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Quantum-behaved particle swarm optimization algorithm based on elitist
learning
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Abstract: The local attractor point in the quantum-behaved particle swarm optimization algorithm plays an important role
in determining the convergence process of population. Therefore, a quantum-behaved particle swarm optimization algorithm
based on two elitist learning strategys(QPSO-EL) is presented. In this method, the dynamic-approximation search strategy
is exerted on the elitist particles to avoid them running into local optima and provides a good guidance for the population.
While the algorithm is found to be in a dead state according to the premature judgment mechanism, the mutative-scale chaotic
perturbation is used to exhibit a wide range exploration and keep the balance of exploration and exploitation. The experiment
results on classic functions demonstrate the global convergence ability and the search accuracy of the proposed method.
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n—1
Rosenbrock fa(@) = (100(zit1 — 27)% + (2 — 1)°) [—30,30] [15.30] B
i=1
Rastrigrin fa(z) = (a7 — 10cos(2ma;) + 10) [—5.12,5.12] [2.56,5.12] E4l3
i=1
*% % Z$? 1 cos(27z;)
Ackley fs(x) = 20 + e — 20e =1 e =l [—32,32] [16,32] E43
sinz(\/;i:2 +y2) - 0.5
Schaffi =0.5 —100,100 30,100 I3
chaffer fe(z) 5+ 1.0 0.001(2% + 57))2 [ ] [ ] 4.
3% 2 Sphere EREMIRLE R
m  Dim  Gmax Qpso! RQPSO®!  CQPSO-DE!!  cMQPSO®  QPSO-RS!'"Y  1QPSO!"? QPSO-EL

10 1000  3.1979e-043  1.741 2e-7 5.542¢-28 4947 8e-44  4.68e-30  1.666 2e-208
20 20 1500  1.9197e-024  1.851 7e-6 2.255e-24 1.815 5e-24 1.57e-12  2.327 8e-28
30 2000 7.3736e-015  6.011 8e-6 3.459%-15 4.172 5e-15 1.53¢-10  1.037 1e-22
10 1000 2.7600e-076 1503 5e-7  3.475 8e-113 7.483e-19 9.904 9e-76 3.48e-3  9.678 5e-191
40 20 1500  3.197 9e-043  1.345 4e-6 1.533 1e-75 1.970e-18 3.067 3e-44 6.37¢-2  1.4742e-213
30 2000 7.3736e-015 6.011 8e-6 3.459-15 4.172 5e-15 1.65e-20  1.224 1e-238
10 1000 2.5607e-103  1.0779e-7  1.104 le-129 4.565¢-17 2389 6e-103  7.33e-41  2.596 6e-177
80 20 1500  1.4113e-068  1.345 4e-6 3.763e-16 1.5558e-68  3.17¢-24  4.940 1e-202
30 2000  6.5764e-050  4.172 3e-6 4.903e-12 4.157 4e-50  2.16e721  3.350 2e-227
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F 3 Tablet BEMIA LR
m  Dim  Gumax Qpso!'4 RQPSO®!  CQPSO-DE!™!  cMQPSO™?  QPSO-RS!  1QPSO!?! QPSO-EL

