402 8
Shekel’s Family4 f(x) == 221 [(X —a) (X —a)" +¢,] 4 [0,10] -10.536 3
Easom Fio(x) = —cos(x,)cos(x,)exp( - (x, —m)> = (x, —m)?) 2 [ -100,100] -1
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Table 3 Comparison of optimal performance of 6 algorithms for 13 low-dimensional test functions

Frif WOA' IWOAY’ WOAWC

F-HE b2 F-HE b2 F-HE Frifi 2%
F,(x) 1.41E-030  4.91E -030 6.54E-125  6.80E -125 0 0
F,(x) 1.06E-021  2.39E -021 2.15E-073  3.64E -073 3.95E - 180 0
Fy(x) 5.39E-007  2.93E -006 1.56E-023  1.81E-023 0 0
F,(x) 0.072 581 0.397 47 7.06E -007  2.18E -006 1. 70E - 184 0
Fs(x) 27. 865 58 0.763 626 27.279 50 0.215 438 28.585 1 0.095 7
Fo(x) 3.116 266 0. 532429 0 0 0.1052 0.0357
F(x) 0.001 425 0. 001 149 2.42E-004  4.41E-004 1.68E -004  2.05E -004
Fy(x) -5080.76 695. 796 8 ~1.14E+004  112.6361 —~1.00E +004  2.34E +003
Fy(x) 0 0 0 0 0 0
Flo(x) 7.404 3 9.897 572 3.02E-015  1.95E-015 8. 88E - 016 0
Fy(x) 0. 000 289 0. 001 586 0 0 0 0
Fp,(x) 0.339 676 0.214 864 0. 087 646 0.011 997 0. 006 7 0.002 8
Fi5(x) 1.889 015 0. 266 088 0. 466 442 0.248 928 0.1283 0.061 2

CWOA CPWOA AWOA

FHIME bRz TFHME bRz FHIME FrifE %
F (x) 0 0 3.03E-024  1.47E-023 0 0
F,(x) 0 0 1.88E-024  8.22E -024 0 0
Fy(x) 0 0 5. 47E +004 1. 25E +004 0 0
F,(x) 0 0 33.3574 25.403 8 0 0
Fy(x) 28.1577 0.396 1 22.4939 11.244 8 0.0010 0.002 4
Fq(x) 0.909 3 0.396 6 0.064 5 0.0326 1.32E-005  4.05E -005
F;(x) 0.476 4 0.2915 0.0123 0.0147 1.22E-004  1.07E -004
Fy(x) -1.09E +004 1.85E +003 —1.25E +004  743.069 6 -1.25E +004 0.1847
Fy(x) 0 0 3.940 1 15.287 6 0 0
Fio(x) 8. 88E -016 0 9.10E-014  7.07E-014 8. 88E - 016 0
Fi(x) 0 0 0.0182 0.0619 0 0
F,(x) 0.0973 0.1032 0.007 2 0. 006 5 5.63E-007  8.51E -007
Fi3(x) 1.368 6 0.6315 0.1713 0.100 1 3.02E-006  4.53E -006
T FPEERUE N =30, e KIEARIKEL 1, =500.

R 3 PRy O BECHE AT A, AWOA AT Kk eR B b ¥ IR F bR i WOA, IWAO,

CPWOA TEM X BB F, (x), F, (x), Fy(x),
F,(x) ,Fy(x)F F, (x) EXa] LORSE B e
50, RIH B FIERETT. AWOA B £
PREL o (x) DRI RES R 22T IWOA 4, 16 FHoAh

WOAWC, CWOA F1 CPWOA , %] AWOA Ef
B Y O RE AR e 1.

