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Multi-strategy Improved Seahorse Optimization Algorithm and Its Application

LIU Yan-ping', ZHENG Rong-yan'*, SONG Fu-hong”, LIAO Bin'
(1. College of Big Data Statistics, Guizhou University of Finance and Economics, Guiyang 550025, China;
2. College of Information, Guizhou University of Finance and Economics, Guiyang 550025, China)

[ Abstract] In order to solve the problems of SHO ( seahorse optimization) , such as low accuracy, precocity and insufficient global
search ability. MSHO ( multi-strategy seahorse optimization) algorithm based on nonlinear inertial weight strategy, improved whale
encircling strategy and improved sine and cosine strategy was MSHO designed. Firstly, the nonlinear inertia weight was introduced
into the motion behavior of SHO algorithm to overcome the shortcoming that the algorithm is prone to premature convergence.
Secondly, the improved strategy of whale encircling prey was introduced into the updated equation of seahorse hunting success to
reduce the probability of the algorithm falling into the local optimal solution. Then, the improved sine-cosine strategy was introduced
into the reproduction behavior of the algorithm to enhance the quality of the hippocampal progeny solution, and further improve the
global optimization ability and stability of the algorithm. Finally, in order to evaluate the performance of the proposed MSHO
algorithm, SHO algorithm, chaotic SHO algorithm, subtraction average algorithm, gray Wolf algorithm, Seagull algorithm, whale
optimization algorithm, particle swarm algorithm and MSHO algorithm were compared on 23 benchmark test functions. The
experimental results show that MSHO algorithm shows higher convergence accuracy on 20 functions and stronger stability on 16
functions compared with other 7 algorithms. In addition, in order to test the application ability of MSHO algorithm in engineering
problems, the algorithm is applied to solve the design problems of welded beams, cantilever beams and pressure vessels. The
experimental results show that MSHO algorithm has better search accuracy in these three kinds of engineering design problems than
other 7 different algorithms.
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Fig. 1  Nonlinear inertial weight curve
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F1 Sphere [ -100,100] 30 0

F2 Schwefel 2.22 [ -10,10] 30 0

F3 Schwefel 1.2 [ -100,100] 30 0

F4 Schwefel 2. 21 [ -100,100] 30 0

F5 Rosenbrock [ -30,30] 30 0

F6 Step [ -100,100] 30 0

F7 Quartic with noise [ -1.28,1.28] 30 0

F8 Schwefel 2. 26 [ -500,500] 30 -12569.5
F9 Rastrigin [-5.12,5.12] 30 0

F10 Ackley [ -32,32] 30 0

F11 Griewank [ -600,600 ] 30 0

F12 Penalizedl [ -50,50] 30 0

F13 Penalized2 [ -50,50] 30 0
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F15 Kowalik [-5,5] 4 0.000 308
F16  Six-Hump Camel-Back [-5,5] 2 -1.0316
F17 Branin [-5,10],[0,15] 2 0. 398
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F20 Hartman’s Family2 [0,1] 6 -3.32
F21 Shekel’s Familyl [0,10] 4 -10. 15
F22 Shekel’s Family2 [0,10] 4 -10.4
F23 Shekel’s Family3 [0,10] 4 -10.536
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Table 4 Test results of different algorithms on 23 functions

PREL 4R MSHO SHO CSHO SABO GWO SOA WOA PSO
Mean 0 3.08x107 M 1 11x107% 4.87x107" 1.50x10"% 2.14x1072 2.08x10°7 2.54 x10"!
F Std 0 1.38 1070 3,37 x10°1¥ 0 5.09x107%  2.67x1071% 553x10°7  1.58x10"!
Mean 0 L17x10°  6.69x107% 5.8 x10~"" 8.05x107"7 1.60x10°% 1.31x10°% 4,24 x10"!
F2 Std 0 1.83x10°  1.36x10°% 1.80x107'"" 8.54x10°"7 1.45x10°% 3.53x10°¥ 1.82 x10°
Mean 0 5.26x107”  1.08x10°'™8 2.06x10°% 1.50x107> 1.49x10°*  4.24 x10* 1.93 x 10°
K3 Std 0 2.05x107% 2.60x107"8 9.21x10°%  3.02x107> 4.31x107* 1.51 x10* 1.57 x 10°
Mean 0 2.91x107%  7.75x10°% 1.34x10°7  5.64x1077  4.37x1073  4.41 x10' 7.57 x10°
k4 Std 0 L18x107% 2.49x10°% 1.69x10°7 7.70x10°7 1.47x1072  3.19x10' 1.47 x10°
Mean  2.26 x10! 2.81 x 10! 2.81 x 10! 2.84 x10" 2.71 x 10! 2.84 x10! 2.78 x 10! 1.73 x10?
K5 Std 7.68x10°  6.31x10°"  6.38x10°"  3.60x107'  7.51x10°! 4.54x10°" 4.22x107! 9.16 x 10!
Mean  3.51x10°%  3.17 x10° 2.88 x10° 2.73x10°  8.81x107! 3.13x10°  3.49x10°"  4.61x10"!
6 Std 3.25x107%  5.53x10°"  551x107"  523x107'  3.67x10°"  3.68x10°' 1.84x10"'  7.68x10"!

