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Adaptive Water Wave Optimization Algorithm Based on Simulated Annealing

WANG Wan-liang CHEN Chao LILi LI Wei-kun
(College of Computer Science & Technology, Zhejiang University of Technology, Hangzhou 311023, China)

Abstract Water wave optimization (WWO) is a novel evolutionary algorithm inspired by the shallow wave theory. In
this paper, we developed a modified version of simplified water wave optimization algorithm (SiImWWO). To fully utilize
the history information and experience of the waves, we proposed an adaptive parameter adjustment strategy. The per-
formance of waves on the evolutionary process is used as a feedback to adjust the wave length coefficient adaptively to
improve search efficiency. Meanwhile, to avoid the problem of easily being lost in local optimum, the thought of simula-
ted annealing is adopted to accept inferior solution with a certain probability. Through the above two operations, the al-
gorithm achieves better balance between global search and local search. Computational experiments on the CEC 2015

single-objective optimization test problems show that the modified algorithm effectively improves the overall performance.
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ID Metric IGA YSPSO WWO SImWWO AWWO-SA
max  6.96E+06 3.54E+06 6.35E+06 7.51E+06 3.56E+06
min  2.37E+06 2.39E+06 9.98E+05 2.71E+06 2.90E+06

A median 4. 81E+06 2.81E+06 3.32E+06 4.90E+06 3.09E+06
std  4.24E+06 2.33E+06 1.31E+06 1.33E+06 6.83E+05
max  7.23E+03 8 90E+03 1.24E+04 9.78E-+03 1.29E+05
min  9.07E+02 1.14E+03 2.21E+02 2.35E+02 3.42E+04

1z median 2. 09E+03 5.44E+03 2.14E+03 2.90E+03 5.83E+04
std  1.24E+04 5.24E+04 3.02E+03 2.65E+03 2.58E+04
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ID  Metric IGA YSPSO WWO SImWWO AWWO-SA
max  3.21E+02 3.21E+02 3.21E+02 3.21E+02 3.21E+02
min 3. 20E+02 3.20E+02 3.20E+02 3.20E+02 3.20E+02

B median 3.21E+02 3.20E+02 3,21E+02 3.21E+02 3,20E+02
std  1.01E+00 8.36E—01 3.36E—01 3.04E—01 2.73E—01
max  7.29E+02 9.08E+02 6.09E+02 5.66E+02 5.19E+02

4 min  5.83E+02 6.02E+02 4.72E+02 4.64E+02 4.62E+02

median 6. 49E+02 7.06E+02 5.32E+02 5.07E+02 4.88E+02
std  9.10E+01 5.41E+02 3.47E+01 2.66E+01 1.77E+01
max 7.95E+03 4.32E+03 8. 41E+03 7.60E+03 4.60E+03
min  3.08E+03 2.18E+03 3.29E+03 2.74E+03 2.31E+03

& median 4. 56E+03 3.39E+03 6.49E+03 4.21E+03 3.50E+03

std  2.72E+02 7.60E+02 1.96E+03 1.59E+03 6.81E+02
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ID  Metric IGA YSPSO WWO SImWWO AWWO-SA
max  3.19E+05 8 04E+05 2.31E+06 7.10E+05 2.76E+05
min  9.82E+04 7.97E+04 4.94E+04 2.97E+04 6.05E+04

18 median 1. 65E+05 2.45E+05 2.23E+05 1.07E+05 1.40E+05
std  9.24E+04 8.13E+05 5.15E+05 1.57E+05 6.36E+04
max 7.25E+02 7.23E+02 7.21E+02 7.22E+02 7.15E+02
min  7.16E+02 7.15E+02 7.13E+02 7.11E+02 7.10E+02

7 median 7. 21E+02 7.19E+02 7.17E+02 7.17E-+02 7.13E+02
std  2.13E4+00 3.93E+00 1.93E+00 3.06E+00 1.35E+00
max  4.71E+06 5.81E+06 6.62E+06 3.28E-+05 9.04E+04
min 1. 17E+04 9.27E+04 3.87E+04 1.26E+04 1.28E+04

18 median 1. 06E+05 2.67E+05 1.49E+05 7.54E+04 5,78E+04
std  8.58E+05 7.23E+06 1.45E+06 6.55E+04 2.08E+04
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ID Metric IGA YSPSO WWO SImWWO AWWO-SA
max 1.00E+03 1.00E+03 1.00E+03 1.00E+03 1.00E+03
min 1. 00E403 1.00E+03 1.00E+03 1.00E+03 1.00E+03

