%27 5% 6 WtE R A AR Vol. 27 No. 6
2010 6 A Application Research of Computers Jun. 2010

EFERMBOBTFRFHRMUIEL
TR, R, R

(B XF a HEFR; b. BEIREFR, L5 L4 214122)

 OE. 4SS FETFEEAQPSO) Ak ik r @is FREM BHT AELETHFHIEERL L RM®
EF EmANZ A6 QPSO Hik  TTAA AL L5 F 69480 B AR S it F 8 LI N3 mtt, A
T RAE ik e b Al AR AR R B B AR E PSO Hik QPSO Hix A Bk T &AL Eh 69 QPSO Hik it AT T b4k
MK, HEREN  ZEELARBG AR RN ey W8GR E

KEBIFR. TTETHRCT R, FHLE,; 2hRNKAEE; L3

hES2S. TPIS;TP301.6 XHEtFRERD . A XEHE. 1001-3695(2010)06-2093-04
doi:10.3969/j. issn. 1001-3695. 2010. 06. 028

Quantum-behaved particle swarm optimization based on Gaussian disturbance

WANG Xiao-gen", LONG Hai-xia", SUN Jun”
(a. School of Education, b. School of Information Engineering, Jiangnan University, Wuxi Jiangsu 214122, China)

Abstract; Due to shortcoming of quantum-behaved particle swarm optimization (QPSO) algorithm that it was often premature
convergence, this paper proposed a revised QPSO with Gaussian disturbance on the mean best position or global best position
of the swarm. The disturbance could effectively prevent the stagnation of the particles and therefore made them escape the local
optima more easily. To evaluate the performance of the new method, tested the QPSO with Gaussian disturbance, along with
QPSO and standard PSO on several well-known benchmark functions. Experiment simulations show that the proposed algorithm
has powerful optimizing ability and more quickly convergence speed.
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#5  Griewank function [1){)5 2% 5

*2 Sphere function B B85 5%

SPSO QPSO MQPSO BQPSO MBQPSO
M dim &max mean best mean best Mean Best Mean Best Mean Best
(St. Dev. ) (St. Dev. ) (St. Dev. ) (St. Dev. ) (St. Dev. )
10 1000 4 6636e-021 9.9733e¢ -044  5.0300e -008  5.0497¢ - 006 5.3813e - 006
(1.0816e —=020) (4.8708e -043) (1.3118e-008) (3.4412¢-006) (3.1992¢ -006)

SPSO QPSO MQPSO BQPSO MBQPSO
M dim&max mean best mean best mean best mean best mean best
(St. Dev. ) (St. Dev. ) (St. Dev.) (St. Dev.) (St. Dev. )
101000 0-0990 0.0631 0.0597 0.0609 0.0569
(0.0494) (0.0453) (0.0360) (0.0432) (0.0384)
0.0327 0.0249 0.0247 0.0195 0.0226
202011500 (9 0287) (0.0261) (0.0197) (0.0194) (0.0236)
302000 00186 0.0105 0.0113 0.0093 0.0094
(0.0248) (0.0128) (0.0117) (0.0123) (0.0133)
101000 00770 0.0475 0.0473 0.0401 0.0456
(0.0304) (0.0391) (0.0355) (0.0226) (0.0338)
0.0325 0.0265 0.0202 0.0180 0.0179
402011500 (57 0292) (0.0360) (0.0173) (0.0178) (0.0190)
302000 0-0135 0.0093 0.0074 0.0086 0.0115
. (0.0130) (0.0145) (0.0096) (0.0112) (0.0143)
101000 00726 0.0421 0.0375 0.0357 0.0406
(0.0321) (0.0415) (0.0324) (0.0229) (0.0389)
0.0264 0.0139 0.0104 0.0102 0.0154
80 20 1500 (5 28 (0.0140) (0.0115) (0.0152) (0.0162)
02000 0-0104 0.0084 0.0077 0.0077 0.0073
; (0.0143) (0.0118) (0.0103) (0.0105) (0.0117)
2¢ 6  Schaffer function B4 {)5 EL4%5 5
SPSO QPSO MQPSO BQPSO MBQPSO