Mean  1.09 x10™* 1.03x10°* 9.56x1075 9.61x10™° 2.30x1073 3.21x1073 2.93x107°  4.38x107?

¥ Std 1.O7x107*  7.08x107>  9.27x107°  7.64x107% 1.15x1073 3.56x1073 3.46x1073  1.19x107?
Mean  -1.26 x10* -6.02x10° -6.55x10° -3.18x10° -584x107° -5.06x10° —1.01x10* -7.58x10°
B S 3.82x10°  6.37x10°  485x10°  3.45x10°  9.33x10°  6.50x10°  1L.93x10°  7.35x10?
Mean 0 0 0 0 3.82x10° 3.25 x10° 2.81 x10° 5. 14 x 10"
9 Std 0 0 0 0 4.22 x10° 5.61 x10° 1.54 x107! 1.56 x 10"
Mean 4.44x107' 4.00x10°" 3.76x10°"° 4.00x10°5 9.92x10"™  1.93x10' 3.46x10°"° 6.72x10"!
FI0- g 0 0 9.01 x10 1 0 L73x107"  3.64x10° 2.38x10°"5  5.90x10"!
Mean 0 0 0 0 7.06 x107%  1.34 x10 72 0 3.93x107!
FIT g 0 0 0 0 L09x1072  2.09x10 0 2.01x10""!
Mean  1.32x107° 2.49x10°"  1.59x10°'" 2.19x10°" 3.84x1072 3.38x10"' 1.13x10°" 3.15x10"!
F12 Std 1L.36x1075  7.79x1072  6.05x107% 8.59x10°2 1.58x1072 1.57x10"" 3.80x10"'" 5 14x10"!
Mean  3.15 x10 ~* 1.95 x10° 1.93 x10° 2.75x10°  5.56x10 7! 2.05x10°  5.51x10°"  5.18x10°!
FI3 ' G 2070x100 327107 3.65x107!  5.49x10°"  2.26x10°'  2.03x10°"  2.75x10"'  4.43x10"'
Mean 1.78 x10° 5.11 x10° 5.95 x 10° 3.25 x 10° 4.97 x10° 1.82 x 10° 2.61 x10° 1.03 x10°
F14 Std 2.96 x10° 4.28 x10° 4.62 x10° 1.80 x 10° 4.53 x10° 1.04 x10° 2.39 x10° 1.81x10!
Mean  3.40x107% 5.09x10°* 1.90x107% 1.27x107% 4.37x107* 1.13x1073  7.70x10"*  1.36x10"?
F15 Std 1.67x107* 3.57x10™* 5.09x107% 2.83x10°% 8.21x1073 2.84x10™* 511x10™* 3.62x1073
Mean  -1.03x10° -1.03x10° -1.03x10° -1.02x10° -1.03x10° -1.03x10° -1.03x10° -1.03 x10°
F16 Std 1.27x107%  7.33x107°  2.30x107%  1.94x107* 1.59x10°% 2.35x107°* 1.09x107° 6.18 x10~16
Mean  3.98x10°! 3.98x10™' 3.99x10°' 521x10""' 3.98x107' 3.98x10°' 3.98x10"'  3.98x10"!
K17 Std 1.72x1077  1.28x107°  2.33x107%* 2.09x10°" 1.50x10°% 4.64x107* 3.67x10°° 0
Mean  3.00 x10° 3.00 x 10° 3.00 x 10° 4.17 x10° 3.00 x 10° 3.00 x 10° 3.00 x 10° 3.00 x 10°
F18 Std 4.74x107°  5.16x107°  6.32x1071%  2.15x10°  2.35x107° 1.84x10"* 2.66x107* 2.31x10"%5
Mean  -3.86x10" -3.86x10° -3.86x10° -3.65x10° -3.86x10° -3.86x10° —3.86x10° -3.84
K19 Std 2.36x107%  3.80x10°* 3.51x107° 1.86x107" 2.19x107* 2.01x10"* 509x107° 1.41x10"!
Mean  -3.28 x10° -3.03x10° -3.04x10° -3.26x10° -3.26x10° -2.86x10° -3.20x10° -3.27 x10°
F20 Std 5.94x1072  2.04x107"  1.72x107!' 8.00x107% 7.74x10°%2 5.84x10"' 1.01x10"!' 6.51x107?
Mean  -8.96 x10" -5.71x10° -6.84x10° -504x10° -9.65x10° -3.62x10° -8.74x10° -5.57x10°
F21 Std 2.18 x10° 2.47 x10° 2.47 x10° 2.64 x10° 1.56 x10° 4.17 x10° 2.52x10° 3.59 x10°
Mean  -1.00 x10' -5.48x10° -5.05x10° -4.94x10° -1.00x10" -6.16x10" -7.53x10° -7.12x10°
