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Particle-swarm optimization algorithm with mixed search

LIAN Zhi-gang'?, JIAO Bin'
(1. School of Electronic and Information Engineering, Shanghai Dianji University, Shanghai 200240, China;
2. School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: A mixed search particle-swarm optimization algorithm(MSPSO) is proposed by combining the algorithms for

individual optimization, global optimization and generation-population optimization. In the simulations by using bench-

mark non-linear test functions, experiment data and convergence curves show that this new algorithm is effective, rapidly

convergent in optima search.
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Fig. 1 The particle move theory of OPSO
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3.2 MSPSO% 32 B (Flow chart of MSPSO)
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4 {jjE 525 (Simulation experiment)
4.1 I3 p& F (Test functions)
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1) Sphere model: fi;

2) Schwefel’s Problem 1.2: fy;

3) Schwefel’s Problem 2.21: f5;

4) Generalized Rosenbrock’s function: fy;

5) Ackley’s function: fs;

6) Generalized Griewank function: fg;

7) Generalized Penalized Functions: fi, fs, F A&
FH SRS 55045 DL SCHR 5.
4.2 A% LLH (Experiment comparison)
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Table 1 The comparison results of MSPSO and

OPSO algorithm for test functions

Min/Max/Average

w OPSO a MSPSO

14516049/ 099 12528e—13/3.0954e—4/3.1294—5
0.1 47293e—4/ 0.995 1.539e—20/8.6202¢—8/8.7686e—9
8.9251e—=5 0.999 3.8904e—21/5.4135e—18/9.5162e—19

8.033e_g 099  2.9609e—20/0.0011/1.1838e—4
0.2 24332/ 0.995 6.592e—14/2.9706e—7/3.0146e—8
0.2475 0.999 3.4308e—25/9.0369e—23/1.7939e—23

10912e—35, 099  1.2931e—36/8.7945¢—8/9.7903e—9
0.3 1.1266e—32/ 0.995 5.637e—35/2.7626e—20/2.8057e—21
5.2723e=33 (0999 7.5105e—26/1.3705¢—23/4.9872¢—24

6.7803e_25/ 099 4.6988e—26/3.6438e—23/5.3027e—24
0.4 5.1332e—22/ 0.995 8.9845¢—27/4.0722e—24/8.9337¢—25
9.2853e—23 (0.999 3.0364e—23/9.7341e—21/2.6667e—21

54530e_15/ 099 3.1704e—16/2.5845e—14/8.1655¢—15
0.5 2.5376e—13/ 0.995 2.8225¢—18/1.2911e—15/3.8379¢—16
4.8343e—14 0999 1.0594e—16/8.4929e—14/1.4377e—14

Fun= f;, Dim=30, Best=0, PS=100, EG=1000

w  OPSO a MSPSO
20,499/ 0.99 22.8468/202.6571/77.2275

0.1 108.9765/ 0.995 8.106/76.5457/27.6106
53.1929  0.999 1.4009e—4/0.0177/0.0073
01395/ 099 0.0263/1.4385/0.5168

02 38792/  0.995 0.0142/0.8972/0.1533
13891 0999  5.9124e—8/2.261e—6/7.7363e—7
00515/ 099 0.0063/0.1807/0.0802

0.3 03006/ 0.995 5.3284e—4/0.0429/0.0122
0.1588  (.999 8.7859e—10/3.6843¢—7/1.0195¢—7
0,344/ 0.99 0.019/0.3608/0.1579

04 3.1586/  0.995 0.0043/0.157/0.0489
09316 0999  1.9729e—8/1.4355¢—6/4.538e—7
5381, 0.9 1.409/32.9093/7.1717

