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B TH PEAG T Griewank Rastrigin Levy Ackley Sphere Zakharov
Mean 2.25E-02 5.40E+00 2.09E-01 1.61E+00 3.27E-01 2.34E+00
Best 1.29E-13 2.61E-11 2.99E-11 1.96E-07 1.61E-14 1.21E-15
K=2
AE 189 171 199 183 196 203
SR 4.0% 2.8% 18.4% 11.4% 40.2% 33.4%
Mean 5.99E-03 1.90E+00 3.48E-02 3.38E-01 5.26E-04 2.23E-02
3 Best 0.00E+00 1.63E-13 1.66E-15 8.98E-08 4.15E-16 2.15E-15
K=
AE 2084 487 1046 281 295 402
SR 36.8% 22.6% 62.8% 86.4% 99.2% 95.0%
Mean 3.69E-03 7.96E-01 6.07E-07 7.82E-02 3.44E-13 6.97E-13
4 Best 2.22E-16 2.49E-13 2.36E-16 1.01E-07 3.86E-17 5.33E-16
K=
AE 5011 1118 1967 353 347 366
SR 51.4% 51.2% 100% 97.2% 100% 100%
Mean 2.25E-03 3.54E-01 8.95E-13 1.03E-02 1.69E-13 2.56E-13
ko5 Best 0.00E+00 2.84E-14 7.86E-17 8.68E-09 4.15E-17 1.98E-16
h AE 7072 2128 700 480 464 478
SR 63.2% 74.4% 100% 99.6% 100% 100%
Mean 1.14E-03 1.97E-01 6.51E-14 7.83E-07 1.06E-13 1.73E-13
Best 0.00E+00 1.07E-14 3.15E-17 3.08E-08 4.37E-16 2.25E-17
K=6
AE 8590 2647 797 621 608 621
SR 74.2% 82.6% 100% 100% 100% 100%
Mean 6.40E-04 8.27E-02 2.92E-14 6.48E-07 7.73E-14 1.17E-13
Best 1.11E-16 3.91E-14 4.84E-17 2.00E-08 1.45E-16 1.06E-17
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AE 10933 3373 940 791 780 797
SR 78.6% 91.2% 100% 100% 100% 100%
Mean 3.35E-04 4.83E-02 2.19E-14 5.75E-07 5.45E-14 8.38E-14
Best 0.00E+00 1.42E-14 4.19E-18 1.63E-08 1.54E-16 4.09E-16
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AE 11901 3691 1122 976 970 985
SR 83.6% 94.6% 100% 100% 100% 100%
Mean 1.82E-04 3.20E-02 1.36E-14 5.06E-07 4.75E-14 6.82E-14
Best 0.00E+00 7.11E-15 3.89E-17 1.62E-08 1.69E-17 2.17E-17
K=9
AE 13683 4388 1342 1189 1173 1196
SR 77.0% 94.8% 100% 100% 100% 100%
Mean 2.63E-04 8.08E-03 1.04E-14 4.55E-07 3.72E-14 5.04E-14
0 Best 0.00E+00 1.42E-14 9.34E-18 1.71E-08 1.73E-18 7.26E-18
K=1
AE 14805 4523 1573 1419 1400 1422
SR 77.2% 96.8% 100% 100% 100% 100%
Mean 4.91E-04 2.00E-05 2.36E-15 2.14E-07 7.63E-15 1.36E-14
K220 Best 0.00E+00 7.11E-15 6.75E-18 7.05E-09 2.35E-17 3.15E-18
B AE 19852 9345 5065 4541 4466 4501
SR 30.2% 99.4% 100% 100% 100% 100%
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i35 Griewank Rastrigin Levy Ackley Sphere Zakharov
1 7 (99.8% ) 7(99.4%) 3 (99.0% ) 3(99.5%) 3 (100% ) 2 (99.5%)
2 8 (83.6%) 20 (99.4% ) 5 (100% ) 5(99.6% ) 4 (100% ) 4 (100% )
3 5 (21.0%) 10 (78.6% ) 6 (100% ) 6 (100% ) 4 (100% ) 4 (100% )
4 53 (11.5%) 50 (40.0% ) 7 (99.5% ) 7 (100% ) 4 (100% ) 5 (100% )
5 59 (33.5%) 70 (38.6% ) 8 (99.5%) 8 (100% ) 4 (100% ) 5 (100% )
6 55 (43.0% ) 70 (40.8% ) 9 (98.5%) 9 (99.0% ) 4 (100% ) 5 (100% )
7 58 (66.0%)) 70 (44.4%) 10 (99.5%) 10 (98.5% ) 4 (100% ) 5 (100% )
8 59 (77.0% ) 70 (47.2% ) 10 (98.5% ) 10 (99.5%)) 4 (100% ) 5 (100% )
9 58 (86.5%)) 70 (49.2% ) 12 (99.0% ) 10 (99.0% ) 4 (100% ) 5 (100% )
10 52 (95.5%)) 80 (52.4%) 12 (99.5% ) 10 (99.0% ) ) 4 (100% ) 6 (100% )
11 51 (97.5%) 80 (53.4%) 13 (98.5% ) 11 (98.5%) 4 (100% ) 6 (100% )
12 33 (98.0% ) 80 (53.8%) 15 (99.0% ) 13 (98.5%)) 4 (100% ) 6 (100% )
13 23 (98.5%) 80 (49.0% ) 17 (98.5%) 16 (100% )) 4 (100% ) 6 (100% )
14 14 (98.5% ) 90 (46.8% ) 20 (99.5% ) 13 (99.0% ) ) 4 (100% ) 6 (100% )
15 13 (99.5% ) 90 (42.0% ) 20 (99.5% ) 14 (98.5% ) 4 (100% ) 16 (100% )
16 13 (99.5% ) 90 (44.8% ) 20 (98.5% ) 15 (98.5% ) 4 (100% ) 6 (100% )
17 12 (99.5% ) 90 (40.8% ) 22 (99.5% ) 15 (99.5% ) 4 (100% ) 6 (100% )
18 12 (99.0% ) 90 (36.2% ) 21 (98.5% ) 18 (98.5% ) 4 (100% ) 7 (100% )
19 13 (99.0% ) 90 (29.6% ) 23 (99.0% ) 20 (99.5% ) 4 (100% ) 7 (100% )
20 12 (99.5% ) 90 (27.4%) 23 (99.5%) 20 (99.0%) 4 (100%) 7 (100% )
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Research on Particle Number Change based on MQHOA Optimization Algorithm