F22 Std 1.34 x10° 1.84 x10° 2.72x10°  2.86x10°"  8.46 x10~*  4.46 x10° 3.05 x10° 3.82 x10°
Mean  -9.82x10° -5.29x10° -5.48x10° -4.69x10° -1.01x10' -8.37x10° -6.93x10° -6.96 x10°
k23 Std 1.81 x 10° 1.88 x 10° 2.35 x10° 1.25 x10° 1.81 x10° 4.44 x10° 3.28 x 10° 3.92 x 10°
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Fig. 3 Convergence diagram of some functions
%5 Wilcoxon fFS#IExtLE
Table 5 Test comparison of Wilcoxon signed-rank
P
PRIEL
MSHO/SHO MSHO/CSHO MSHO/SABO MSHO/GWO MSHO/SOA MSHO/WOA MSHO/PSO
F1 1.21 x10~"? 1.21 x10~"? 3.02x10°12 1.21 x10 "2 1.21 x10~'? 1.21 x10~"? 1.21 x10 "2
F2 1.21 x10 "2 1.21 x10~"2 1.21 x10°'2 1.21 x10~'? 1.21 x10 "2 1.21 x10~"? 1.21 x10~'?
F3 1.21 x10 "2 1.21 x10~"2 1.21 x10~"? 1.21 x10 12 1.21 x10 12 1.21 x10~"? 1.21 x10 12
F4 1.21 x 1012 1.21 x10 "2 1.21 x10 "2 1.21 x10 12 1.21 x 1012 1.21 x10 "2 1.21 x10 12
F5 3.02x10°1 3.02x10° 1 3.02x10°1 3.02x10°1 3.02x10°1 3.02x10°!1 3.02x10°1
F6 3.02x10° 1 3.02x10°" 3.02x10° " 3.02x10° " 3.02x10° ! 3.02x10°" 3.02x10° "
F7 6.63 x107! 8.53 x10 72 9.12x1072 3.02x10°M 4.50 x 10~ 3.02x10°" 3.02x10°M
F8 3.02 x10 ! 3.02x10°" 3.02x10°1 3.02x10 ! 3.02 x10 ! 4.50 x10 1 3.02x10 1
F9 NaN NaN NaN 1.18 x10°"? 1.21 x10~'? 8.15 %102 1.21 x10~"?
F10 1.17 x10°1 1.17 x10°1 1.69 x 1014 1.06 x 1012 1.21 x10 12 3.66 x10 7% 1.21 x10~'2
F11 NaN NaN NaN 1.10 x10 2 1.21 x 1012 NaN 1.21 x10 12
F12 3.02 x10 ! 3.02 x10°! 3.02x10° ! 3.02x10 ! 3.02 x10 ! 3.02 x10~ ! 3.02x10 !
F13 3.02x10°" 3.02x10°" 3.02x10° M 3.02x10° M 3.02x10° ! 3.02x10°" 3.02x10° M
Fl14 5.37x10~ 1 4.87 x10~1 2.96 x10°! 2.96 x10 ! 6.76 x 1073 2.96 x10 " 3.08 x10 !
F15 7.66 x10 73 3.18x1073 5.97 x107° 1.52x10 73 6.52x107° 3.35x10°% 4.86x1073
F16 1.36 x 1077 1.19x10°° 3.02x10°1 3.02x10°1 3.02x10°1 1.70 x10 8 1.01 x10 1
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g%
v P
R MSHO/SHO MSHO/CSHO MSHO/SABO MSHO/GWO MSHO/SOA MSHO/WOA MSHO/PSO
F17 4.62 %1010 3.16 x10°1° 3.02x10°" 2.67x107° 3.02x10°" 1.07 x1077 1.21 x10~12
F18 6.01 x10°% 6.36 x10° 3.02x10° ! 3.02x10°! 3.02 x10 ! 3.02 x10 ! 2.50 x 10~
F19 3.02x10°! 3.02x10° " 3.02x10° ! 5.49 x 101! 3.02 x10 ! 3.02x10°" 1.19 x10~°1°
F20 7.12x107° 3.09x10°¢ 3.18 x10~* 1.24 x1073 3.02x10°! 1.87 x10 73 5.89 x10°*
F21 1.10 x10 8 2.02x1078 3.02x10° ! 1.17 x10~* 1.10 x10 8 6.05 x 107 1.14 x10 73
F22 8.89 x10° 10 4.62x10°1° 6.07 x10 1 2.68 x10~* 1.73 x10°° 3.52x1077 4.04 x10 2
F23 1.33x10°1° 3.16 x10°10 5.49 x 101 1.07 x1077 2.92x107° 5.00 x10~° 6.61 x10 !
gy +20/=2/ -1 +20/=2/ -1 +20/ =2/ -1 +23/=0/-0 +23/=0/-0 +22/=1/-0 +22/=0/ -1

