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Table 1 Test results of five algorithms

D 4 ¥ AF FIPS CLPSO DNLPSO HPSO MQPSO

it 1. 57E+00 0. 00E+00 1.92E-19 3. 11E-10 0. 00E+00

/i AR £ 3.39E-01 0. 00E+00 4.31E-19 1. 14E-09 0. 00E+00
RIFIE 7.83E-01 0. 00E+00 1.33E-22 2.82E-14 0. 00E+00

i 3.35E-01 6. 58E+02 3. 80E+00 5. 00E-06 0. 00E+00

f £ 4.33E-02 1. 11E+01 6. 35E+00 7.73E-06 0. 00E+00
RIFIE 2.26E-01 6. 27E+02 7. 45E-09 1.83E-08 0. 00E+00

¥ 1. 80E+03 6. 04E+02 8.29E+03 1. 06E+03 4.51E+02

/s ARk E 3. 18E+02 5.30E-01 6. 06E+03 4. 20E+02 1. 89E+02
RIFIE 1. 16E+03 6. 03E+02 2. 92E+01 4.33E+02 1. 05E+02

i 9. 94E+01 9. 13E+01 4.97E+01 1. 52E+01 2.22E+01

fa AR £ 1. 10E+01 7. 17E+00 1. 60E+01 5.29E+00 4.98E+00
RIFIE 6. 83E+01 7.22E+01 2. 49E+01 6. 97E+00 1. 29E+01

¥ 8. 04E+01 5.92E+01 8.75E+01 5. 41E+01 3.57E+01

S ArfEE 1. 20E+01 9. 09E+00 3.36E+01 3. 14E+01 1. 01E+01
RIFIE 4. 96E+01 3. 92E+01 3. 60E+01 1. 42E+01 1. 82E+01

i 1. 78E+02 2. 48E+03 5. 82E+03 5.16E+01 4.07E+01

S o E 6.96E+01 7. 06E+02 2. 15E+04 4. 82E+01 3. 07E+01
RAFAL 8. 06E+01 1.31E+03 1. 06E+01 2. 50E+01 1. 64E+01

I 9.36-01 1. 25E+00 1. 82E+00 5.85E-03 8.20E-03

fa ARk E 4. 59E-02 5. 42E-02 1. 28E+01 7. 94E-03 1. 02E-02
RIFIE 8. 24E-01 1. 13E+00 0. 00E+00 1. 69E-12 0. 00E+00

#1E 5.41E-01 3. 02E+00 7. 62E-01 1. 66E-06 0. 00E+00

fs AR £ 9. 12E-02 2.21E-01 2.76E+00 2. 74E-06 0. 00E+00
RIFE 3.04E-01 2. 41E+00 2. 19E-12 6.97E-08 0. 00E+00
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Table 2 Optimal portfolios under different expected

rates of returns

T /%
6 7 8 9 10
X, 0.0706 0.0620 0.0628 0.0668 0.0609
X, 0.0770 0.0937 0.0826 0.0752 0.0734
X, 0.0738 0.0734 0.0795 0.0757 0.067 9
X, 0.0472 0.0493 0.0488 0.0558 0.0476
Xs 0.0553 0.0605 0.0621 0.0616 0.0535
X 0.0666 0.0611 0.0607 0.0687 0.0799
X5 0.1020 0.1078 0.0972 0.1004 0.0925
Xg 0.0655 0.0567 0.0790 0.0614 0.0555
X 0.0710 0.0671 0.0547 0.0612 0.0690
X0 0.0636 0.059 3 0. 063 0.0643 0.0719
X4 0.0627 0.0665 0.0589 0.0699 0.0765
X, 0.0680 0.0725 0.0754 0.0739 0.0714
X3 0.0712 0.0586 0.0623 0.0583 0.0566
Xy 0.0516 0.0574 0.0537 0.0496 0.0670
X5 0.0539 0.0541 0.0587 0.0572 0.0564

A 6.35E-03 6.65E-03 6.91E-03 7.23E-03 7.52E-03
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Table 3 Comparison of optimization results of

different algorithms

¥ A& PSO QPSO (O] BA MQPSO

¥ME 2.27E-02 9.81E-03 1.41E-01 1.10E-01 7.52E-03
ARfEZ 7.62E-03 1.22E-03 6.41E-02 3.21E-02 9.36E-04
AP 9.43E-03 7.90E-03 4.71E-02 6.04E-02 5.51E-03
REME 4.15E-02 1.18E-02 2.72E-01 1.82E-01 9.20E-03
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Improved QPSO Algorithm with Random Disturbance Mechanism
and Its Application

HE Guang', LU Xiao-li’

(1. School of Mathematics and Statistics, Chongqing Technology and Business University,
Chongqing 400067, China; 2. Research Center for Economy of Upper Reaches of Yangize River,
Chongqing Technology and Business University , Chongqing 400067, China)

Abstract:In view of the situation that original quantum particle swarm optimization ( QPSO) is prone to
premature and has poor convergence accuracy in complex multimode functions, an improved QPSO algorithm with
random disturbance mechanism ( MQPSO) is proposed. In the design of the improved algorithm, the idea of cross
operator in genetic algorithm and random disturbance operation are applied to locate each particle’ s history best
position and global optimal position for enhancing algorithm convergence ability in later iterations and maintaining
the diversity of population. Moreover, to improve algorithm’ s global convergence rate and accuracy, the
contraction-expansion factor, an important parameter in QPSO algorithm is adjusted nonlinearly. Through eight test
functions, MQPSO is compared with four exiting improved algorithms in three aspects including mean, standard
deviation and best value. Based on history data of 15 stocks from Chinese security market, particle swarm
optimization algorithm, QPSO, cuckoo search, bat algorithm and MQPSO are used to solve portfolio optimization
models with minimax type risk respectively. Experiments indicate that whether in benchmarking or in simulation
application, MQPSO is better than other swarm intelligence algorithms at convergence accuracy and stability.

Key words: quantum particle swarm optimization; random disturbance; convergence accuracy; minimax

type risk
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