» median 1.01E+03 1.01E+03 1.00E+03 1.00E+03 1.00E+03
std  1.49E+01 2.05E+01 3.79E—01 3.49E—01 3.35E—01
max 1. 90E+06 3.47E+06 2.50E+06 4.08E+05 4.15E+05

110 min  9.13E+04 4.58E+04 4.09E+04 4.34E+04 4.71E+04
median 4. 05E+05 6.03E+05 4.53E+05 1.27E+05 1.57E+05

std  2.42E+05 7.07E+05 5.31E+05 8. 77E+04 8.33E+04

max  2.48E+03 2.51E+03 2.37E+03 2.34E+03 1.44E+03

11 min 1. 69E403 1.77E+03 1.42E+03 1.41E+03 1.42E+03
median 1. 99E+03 2.11E+03 2.08E+03 1.42E+03 1.42E+03

std  2.03E+02 2.12E+02 1.88E+02 4.12E+02 5.78E+00

max  1.32E4+03 1.32E+03 1.31E+03 1.31E+03 1.31E+03

12 min  1.32E+03 1.32E+03 1.31E+03 1.31E+03 1.31E+03
median 1.32E+03 1.32E+03 1.31E+03 1.31E+03 1.31E+03

std  3.17E+00 5.21E+00 1.88E+00 1.92E+00 8.57E—01

max 1.45E+03 1.45E+03 1.44E+03 1.44E+03 1.43E+03

113 min  1.43E+03 1.43E+03 1.42E+03 1.42E+03 1.42E+03
median 1.44E+03 1.44E+03 1.43E+03 1.43E+03 1.43E+03

std  9.51E+00 1.09E+01 6.91E+00 7.35E+00 4.92E+00

max 4. 87E+04 4.62E+05 4.39E+04 3.82E+04 3.41E+04

114 min  3.30E+04 3.37E+04 3.30E+04 3.32E+04 3.29E+04
median 3.71E+03 3.65E+04 3.62E+04 3.52E+04 3,33E+04

std  5.11E+03 3.71E+03 2.91E+03 1.73E+03 3.64E+02

max 1.61E+03 1.60E+03 1.60E+03 1.60E+03 1.60E+03

min  1.59E4+03 1.60E+03 1.60E+03 1.60E+03 1.60E+03

15 median 1.60E+03 1.60E+03 1.60E+03 1.60E+03 1.60E+03
std  1.15E+01 9.70E+00 1.24E—02 9.17E—03 2.29E—02

HE—2 , B AT WWO, SmWWO F1 AWWO-SA 132 5%
GERPEARPEAT Wilcoxon BRAKLLS , QUIRA UG 45 R .3
Z5WERE h=0, R AWWO-SA Wb R B &R T
HAVE G MARE h=1" ; RZWFRE 17, hE 6 W15

DA HF WWO, AWWO-SA 7 9 4~ B - i 4k 45
RNBEER,ES MR ERAEEEENE 1R
EESE,

DR T SImWWO, AWWO-SA 7 8 ¥k E ik
ERYBEBMR, 4 NRP BT BEEZNE3TH
BEESE,

25 B, AWWO-SA FIl FiR 7 1 5 B ah AR WK,
45 A TR ki B, A AU | T B IR %
PERE .

# 6 BRKMBSITEER

D AWWO-SA vs WWO AWWO-SA vs SmWWO
) h P h
f1 1. 53E—06 1+ 2. 96E—05 1+
f2 3.75E—13 1- 8.24E—11 1-
f3 1. 70E—01 0 6. 37TE—01 0
f4 2. 83E—09 1+ 8. 39E—07 1+
f5 5.37E—11 1+ 7.59E—08 1+
16 7.91E—01 0 3. 94E—06 1-
17 6. 87TE—07 1+ 1. 03E—09 1+
18 4. 60E—10 1+ 2.49E—12 1+
19 3. 14E—01 0 9. 21E—01 0
f10 8.32E—01 1. 42E—05 1-
f11 5. 94E—08 1+ 1. 83E—01 0
f12 9. 36E—04 1+ 3. 18E—07 1+
f13 1. 29E—05 1+ 5. 80E—08 1+
fl4 6. 42E—13 1+ 4, 81E—09 1+
15 6.48E—01 0 1. 78E—01 0
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