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Adaptive whale optimization algorithm combining neighborhood search

Xie Liangbo Han Shen Zhang Yukun

(School of Communications and Information Engineering, Chongging University of Posts and Telecommunications, Chongging 400065 )

Abstract: The whale optimization algorithm (WOA) is a highly competitive and efficient swarm intelligence optimization algorithm. In
comparison to other intelligent optimization algorithms, WOA offers a simple structure, fewer parameters, and robust optimization
capabilities. However, the conventional WOA exhibits slow convergence and falls into local optima easily. To address these issues, this
paper proposes an improved whale optimization algorithm (ITWOA). The algorithm adopts an adaptive update mechanism, inspired by
particle swarm optimization, incorporating the individual’ s historical best position during the optimization process, and dynamically
adjusts the weights of the global best and individual best positions through an adaptive strategy to avoid getting trapped in local optima; at
the same time, through neighborhood search strategy, neighborhood updates are carried out around the global historical optimal position
in the later stage of iteration to improve the algorithm’ s optimization ability. 16 typical benchmark test functions and 8 composite
functions from the CEC2014 test set are selected for simulation experiments, compared to other traditional and improved swarm
intelligence optimization algorithms, IWOA demonstrates superior convergence accuracy and speed, validating its effectiveness; and
IWOA is applied to two engineering design problems, welding beam and pressure vessel design, compared with WOA , the economic cost
is saved by 3.94% and 5. 58% , respectively, verifying the effectiveness of the algorithm.
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1 Griewank Dim [ -600,600] 0
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Table 2 Comparison of test results for various algorithms (30 Dimensions)
PRI TN PSO DE MFO GWO WOA IWOA
HARE 4.63%10' 4.02x10* 5.07x107° 6.01x107% 4.29x107'% 0.00x10°
FHIE 7.57x10" 6.05x10* 6. 67x10° 3.35%107% 1.97x10™"! 0. 00x10°
A brifi 2z 1.15x10' 7.04x10° 2.54x10° 5.31x10™ 7.28x107"! 0.00x10°
P[] 0.076 5 0.720 5 0.107 1 0.123 5 0.048 9 0.047 1
HARAE 3.36x10" 9.71x10" 1.40x10™ 9.60x107% 2.01x107'™" 0.00x10°
EHIE 4.81x10" 1. 14x10? 2.90x10" 8.20x107% 5.07x107% 0. 00x10°
2 brifi 2z 1.03x10' 7. 66x10° 2.29%10" 9.46x107* 2.51x107% 0.00x10°
Fisf ] 0.074 6 0.7315 0.108 3 0.1256 0.050 6 0.047 8
B ARAE 1. 92x10? 5.35x10* 4.98x10? 7.27x107 3.93x10° 0.00x10°
s EHIE 2.69x10° 7.26x10* 1.90x10* 1.15x107" 1. 94x10* 0.00x10°
brifi 2z 5.78x10" 9.56x10° 1.31x10* 2.47x107" 9.14x10° 0.00x10°
Fisf ] 0.2350 0.939 4 0.264 9 0.282 0 0.207 0 0.2139
T RE 2.95x10° 8.00x10' 5.53x10" 4.23x107'° 1.83x107" 0.00x10°
a EHIE 3.54x10° 8.71x10" 7.00x10" 1.27x107" 3.91x10" 0.00x10°
bRifEZE 2.44x107! 3.57x10° 8.71x10° 1.64x107" 3.06x10" 0.00x10°
Hsf ] 0.078 2 0.775 5 0.108 1 0.124 4 0.049 6 0.046 7
e 2.69x10* 1.57x10® 9. 69x10° 2.54x10" 2.64x10" 5.57x107°
