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Table 1 Search results with different @ values

@ S HRAE brifE:

1 1.4275x10* 5.1651x10* 4.4247x10%
1.5 2.9239x107* 3.7552x107 1.3173x107
2 1.043 5x10°™ 5.1667x10°" 4.2855x107
2.5 3.8230x10" 8.348 5x10°" 2.3260x10*
3 1.7396x107* 2.5809x107* 6.760 110
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Table 2 Benchmark test function

fiw=>"x 20 [~100,100] 0
i=1
H@ = l+ [l 20 [~10,10] 0
i=1 i=1
f3(x) = max {|x;[} 20 [~100,100] 0
)= (% +05) 20 [~100,100] 0
i=1
fs(0) = Zx;urandom [0,1) 20 [-1.28.1.28] 0
i=1
fs =3 lal™ 20 [-1.1] 0
i=1
A@==3"[usin (v5)] 20 [~500,500] ~8379.66
i=1
K=" (x,.l— 10cos (2mx;) + 10) 20 [-5.12,5.12] 0
i=1
fo(x) = —20exp (—0.2 1/ % ;xf) —exp (% Z;em(Zm)) +20+e 20 [-32,32] 0
_ l eT i _
fo@ = 1oos ;x, L[cos ( \G) +1 20 [~600,600] 0
. n-1
fu=~ {IOsin2 @)+ =17 (1 +10sin? (yis )) +
"Zn‘ 20 [50,50] 0
On— 1)2} + > u(x,10,100,4)
i=1
-1
25 1
fo= 0002+ ———————— 2 [-65.53,65.53] 1
J= ]+Z ()C —dai )
2
i (b +b; Xz) A o5 \
7 -5, 3.075 % 10
fa= Z “ b2 +bix3 + x4 (=3 :
X 51, 5 1
fuu@=(xn-"Sx2+= N 11 +10 - — )cosx; +10 2 [-5,10] 0.398
T4 8
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Table 3 Comparison of benchmark test function results
WA PREL Rl
MIMA IMA PSO GWO SCA IMA2 TCMA
fi 1.486x10™"” 6.023x10™% 2.007 1.945x10°% 2.717x10°° 1.229x10™* 2.310x107*"
b 7.613x10° 2.106x107"° 8.188x10™" 2.540x107* 1.844x10”° 1.576x107* 6.570x10'
5 9.818x10* 2.106x10°° 8.653x10"' 3.919x107" 5.631x10" 4.224x10* 2.976x10*
fa 4.930x107* 1.972x107 2283 4.616x10™" 2.048 0 2.465x107%
f5 1.254x10™ 5.163x107° 5.900x107 6.322x107" 6.508x107 3.237x107° 4.164x10
fo 1.864x10 " 7.675x107" 4.774x10°" 2.650x10* 4.803x10”° 2.972x107" 2.413x107"
fr —7.445%10° —6.881x10° -5.169x10° —6.130x10° -3.234x10° —8.380x10° —6.557x10°
fs 0 2815 1.909x10' 4.887x10"" 2379 3.317x10" 4.345
fo 8.882x107"° 1.182 1.840 1.489x107" 8.627 2.599x10™ 1.614
fio 0 3.780x107 1.764x107" 1.776x10°° 6.454x107 2.254x107° 2.146x107"
S 2.382x107 3.421x107 4.423x107 3.328x107 2.622x10”" 2.408x10 5.183x107°
fia 9.980x10"" 9.980x10"" 1.267x10" 4.131 9.982x10™" 9.980x10"" 9.980x10""
fis 3.075x107* 3.075x10™ 6.628x10 4.376x10°° 9.713x10™ 1.645x107° 3.075x10™"
fia 3.979x10" 3.979x10™" 3.979x107' 3.979x10"" 3.987x10"" 3.979x10™" 3.979x107"
B i
MIMA IMA PSO GWO SCA IMA2 TCMA
h 5.722x10"% 8.786x10% 6.672x10" 8.155x10°* 1.571x10™ 146810 2.017x10™"
£ 1.450x10™” 1.962x107° 5.817x10"" 3.137x107% 6.787x10™" 2.663x107° 5.440x10
f 1.010x10™” 5.682x10° 4711x10™" 8.026x10 " 6.846x10°° 4.710x10°° 1.529x10°°
fi 0 0 1.175 1.410x10° 1.579 0 0
f5 1.227x107 1.762x107° 9.874x10™* 1.539x10™* 4.763x10™" 1.334x107 1.468x107
fo 0 3.927x107 4.576x10” 9.344x10>" 9.462x10% 1.576x10™” 1.037x10°*
f —7.926x10° —7.787x10° -1.506x10° -8.067x10° —3.824x10° —8.380x10° —7.432x10°
fs 0 5.684x10™" 8.689 0 5.684x107" 0 9.950x10""
fo 8.882x10 " 2.931x10™ 1.015 7.994x10" 1.877x10°* 7.994x10" 6.401x10°°
fio 0 0 4317x10° 0 8.378x107" 0 0
fin 2.356x107" 2.356x107" 7.751x107° 6.514x107 1.546x10™" 2.356x10 2.356x10
fi2 9.980x10"" 9.980x10”" 1.267x10' 9.980x10"' 9.980x10”" 9.980x10"' 9.980x10"'
fis 3.075x107" 3.075x10™ 3.166x107 3.075%x107" 3.436x10™ 3.075x107" 3.075x107"
fia 3.979x10™" 3.979x10™" 3.979x10™" 3.979x10™" 3.979x10™" 3.979x10™" 3.979x10™"
W il
MIMA IMA PSO GWO SCA IMA2 TCMA
fi 0 1.887x107 7.375x10" 3.560x10°% 1.025x10”7 2.807x10* 7.722x10*
f 1.161x10™" 1.043x10™ 1.153x10™" 2.434x107° 4.370x10”° 6.994x10 2.832x107%
5 4.279x10°% 6.188x107° 1.758x10™" 6.989x10°" 1.159 7.688x107* 1.555x10™"
fa 2.415x107 7.542x10 7.023x10™" 2.647x10"" 2.190x10™" 0 1.121x10
f5 1318107 2.830x107° 3.497x107 3.159x107* 5.658x10°° 1.292x107° 2.459x107
fs 0 4.000x10" 3.824x10°° 0 1.413x10°° 1.590x107"" 8.527x10"
1 2.102x10° 3.168x10° 2.053%10° 6.476x10° 2.169x10° 1.012x10™" 3.688x10°
f 0 1.888 5.034 1.946 5.766 6.957x10™" 1.441
fo 0 7.940x10"" 5.516x10"" 2.602x107" 9.000 1.917x10™" 7.649x10""
fio 0 5.098x107 6.514x107 5.066x10° 1.382x10™" 2.578x107 3.280x107"
S 5.825x107 7.800x10° 3.926x10° 1.549x107° 4.723x10° 1.187x10 2.791x10°
fi2 7.022x107" 1.088x10°"° 2.139x10" 4.107 439810 9.065x107" 1.147x107"
fis 3.048x107" 1.870x10™" 2.497x107 7.997x10° 4.014x10™ 5.003x107 3.278x107™"
fia 3.331x10 " 3.331x10°" 2.714x10°° 4.969x10°° 8.580x10°* 3331107 3331107
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Table 4 p-value for Wilcoxon’s rank-sum results