05 23.079/  0.995 0.1031/4.5568/1.8675
10.4773  0.999 8.7562e—5/0.0045/0.0014

Fun=f,, Dim=30, Best=0, PS=150, EG=2000

TR



10 #

SN — R SR R AL R

1407

(LT 530910/ 099  2.2097e—5/19.3164/4.2292
w  OPSO " MSPSO 0.3 ig.ggéi/ 0995  0.0022/19.157/6.1123
: 0999  1.8767/19.205/7.0285
13206/ 099 0.5084/1.8239/1.1503 Y
0.1 7328  0.995 0.3215/1.8537/0.7121 2.556le-4/ U reRe=II :
1619 0099 39048 4/0.0055/0.0020 0.4 192963/  0.995 5.8996e—5/0.085/13.0651
: : : : 134944 0999  0.811/18.8865/3.6245
005/ 099 0.0034/0.1028/0.027 166545/ 099  0.0273/18.837/12.642
0.1118 0.999 2.0251e—7/2.4716e—5/4.8998e—6 18.4312 0.999  1.7452/20.8859/12.6183
2.4735e—4/ 0.99 2.5251e—4/0.0077/0.0031 Fun=f5, Dim=100, Best=0, PS=150, EG=2500
0.3 0.053/ 0995  9.138e—5/0.0018/0.0011 orso SPSO
0.012 0.999 4.6562¢—9/1.9145¢—7/3.9337e—8 b “
; ; 51566043/ 099  0.5766/4.6271e+3/464.3464
00011/ 099 3.2694e—004/0.0116/0.0027 0.1 55765e+3/ 0995  0.0514/0.6502/0.264
04 00213/ 0995 3.6434e—5/0.0013/4.1507c—4 53574643 (900 1.0788/47.9959/9. 8066
0.0086  0.999 8.8118c—9/4.9825¢—8/2.2776e—8
46073e+3/ 099  0.0477/92.2861/28.8496
0.0485/ 099 0.0113/0.4077/0.0662 0.2 5.5016e+3/ 0.995 3.5112/394.7064/241.9447
0.5 06536/ 0.995 0.0035/0.1034/0.0278 5.1537e+3 0999 9.0387/136.0747/63.2605
0.2644 _ _ _
0.999 4.1982e—7/1.6134e—5/4.5272e—6 < 09570100 099 0.250/137.3871/15.4753
Fun=f3, Dim=20, Best=0, PS=150, EG=2500 0.3 5.4118¢+003/ 0.995 0.8680/302.4841/158.9036
5272243 (999  5.784/103.7519/52.2795
w  OPSO a MSPSO
48707e43/ 0.99  0.0972/0.4535/0.2067
34031/ 099  0.0034/452.9054/137.2951 04 5.5464c+3/ 0995  0.3204/25.4048/3.0797
0.1 1.1515e+3/ 0.995  0.5257/3.2293¢+3/507.6061 528e+3 0999 0.7405/27.1906/6.2224
141.7273
0.999  0.321/481.4141/120.124 50722043/ 099  3.4191/3.1955¢+3/334.5516
b soay 099 0.0502/297.7689/36.8927 0.5 >:4679e+3/ 0.995 1.711/2.8684/2.223
' 5.3236e+3 0999 1.1121/5.1068/2.5369
02 249.0349/ 0.995  0.0024/189.5679/22.0506 : : : :
33.338 0.999 1.2301e—4/3.0825¢+3/313.3669 Fun= f, Dim=200, Best=0, PS=150, EG=2500
4.5776/ 0.99 0.3937/629.8227/122.4108 w OPSO a MSPSO
0.3 21;3.242‘(2)2/ 0.995  0.0773/465.6484/54.5788 717908 099 18.1293/1.29670+9/1.8199018
! 0.999  5.739e-5/272.3007/30.6536 0.1 2766349/ 0.995 6.5832/358.3108/53.6927
2.354
00209/  0.99 1.8046/88.6499/17.264 35499 0999 0.5039/3.2196/1.8706
0.4 481.1329/ 0.995 0.0058/55.1685/13.0651 1.9814e+9/ 0.99 4.9507/6.2884¢+8/6.2884e+7
56.1045  0.999 0.0054/19.5187/5.6797 0.2 2.7999%+9/ 0995  1.8364/16.3723/7.4575
2.3182¢49
16799,  0.99 0.7523/245.655/37.9698 0999 0.187/2.3223/1.3681
0.5 203.955/ 0.995  0.0191/945.7564/119.2539 1.4125e+9/ 0.99 0.8148/5.5739/3.1983
28.2054 0.999 0.0681/18.268/6.6254 0.3 2.8113e+9/ 0.995 0.2308/6.1238/3.03
2.3795e+9 999 0.0015/1.9817/0.536
Fun=/,, Dim=20, Best=0, PS=150, EG=2500
1835649/ 0.99 1.167/7.9968/3.2991
w  OPSO a MSPSO 0.4 2.633¢+9/ 0995 3.1727e—4/2.8202/1.3172
24368¢+9 999  6.6459e—10/0.2497/0.0717
17812 099 1.0557/20.9481/18.7725
0.1 20.1651/ 0.995 0.7624/20.8443/14.8518 1.9809e+9/  0.99 18.3986/2.1726e+9/1.1857e+9
2965¢+9 0999  2.6637e—5/0.5308/0.1605
18,9906/  0-99 1.772/19.5426/12.6075 . PP ——
02 200748/ 0995  2.3525/19.1579/15.8684 un=/7, Dim=100, Best=0, PS=130, EG=
19.2255  0.999 1.9499/20.952/17.6407
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w  OPSO a MSPSO 8 — MSPSOSLEML A
2 0169e+9, 0-99 80.3299/1.6411e+9/4.6903e+8 5 6 ]
0.1 2.9576e+9/ 0.995 23.51/2.2528e+9/2.2528e+8 ﬁ
2.5022e+9 0999  1.0054/7.5395/2.9729 4 1
2 1738e+9; 0.9 11.2527/9.0641e+8/9.0641e+7 2f: ]
0.2 2.8269¢+9/ 0.995  11.3236/38.8072/18.7422 )
2.5121e+9 0.999 1.6533/8.819/4.8169 00 500 1000 1500 2000
HEALARE

2 1738e4+9, 0-99 1.8924/27.1742/8.4305
0.3 2.6814e+9/ 0.995  6.8786e-4/15.7887/6.8938
2.4292e+9  0.999 0.0971/4.5465/1.9147

19750649, 099 0.7673/11.9368/7.6444
0.4 2.787e+9/ 0.995  0.0011/11.0721/3.2545
22897e+9 0999  2.3104/10.4719/5.9088

18155049/ 099 23.9771/2.4618e+9/1.3709e+9
0.5 2.4058¢+9/ 0.995 18.4184/4.6873e+8/4.6903e+7
2.1745¢+9  0.999  1.0485e-4/0.4217/0.0887

Fun=fg, Dim=100, Best=0, PS=150, EG=2500
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Fig. 4 The convergence comparison of MSPSO and
OPSO algorithm for test functions
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