B3k B

HoE o R 2 Vol. 37 No. 4

Computer Science

20104E 4 A

Apr 2010
EFEANENEERS U FHE

BEE /B &
(LT LV A%¥EEITREZER MM 310023)

1l - =3
c=N=|

W E BTHALALEEDRBARTRMN A, LEE XY REHRAAER, RE—FATEANHG A
ERREFREE, LS SAERAIBEFME, KARKM . B 05N BRA AR AL T B LI A2 o 6 4 BF
SHMBRRAFHLHREM, RRALXBYRELENE, RETATFEANMNGISIAETHEE, AT HERSP
BT PREEANM, RIETHRAZLELZZIREZAASHE mAEAT , RREFHTREG, RESWALE
MR REFHACF R, RBP ARG L H S R RN, TRk S 3o MR B RILMA LRY
. REABAXKG AL R EFIAREB MRS TR RGO LA,

KEIA BEFREE, N UBRME KGR, A5, S50 53 R 01, 4 RHEAL

PEZESES TP18 XEERIRED A

Self-adaptive Crossover Particle Swarm Optimization Based on Penalty Mechanism

CHEN Jin-yin YANG Dong-yong LU Jin

(College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023, China)
Abstract Particle swarm optimization (PSO) has obvious shortcoming such as local convergence, whose performance of
solving constrained optimization problems needs to be improved especially in aspect of convergence speed and optimum
value, In this paper, penalty mechanism based self-adaptive crossover PSO was put forward to solve the above two pro-
blems by three levels. Aiming at the local convergence problem, crossover operation was brought into PSO. Population
diversity model was used to maintain population diversity to achieve global optimum solution, Penalty mechanism based
self-adaptive crossover PSO was put forward which improves H strategy and simplifies P strategy. The brought algo-
rithm has better performance without obvious algorithm complexity increasing. According to velocity variety of particles
during evolution, particle moving law and the impact of parameters were analyzed, A general calculating formula was put
forward to control parameters for optimizing which extends application areas for PSO.
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Function SPSO LDWPSO CPSO CLPSO Pc=0. 05 Pc=0.5 Pc=0, 9 SCPSO
Sphere 0.04 8. 03E-28 4, 19E-39 1. 33E-29 5. 04E-39 1. 23032E-52 2. 34E-54 1. 45E-27
Rosenbrock 14.79 3.68 0.76 0.21 2.05 1. 02706 2.30 0,10
Rastrigin 13.70 1.98 0.07 1.72 3. 10 4,97 0
Griewanks 1. 00E-5 8. 65E-37 1. 78E-37 2. 27E-123 3. 39E-36 1. 92E-46 4, 67E-45 1. 32E-49
R 2 ZIORFRFEAHEAN FRE LG CPU af (] 4#E thix
Function PSO LDWPSO CPSO CLPSO Pc=0. 05 Pe=0, 5 Pc=0.9 SCPSO
Sphere 2.072 2.1438 18. 641 2.937 1. 2094 1. 9828 2. 8312 2.9953
Rosenbrock 3.8782 3.9938 32. 326 4.782 2.0828 3. 3625 4,789 4. 8612
Rastrigin 1. 6247 1. 6844 13.078 2.453 0. 875 1. 6688 2. 3359 2. 6588
Griewanks 1. 7438 1. 7594 9. 5657 0. 9578 1. 8625 2. 8328 3,85 9. 5326
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Algorithm Index g01 g05 g06 g07 g09 glo gll gl3
Best —13.60 5231, 37 —6340. 27 25. 68 685. 36 7122. 36 0.76 0. 096
GA Mean —13.57 5255, 41 —6337. 47 25. 69 702,11 7240. 01 0. 82 0.122
Worst —12.40- 5280. 24 —6333. 25 28.12 713.41 7266.12 0. 88 0.152
Dev 3. 11 20. 33 10. 24 5.33 33.52 56. 77 0.13 0.23 .
Best —15.0 5126, 51 —6961, 81 24, 36 680. 63 7131. 39 0,75 0. 069
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Dev 0.0 52. 46 0.0 0. 64 0.0 10,21 0.0 0.72
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J SCPSO Worst —15.0 5140, 02 —6961, 81 25,32 680, 63 7058, 23 0.81 0.159
Dev 0.52 10. 32 0.0 1. 40 0.0 9.58 0.08 0.16
Best —15.0 5226, 23 —6961, 81 24, 32 680, 63 7049. 69 0.75 0, 098
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Worst 1. 34 —6944, 12 678. 34 —30672. 00 —31413. 97 —213
Dev 0.25 7.04 0. 22 0.0 25, 66 0.0
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Dev 0.0 7. 44 4.78 0.0 1,37 0.0
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JFHED pest RFRF A F AR RABRFRANBRMME, B
—AFhA B E (private part) , gbest BITAR FHEHREBN SR
B, B—1 4t £ FH E (social part), HATHHE B0
B3t B HMERERER,. BE 5 EED 8 SHERBIRTE,
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WA ¢ (pest— ) BIALE , IR FEEH & LB ELFB RN
Biifd T EEERSRBMABRIE, WK c (pbest—2)
MIAE ., HRRLFXT pbest 7l gbest MEHBE,5IA ¢ K
REFHEFEET.