s FEHIE 5.34x10* 2.22x10° 2.67x10° 2.68x10" 2.72x10" 7.29x10°
brifE2E 1.38x10* 2.89x10’ 1. 46x107 6.82x107" 5.07x107" 1.14x10'
Fisf 1] 0.097 1 0.736 0 0.1279 0.143 8 0. 069 3 0.063 3
B 5.07x10" 5.70x10* 1.62x107° 1.38x107° 7.06x107° 5.60x107®
1 EHIE 7.21x10" 6. 18x10* 2.99x10° 6.80x107" 8.07x1072 1.08x107"
brifE2E 9.42x10° 3.74x10° 6.51x10° 3.54x107"! 1.10x10™" 2.93x107"
Fis 1] 0.077 0 0.747 8 0.108 0 0.123 6 0.049 0 0.0429
T RE 4.02x10" 5.57x10" 2.68x1072 3.42x107* 5.28x107° 4.70x10™°
EHIE 7. 47x10" 9.66x10" 4.13%x10° 7.65x107 1.29x107° 4.70x10°°
7 brifE2E 1.75%10" 2.17x10" 6.11x10° 3.50x107 1.20x107° 3.89x10°°
Fis 1] 0.186 7 0.8418 0.219 8 0.233 6 0.158 9 0.153 8
B ARE -8.12x10° -5.09x10° -9.52x10° -7.56x10° -1.26x10* -1.26x10*
EHIE -6.65x10° -4.22x10° -8.31x10° -6.13x10° -1.15x10* -1.15x10*
B FrifE 2 8.79%10? 3. 34x10? 8.79x10° 8.23x10? 1. 42x10° 2.17x10°
Fi [ 0.108 0 0.749 2 0.130 5 0.151 1 0.0722 0.064 3
FARE 2.82x10? 3.40%10° 8.26x10" 0.00x10" 0.00x10° 0.00x10°
FEHME 3.30x10? 3.95%10? 1.55%10? 6.69%x107" 0.00x10" 0.00x10°
» brifE 2 2.15x10" 1. 78x10" 3.73x%10' 1. 83x10° 0.00x10" 0.00x10°
P Ji] 0.097 2 0.790 7 0.1225 0.130 1 0.055 0 0.047 9
B ARE 6.59x10° 2.01x10" 1.66x10° 7.99x107" 8.88x107'¢ 8.88x10'
110 FHME 7.06x10° 2.03x10" 1.62x10' 1.49%x10™" 3.85x107" 8.88x107'
PrifE 2 3.26x107! 7.18x1072 5.96x10° 2.46x107" 2.10x107" 0.00x10°
Pt fi] 0.099 8 0.785 5 0.127 3 0.1313 0.057 5 0.049 7
B ARE 9.69x10™" 3.24x10? 2.79%x107° 0.00x10° 0.00x10° 0.00x10°
Al FHME 9.96x10" 5.59x 10> 2. 42x10' 1.28x107° 4.76x107° 0.00x10°
) PR 1.32x1072 5.64x10" 4. 69x10" 4.18x1073 1. 84x1072 0. 00x10°
It Ji] 0.110 9 0.756 4 0.139 8 0.148 5 0.0727 0. 065 2
wARE 1.92x10° 2.56x10° 1.54x107 2.89x107° 4.64x107* 4.27x1077
o FHE 2.90x10° 5.09x10° 8.53%x10° 3.50x1072 7.09x107° 5.36x107°
: bR 2 5.19x107! 1.08x10* 4.67x107 1.78x1072 1.31x1072 1.09%x1072
st ] 0.374 6 1.062 9 0.401 7 0.414 3 0.3392 0.3320
wARE 1.01x10" 6.53x10° 6.78x107° 1.01x107" 2.08x1072 1.92x107°
3 FEHIE 1. 24x10" 1.02x10° 1. 69x10° 5.02x107" 1.92x107" 3.61x107°
brifE 2 1.49x10° 1.90x10® 4.77x10° 1.92x107" 1.70x10' 6.59x10°
I Ji] 0.377 7 1.009 8 0.407 2 0.418 0 0.3422 0.3342
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PRIEL TN PSO DE MFO GWO WOA IWOA
ZfR(EN 9.98x107! 9.98x107! 9.98x10' 9.98x107! 9.98x107! 9.98x10™"
14 A 3.17x10° 1.13x10° 2.61x10° 3.42x10° 2.50x10° 2.21x10°
brifE 2 2.47x10° 3.02x107! 2.22x10° 3.65%x10° 2.92x10° 2.51x10°
Fisf ] 0.550 5 1.199 8 0.557 6 0.556 8 0.550 0 0.548 4
i -1.03x10" -7.56%x10° -1. 04x10" -1. 04x10" -1. 04x10" -1. 04x10"
s FHIE -7.98x10° -3.21x10° -7.93%x10° -1. 04x10" -8.69x10° -8.84x10°
bR 2.03x10° 1.47x10° 3.36%10° 2.49x107* 2. 64x10° 2.29%x10°
st ] 0.076 7 0.706 2 0.085 3 0.083 3 0.076 2 0.073 5
wiE -1.05x10" -6.49x10° -1.05x10" -1.05x10" -1. 05x10" -1.05x10"
16 FHIE -7.96x10° -3.48x10° -7.26x10° -1.05%10" -8.72x10° -9.33x10°
' brife 2 1.63x10° 1. 13x10° 3.42x10° 1.98x107* 3.01x10° 2.27x10°
st ] 0.097 4 0.754 7 0.104 8 0.104 4 0.095 9 0.091 6
Friedman #34{A 4.53 5.84 3.44 2.81 2.81 1.56
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