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Tab. 1 The 12 test functions used in this paper

W4 ] il i BRI HIURE R
f1 Sphere function L ATES [—100,100]"
fo Sch's 2.22 function = AES [—5.5]"
e Quadric function LA ES [—100,1007"
Fu Sch's 2.21 function B [—100,100]"
fs Step function A ES [—100.1007"
S Quadric noise function LGNy [—1.28,1.287"
fr Rosenbrock function EA3 [—10, l()]D
fs Schwefel function Z Ik [—500,5007"
fo Rastrigin function L [—5.12,5.127"
S0 Noncontinuous Rastrigin function EA3 [—5.12 ,5,]2][)
fu Ackley function Lk [—32 ,32][)
f12 Griewank function EA13 [—600,600]"
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Tab. 2 The mean and standard deviation results of GSDE and state-of-the-art DEs

[i) GSDE MDE DDE-ARA LSMDE
i 2.45E+0444.50E+03 3.22E+052+4.20E+04(+) 6.84E+04+8.25E+03(+) 8.41E+04+1.19E+04(+)
S 1.77E4+02+1.11E+01 7.62E+02+5.32E+01(+) 2.80E+02+2.15E+01(+) 3.78E+02+£2.49E+01(+)
I3 2.34E+06+7.39E+05 2.61E+06+9.06E+04(~) 6.12E+05+7.51E+04(—) 4.68E+04+2.36E+03(—)
fa 3.71E+01£2.60E+00 4.54E+01£1.39E+00(+) 3.91E+01%£3.34E+00(~) 2.05E+01£1.05E+00(—)
fs 4.55E+04+3.70E+03 3.40E+05+3.93E+04(+) 8.35E+04+7.77E+03(+) 8.10E+04+1.27E+04(+)
S 6.41E+02+7.34E+02 1.50E+04+3.56 E+03(+) 8.63E+02+3.61E+02(=) 1.78E-04+1.80E-04(—)
f7 8.29E+04+1.71E+04 2.73E+06+4.62E+05(+) 2.80E+05+7.02E+04(+) 2.50E+05+5.31E+04(+)
fs 2.20E+05+8.21E+03 3.43E+05+2.75E+03(+) 2.52E+05+8.04E+03(+) 3.62E+05+1.38E+04(+)
S 2.62E+03+2.06E+02 8.99E+03+2.12E+02(+) 3.42E+03+1.78E+02(+) 6.94E+03+4.13E+02(+)
F1o 4.96E403+2.56E+02 8.78E+03+2.20E+02(+) 4.07E+03+1.94E+02(—) 6.31E+03+3.58E+02(+)
fu 1.20E40143.33E-01 2.00E+01£8.35E-05(+) 1.11IE+0142.14E-01(—) 1.05E+0143.25E-01(—)
Sz 2.11E+02+2.77E+01 2.87E+03+3.23E+02(+) 6.31E+02+1.02E+02(+) 7.70E+02+7.05E+01(+)
+/x~/— NA 11/1/0 7/2/3 8/0/4
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4 1 FH Jmy R .

25 LAl AL, GLM Fil GEM 1y GSDE B P AN AZ 0 FAEH, 43 50l DA 4 Jay 8 26 0 ) 35 JF 2 7 A4t B 2 7 T
BV ERE. LR GLM & H 55 5k 0 & /MR EEH1 0 KB GEM W52 i 55 325 7 W S BEX gk 14 RS 448
fLBE 7.5 F W R VE M B T GSDE 2403k B 471 A6 P Ak 10 o 2 S 4.
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Tab. 3 The mean and standard deviation results of GSDE variants with different mutations