_ 2X | gbest—x|
p c1 X | pbest—x| +c X | ghest—zx |

2y
_aX | pbest—x |
q c2 X | ghest—x
Horp, x5~ pbest , x#ghest, W ¢, ¢ BT p Mg HE.
___ 29X | gbest— x| _ 2
=5t DX | phest—z] "¢ plgF Dy T Pbest
cr=anyValue,c: :p(—qa——l—) , x= pbest
22)

He,pe(0,1], SCPSO T p Ml q iE 1 M o, LI
B R 5 R B B B AR A B, T B A 25 14 R B B M SR
B RBROEERILBEMN, @R ERRLN p flq,
PR o F e, LB I FIZ MR AL FR A G BER . Ken-
nedy i oy =c, =20, Hsr B AR (22) B— A HEH), 4
est—x
=it

Bf,oo=c =2, HtERHAFA »

g @ e Ml BIWRTFREEROES, VEZLNHKE
.

% 4 A SCPSO ET5 p M q k3RAE Sphere #1 Ras-
trigin B4, BUA R IERE R EHK p EAT IPGEKB R
R J5H R e R IR BB p 18 0T LUA RO W SR B
REBRLE, BT RFAA Kenedy I HFBERE o ==
2, BBRAECR LY p Flg KBWERABRE. B
WA A SCPSO ST p Fl g AT LA U U S04 2 e A
AL IFIRE

CHFRIE ARG ARTETYIR G B SN U TR
BHRBAR KGRI, R TR FHERASBA
SRS AT RIRE , B B 38 R 3 XUk TR B, SE IE I AN 3L
BB TERERSEENERR L CHEN FRERELT;
HK, S TR TETIVIGA B BRI OR FREE St T
HEug, fifk T PoRBE, 855 M8 SCPSO FHMAT
Benchmark B, 234 3N . (10 BLIG £ 1% PR 45 SCPSO
B SR B A DA, R R A SR BB Sh LA, & X
B p Mg BWHIBIER AN SUEE, B )58 L REUE T ET
VT p Fl g RER SR PRI SR ALEIRE, M L 2 o AT
o NER TREELEREEFNEARE, T TR FHR

JR— IAz
ghest—x
&4 VA% p Mg thik Sphere N Rastrigin B, IEFT 10 REHBRAHE P HBANEER
Sphere Rastrigin
P a Best Mean Worst Best Mean Worst
0.5 0. 0150104 0. 0643553 0. 13411 0 0 0
0.3 1 0, 0428935 0. 091605 0. 137418 0 0 0
2 0. 0581127 0.111001 0. 170852 1, 251e—50 4, 589¢—40 5. 65432
0.5 8. 0029%e-20 1. 9814e-17 8. 770217 5. 3290715 5.321e13 9. 532e-10
0.5 1 1. 193519 2. 6582¢-18 7. 8745618 3.2010e-15 4, 2526e-12 4, 216e-8
2 3. 9442611 1, 761%e-10 2. 8828e-10 5.86198e-13 1. 6541e-10 5. 684e-8
0.5 4, 8446e-64 4, 6573e-64 2. 6844e-63 6. 851e-10 2.8396e8 9, 12301e-6
0.7 1 1,0261e-67 6. 1296e-65 5, 1076e-64 6. 884e-6 6. 5565 5. 384e-4
2 1. 7199e-50 7. 0436648 2. 2163e-47 2. 8396e-6 6.6912e-5 6. 8970e-4
0.5 9. 5936e-95 1, 0566e-93 1, 0322¢-92 0. 006251 0. 0652 0. 026591
0.9 1 3.7872e-97 3. 7594e-95 2.5115e-94 0, 0021221 0. 05710 0, 06284
2 3.3776e-80 2, 3373e-76 2. 2912e-75 0. 010238 0. 05841 0. 08412
=11 ”gfg‘e;fl [~ gbe;_x I 0. 0431 0.1203 1. 3255 1. 98992 2.0421 2. 2657
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