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Quantum particle swarm optimization algorithm for high-dimensional
multi-modal optimization

ZHANG Yiying, JIN Zhigang

(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract; To solve the problem of high-dimensional multi-modal optimization in practical engineering, a multi—
strategy evolutionary quantum particle swarm optimization ( QPSO) algorithm based on dynamic neighborhood is
proposed. For the " premature" problem of particles in QPSO algorithm, this paper first defines a dynamic

neighborhood selection mechanism to maintain the '

"activity" of the population and then combines the dynamic
neighborhood mechanism to define the local attractor update equations of three different strategies to maintain the
“diversity” of population evolution. In order to prevent the evolutionary direction of the algorithm from diverging,
the local attractor update strategy converging to the global optimal solution is given greater weight. In the end, the
comprehensive evaluation method of the wolves optimization algorithm is introduced to expand the optimal solution
space. The experimental based on different types of high-dimensional multi-modal benchmark functions show that
compared to the other four optimization algorithms, the proposed optimization algorithm has obvious advantages in
convergence accuracy and stability, and this advantage becomes more prominent with the increase of testing
dimensions, which shows a better performance in solving high-dimensional multi-modal optimization problems. The
comprehensive evaluation method introduced in this paper has a high effective number of times in all test functions.
The comprehensive evaluation of the effective means to find a more favorable evolution direction for the next
evolution and further enhance the accuracy convergence.
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4 fori e N(i=1,2,3,---,N) do

5 flag =1

6: forj e NG=1,2,3,--,N) do

7 ifi ~=j&&rand < p

8 set[i] [j1=1, set[j] [i] =1
9. flag =0

10. end if

11. end for

12 if flag ==1

13 j ={floor(N X rand)

14, while i ==

15. j ={floor(N X rand)

