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Abstract

To address the shortcomings of the original Chinese Pangolin Optimizer in the middle and late
stages, including slow convergence, insufficient local exploitation, and limited solution accuracy, an
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improved Chinese Pangolin Optimizer is proposed in this paper. The proposed method employs
chaotic opposition-based initialization to improve the initial population quality, uses a stage-adap-
tive mechanism to balance early exploration and late exploitation, and introduces differential evo-
lution enhancement together with local refinement to accelerate convergence and improve accu-
racy. The mean value, standard deviation, and Wilcoxon rank-sum test are used for quantitative
analysis. Experimental results demonstrate that the proposed algorithm outperforms the original
algorithm in overall performance and shows good potential for numerical optimization applica-
tions.
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Table 1. Benchmark functions

F 1 EERY

R B RE iy EE v

F1 Zakharov Hg 30 [-5, 10]

F2 Shifted Sphere g 30 [~100, 100]

F3 Schwefel A 30 [-500, 500]

F4 CEC-Style F7 EQ 3 15 [~100, 100]

F5 Shekel’s Foxholes [2] 5 24 2 [-65.54, 65.54]

F6 Goldstein-Price E Y 2 [-2,2]

F7 Six-Hump Camel [&] 7€ 4 2 [-5, 5]

F8 Hartman 6 JEYE 6 [0, 1]

Table 2. Experimental comparison results of CPO and ICPO on eight benchmark functions
% 2. CPO 5 ICPO 7£ 8 NEERH LRI HERELIR
E ¥ CPO ¥)f& CPO HrifeE ICPO ¥{ ICPO F3¥EE pfE P L

F1 3.6486E—-114 1.9648E—-113 0 0 1.1444E-12 ICPO
F2 0.2971 0.2685 1.3275E-28 4.8462E-28 2.8719E-11 ICPO
F3 4.0499E+03 1.5264E+03 3.2953E+03 1.1890E+03 0.045945 ICPO
F4 8.1388E+04 1.4915E+05 3.4270E+03 224.53 2.8719E-11 ICPO
F5 9.1144 45115 2.7045 2.7541 4.3499E-08 ICPO
F6 3.0002 2.8113E-04 3.0000 1.2871E-15 3.8898E-12 ICPO
F7 —-1.0316 7.3831E-07 —-1.0316 6.1481E-16 8.4106E—12 ICPO
F8 -3.2711 0.0665 —3.2747 0.058399 8.3504E—-04 ICPO

NEMELEL CPO 5 ICPO EAN RIS [ L AU SiAT Jy, B 1~8 733l 45 Y T AP SIAAE 8 A2k
#E bR K B Sk 2

s Zakharov
10 T T T T

Shifted fitness
>

10710

50 100 150 200 250 300 350 400 450 500
Iteration

107

Figure 1. Convergence curves on F1
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Figure 2. Convergence curves on F2
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Figure 4. Convergence curves on F4
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Figure 5. Convergence curves on F5
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Figure 6. Convergence curves on F6
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Figure 7. Convergence curves on F7

7. F7 sR U S h 2

50 100 150 200 250 300 350 400 450

500

DOI: 10.12677/airr.2026.153088

975

ANTHEBRESHLEATT


https://doi.org/10.12677/airr.2026.153088

Hartman 6

EESSA

Shifted fitness

10-10 L

-15 L 1 1 1 I 1 1 L L
10
0 50 100 150 200 250 300 350 400 450 500

Iteration

Figure 8. Convergence curves on F8
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Table 3. Sensitivity analysis results of stage division thresholds

3. MEXI D REHERMSIRER

9. /. 23 ZEVHT
0.25 0.75 3.8750 /BRI
0.25 0.65 3.9375 LG
0.25 0.85 4.5000 Bk
0.45 0.65 4.8750 &
0.35 0.75 5.0000 &
0.35 0.85 53125 &g
0.35 0.65 5.5000 —
0.45 0.75 5.6250 —f
0.45 0.85 6.3750 — &

BBk o BIME ¢, F1 g, AEFET ICPO SRR 5T AT E S i R HZ RS EUN U,
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