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& 1  Rosenbrock PREULALES HXTLL

B 4 o Z A
1.0 1.1 1.2 1.3 1.4 1.5

10 SCHR [15] 51.6862 26.9915 15.5604 24.7594 46.5828 70.4754

QDPSO AL 34.3592 10.3503 8.7701 19.5973 41.7595 70.1695
20 ik [15] 2429.1248 81.8350 36.3886 27.3472 39.9205 89.6087

AL 628.7611 62.3965 26.5236 23.0711 38.9492 88.8078

10 SCHR [15] 1.9007 x 10* 21.7298 9.5039 21.3723 185.4785 348.1803

QOPSO AL 1.3646x10* 21.4025 7.3363 18.6733 155.1081 336.3298
20 SCHR [15] 9.1703x 107 1311.5813 29.6708 32.3945 93.7130 422.2273

AL 8.2835%107 616.9282 28.8569 31.3654 88.9727 413.6087

10 ik [15] 1.3946x 10° 26.7527 7.3769 36.5072 106.5319 321.1751

QSPSO AL 1.3670x 10° 18.3213 6.8529 29.1107 97.1049 301.0975
20 SCHR [15] 1.0817x 108 4323.8658 30.8985 36.8875 146.0346 817.8263

AL 1.0817x 108 1112.7402 24.3671 35.0443 138.5114 808.2517
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# 2 Rastrigin AL ES RXTLE

B g% e FRE
1.0 1.1 12 1.3 14 15
0 ik [15] 22.2159 10.3195 5.9185 4.9091 5.3922 7.5132
QDPSO AL 17.5283 6.6327 3.9110 4.7898 4.9941 6.9050
20 SRR [15] 116.0693 74.3160 36.6467 12.5456 12.4128 15.7205
AL 101.6805 53.9767 18.6451 10.7863 12.4071 15.6507
0 ik [15] 53.5352 24.0892 8.8105 5.3481 6.5571 8.7614
QOPSO AL 51.5285 23.7785 5.0996 5.1247 6.2401 8.5549
20 SRR [15] 249.5879 111.2439 50.4360 11.8855 16.0790 19.7379
AL 245.7703 106.2888 28.7446 11.1882 15.4026 19.6934
10 SRR [15] 62.2553 27.3425 8.7037 5.2291 7.5835 9.2785
QSPSO AL 60.3088 26.0604 5.5834 5.1144 7.5240 8.7985
20 ik [15] 257.8466 117.1013 48.0251 11.3187 16.0502 20.8841
AR 257.8356 115.3643 31.1710 11.2530 15.9318 20.7246
%3 Griewank PAEALSE BT H
TR S il
1.0 1.1 1.2 1.3 1.4 1.5
10 SCHR [15] 0.4213 0.2429 0.1125 0.0635 0.0725 0.1003
QDPSO AL 0.3635 0.2147 0.0852 0.0620 0.0708 0.0970
20 SCHR [15] 0.6873 0.2733 0.0346 0.0180 0.0185 0.0276
e 0.5710 0.1068 0.0258 0.0158 0.0178 0.0274
10 SRR [15) 0.9256 0.4660 0.1471 0.0716 0.0945 0.1804
QOPSO e 0.8634 0.4354 0.1028 0.0570 0.0896 0.1779
20 SCHR [15] 223.2464 0.5713 0.0352 0.0199 0.0398 0.8520
AL 213.3349 0.5095 0.0185 0.0171 0.0333 0.8417
10 SCHR [15] 1.6626 0.5074 0.1818 0.0630 0.1033 0.3282
QSPSO e 1.3475 0.4702 0.1183 0.0607 0.0901 0.2926
20 SCHR [15] 282.2340 0.6242 0.0334 0.0160 0.1051 1.0183
AL 279.0063 0.5319 0.0190 0.0153 0.1024 1.1634
F 4  Ackley FRELILES FXTLE
LR S BIE
1.0 1.1 1.2 1.3 1.4 1.5
10 ik [15] 10.0375 1.5012 0.0425 0.0886 0.2167  0.7323
QDPSO A3 8.8930 0.3746 6.8923 x 1015 0.0165 0.2148 0.7248
20 ik [15] 19.7037 10.3803 0.6652 0.0414 0.0231  0.9301
V'S 19.4413 6.8375 0.1124 9.3401 x 10—14 0.0116 0.8924
10 ik [15] 17.3305 2.9178 0.0540 0.1322 0.6795 1.9865
QOPSO A3 17.3213 1.5281 2.5935 x 10— 15 0.1022 0.6058 1.8068
20 ik [15] 20.1089 12.4515 0.0113 0.0658 1.2463 3.0845
A3 20.0786 11.1385 4.3698 x 10—15 0.0347 1.2426 2.9494
0 ik [15] 17.7082 2.1859 4.7368 x 10— 12 0.1261 0.9511 2.2495
QSPSO e 17.6601 1.2068 2.6290 x 10~15 0.1066 0.7181 2.2449
20 ik [15] 20.0910 12.6062 0.0406 0.1182 1.6433 3.5478
e 20.0882 11.7493 3.9080 x 10~15 0.0989 1.6385 3.4179
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%5 Rosenbrock il Rastrigin B& {645 Fx) L