1 + % MSHO 53k R MEREIL Toe 031 (P <5% ) ; =~ s MSHO 53k i P RE 5 e 433 B 22 R K (P = NaN ), Hivb NaN 655 ke
WA ; - Fn MSHO BIAMPEREZE TP Bk (P >5%) ,

R6 TREIBH R ER

Table 6 Test results of different improvement strategies

PR 2 n MSHO SHO NSHO WSHO SSHO
Mean 0 3.08 x10 "1 9.38 x10~* 6.93 x 104 1.99 x10 10
F1 Std 0 1.38 x 107140 5. 14 x 10 ~** 2.48 x 1074 9.68 x 1017
HifH]/s 2.344 0.816 57 0.784 5 0.818 54 0.875 8
Mean 0 1.17x10°7 2.04 x10 %8 1.16 x10 =% 9.44 x10~%
F2 Std 0 1.83x10°7 6.90 x 10~ 2.45 x107% 3.60 x10 ™
A /s 0.792 83 0. 260 09 0. 198 28 0.182 12 0.247 36
Mean 0 5.26 x10 7% 2.29 x10 4 5.90 x 10 =2 6.85 %104
F3 Std 0 2.05x10°% 1.25 x10 =% 3.09x10°! 3.96 x 10 %
A1) /s 0.833 82 0.327 35 0.319 85 0.321 55 0.433 91
Mean 0 2.91 x10 7% 1. 60 x 10 =% 1.94 x10°° 3.97 x10 73!
F4 Std 0 1. 18 x10 % 7.25 x 10 =% 5.71 x10°° 2.67 x10 7%
[ /s 0.691 18 0.188 1 0.169 79 0.195 44 0.220 55
Mean 2.26 x10! 2.81 x 10! 2.77 x 10" 2.69 x 10! 2.80 x 10!
F5 Std 7.68 x10° 6.31 x10 ! 4.69 x107! 1.28 x10° 1.81 x10
Hif i /s 0.791 98 0.239 31 0. 177 02 0.272 36 0.340 58
Mean 3.51 x10* 3.17 x 10° 2.30 x10° 1.21 x10° 2.34 x10°
F6 Std 3.25x107°* 5.53x107! 4.61 x107! 4.48 x107! 9.03 x10 16
Fif /s 0. 669 2 0.175 06 0. 160 46 0.235 12 0.307 25
Mean 1.09 x10~* 1.03 x10~* 1.88 x 1074 1.82x1073 3.98 x10 3
F7 Std 1.07 x107* 7.08 x10 73 1.74 x10 ~* 1.22 x10 73 3.45 x10 2
5[] /s 0. 859 29 0.270 71 0.248 46 0.257 38 0.339 92
Mean -1.26 x10* -6.02 x10° -6.45 x103 -8.22 x10° -6.85x103
F8 Std 3.82 x10° 6.37 x10? 3.86 x 10? 8. 68 x 10? 3.70 x10 12
A1) /s 1.6425 0. 189 92 0. 178 41 0.184 32 0.217 83
Mean 0 0 0 1.09 x10 -8 0
F9 Std 0 0 0 3.25x107°8 0
I 6] /s 1.918 8 0. 658 07 0. 665 27 0.241 01 0.213 82
Mean 4.44 x10 71 4.00 x10 71 2.34 x10°1 6.63 x107! 4.00 x10°13
F10 Std 0 0 1.80 x10°1 3.63 x10° 0
Hif 1] /s 1. 665 6 0. 502 69 0.256 42 0.171 46 0.198 3
Mean 0 0 0 4.58 x10 73 0
F11 Std 0 0 0 1.91 x10 =2 0
HF 1] /s 0. 863 77 0.216 24 0.22595 0.229 53 0.244 82
Mean 1.32 x10 -3 2.49 107! 1.62x107" 8.46 x10 2 2.84 x107!
F12 Std 1.36 x10 73 7.79 x10 2 6.26 x 1072 1.02 x107! 1.13 x10 16
I 1] /s 1.106 2 0.450 54 0. 409 76 0.439 14 0. 536 67
Mean 3.15 x10 ~* 1.95 x10° 1.80 x 10° 1.03 x10° 2.70 x 10°
F13 Std 2.70 x 10 ~* 3.27x107! 3.56 x10 ! 2.32x107! 4.52 x10 16
A1) /s 1.118 5 0.441 88 0.512 92 0.495 23 0. 688 4
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Fig. 4 Welded beam diagram
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Minmize f(x) = 1. 104 7lxix, +0.048 11x,x, (14 + x,)
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61 37 19 7 1

