5019 BH 3 M 2 R TR OR F FE RARBERO Vol. 19 No. 3
2018 4F 6 A JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY (NATURAL SCIENCE EDITION) Jun. 2018

ETHREMEA R ER NG X

A4, T A, FHH

(. FSETRREY SR F¥0E, P94, 7100515 2.93357 FFA. L7 8¥1l, 114000)

BE #AFGREZEBRAAE-I TR AR BN ZLBE KK EEEBN AL RYE -ALTE
BRI B R F A LR K B K (IFEPSO-SA), XA R #HE MR K H At FREZ PR AT X
RE R RE - URBEEEMBAFE) AN E, A E N AR BERE, A ABHHTETREE. MR
Z R KW IFEPSO-SA £ f# s K HAR 0-1 F @ |5 BB AR 4 oy KA &5 7 K L 4 R KX 9, IFEPSO-SA
53T E S R T A E 5k (IFEPSO) A8 th, W18 9% 20 2% /N, K Bk il IFEPSO-SA H B 47 iy & 3 1% &
13t B IFEPSO-SA £ & 3 K $h i & fn sk 0 & 7 @ #0 {6 T IFEPSO M X 4 b9 b F #F ik M H13R K
Hix.

KR Ew M E DR K TR

DOI 10.3969/j. issn. 1009-3516. 2018. 03. 016

mEHEKS  TP301 XHEARER A XEHES 1009-3516(2018)03-0088-07

A Hybrid Algorithm of Particle Swarm Optimization and Simulated Annealing
Based on Intuitional Fuzzy Entropy

ZHOU Chuangming' » SU Dingwei' s YU Mingqiu®™
(1. Air and Missile Defense College, Air Force Engineering University, Xi’an 710051, China;
2. Unit 93357, Anshan 114000, Liaoning, China)

Abstract: Aimed at the problem that the local optimization is easily caught in and the convergence rate is
slow, this paper proposes a hybrid algorithm of particle swarm optimization and simulated annealing based
on intuitional fuzzy entropy (IFEPSO-SA) in solving large-scale 0-1 knapsack problems by using intelli-
gence algorithm. Exchange operation and simulated annealing mechanism are applied to the local secondary
optimization. Then, a metric based on intuitional fuzzy entropy (IFE) of the population is used to change
inertia weight adaptively, and particles make the mutation based on the metric. The testing result shows
that IFEPSO-SA is good in solution quality in solving large-scale 0-1 knapsack problems. And the simula-
tion experiment results show that entropy fluctuation of IFEPSO-SA is comparatively stable compared with
the intuitional fuzzy entropy based particle swarm optimization (IFEPSO), reflecting a yet higher local
search ability. Meanwhile, IFEPSO-SA is superior to IFEPSO and classical particle swarm optimization
and simulated annealing in terms of convergence speed and solution quality.
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Tab.1 Test data
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Bl Ceop V)

AL

1

10

c=[95,4,60,32,23,72,80,62,65,46 ]; p=[55,10,47,5,4,50,8,61,85,87];V=269;

295/269

c=1[56.358 531,80.874 050,47.987 304,89.596 240,74.66 048,85.894 345,51.353 496,
1. 498 459, 36. 445 204, 16. 589 862, 44.56 923, 0.466 9, 37.788 018, 57.118 442, 60. 716
57515 p=1[0.125 126,19. 330 424,58.500 931,35.029 145,82. 284 005,17.410 810,71. 050
142,30. 399 487,9. 140 294, 14. 731 285, 98.852 504, 11.908 322, 0. 891 140, 53.166 295,
60. 176 397];V=375;

481.07/354. 96

20

c=[192,4,43,83,84,68,92,82,6,44,32,18,56,83,25,96,70,48,14,58]; p=[44,46,90,72,
91,40,75,35,8.54,78,40,77,15,61,17,75,29.75,63];V=2878;

1024/871

23

¢=[983,982,981.,980,979,978,488,976,972,486,486,972,972,485,485,969,966,483,964,
963,961,958,959]; p=1981,980,979,978,977,976,487,974,970,485,485, 970,970,484,
484,976,974,482,962,961,959,958,857]; V=10 000;