LI Junjie'?, ZHOU Yan’, HUANG Yan', WANG Peng’

(1. Dept. of Information Engineering, Shanwei Polytechnic,Shanwei 516600, China;2. Dept. of Cloud Computing & Data Center Engi-
neering Design, Shanwei Innovation Industrial Design & Research Institute, Shanwei 516600, China; 3. School of Computer Science and
Technology, Southwest Minzu University, Chengdu 610225, China; 4. School of Computer Science and Technology, Huaiyin Normal Univer-
sity, Huaiyin 223300, China)

Abstract:In the optimized iterative process of the multi-scale quantum harmonic oscillator algorithm ( MQHOA) , the
number of sampled particles has an important influence on the algorithm’s success rate and computational efficiency. The
benchmark function is studied in the 2-dimensional and multidimensional states respectively to find the optimal particle
number corresponding to different functions. It is found that the objective function with higher structural complexity re-
quires a larger number of sampled particles to solve, while the relatively simple one-peak convex function requires a
smaller number of sampled particles. The optimal particle number can be used as an important reference for the algo-
rithm to measure the complexity of the objective function structure. For different objective functions, the corresponding
optimal particles number can be used to solve the problem, and the best solution can be obtained with the minimum com-
putational cost.

Keywords ;: multi-scale quantum harmonic oscillator algorithm, function optimization, sampled, dimension, particle

number



