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Table 2 Operation results of different algorithms

R

Function Optimal  Statistical HTSO TSO GWO WOA HHO
value value
F1 0 Mean 0 2.9526e - 230 1.0097e - 27 8.3689e— 74 1.6024e - 93
Std 0 0 1.3595e — 27 2.3083e—73 7.7342¢—93
Rank 1 2 5 4 3
F2 0 Mean 2.0113e— 206 2.6965¢ - 116 8.5985e - 17 1.1607e - 51 1.0710e - 50
Std 0 9.6055¢ - 116 6.5733e—17 2.6196¢—51 3.5828e - 50
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®3 ARESESHTETEYE

Table 3  Average value of different algorithms in high dimension
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HLOHTSO A 7 R F g R irmaik, X T Fé6
L F10, B AR HTSO 09 0K BEAS & i AL 15 J2& AY
WT HHO Bk HEA % . X Tk k4 F1 - F4,
HoAlh 4 PO IRAE S 4 T I E T BRI (02
HTSO #RER AT LR R85 = RS B . 25 b 0 i vl
FEEYENE HLF HTSO 588 e IR 540 75 19 SR M g
ULIATE S e DU R L Circle BRET AT Levy flight Btk 5
s X6 B B R A R B T HTSO 5K
.

Fu%iftﬂi(on Diéﬁeiion HTSO TSO GWO WOA HHO
F1 50 0 5.3393e - 228 8. 1469¢ — 20 4.0863e— 73 1. 6749e - 95
100 0 6.7693e — 228 1.7026e - 12 6.6193e— 71 6.6349¢ — 96
F2 50 4.5330e - 207 2.7757¢—-116 2.5325e—-12 5.3816e - 50 2.3497¢ - 50
100 3.3015e-203 2.4115e-113 3.4114e-08 2.5631e—50 1. 2749¢ - 49
F3 50 0 2.2206e - 212 1.7298e - 01 2.0626e + 05 7.1750e - 69
100 0 5.3853e - 203 5.3903e + 02 1. 0508e + 06 2.7236e - 56
F4 50 1.2468e - 200 1. 6344e - 112 5.2376e - 04 7.1155e+ 01 1.2114e - 48
100 2.2388e - 204 3.8186e - 111 7.6884¢-01 8.4627¢+ 01 3.0200e - 48
F5 50 7.7253e- 03 5.6084e - 01 4.7349¢ + 01 4.8261e+ 01 2.5280e - 02
100 1. 0982e - 01 9.9755e - 01 9.7751e+ 01 9.8194e+ 01 3.1969¢ - 02
F6 50 2.6491e - 04 8.5107¢—-03 2.6974 1. 2175 2.0210e - 04
100 3.3258e - 03 6. 8805¢— 02 1.0184e+01 4. 2050 3.6320¢ - 04
F7 50 8.0477e - 05 3.0993e - 04 3.2150e - 03 3.4020e - 03 9.9828e — 05
100 1.3013e - 04 4.1051e— 04 6.5696¢ — 03 3.7251e—-03 1.3730e — 04
F8 50 8.8818e - 16 8.8818e— 16 3.4925¢—-11 4.5593e—-15 8.8818e¢—- 16
100 8.8818e - 16 8.8818e¢— 16 1.2647e¢-07 4.0856e — 15 8.8818e— 16
F9 50 0 0 4.1447¢-03 5.6155¢ - 03 0
100 0 0 4.2065e¢ - 03 8.4813e-03 0
F10 50 1.3038e - 04 7.6139¢ - 04 2.1126 1.1851 1.6841e - 04
100 7.2873e 04 4.4557¢-03 6.8032 2.7710 1.5530e - 04

3.2.3 wilcoxon # fe i 1t

Xt 14 A~ 561 R F0M ST A2 1T 30 YK BUHOE B (B AN
o 22 B AR REAE — 22 B B Ll WS ) 530 3k 1 000 1k
AE AT S O0RS B L H 2 RN BB UGB HTSO 5 At 53k 2
A EE2Z S, BT, A58k H wilcoxon
TR T AGE 56 Sk 40 DT AN ) 5 9 A A 25 SRR O B M
25, O HTSO 5 H A 4 R824 523247 30 kY

RN NEEAR IEE G 0. 05 MM T TR TS . Y
wilcoxon B EE A P {E/NTF 0. 05 B, BIA 95 %19
WEACARAE , PR X LG A9 B I AP e 3 P 25 55 Y wile-
oxon BRFIKE 5 1Y P H KT 0. 05 B, W) 350 B 6 A
e e AR SRS R E 22 % A K, Hrf Nan %
NP FEAR B AR . BARAY wilcoxon Bk FAS 5 1Y
P EILE 4.
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% 4 wilcoxon B F#EIEH P &