Rosenbrock 2%} Rastrigin 24§

B 4R b 1.0—15 1.1—14 12—123 1.0—15 1.1—14 12—123
10 Sk [15] 34.0764 11.5292 43.2057 4.1464 4.6008 5.5206
QDPSO A 33.5346 7.5480 33.3005 4.1033 4.1599 4.3286
20 ik [15] 97.9102 62.3589 24.2812 15.3813 21.5991 23.5325
A 65.5403 39.2704 23.5224 10.4135 11.2689 11.3185
10 ik [15] 43.1567 16.1038 16.6159 4.7808 4.8897 4.9882
QOPSO A 41.4411 12.1284 14.7034 4.4355 43372 4.2493
20 ik [15] 86.9076 33.4247 30.1642 11.8825 18.9920 20.7963
A 56.5984 31.6871 29.1834 11.0208 10.7646 10.4115
0 ik [15] 59.1887 13.3491 11.7530 5.3427 6.5202 5.4214
QSPSO A 36.3177 8.4269 8.6609 3.9800 43208 4.2009
20 ik [15] 52.1593 38.7167 24.4363 10.9933 14.1306 17.2601
AL 45.9017 30.0826 23.5698 10.2595 9.7405 8.8077
% 6 Griewank fil Ackley BREULIL 45 KX LE
. . . Ackley 2% Griewank 24§
B 4iH s 10—15 Ll—14 1213 10—15 L1—14 12—13
10 Sk [15) 0.1034 0.1140 0.0794 6.5381 1.0988 0.1628
QDPSO A 0.0563 0.0748 0.0585 5.2875 0.4803 0.0116
20 ik [15] 0.0226 0.0306 0.0222 17.8046 6.3141 0.3953
AL 0.0198 0.0225 0.0171 16.9529 3.0065 0.1276
10 Sk [15) 0.1364 0.1511 0.1162 12.9676 0.3769 0.0165
QOPSO A3 0.0689 0.0844 0.0870 12.3189 0.1720 2.7001 x 1015
20 ik [15] 0.0140 0.0163 0.0160 19.9921 4.9338 8.5626 x 10— °
AR 0.0128 0.0146 0.0127 19.8057 24272 4.6185 x 1015
0 ik [15] 0.1154 0.1524 0.1024 15.1453 0.4492 0.0280
QSPSO A 0.0742 0.0834 0.0582 12.4770 0.2740 0.0116
0 Sk [15] 0.0179 0.0145 0.0102 19.8768 2.9084 0.0435
AR 0.0134 0.0116 0.0087 19.6151 1.7802 4.7606 x 1015

SIS 25 RER W AP O RO, AR
P S U (I R 2 a8 hn, A SO VR 45
SR U SCHR [15] (077925 32 DA R vt v o )]
T AR BRI 5 AR, TR I X
i A R o Sk NI E

A IS IOE T, O (R RN 28 P 154 o 1)
bt Wz IR, =8 AR, L mniks
A 2R LA X eES 0 48 Wil
5 (R 1—4 AR EER), B 22 IFE X = 1.2 X
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Abstract

To enhance the optimization ability of quantum potential well-based particle swarm optimization algorithm, the improved quan-
tum potential well-based particle swarm optimization algorithms are proposed by analyzing the design process of current quantum
potential well-based particle swarm optimization algorithms. Firstly, three improved quantum particle swarm optimization algorithms
are proposed based on delta potential well, harmonic oscillator and square potential well, respectively, and then a statistic mean-based
control parameter design method is presented for the proposed models. Secondly, to highlight the guiding role of the global optimal
particle in designing potential well centers, two strategies are presented based on a weighted average of all self-optimal particles and
dynamic random variables. The experimental results show that the performances of three improved algorithms are relatively close,
the model based delta potential well are slightly better than the other two kinds of model, and the performances of three improved

algorithms are superior to that of the original algorithm.

Keywords: quantum computation, quantum potential well, particle swarm optimization, algorithm design
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