+ + + -1 =
3 3 3 3 3
s.to{x]  x oxy X, X% (24)

0.01 = x,,x,,%;,x,,25 < 100

g](‘x) = T(x) +Tmaks go

gz(x) = O'(x) + O-maks = 0
g3(x) =68(x) +6,,, <O
gi(x) =x; -y <O

s.t.ygs(x) =P -P,(x) <0

go(x) =0.125 —x, <0
g,(x) =0.104 71x; +0.048 11x,x, (14 +

%) -5<0
0.1 =x,,x, <2.0,0.1 =x,,x, =<10.0
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7(x) = J(T'Y +2T'T";—R+ (7")?
T = P (26)
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Table 7 Comparison of welded beam results

Bk h l ‘ b oA iAs
MSHO 0.204 80 3.24070 9.066 6 0.205 60 1. 696 33
SHO  0.20585 3.46946 9.0327 0.20591 1. 725 90
CSHO 0.20570 3.46990 9.0346 0.205 80 1.724 90
SABO 0.20570 3.47040 9.036 6 0.20573 1.724 80
GWO  0.205 63 3.472 437 9.0412 0.20570 1.725 70
SOA  0.20306 3.19880 9.3725 0.204 18 1.729 20
WOA  0.19298 3.62260 8.8354 0.22165 1. 809 30
PSO  0.231 67 2.94330 8.6303 0.23192 1. 806 00

1'3- l
1.

2 1 1 1 1 1 1
MSHO SHO CSHO SABO GWO SOA WOA PSO
ik

Bls JRRAR

Fig. 5 Comparison of welded beam results
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Table 8 Comparison of cantilever beam result

=R/ X1 Xy X3 Xy X5 R ATEN
MSHO 5.937 5.298 4.545 3.553 2.143 1.336 8

SHO 5.506  5.437 4.473 4.702 3.909 1.3492
CSHO 6.094 4.984 4.904 3.337 2.298 1.3456
SABO 7.509 7.383 3.124 4.243 3.307 1.5914
GWO  5.952 5.323 4.466 3.521 2.217 1.3370
SOA 6.160 5.553 4.330 3.375 2.106 1.3398
WOA  4.808 6.878 6.369 3.158  2.881 1.499 7
PSO 6.086 4.969 4.822 3.505 3.609 1.3429
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Fig. 7 Comparison of cantilever beam results
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Fig. 8 Pressure vessel diagram
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Table 9 Comparison of pressure vessel results

Bk T T R L et
MSHO 0.778  0.384 40.322 199.958 5 885.310
SHO 0.798 0.392 41.101 189.397 5951.417
CSHO 0.786 0.417 40.493 197.592 6 015.931
SABO  1.024 0.518 51.671  88.863 6 763. 558
GWO  0.865 0.431 44.809 145.808 6 069. 623
SOA 0.823  0.423 42.351 174.956 6 096. 149
WOA  0.878  0.431 44.651 147.372 6 173. 661
PSO 0.866 0.428 44.909 144.659 6 054. 651
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Fig. 9  Comparison diagram of pressure vessel results
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