Table 4 P-value of wilcoxon rank sum test

Fulflfilon TSO GWO WOA HHO
F1 .21le—12 1.21e—-12 1.21e—12 1.21e—-12
F2 .02e-11 3.02e-11 3.02e-11 3.02e-11
F3 .21le—12 1.21le—-12 1.21le—-12 1.21le—12
F4 .02e-11 3.02e-11 3.02e-11 3.02e-11
F5 .7le— 04 3.02e-11 3.02¢e-11 1.87¢—-07
F6 .41e— 04 3.0le-11 3.0le—11 2.32e-06
F7 .0le-07 3.34e-11 1.61e—-10 2.12¢-01
F8 Nan 1.13e—-12 4.04e—-09 Nan
F9 Nan 4.19¢—-02 4.19e¢—-02 Nan
F10 .83e-05 3.02e—11 3.02¢e—11 2.49e-06
F11 .21e-01 2.37e-11 2.37e—-11 2.88e—11
F12 .34e-01 1.22e¢-12 1.22¢-12 1.22e¢—-12
F13 .83e-01 1.82e-11 1.82e—-11 1.82e¢—-11
F14 .8le—01 1.33e—-11 1.33e—-11 1.33e—-11

N 4 AT LLE H AR 14 AN FEAEDNIR ok 2 b, 3
HTSO 54 TSO Fiki) FREE A 8 A o
BAFE R EME 2 5% HTSO 5 HHO #iEm 3
AR A 11 4D ok B0AE 7 25 M 22 = HTSO
5 H A 2 PR SRS R LA B R R
g Lrd o HTSO 5 HAh 4 Fp 50k i T8 45 51
P o A — 21 DA A I 3 bR B5OF7 7 W 35 M 22 L il T
M HTSO 5 HAl 4 Fpoxf LB SR TS R A B
xR,

4 it

TSO Bk & A R 48— Fhot s & Ak,
Bt 2 B A T A S A8 R B B DR R S
ME 2SR, ARG HTSO, 1. H
Circle BT HI f5 1b 4 46 0, 32 55 00 45 FhOE 19 3 &
81900 1 1 ) G A £10 3 Af T 1 50 DA AR TSO ik
SRR R 25 3R S RIE I B M s FLRG A Levy flight
W MR T £ B R A B P R R TE R AR B B Y
i Bt AL B — A~ 2 2% 5 I R B L R O80TSO Bk
B4 A J 38 S5 P ) R B 4 v TSO Bk SRS B s s
i 3 A AL (5 H A 4 FP O SO0 L L 4k
SIS 43 B L wilcoxon Bk AR 35) B0 ik HTSO By MERE.
SO S5 R R A ST R R R R A A LS
W52 WA A  HTSO A 5 i & B ik, 3 5

A Bk H RS e AT 1 BE Ty A SRS BE . HE S IS B 5T
L RIDE HTSO B FH 2 8 i e % A2 4k b ad
S o ) A i — 2 BiE HTSO P RE .
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Improved Tuna Swarm Optimization Algorithm Based on Hybrid
Strategy

LI Han,LI Wenjing" "

(Guangxi Key Laboratory of Human Computer Interaction and Intelligent Decision Making, School of Logistics Management and

Engineering, Nanning Normal University, Nanning, Guangxi,530001,China)

Abstract: Aiming at the shortcomings of Tuna Swarm Optimization (TSO) algorithm,such as slow conver-
gence speed and easy to fall into local optimum,an Improved Tuna Swarm Optimization Algorithm Based on
Hybrid Strategy (HTSO) was proposed. Firstly,the Circle chaotic map was used to initialize the population
and improve the richness of the population. Secondly, using the search characteristics of Levy flight random
walk in space,the amplitude of the algorithm in spiral foraging was improved,the number of times the algo-

rithm falls into local optimum was reduced,and the global optimum was found quickly. Through 14 bench-
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mark test functions, the performance of traditional TSO algorithm, HTSO, Whale Optimization Algorithm
(WOA) ,Grey Wolf Optimizer (GWQO) algorithm and Harris Hawks Optimization (HHO) algorithm was
compared under different dimensions. The simulation results show that HTSO has better optimization per-
formance and robustness than the other four algorithms in both low-dimensional and high — dimensional situ-
ations. Finally, the wilcoxon rank sum test of HTSO is carried out. The verification results show that there
are significant differences between HTSO and other comparison algorithms.

Key words: Levy flight;Circle chaotic map;tuna swarm optimization algorithm;swarm intelligence optimiza-

tion; benchmark functions
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