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2025 %

. Wilcoxon BRFIAZ K H p fH/NT 0.05, Friedman K56 i P RESE R HEA 26 1. BN G2 M EEIEW] T TWD-
MPA 5 H AW LA TR .35 22 S k.

%1 Wilcoxon % IEHFiT 4 R
Tab. 1 Statistical results of the Wilcoxon's rank sum test
TWD-MPA vs.
WOA GWO POA DBO ARO MPA MSMPA
Fy 1.21e-12 1.21e-12 1.21e-12 1.21e-12 1.21e-12 1.21e-12 0.0419
F, 1.21e-12 1.21e-12 1.21e-12 1.21e-12 1.21e-12 1.21e-12 1.21e-12
F 1.21e-12 1.21e-12 1.21e-12 1.21e-12 1.21e-12 1.21e-12 8.87e-07
Fy 1.21e-12 1.21e-12 1.21e-12 1.21e-12 1.21e-12 1.21e-12 1.21e-12
Fs 3.47e-10 3.02e-11 3.02e-11 3.02e-11 7.70e-08 3.02e-11 1.29e-06
Fg NaN 1.21e-12 1.21e-12 NaN NaN NaN NaN
Fy 3.57e-10 1.21e-12 1.21e-12 NaN NaN 1.21e-12 NaN
Fs NaN 0.0110 1.21e-12 NaN NaN NaN NaN
Fy 1.21e-12 1.21e-12 1.45e-04 1.45e-04 NaN 4.18e-11 1.03e-12
Fo 2.95e-11 2.95e-11 2.95e-11 2.95e-11 2.95e-11 2.95e-11 2.95e-11
+ /-/ = 8/0/2 10/0/0 10/0/0 7/0/3 6/0/4 8/0/2 7/0/3
#F 2 TFriedman W FHITER
Tab. 2 Statistical results of the Friedman test
PREL p-value WOA GWO POA DBO ARO MPA MSMPA TWD-MPA
Fy 1.18e-41 4 6.966 7 8 3 ) 6.033 3 1.566 7 1.433 3
F, 3.17e-41 3.966 7 6.633 3 8 3.033 3 5 6.366 7 2 1
F, 3.84e-41 8 5.700 0 7 3.033 3 3.966 7 5.300 0 1.800 0 1.200 0
F, 1.18e-41 7.933 3 6 7.0667 3 4 5 2 1
Fs 2.17e-32 5.066 7 6.233 3 8 4.500 0 3.066 7 5.400 0 2.500 0 1.233 3
Fs 8.73e-42 3.500 0 7 8 3.500 0 3.500 0 3.500 0 3.500 0 3.500 0
Fy 6.25e-41 4.666 7 7 8 2.5833 2.5833 6 2.5833 2.5833
Fy 3.55e-34 3.900 0 4.766 7 7.833 3 3.900 0 3.900 0 3.900 0 3.900 0 3.900 0
Fy 6.84e-30 7.233 3 7.433 3 3.783 3 3.800 0 2.200 0 4.633 3 4.716 7 2.200 0
Fo 4.26e-35 6.700 0 6.600 0 4.933 3 7.100 0 4.466 7 2.666 7 2.533 3 1
B {E — 5.4967 6.4333 7.0617 3.7450 3.7683 41.8800 2.7100 1.9050
put: — 6 7 8 3 1 5 2 1
TF SRR D R L.
4 & I
AR SR = 3R SRS =3 MR 7 A SE 3R Tk 57 1) S8 AR ke S0t T Y A B R L e AN R W R R o

EANANY

MSLHY 3 A I XA S R 1 20 501 SR BOAS [] SR WS 0 A7 BT AT R00B i 1 R 22 R L AT S S i R B A
Jay ¥ e DG b AR ST LI v 5 | AP 3 ) 2 R AR AU AR RO L i — A T SRR A B AR S T R
F 10 A~ 35 o 00 3K PR £ F L S50 Fe B L AR SCER R 9 TWD-MPA B33 78 300 K6 B R i S o 13 46 1k e 4 A |
HA B WO

Bt Sk B FhR (DOT:10.16366/j.cnki.1000-2367.2024.04.12.0002).
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Marine predator algorithm based on three-way decision

Fang Jing', Wan Renxia'*", Miao Duoqgian'"’

(1. a. College of Mathematics and Information Science; b. Ningxia Key Laboratory of Intelligent Information and Big Data Processing North Minzu