[ R GSDE GLDE-w/0o-GLM GLDE-w/0-GEM

f1 2.45E+04 & 4.50E+03 5.45E+04 + 1.18E+04(+) 3.03E+04 + 2.09E+03(+)
S 1.77E+02 + 1.11E401 1.85E+02 & 1.89E+01(~) 1.66E+02 & 1.05E401(—)
f3 2.34E406 & 7.39E+05 2.56E+06 £ 7.29E+05(=) 1.16E+05 = 9.50E+03(—)
S 3.71E+01 £ 2.60E+00 5.72E+01 + 4.10E+00(+) 3.74E+01 + 1.43E+00(=)
fs 4.55E404 + 3.70E+03 1.15E405 + 1.96E4+04(+) 4.45E404 + 4.54E+03(=)
S 6.41E402 & 7.34E+02 2.19E404 £ 5.67E+03(+) 3.24E+03 £ 2.20E+03(+)
f1 8.29E+04 + 1.71E+04 4.89E+05 £ 2.06E+05(+) 6.90E+04 + 1.36E+04(—)
fs 2.20E+05 + 8.21E+03 1.57E405 4+ 4.52E+03(—) 2.57TE+05 + 8.37E+03(+)
fo 2.62E403 & 2.06E+02 2.59E403 £ 2.90E+02(=) 2.58E403 & 2.23E+02(=)
f1o 4.96E+03 & 2.56E+02 3.48E+03 £ 2.87E+02(—) 5.36E+03 £ 3.57E+02(+)
S 1.20E+01 4 3.33E-01 1.97E401 + 1.02E400(+) 1.86E+01 + 3.50E+00(+)
Var 2.11E+02 + 2.77E+01 4.88E+02 £ 8.80E+01(+) 1.88E+02 & 3.02E401(—)

+/x/— NA 7/3/2 5/3/4
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3.6 ERRIERMINIR
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Tab. 4 The test results on large-scale heliostat field optimization instances

W3t 52 6] GSDE MDE DDE-ARA LSMDE
T, 8.01E-01+8.34E-03 7.64E-014+1.09E-02(+) 7.62E-014+9.22E-03(+) 7.82E-01+9.27E-03(+)
T, 8.02E-0146.64E-03 7.67E-014£9.74E-03(+) 8.06E-014£9.27E-03(~) 7.69E-0148.35E-03(+)
T 8.02E-0147.76E-03 7.84E-0147.68E-03(+) 7.87E-0127.69E-03(+) 7.85E-0146.01E-03(+)
T, 8.13E-01+7.79E-03 7.90E-0147.18E-03(+) 7.83E-0146.56 E-03(+) 8.12E-01+6.90E-03(~)
T; 8.15E-0146.57E-03 7.92E-0146.65E-03(+) 8.28FE-0146.88E-03(—) 7.95E-01+7.08E-03(+)
Ts 8.14E-0145.16E-03 7.58E-014-8.03E-03(+) 8.01E-012-9.24E-03(+) 7.85E-014:7.35E-03(+)
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Bt 5% B F R (DO1:10.16366/j.cnki.1000-2367.2025.07.11.0001).
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Gumbel sampling-based differential evolution

Zhang He'*, Wang Chuan'®, Li Jianyu®

(1. a. Faculty of Education; b. College of Software, Henan Normal University, Xinxiang 453007, China;
2. College of Artificial Intelligence, Nankai University, Tianjin 300350, China)

Abstract: To address the issues of insufficient search diversity and premature convergence in differential evolution when
solving complex optimization problems, this paper proposes a novel Gumbel sampling-based differential evolution. The pro-
posed algorithm incorporates two innovative mutation strategies. The first is a Gumbel learning-based mutation strategy, which
enhances the quality of generated individuals by applying Gumbel sampling to high-quality solutions. The second is a Gumbel
sampling-based elite mutation strategy, which conducts local search around elite individuals using the Gumbel distribution to
strengthen local exploitation. The combination of these two strategies effectively improves both population diversity and search
precision. Extensive experiments were conducted on various benchmark functions and real-world applications, comparing the
proposed algorithm with several state-of-the-art DE variants. Experimental results show that the proposed algorithm outper-
forms the compared algorithms on most test problems, exhibiting superior global search ability, convergence speed, and ro-
bustness. This study provides an effective new approach for solving complex optimization problems with intelligent evolutionary
techniques.

Keywords: differential evolution; gumbel sampling; mutation strategy; global optimization; evolutionary computation

[REHRKR BRER #HH#]



X

= S1
Tab. S1

GSDE 5#iif DE &% 7 IEEE CEC 2025 ZE X EMNLHER
Experimental results of GSDE and advanced DEs on IEEE CEC 2025 benchmark

[i] 725t

GSDE

MDE

DDE-ARA

LSMDE

Fy
E»
F;
Fy
Fs
Fs
Fy
Fs
Fy
Fo
Fu

Fip

Fu
Fis
Fis
Fy
Fis
Fig

FZ()