10 1000 2.399 8e-21 - - 7.665¢-43 1.963 5e-53 - 5.838 5e-56
20 20 1500  3.060 3e-10 - - 9.820e-29 1.484 2¢-29 - 6.690 1e-43
30 2000  2.395 3e-08 - - 3.045¢-14 5.846 7e-19 - 2.225 9e-43
10 1000 2.778 3e-27 - - 4.672e-47 1.002 5e-97 - 4.356 2¢-270
40 20 1500  6.801 5e-17 - - 5.831e-35 1.180 2e-56 - 1.009 Oe-55
30 2000 1.3263e-11 - - 9.873e-27 9.017 le-38 - 1.211 1e-52
10 1000 2.589 5e-28 - - 5.643e-66 8.710 0e-132 - 3.954 3e-266
80 20 1500  3.999 6e-17 - - 1.064e-52 6.924 0e-90 - 5.442 3e-75
30 2000  7.617 7e-12 - - 7.886e-41 2.582 7e-64 - 4.356 9e-59
% 4 Rosenbrock S HLMK LR
m  Dim  Gumax QPSO!'4  RQPSO®!  CQPSO-DE!!  CMQPSOP”  QPSO-RSU'  IQPSOM?  QPSO-EL
10 1000 9.5657 47.6904 - 9.552 6.912 0 15.04 7.399 2
20 20 1500 824294 70.7450 - 30.982 35.504 8 38.95 1.499 9
30 2000  98.7948  103.7322 - 113.366 72.9150 25.97 2.3432
10 1000 8.998 3 20.1872 5.5812 8.031 5.193 6 4.17 0.0393
40 20 1500  40.7449 46.8270 15.6854 19.553 19.482 1 3.79 9.484 6e-3
30 2000  43.5582 78.5551 - 31.982 36.7373 11.07 1.024 8e-4
10 1000 6.8312 13.4288 5.2616 5.673 5.099 0 0.76 5.417 7e-3
80 20 1500  33.5287 29.8257 - 17.036 17.096 8 2.89 7.274 8e-5
30 2000  44.5946 54.1137 - 25.775 27.1737 10.46 4.024 3e-6
#F 5 Rastrigrin B ENIR LR
m  Dim  Gmax QPSO!  RQPSO®  CQPSO-DE'S  CMQPSOP”  QPSO-RS!'4  1QPSO!? QPSO-EL
10 1000 4.003 2 4.4489 - 4.995 37365 3.55 0
20 20 1500  15.064 8 15.9715 - 11.521 14.963 1 9.27 0
30 2000 283027 27.6414 - 23.994 23.7622 12.47 6.938 8e-19
10 1000 2.6452 3.2081 0 3.017 20154 1.38 0
40 20 1500 113109 10.5817 0 15.680 11.927 1 6.08 0
30 2000  18.9279 20.9748 - 21.025 15.442 8 3.47 0
10 1000 22617 2.0922 0 1.396 1.469 2 0.67 0
80 20 1500 84121 8.4794 - 8.096 77476 477 0
30 2000  14.8574 16.4016 - 14.271 14.670 5 8.79 0
% 6 Ackley BB EMIK 45
m  Dim  Gua, QPSOM  RQPSO®!  CQPSO-DE'™  CMQPSOZ”  QPSO-RS!™  1QPsO!'?  QPSO-EL
10 1000 152033 - - 4.907 1.601 1 - 7.993 Ge-15
20 20 1500  18.6083 - - 10.092 3.667 8 - 5.223 8e-15
30 2000  20.148 7 - - 15.663 3.987 6 - 2.270 6e-14
10 1000 14.8242 - 4.263 3e-15 5.986 3.128 3e-12 - 3.552 6e-16
40 20 1500 9.523 - 1.421 le-15 8.023 5.390 5e-9 - 6.012 1e-16
30 2000  20.5281 - - 12.890 3.511 2e-7 - 2.228 5e-16
10 1000 123753 - 1.421 le-15 1.053 3.028 7e-13 - 2.664 5e-16
80 20 1500  17.4083 - - 1.995 7.211 le-6 - 2.792 1e-15
30 2000  18.6159 - - 5.257 1.142 5¢e-7 - 6.029 7e-15
%7 Schaffer &HNK 45
m  Dim  Gmax  QPSOU'Y  RQPSO®  CQPSO-DE!™!  CMQPSO™?!  QPSO-RS'Y  1QPSO! QPSO-EL
20 10 2000 0.001 6 0.001433 - 2.207e-4 3.642 le-6 - 1.775 6e-13
40 20 2000  5.8308e-4  2.1303e-8 - 1.620e-7 2.097 Oe-8 - 3.093 7e-18
80 30 2000  7.569 5¢-9  3.5979e-9 - 9.433e-9 6.948 7e-9 - 4.322 1e-19
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Tablet p% 4, QPSO-DA [1] 5 HIL 1&E W 5 18 1K 48 15 21 o
i, AHX T AR B 2 JR SR WS 5 [ Rosenbrock B 41
1M 75, QPSO-DA i AY Ji5 1 I 4y B 3 2 fie S 1) 15 O,
Toft B0 S D005 I PS8 2 ik 22 12 DI, AR RO VR
Bl SR W A A e 78 e S ok B 2 Rl DU,
QPSO-EL Fl A7) 4R e 8 OR FF 50K 148 28 5[], AN 4
E A 78 8 R Y0 AT DLORRE, o Bl P 3 Y FE A
5 QPSO-DA 7 # K ki, & 1% 3k, QPSO-EL 7E
$i 175 QPSO Jri S 48 2 B 7 19 [H] BN LR F5 T Bl 452 5 1)
2R R A
33 S8