9 767/9 768

(2]

c=[80,82,85,70,72,70.66,50,55,25,50,55,40,48,50,32,22.60,30,32.40,38,35.,32,25,
28,30,22.50,30,45,30,60,50,20,65,20,25,30,10,20,25,15,10,10,10,4,4,2,17; p=
[220,208,198.192,180, 180,165,162, 160,158, 155,130,125,122,120,118,115,110, 105,
101,100,100,98,96,95,90,88,82,80,77,75,73,72,70,69,66,65,63,60,58,56,50,30,20,
15,10,8,5,3,1, ];V=1 000;

3103/1 000

50

c=[438.754,699,587,789,912,819,347,511,287,541,784,676,198,572,914,988.,4, 355,
569,144,272,531,556,741,489,321,84,194,483,205,607,399,747,118,651,806,9,607,
121,370,999.,494,743,967,718,397,589,193,369 ]; p=1[72,490, 651, 833,883,489, 359,
337,267,441,70,934,467,661,220,329,440,774,595,98,424,37,807,320,501,309, 834,
851,34,459,111,253,159,858,793,145,651,856,400,285,405,95,391,19,96,273,152,473,
448,231];V=11 258;

16 102/1 1231

60

¢=[135,133,130,11,128,123,20,75,9,66,105,43,18,5,37,90,22,85,9,80,70,17,60,35,
57,35,61,40,8,50,32,40,72,35,100,2,7,19,28,10,22,27,30,88,91,47,68,108,10,12,43,
11.20,37,17.4,3,21,10,67]; p=1[350,310,300,295,290,287.,283,280.272,270,265,251,
230,220,215,212,207,203,202,200,198,196,190,182,181,175,160,155,154,140,132,125,
110,105,101,92,83,77,75,73,72,70,69,66,60,58,45,40,38,36,33,31,27,23,20,19,10,9,
4,1];V=2 400;

8362/2 393

80

c=[40,27,5,21,51,16,42,18,52,28,57,34,44,43,52,55,53,42,47,56,57,44,16,2,12,9,
40,23,56,3,39,16,54,36,52,5,53,48,23,47,41,49,22,42,10,16,53,58,40,1,43,56,40,
32,44,35,37,45,52,56,40,2,23,49,50,26,11,35,32,34,58,6,52,26,31,23,4,52,53,19]; p
=[199,194,193,191,189,178,174,169,164,164,161,158,157,154,152,152,149,142,131,
125,124,124,124,122,119,116,114,113,111,110,109,100,97,94,91,82,82,81,80, 80,80,
79,77,76,74,72,71,70,69,68,65,65,61,56,55,54,53,47,47,46,41,36,34,32,32,30,29,
29.26,25,23,22,20,11,10,9,5,4,3,1];V=1 173;

5183/1 170

100

c=[54,95,36,18,4,71,83,16,27,84,88,45,94,64,14,80,4,23,75,36,90,20,77,32,58,6,
14,86,84,59,71,21,30,22,96,49,81,48,37,28,6,84,19,55,88,38,51,52,79,55,70,53,64,
99,61,86,1,64,32,60,42,45,34,22,49,37,33,1,78,43,85,24,96,32,99,57,23,8,10,74,
59,89,95,40,46,65,6,89,84,83,6,19,45,59,26,13,8,26,5,9]; p=1[297,295,293,292,
291,289,284,284,283,283,281,280,279,277,276,275,273,264,260,257,250,236,236,235,
235,233,232,232,228,218,217,214,211,208,205,204,203,201,196,194,193,193,192,191,
190,187,187,184,184,184,181,179,176,173,172,171,160,128,123,114,113,107,105,101,
100,100,99,98,97,94,94,93,91,80,74,73,72,63,63,62,61,60,56,53,52,50,48,46,40,40,
35.28,22,22,18,15,12,11.6,5];V=3 820;

15 170/3 818
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