/e~

0.00E+0020.00E-+00
8.91E-01+£2.73E+00
2.48E+0143.34E+01
4.77E4+01£2.31E+01
5.45E-07+1.92E-07
8.42E+01+1.94E+01
4.33E4+01£1.93E+01
8.88E-01+1.84E+00
3.31E+03%6.23E+02
1.83E+01=E1.64E+401
1.12E+04£6.58E403
1.09E+024+4.44E+01
2.52E+01%1.53E+01
1.34E+01£6.32E+00
6.29E+02+1.42E+02
1.40E+02£7.63E401
2.30E+0242.82E+02
1.18E+01£4.47E+00
1.66E+0249.95E+01
2.33E+02+1.72E+01
8.73E+01+1.36E-01
3.89E+02+2.51E+01
4.84E+02£2.80E+01
3.65E+024+1.36E+00
1.42E+03£5.12E402
5.16E+0228.55E+00
3.04E+0244.55E+01
6.03E+02+6.68E+01
4.01E40323.05E+03

NA

3.41E-074+2.78E-07(+)
1.68E+03+8.96E+02(+)
6.01E+012=1.82E+01(+)
1.86E+02£1.02E4+01(+)
3.10E-05+1.19E-05(+)
2.12E+02+1.19E+01(+)
1.88E+02£1.17E+01(+)
0.00E+00£0.00E+00(—)
7.19E+03+£2.61E+02(+)
6.10E+0121.05E+01(+)
8.17TE+03£5.47E+03(—)
9.02E+01+=1.16E+01(—)
6.67E+0126.09E+00(+)
4.37TE+01£4.04E+00(+)
1.37E+03+2.22E4+02(+)
1.01E+02£5.38E4+01(+)
4.25E4+01£3.61E+00(—)
2.88E+014+2.96E+00(+)
6.39E+0122.23E+01(—)
3.79E+0249.25E+00(+)
1.00E+02£8.32E-10(+)
5.29E+02+1.23E+01(+)
5.97E+02+1.44E+01(+)
3.87E+02+£4.72E-01(+)
2.57E+03+1.31E+02(+)
4.79E4+02x£1.23E+01(—)
3.13E+024£3.52E+01(+)
9.09E+02+1.46E+02(+)
247E+03E1.77E+02(—)

22/0/7

0.00E+00=£0.00E+00(=)
1.02E+00=£3.13E4+00(+)
2.91E+01%3.22E+01(+)
5.11E+014+2.16E+01(+)
5.56E-07+1.87E-07(=)
9.08E+01%=2.35E+01(+)
4.51E4+01£1.94E+01(>)
9.57E-014+2.09E+00(+)
3.68E+035.49E+02(+)
1.92E+01£1.39E4+01(+)
1.22E+04£7.40E+03(+)
1.20E+02+4.62E4+01(+)
2.82E+01%=1.43E+01(+)
1.40E+01£6.70E+00(=)
6.63E+02+1.72E+02(—)
1.48E+02£6.49E4+01(+)
2.60E+0243.03E+02(+)
1.33E+01+4.44E4+00(+)
1.81E+02£9.01E401(+)
2.40E+024£1.96E+01(+)
1.00E+02£1.66E-01(+)
4.41E4+02£2.09E+01(+)
5.08E+0242.70E+01(+)
3.86E+024+1.48E+00(+)
1.59E+03+4.45E4+02(+)
5.24E+0227.58E+00(=)
3.30E+024+4.83E+01(+)
6.33E+02+8.14E+01(+)
4.69E+03=x£2.76E403(+)

23/5/1

3.28 E-07+2.65E-07(+)
1.65E-+03+8.94E+02(+)
6.12E+014+2.15E+01(+)
1.70E+02+9.48E+00(+)

2.92E-05+1.35E-05(+)
1.98E+02+1.36E+01(+)
1.95E+02+1.38E+01(+)
0.00E+0040.00E+00(—)
7.36E+03+2.21E+02(+)
5.93E+01+£1.23E+01(+)
7.62E+034+5.43E+03(—)
8.38E+01+1.18E+01(—)
6.39E+0146.53E+00(+)
4.52E+0144.22E+00(+)
1.41E-+03+2.52E+02(+)
9.42E+0145.07E+01(+)
4.26E+014+3.17E+00(—)
2.62E+0142.74E+00(+)
6.57E+01+2.01E+01(—)
3.48E+024+1.05E+01(+)
9.52E+01+8.69E-10(+)
5.25E4+024+1.18E+01(+)
6.19E+024+1.19E+01(+)
3.72E+02+5.08E-01(~)
2.33E4+03+1.19E+02(+)
4.37E+02+1.15E+01(—)
3.25E+0243.53E+01(+)
9.08E+02+1.66E+02(+)
2.58E+034+1.64E+02(—)

21/1/7