M dim g,c mean best mean best mean best mean best mean best

20 20 1500 9-0397¢-012  1.3330c-023  4.7465¢-007  3.5660c-005  4.7677¢-005
3000 (376044 ~011) (3.8578¢ —023) (9.9433¢—008) (2. 1636 ~005) (2.3478¢ -005)
10 2000 5-4652¢ 008 7.3807¢-014  1.4537¢-006  9.3845¢-005  1.1948¢ 004
2000 (772866¢ ~007) (3.9980¢ ~013) (2.4669¢ ~007) (5.4052¢ -005) (5.4181e -005)
10 1000 6-0519% 025 3.7703¢-075  3.9535¢ 008  3.2510e-006  5.0716¢ ~006
(1.3454 -024) (2.2257¢-074) (9.5266¢-009) (2.2243¢-006) (3.0487¢ -006)
40 20 1500 580916015 6.2598¢ 043 3.7711¢-007  3.5805¢-005  4.0116e 005
(2.7541 -014) (3.9131e-042) (8.2315¢-008) (2.4493¢-005) (2.3457¢-005)
10 2000 371756 =011 5.8240¢-029  1.2868¢-006  8.4143¢-005  1.0903¢ ~004
3 (9.2317¢ -011) (2.7907¢-028) (1.7584¢—007) (3.8269¢ —005) (5.3538¢ —005)
10 1000 1.0585¢-028  1.2629¢-101  2.9073¢-008  3.5302¢-006  4.2719¢ -006
(3.2288¢-028) (7.5408c—101) (9.0087¢—000) (2.4952¢-006) (1.8701¢ —006)
g0 20 1500 7-7687¢ 018  5.3031c-060  3.4336c-007  3.0502¢-005  3.5635-005
(1.8497¢ —017) (2.4450¢—068) (7.2103¢ —008) (1.4564¢ —005) (1.7060e —005)
10 2000 979396 -013  4.5013¢-050  1.0576¢-006  7.5891e-005  1.1553¢ ~004
3 (4.2925¢-012) (2.1861¢-049) (1.5789¢—007) (3.7680¢ —005) (6.9752¢ —005)
263 Rosenbrock function M1 E.45 5
SPSO 0PSO MQPSO BQPSO MBQPSO
M dim &max mean best mean best mean best mean best mean best
(St. Dev.) (St Dev.) (St Dev.) (St Dev.) (St. Dev.)
10 1000 27-159 34.0254 25.8956 25.2115 26.2399
(46.8982) (63.4626) (46.9880) (56.3068) (51.3287)
20 2 2000 945540 71.9134 68.2976 82.7217 68.9907
2 (184.6187) (117.2893) (74.2750) (135.8673) (102.4339)
10 2000 1460952 122.8972 117.2070 152.8106 121.8970
2 (160.1071) (142.4230) (182.7348) (231.8329) (176.2897)
10 1000 278007 18.1606 10.4080 16.7396 14. 1402
(63.0610) (25.5968) (14.5591) (36.5529) (16.3845)
10 20 1500 520378 49.8761 37.4891 41.5129 41.2398
3 (55.7566) (46.4435) (41.7028) (44.5833) (37.4944)
10 1000 107.3789 69.0404 54.0157 51.0299 71.5374
(166.7348) (58.9664) (44.7804) (44.3111) (69.0916)
101000 12-6281 12.2803 116420 5.5796 9.3444
(24.4214) (23.4514) (15.8026) (7.8057) (12.5441)
%0 20 1500 332359 37.0901 31.7689 37.9613 32.3365
: (125.5355) (38.3374) (33.3009) (44.7665) (37.8422)
30 2000 108.0814 56.1391 51.6486 53.1795 48.3516
3 (150.4659) (37.6330) (35.0710) (41.3760) (35.7636)
x4 Rastrigin function 1)y 45
SPSO 0PSO MQPSO BQPSO MBQPSO
M dim &max mean best mean best mean best mean best mean best
(St Dev.) (St Dev.) (St Dev.) (St Dev.) (St Dev.)
101000 5-0041 4.6331 4.7510 4.5472 4.2412
(2.6778) (2.1420) (3.1345) (2.6457) (2.1028)
22.5019 13.9361 14.2945 15.0436 13.9171
20 20 1500 (37 447) (4.1434) (4.0683) (6.9150) (5.6081)
102000 519810 28.8876 27.6005 28.5434 29.8254
(13.9263) (8.6535) (7.2470) (6.8237) (12.6546)
101000 37436 2.6205 2.8383 2.9300 3.0445
(1.6012) (1.6433) (1.4988) (1.5199) (1.6246)
16.4207 11.0822 10.7361 11.4977 11.0816
4072011500 5 93480 (3.9558) (3.5389) (3.8580) (3.5947)
302000 399508 21.2964 20. 1047 19.3349 21.0376
: (9.7971) (5.2381) (5.3041) (6.2123) (4.9071)
10 100 2.3688 2.3989 1.8728 2.1618 1.8095
(1.2046) (2.0275) (1.3937) (1.1852) (1.2067)
12.5326 9.1060 7.8344 8.4864 7.9112
80 20 1500 (473176 (3.7092) (2.1418) (2.7149) (2.5657)
202000 321621 15.9700 15.8483 16.5147 16.0957
; (8.1184) (4.3547) (4.0925) (4.1843) (3.8550)

(St. Dev. ) (St. Dev. ) (St. Dev. ) (St. Dev. ) (St. Dev. )
20 2 2000 0.0012 0.0016 0.0011 7.7769e — 004 0.0011
(0.0032) (0.0036) (0.0030) (0.0027) (0.0030)
40 2 2000 0 3.8865¢ - 004 7.5145e - 005 1.3470e - 008 8.7229e - 008
(0) (0.0019)  (5.2839¢ -004) (1.7547e¢ —008) (1.7562¢ —007)
80 2 2000 0 2.2252¢ =009 1.0159e - 007 7.4479e¢ —009  7.6312e - 009
(0) (4.8635e¢ -=009) (7.0668e —007) (1.0750e —008) (1.6788e —008)
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