QPSO-EL H 5 22 [¥) 2 501, 45 8)) A & 3T K - o
k- iR B AR R E AS 5. BAEAHRL
Bk A B0, A AHE AS FT o X ELVETEBEM)
PR
331 ZHHEEBRE A KW
A6 FHUE B4 520 T QPSO-TL ifif ] 48 R
AR S IR IS WL BB 46 R AR 40, £ RF L Ath 2 4
ANAR, 455 18 (E 43 1 HX 0.005,0.01,0.015,0.02. 5 3138
BREL fon f3 F £y 53 HEAT 20 IRACAL. R B 4 S5 1y
oh 30, 1E4R 1000 IR A AY 25 SR 10 e AR« B 22 (AN
B NER 8 s, wl LURIL, A8 B/NIHEERR By BN
LRSI T AS BRI, WA WL 2 2SR 1) SR
UK E. 7 B 45 2R W, KT oA ok H i T pR AU
fai 5, 15 B QPSO [ & i it 4 JR A e 7, AS B/
o M AR R T e TR T 2 ek B, el Tk AR AR

Sy BN SRR e e Y B ZE M, 1 A6 BRI & DR BE F
AR ZRG . TR X 0.015 A A7 ARG 45 45 AL
332 FHFBENET o KW

TRFF AL S B AR, Sh AR 173 0.1,
0.3,0.5 F1 H & N AR, b e B 7] b, AL 2R 11 B
AR S ZE(HAFIIME UL 9 P, Wl RUE Y, 2 a B
NI, B TR IR, SR B, (HASRECRIEST
VR R A D 0 TR R AL, 2 o = 0.1 IR AR
R e R CBIORG JBE, (B T 2 A58 o B0 7% 5 AL BE B N
HAMEL 2o = 0.5 P KRB, Rl
BABOR, H Sy BhId S DU DL A SCR T B IS
AT, HEAINRFF R 2 R R DK, fE5H
V2 TS RN A, B R SR A R OR R S
U 7% VA A L — I AR MR AT w42 )R 0
HE 7 RIS SAOK L.



59 1 g3

PESE SEIES EEE S TE TS S e

=

1347

R8 ASHMREHLE RN

- AS = 0.005 AS = 0.01 AS = 0.015 AS = 0.02
B
[, 2 fd, T YR (i, B 2fi, TR (A, Be=fi, T Y] [FRefde, 2= f, T Y
fa [1.102e-51, 2.812¢-41, 2.816e-42]  [1.127e-50, 1.077e-39, 1.579¢-40]  [1.723e-47, 1.411e-37, 1.473e-38]  [3.253e-47, 6.159¢-37, 4.359¢-38]
fs [0.017, 1.071, 0.363] [8.173 ¢-03, 0.883, 0.312] [6.319¢-03, 0.419, 0.167] [0.024, 1.012, 0.252]
fa [0, 0.994, 0.198] [0, 0.994, 0.099] [0, 1.734 e-18, 4.336 e-19] [0, 2.602¢-18, 1.041¢-18]
9 oM EEEREM
_— a=0.1 a=0.3 a=0.5 a HiENAE L

Uik, 2, SF 3

AL, S22, P35k

Uik, S22, “F3f#] U fik, S22 fit, “F3f#]

fa2 [4.265e-217, 8.266e-59, 1.796¢-59]

[1.348e-50, 1.138e-40, 1.099¢-41]

[1.705e-35, 5.860e-46, 1.721e-36]

[8.853e-52, 5.593e-47, 1.204e-47]

f3 [0.021, 10.49, 1.790] [0.002, 2.042, 0.456] [1.363,7.761, 4.297] [7.065e-4, 0.699, 0.271]
fa [0, 0,0] [0, 0, 0] [0, 8.673e-19, 2.602e-19] [0, 0, 0]
F 10 FEEANEm IR EBHE R
o8 m=1 m = 0.05z m = 0.1z
[ UM, T 22, T4 IEAT I ] (e, doe ZE i, T4 JBAT I (] AR, e fit, 1) B4 (1)
f2 [7.891e-47, 2.206e-42, 1.82e-44] 1.931 [4.990e-48, 5.353e-44, 9.549¢-45] 2.828 [6.634e-51, 4.612e-46, 3.485¢-48] 4.066
f3 [2.795e-5, 0.739, 0.140] 3.797 [9.506e-7, 1.481e-4, 5.681e-5] 5.704 [1.831e-7, 6.275e-6, 1.728e-6] 9.813
fa [0, 8.673¢-19, 8.673e-20] 2.807 [0,0, 0] 4375 [0, 0, 0] 8.086
333 KIAMMABERE W 1995: 1942-1948.
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