16 end while

17. set[i] [j]1 =1,set[j] [i] =1
18 end if

19. end for
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4. count =0

5 forj e Ni=1,2,3,---,N) do
6 if set[z] [j] ==

7. count = count + 1

8 index [count] =7

9. end if

10. end for
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Tab.1 The optimal solution, search scope and initialization scope of benchmark functions in the experiment
3 bR £ PREIR A Rz A
D
Sphere yox? [ - 100, 100] 0
i=1
D
Rastrigin fr = Dx; 2= 10cos(2mx;) + 10 [-5.12, 5.12] 0
i=1
D-1
Rosenbrock = Z[IOOX(xiz—x,»Hz) + (v - 1) %] [-5,10] 0
=1
1
Ackley ) cosZTrxl) +20 +e [ - 30, 30] 0
1 2 L *i
Griewank fs m;x, 2 - l:[lco%f +1 [ - 600, 600] 0
D D 2 D
Zakharoy = Y2+ (05 xixy) (205xlx9¢) [-5,10] 0
i=1 i=1 =
D D
Schwefel Problem2.2 f = 2 [x(i) [+ H [x(i) | [- 100, 100] 0
i=1; i=1
D .
Sum Different Powers fs = z Clx D! [-1,1] 0
=1
D
Sum Squares fo = Zi x [x(i) 17 [- 10, 10] 0
=1
D
Rotated Hyper—Ellipsoid fio= 2 (X%?) [ - 65.536, 65.536] 0
i=1 j=1
D
Rast fu = Z(sz— 0Xcos(2xXmXx;)) [-5.12,5.12] 0
i=1
D i 2
Schwefel Problem1.2 fio= 2 (X%) [- 100, 100] 0
i=1 j=1
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Tab.2  Simulation experiment results ( dimension 10)
D PR (=R7S G2 ¥ =R Y1052
Sphere DE 1.09x10™% 3.47x107% 9.61x10~% 1.08x107™%
PSO 1.07x107% 1.74x1077 1.26x107" 1.30x1077
QPSO 3.24x107% 8.72x1077° 4.83x107™ 5.78x1077
WQPSO 4.59x107% 7.00x107% 6.66x1077 6.67x107"
1QPSO 9.34x1071% 3.68x10™"" 3.29x10™% 3.29x107%
Rastrigin DE 0 1.04x10" 2.42x10! 5.18x10°
PSO 2.00x10° 1.04x10" 2.49x10! 4.54x10°
QPSO 0 2.51x10° 8.38x10° 1.59x10°
WQPSO 0 2.16x10° 6.08x10° 1.37x10"
1QPSO 0 8.27x107! 1.70x10" 2.75%10°
Rosenbrock DE 3.46x107! 2.65%10° 4.24x10° 9.25x107!
PSO 1.22x1072 7.32x10° 1.66x10? 1.90x10"
QPSO 6.04x107* 5.02x10° 8.26x10' 8.28x10°
WQPSO 1.84x1072 6.33x10° 1.04x1072 1.63x107!
IQPSO 4.44x10° 4.74x10° 5.16x10° 1.39x107!
Ackley DE 4.44x10713 4.44x107 4.44x107"% 0
PSO 4.44x10713 5.08x1071° 7.99x1071 1.37x107%%
QPSO 8.88x107!¢ 4.41x1079 4.44x10713 3.55x1071¢
WQPSO 8.88x1071° 4.41x107 4.44x1071 3.55x10716
1QPSO 8.88x10716 3.73x107%5 4.44x10713 1.43x107%
Griewank DE 0 8.38x1072 3.13x107! 8.97x1072
PSO 1.48x1072 9.13x1072 2.32x107! 4.04x1072
QPSO 6.85x107 4.92x1072 3.32x107! 4.00x1072
WQPSO 7.40x1072 4.80x1072 3.36x107! 3.89x1072
1QPSO 0 3.65x1072 3.28x107" 6.06x1072
Zakharov DE 1.40x107%° 3.76x107'8 8.02x107" 1.13x107"7
PSO 2.42x10716 1.30x107!! 2.38x1071° 3.54x107!
QPSO 1.56x107! 2.24x107! 2.09x107% 2.09x107%
WQPSO 4.65%107%° 4.57x107% 3.40x107% 3.46x1073
1QPSO 5.42x107% 8.46x107% 8.33x107# 8.33x10°%
Schwefel problem 2.2 DE 1.33x107% 2.67x107% 2.51x107% 3.61x1073
PSO 1.05x107% 4.19x107% 4.18x107% 4.18x107%
QPSO 8.47x107% 1.40x107% 4.96x107% 7.47%107%
WQPSO 7.54x107%3 1.29x107# 7.62x107% 7.87x107*
1QPSO 1.00x10753 1.46x107% 4.43x107 6.08x10™%
Sum different powers DE 1.02x107'% 1.74x107% 1.01x107% 1.09x107%*
PSO 4.96x107 13! 1.54x107% 1.03x107% 1.14x10™%
QPSO 2.84x10713¢ 7.96x1071% 7.59x107193 7.59x1071%
WQPSO 3.51x10714 1.61x107 1! 1.30x107'" 1.31x107120
1QPSO 6.16x10717 1.67x1071% 1.67x1071¢0 1.68x1071¢!
Sum Squares DE 4.13x107° 1.04x107% 2.21x107% 2.72x107%
PSO 4.93x107% 2.44x1077 1.59x107" 1.77x1077
QPSO 5.62x107°"! 2.30x1077 2.11x107™ 2.11x1077
WQPSO 3.96x107% 9.26x107% 8.63x1078! 8.63x107%
IQPSO 1.70x107105 6.51x107% 3.57x1077 4.29%107%
Rotated Hyper—Ellipsoid DE 3.49x10™% 7.17x107% 1.80x10™# 2.10x107%
PSO 2.12x107% 4.55x10™" 4.38x107% 4.38x1077
QPSO 4.25%x107™% 3.82x107 3.09x1077 3.11x1077
WQPSO 4.75x107% 4.96x1078! 4.66x107" 4.67x107%
IQPSO 1.54x1071% 7.67x107% 6.07x107% 6.09x10%7
Rast DE 7.79x107% 1.07x10! 2.39x10! 5.17x10°
PSO 1.99x10° 9.00x10° 2.29x10" 4.28%10°
QPSO 0 2.57x10° 7.96x10° 1.70x10°
WQPSO 0 1.86x10° 9.20x10° 1.53x10°
1QPSO 0 7.55%107! 1.44x10! 2.31x10°
Schwefel problem1.2 DE 2.61x10716 8.01x107 1.29x10712 1.99x10713
PSO 5.84x1071° 5.03x107¢ 8.70x107° 1.32x107°
QPSO 6.05x107% 8.09x10710 7.67%x107° 1.63x107°
WQPSO 9.48x10716 8.31x107!" 2.36x107° 3.09x10710
1QPSO 2.05x10~# 2.16x10°¥ 1.74x107% 1.75x1073¢

TE - R PR AL B AR, e DA RF A (LA /ML 5 P SRR A B A /ML 5 B 2 SRR B e AL 5 34977 28R AEEL O /ML
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Tab.3  Simulation experiment results ( dimension 40)

pFEESE 3 RS w AL ¥ 55 Y072
Sphere DE 1.72x1077 1.51x107¢ 5.86x107° 1.16x107¢
PSO 1.01x107* 1.17x107! 9.86x107! 1.63x107!

QPSO 8.84x1071 6.09x107% 3.03x107¢ 3.14x1077
WQPSO 1.58x107% 1.58x10713 2.16x10712 6.66x10713
IQPSO 1.78x107% 8.02x1074 1.40x107% 2.14x107%

Rastrigin DE 2.30x10? 2.69%10? 3.11x10? 1.66x10"
PSO 2.59x10! 6.39x10! 1.13x10? 1.61x10"

QPSO 2.28x10! 4.33x10" 8.88x10! 1.16x10"

WQPSO 1.88x10! 4.03x10! 7.32x10" 1.06x10!