University, Yinchuan 750021, China; 2. Department of Computer Science and Technology, Tongji University, Shanghai 201804, China)

Abstract: In response to the limitations of the traditional marine predator algorithm—specifically its slow convergence
speed, low solution accuracy, and susceptibility to local optima, a marine predator algorithm based on three-way decision
(TWD-MPA)is proposed in this paper. According to the ratio of the distance between individuals, the prey is classified into
positive, negative and boundary regions. with different strategies implemented to update the prey among these three regions.
The step size control and inertia weight coefficient strategies are incorporated to balance the algorithm’s exploration and exploi-
tation capability. TWD-MPA was subjected to a comparing test against other seven optimization algorithms across 10 bench-
mark test functions. The results demonstrated TWD-MPA'’s superior performance in terms of solution accuracy, convergence
speed, and stability compared to the other tested algorithms.

Keywords: marine predator algorithm; three-way decision; step size control; inertia weight; boundary region
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Tab. S1 Information of benchmark test functions
PRI 24 B PRI O 7 i3S TE S 527
F 1 :Sphere Fi(o) = 27" af 50 [—100,100] 0
F;:Schwefel 2.22 Fy(x) = 27:1 | &, [+ HLI | &, | 50 [—10,10] 0
F;:Schwefel 1.2 Fi(x) = ETLI(E; Ixj)z 50 [—100,100] 0
F, :Schwefel 2.21 Fi(x) = max, {| x;, [, 17 <n} 50  [—100,100] 0
F5: Quartic F;(x) = E,Llil‘} + random[0,1) 50 [—1.28,1.28] 0
Fs :Rastrigin Fs(o) = 23" [} —10cos2mr,) +10] 50 [—5.12,5.12] 0
F7:Ackley Fr(a) = —20exp(— 0.2, /= S ES) Cexp( D) (cos(2mr,)) +20+e 50 [—32.,32] 0
n i= n i=
. .. - 1 n ' n ) i B B
Fs:Griewank Fs(x) = 1000 21:11) H’:lcos(ﬁ ) +1 50 [—600,600] 0
1 25 1 =
Fo(x) = (——+ >, ) - -
Fy :Foxholes 9 j— 2 .53,65.5
9 : Foxholes 5 000 j=1 i+ E’:1<1', 74,])6 2 [65.53,65.53] 1
ECHE I N
F1 :Kowalik Fio(o) = 2 [a;— 54— 207 4 [—5.5]  0.0003
i=1 b, +b,x, +x,
xS2 SHEE
Tab. S2 Parameters settings
Ak ZH Bk S8
WOA b=1 ARO r L0 1] R BEHLEL
GWO rosry ALOL T A REHLEL MPA p=0.5,F4=0.2
POA N =5.C, =0.2 MSMPA p=0.5,F;=0.2
DBO p»=0.2 TWD-MPA p»=0.5,Fg=0.2
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Tab. S3 Experimental results of optimization algorithms in ten benchmark functions