TS NER A IMA PSO GWO SCA IMA2 TCMA
fi 3.0199x10™" 3.0199x10™" 3.0199x10™" 3.0199x10™" 3.0199x10™" 3.0199x10™"
f 3.0199x10™" 3.0199x10 " 3.0199x10™" 3.0199x10™" 3.0199x10 ™" 3.0199x10™"
5 3.0199x107" 3.0199x10™" 3.0199x10™" 3.0199x10™" 3.0199x10™" 3.0199x10™"
fa 7.4577x107° 2.3638x10" 2.3638x107" 2.3638x107" 1.607 4x10™" 3.0199x10™"
f5 3.0199x10™" 3.0199x10™" 7.389 1x10™" 3.0199x10™" 3.0199x10™" 3.0199x10™"
f 6.478 9x10 " 6.4789x10 6.478 9x10 6.478 9x10 " 6.478 9x10 " 6.4789x10
i 2.5306x107 3.0199x10™" 9.0632x10™° 3.0199x10™" 2.4306x107" 2.1947x107°
fs 2.5306x10" 3.0199x10™" 9.0632x10°° 3.0199x10™" 4.5270%x107" 1.2118x10™"
fo 1.2108x10™" 1.2118x10™" 2.0341x10™" 1.2118x10™" 1.060 9x10 " 1.2118x10™"
fio 5.7720x10™" 1.2118x10™7 8.1523x107 1.2118x10™" 1.656 0x10 ™" 2.9112x10°
fu 1.1529x10”° 2.9729x107" 2.9729x10™" 2.9729x10™" 3.1958x1077 1.473 5x107
fi2 3.049 0x10™" 3.1578x10" 1.988 1x10™" 4.3909x10™" 7.8056x10™" 6.3241x10""
fiz NaN 1.2118x10™"2 1.211 8x10 2 1.211 8x10 NaN 8.140 4x1072
fia NaN 1.2118x107" 1.2118x10™" 1.2118x107" NaN NaN

TE: NaNFTRBIEMERERH Y
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Table 5 Experimental results of ablation