1QPSO 0 1.31x107! 8.71x10° 9.12x107!

Rosenbrock DE 3.15%10! 5.64x10' 2.02x10? 3.58x10'
PSO 7.77x10? 2.34x10? 1.27x103 1.55x10?

QPSO 2.93x10! 8.63x10! 4.97x10? 8.01x10!

WQPSO 2.86x10! 5.39x10! 1.66x102 3.44x10"

1QPSO 3.53%x10! 3.56x10" 3.60x10! 1.43x107!

Ackley DE 8.19x107° 2.93x107* 6.24x107 9.82x107°
PSO 2.00x1073 6.71x107! 2.79x10° 7.90x107!

QPSO 1.90x107° 3.18x107° 2.02x107* 4.16x107°

WQPSO 6.17x107° 5.80x1078 1.94x1077 3.58x1078
1QPSO 4.44x10715 4.51x107%5 7.99x107% 5.00x1071

Griewank DE 4.15%1077 7.77x10™ 1.72x1072 2.77x1073
PSO 2.63x1073 1.79x107"! 9.44x107! 2.15%107!

QPSO 2.33x1071° 5.44x1073 3.93x1072 8.42x1072

WQPSO 2.58x107M 6.22x1073 4.02x1072 8.85x1073

1QPSO 0 1.68x107* 1.07x1072 1.18x1073

Zakharov DE 1.66x10? 2.75%10? 3.93x10? 4.30x10"
PSO 5.09x10° 8.06x10° 1.28x10! 1.44x10°

QPSO 1.94x10! 4.19x10" 8.41x10! 1.34x10!

WQPSO 7.97x10° 3.45x10" 7.53x10" 1.33x10"

1QPSO 1.96x1072 2.04x107! 7.17%x107" 1.45x107!

Schwefel problem 2.2 DE 2.11x1072 3.08x107! 2.94x10° 4.04x107"
PSO 9.99x107° 1.72x10? 1.06x10° 3.03x10?

QPSO 2.88x107? 5.20x10° 1.93x10? 2.38x10!

WQPSO 6.38x1077 2.41x10° 2.41x108 2.41x107
IQPSO 4.26x107% 6.66x10718 3.70x10716 4.39x1077
Sum different powers DE 1.56x107%8 7.77x107' 6.05x1071 6.26x107"
PSO 4.04x1073* 5.40x107% 2.13x107% 2.67x107%
QPSO 4.48x107% 2.63x107% 2.45%107% 2.45x107
WQPSO 9.43x107° 1.81x107% 5.65x107% 9.21x107™4
1QPSO 1.30x10713 6.02x107% 5.14x107%7 5.19x107%

Sum Squares DE 2.72x107% 2.54x1077 1.06x107° 1.57x1077
PSO 2.60x107° 2.45%x1072 2.88x107! 4.75%1072

QPSO 1.27x1071 5.50x107° 1.29x1077 1.80x107%
WQPSO 6.50x10716 2.38x107 2.61x1073 3.90x107
IQPSO 5.54x10™4 1.06x10~4 3.14x1074 3.52x1074

Rotated Hyper—Ellipsoid DE 1.76x107° 1.03x107° 4.15x107° 6.90x107°
PSO 3.80x107* 9.52x107! 1.54x10! 2.00x10°

QPSO 5.36x10710 1.07x1077 2.07x107° 2.72x1077
WQPSO 2.13x107 1.03x10712 1.11x1071 1.56x10712
IQPSO 5.58x1074 2.30x107% 4.34x107% 5.45x107%

Rast DE 2.17x10? 2.70x10? 3.00x10? 1.78x10!
PSO 3.02x10! 6.42x10" 1.34x102 1.81x10!

QPSO 2.60x10" 4.45x10" 1.17x10? 1.23x10"

WQPSO 2.05%10' 3.69x10" 6.50x10' 9.00x10°

1QPSO 0 1.07x10™! 4.98x10° 6.30x107!

Schwefel problem1.2 DE 1.37x10* 3.12x10* 5.13x10* 7.35x103
PSO 9.38x10? 2.03x10? 3.84x10° 5.82x10?

QPSO 2.02x10° 5.53x103 1.08x10* 1.77x103

WQPSO 3.58x10? 1.41x10° 2.87x10° 4.51x102

IQPSO 4.58x107* 3.31x107! 1.39x10' 1.47x10°
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Tab.4 Statistics of characteristic indicators

depE B BMLR OPHM REm BrE
DE 0 1 5 1

PSO 0 0 6 0

10 QPSO 1 0 0 0
WQPSO 0 0 1 3

1QPSO 11 11 0 8

DE 0 0 7 0

PSO 0 0 5 0

40 QPSO 0 0 0 0
WQPSO 1 0 0 0

1QPSO 11 12 0 12
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Fig.3 The fitness value varies with the number of iterations
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