PREL bR WOA GWO POA DBO ARO MPA MSMPA TWD-MPA
F, Ave 6.20E-74 8.04E-20 9.07E-06 6.82E-116 8.98E-57 4.19E-21 0.00E+00  0.00E+00
Std 2.79E-73 1.16E-19 6.31E-06 3.70E-115 4.59E-56 5.50E-21 0.00E+00  0.00E+00
Max 1.51E-72 4.78E-19 2.62E-05 2.03E-114 2.51E-55 2.43E-20 0.00E+00  0.00E+00
Min 4.57E-85 1.43E-21 1.48E-06 4.71E-166 4.77TE-67 9.36E-23 0.00E+00  0.00E+00
F, Ave 2.55E-49 2.44E-12 1.11E-03 2.28E-53 5.44E-32 2.15E-12 9.76E-165 0.00E+00
Std 9.73E-49 1.29E-12 7.24E-04 1.25E-52 1.31E-31 2.59E-12 0.00E+00  0.00E+00
Max 5.16E-48 6.28E-12 2.91E-03 6.85E-52 5.59E-31 1.16E-11 2.93E-163 0.00E+00
Min 1.55E-56 7.02E-13 3.55E-04 3.35E-80 1.24E-38 3.43E-14 5.81E-193 0.00E+00
F; Ave 2.06E+05 1.85E-01 1.38E+03 3.13E-25 5.38E-41 5.96E-02 1.48E-285 0.00E+00
Std 5.75E+04 3.36E-01 6.23E+02 1.71E-24 1.70E-40 1.04E-01 0.00E+00  0.00E+00
Max 3.56E+05 1.61E+00  3.09E+03 9.39E-24 8.46E-40 3.93E-01 4.43E-284 0.00E+00
Min 9.52E+04 3.24E-03 4.96E+02 7.30E-153 1.02E-56 1.54E-07 0.00E+00  0.00E+00
F, Ave 6.32E+01 5.00E-04 1.43E+01 3.13E-50 9.31E-23 2.71E-08 1.92E-157 0.00E+00
Std 2.54E+01 4.10E-04 2.49E+00 1.68E-49 3.22E-22 1.08E-08 9.38E-157 0.00E+00
Max 9.34E+01 1.60E-03 1.94E+01 9.21E-49 1.70E-21 4.91E-08 5.13E-156 0.00E+00
Min 1.27E+01 6.48E-05 9.10E+00 7.15E-77 1.09E-28 1.19E-08 1.00E-186 0.00E+00
F; Ave 3.32E-03 3.37E-03 1.23E-01 1.28E-03 6.70E-04 1.97E-03 3.23E-04 7.15E-05
Std 3.50E-03 1.50E-03 4.25E-02 8.10E-04 5.46E-04 9.38E-04 3.20E-04 7.04E-05
Max 1.20E-02 7.61E-03 2.74E-01 3.86E-03 2.26E-03 3.96E-03 1.12E-03 3.09E-04
Min 3.86E-05 1.37E-03 4.70E-02 3.85E-04 8.24E-06 4.54E-04 1.35E-05 1.05E-05
Fs Ave 0.00E+00 4.57E400  4.75E+01  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Std 0.00E+00 5.61E400 1.58E+01  0.00E+00  0.00E+00  0.00E+00 0.00E+00 0.00E+00
Max 0.00E+00 2.03E+01 1.08E+02  0.00E+00 0.00E+00 0.00E+00 0.00E4+00 0.00E+00
Min 0.00E+00 1.14E-13 2.89E+01  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Fs Ave 4.91E-15 3.90E-11 3.54E+00 8.88E-16 8.88E-16 8.02E-12 8.88E-16 8.88E-16
Std 2.42E-15 1.98E-11 7.44E-01 0.00E+00  0.00E+00 4.65E-12 0.00E+00  0.00E+00
Max 7.99E-15 1.13E-10 4.71E+00 8.88E-16 8.88E-16 2.24E-11 8.88E-16 8.88E-16
Min 8.88E-16 1.41E-11 2.08E+00 8.88E-16 8.88E-16 1.97E-12 8.88E-16 8.88E-16
Fyg Ave 0.00E+00 2.65E-03 5.14E-03 0.00E+00  0.00E+00 0.00E+00 0.00E+00  0.00E+00
Std 0.00E+00 6.17E-03 8.06E-03 0.00E4+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00
Max 0.00E+00 1.98E-02 2.71E-02 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00
Min 0.00E+00  0.00E+00 1.59E-05 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00
Fy Ave 2.83E+00  3.33E+00 1.49E400 1.59E+00 9.98E-01 9.98E-01 9.98E-01 9.98E-01
Std 2.99E400  3.11E400 1.32E+00 1.84E+00  0.00E+00 1.51E-16 2.30E-16 0.00E+00
Max 1.08E+01 1.08E+01 5.93E+00 1.08E+01 9.98E-01 9.98E-01 9.98E-01 9.98E-01
Min 9.98E-01 9.98E-01 9.98E-01 9.98E-01 9.98E-01 9.98E-01 9.98E-01 9.98E-01
Fo Ave 7.00E-04 5.09E-03 4.25E-04 7.79E-04 3.09E-04 3.07E-04 3.07E-04 3.07E-04
Std 4.96E-04 8.58E-03 3.28E-04 3.97E-04 4.25E-06 3.44E-15 3.06E-15 2.23E-19
Max 2.25E-03 2.04E-02 1.59E-03 1.91E-03 3.24E-04 3.07E-04 3.07E-04 3.07E-04
Min 3.08E-04 3.07E-04 3.07E-04 3.07E-04 3.07E-04 3.07E-04 3.07E-04 3.07E-04

TE « BB SR A A