2% 4 v B BB TN B0 s 4k eR Y
PE A1, AWOAXT H b oR &5 1 2K Al A B A0S0
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Table 4 Comparison of optimal performance of 6 algorithms for 5 high-dimensional test functions
200 4t 500 4
BRI RS
FHMH P2 TR/ % FHME P2 B/ %
WOA 9.28E -068 5.07E -067 100 3.11E-067 1.32E -066 100
IWOA 4.09E -106 1.78E -105 100 4. 60E - 104 2.00E -103 100
£ WOAWC 1. 55E -283 0 100 6. 10E -280 0 100
CWOA 0 0 100 0 0 100
CPWOA 2.95E -022 8.40E -022 100 2.01E-020 1.02E -019 100
AWOA 0 0 100 0 0 100
WOA 197.659 0 0.1325 495. 849 3 0.3543 0
IWOA 197. 693 9 0.2300 495.446 0 0.7245 0
£ WOAWC 197.076 5 0.0220 494. 166 5 0.0611 0
CWOA 197. 666 2 0.209 5 495.959 0 0.568 4 0
CPWOA 109.483 1 95.8115 10 309.244 6 221.398 2 0
AWOA 0.0049 0. 008 2 100 6.5436 12.373 5 50
WOA 10. 847 8 3.059 8 0 28.580 1 7.2935 0
IWOA 19.1726 6.4449 0 47.136 6 14.2138 0
A(x) WOAWC 4.604 5 0.7240 0 12.310 6 2.1953 0
CWOA 15.805 8 4.6220 0 43.8702 15.9233 0
CPWOA 3.1235 1.1639 0 9.0939 2.7614 0
AWOA 1.98E -005 3.17E -005 3.33 2.2258 4.8678 0
WOA 0.0933 0.0501 0 0.1228 0.054 6 0
IWOA 0.1801 0.090 8 0 0.1849 0.064 0 0
fi(x) WOAWC 0.0249 0.008 6 6.67 0.0313 0.007 5 0
CWOA 0.1384 0.0515 0 0.1432 0.0836 0
CPWOA 0.0214 0.0258 20. 00 0.0220 0.017 3 10. 00
AWOA 1.18E -007 1.77E -007 100 0.0013 0.0027 96. 67
WOA 4.8275 1.7158 0 12.307 4 3.8385 0
IWOA 8.5057 3.4727 0 22.3557 10. 740 8 0
15 (x) WOAWC 1.090 3 0.4186 0 2.9189 1.116 1 0
CWOA 11. 460 1 3.770 3 0 29.6122 7.9219 0
CPWOA 1.1825 0.4453 0 3.0210 1.014 1 0
AWOA 9.78E -006 1.39E -005 100 0.272 6 0.8203 46. 67
1 000 4 1500 4
BRI Ak
M bl 22 I/ % M bl 22 I H /%
WOA 2.48E-069 9.14E - 069 100 2.25E-069 8.59E - 069 100
IWOA 8.29E-111 4.24E-110 100 4. 17E -106 1.44E -105 100
£(x) WOAWC 1.57E -291 0 100 4. 06E - 288 0 100
CWOA 0 0 100 0 0 100
CPWOA 3.92E-020 1.07E-019 100 2.60E -020 1.07E-019 100
AWOA 0 0 100 1.75E-019 1.57E -018 100
WOA 994.032 1 0.8634 0 1.49E +03 1.416 3 0
IWOA 992.522 4 1.2452 0 1. 48E +03 1.409 1 0
£(x) WOAWC 989.290 4 0.047 1 0 1.48E +03 0.176 3 0
CWOA 993. 1862 1.2245 0 1. 49E +03 1.9845 0
CPWOA 399.7389 441. 694 2 0 770.527 0 695. 366 6 0
AWOA 455.284 4 433.964 5 6. 67 542.269 2 581.4827 3.33
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1000 4 1500 4
F-HE bt 25 IR/ % F-HE FpifE 25 IR/ %

WOA 68. 8859 19.067 5 0 105. 956 2 21.198 5 0
IWOA 93.475 3 25.104 6 0 147. 096 2 51. 8006 0
£(0) WOAWC 24.978 4 1.993 3 0 38.438 4 7.4427 0
CWOA 75.2332 31.7220 0 128.2030  43.1877 0
CPWOA 20.5521 5.0582 0 30.752 8 9.2560 0
AWOA 9.566 2 17.689 7 0 22.330 6 42.048 3 0
WOA 0.1047 0.0535 0 0.1675 0. 066 8 0
IWOA 0.1518 0. 056 2 0 0.1508 0. 064 2 0

() WOAWC 0. 0307 0.007 1 0 0.0283 0. 008 4 3.33
CWOA 0.196 0 0.097 3 0 0.1410 0.0820 0

CPWOA 0.0450 0.046 9 10. 00 0.0428 0.0836 3.33

AWOA 0.048 6 0.150 6 73.33 0.0116 0. 026 2 80. 00
WOA 25.654 6 7.0349 0 34.400 3 9.643 8 0
IWOA 41.590 4 16.916 1 0 68.8755 31.0935 0
£(0) WOAWC 5.946 4 2.0595 0 7.4179 3.6369 0
CWOA 61.813 6 11. 404 6 0 99.381 0 22.6205 0
CPWOA 5.6820 1.995 6 0 10.1258 3.748 4 0

AWOA 1. 6615 4.363 4 20. 00 1.1110 2.8616 6. 67

E R N =30, fRICE AL 1, =500.

BN SRS T oA, 5 Fh AL A 0 45
XFFILPREL £, (x) ,6 FhEIEAE n =200,n =500,
n=1000 Fl n=1500 2} eS0T R 2] 35
F]100% ,{2 CWOA ¥ r] LISk B B FALE 0,
FEI T 5 9 SO0 RE T RN R M. SR T AWOA
XFFIR PR B £, (x) 7€ n =200, =500, 1 =1 000
Fln=1500 4t #9500 B2 24 51 100%
96. 67% ,73.33% ,80.00% , i Hifth 5 Fh B f -
IS SUR TR 2 20. 00% . X i Il AWOA 73K fift
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M % 5 10 BLEE AT 60, AWOA X 5 A4~ [
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Table 5 Comparison of the optimal performance of 6 algorithms for 5 fixed-dimensional test functions
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