R PREL el
IMA CMA GMA MIMA
fi 6.023x10™ 4.459x107" 8.516x10°"° 1.486x107"
£ 2.106x107'° 1.159%10™ 1.604x10™% 7.613x107"
f 2.106x107° 2.058x10°° 2.844x10" 9.818x10°*
fa 1.972x107% 7.396x107* 1.761x10" 4.930x107*
f 5.163x107 2.098x107° 1379107 1.254x107*
I 7.675x107* 6.998x107 7.204x107"7 1.864x107*
1 —6.881x10° —7.233x10° —7.105x10° —7.445x10°
f 2.815 1.678 0 0
fo 1.182 4.370x10™" 8.882x107" 8.882x107"
fio 3.780x107 0 0 0
fin 3.421x107 1.662x107 1.960x107"' 2.382x107
fi2 9.980x10"" 9.980x10™" 9.980x10™" 9.980x10""
fi3 3.075x10™* 1.310x107° 3.075x10™* 3.075x10™
fia 3.979x107" 3.979x10™" 3.979x10™" 3.979x107"
D PR s
IMA CMA GMA MIMA
fi 8.786x10™" 4.162x107"7" 4.062x10™"* 5.722x107"
£ 1.962x107° 3.206x10% 4.226x10™ 1.450x10™”
S 5.682x10° 1.443x10 9.776x10"* 1.010x10™”
fa 0 0 0 0
f5 1.762x107 3.955x10 5.288x10°° 1.227x107
fs 3.927x10” 1.580x10 > 7.363x10 0
fa —7.787x10° —7.906x10° —7.906x10° -7.926x10°
fs 5.684x10™" 0 0 0
fo 2.931x10™ 8.882x107"° 8.882x107"° 8.882x107"°
fio 0 0 0 0
fun 2.356x10 2.356x10 2.404x10 2.356x10
Sz 9.980x10"" 9.980x10™" 9.980x10™" 9.980x10"'
fi3 3.075x107" 3.075x107™ 3.075x107" 3.075%x107"
fia 3.979x10" 3.979x10" 3.979x10" 3.979x10"
HUIPRWEE S i
IMA CMA GMA MIMA
fi 1.887x1077 2.425x10™" 5.945x107"% 0
f2 1.043x10™ 1.268x10™* 1.123x10™ 1.161x107”
5 6.188x107 9.700x10° 1.240x107° 4.279x10°"
fa 7.542x10% 2.927x107 5.428x107" 2.415%107
s 2.830x107° 1.350x107° 1.045x10™ 1.318x10™"
fs 4.000x107" 0 0 0
f 3.168x10° 2.789x10° 4.038x10° 2.102x10°
£ 1.888 2.873 0 0
fo 7.940x10"" 4.974x107"° 0 0
fio 5.098x10 0 0 0
f 7.800x10 5.627x107 5.236x10"" 5.825x107*
fi2 1.088x107' 5.439x107" 2.259x107"° 7.022x107"
fi3 1.870x107" 4371x107 2.341x107" 3.048x107"

fia 3.331x107" 3.331x107" 0 3.331x107"
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Multi-strategy fusion improved adaptive mayfly algorithm
JIANG Yufei, XU Xianze', XU Fenggiu, GAO Bo
(School of Electronic Information, Wuhan University, Wuhan 430072, China)

Abstract: This paper proposes the multi-strategy fusion improved adaptive mayfly algorithm (MIMA), which
addresses the shortcomings of the improved mayfly algorithm, including its low adaptive ability, minimal population
diversity, and poor global search performance. Firstly, Sin chaos mapping was used to initialize the mayfly population
so that the population could be uniformly distributed in the solution space, which improved the initial population
quality and enhanced the global search ability. Second, in order to improve the local optimal escape ability, control
population density, and boost population diversity, individuals in the population were exposed to Gaussian variation
and Tent chaos mapping. Then, the incomplete gamma function was introduced to reconstruct the adaptive dynamic
adjustment of gravity coefficients to establish a better balance between global search and local exploitation ability,
which in turn improved the convergence accuracy of the algorithm and facilitated the potential of global search to find
the optimal solution. Finally, the random opposition-based learning (ROBL) strategy was adopted to enhance the
global search ability, improve the convergence speed and enhance the stability. To demonstrate the efficacy and
dependability of the four improvement measures, the algorithms were compared using the classical test function set
and their optimization effect was examined using the Wilcoxon rank sum test. The experimental results show that
compared with other algorithms, the MIMA has better searching accuracy, convergence speed, and stability.

Keywords: mayfly algorithm; chaotic mapping; Gaussian mutation; adaptive dynamic adjustment; random

opposition-based learning
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