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Adaptive stickiness particle swarm optimization algorithm based on
simulated annealing mechanism

SUN Yi-fan'?, ZHANG Ji-hui"*t

(1. School of Automation, Qingdao University, Qingdao 266071, China; 2. Shandong Key Laboratory of Industrial
Control Technology, Qingdao 266071, China)

Abstract: In order to further improve the performance of particle swarm optimization in discrete optimization problems,
aiming at the shortcomings of stickiness binary particle swarm optimization, such as lack of global search ability, easy to
fall into local optimum and slow convergence speed, a new adaptive parameter strategy and a particle divergence index are
proposed, which are combined with simulated annealing mechanism to improve the optimization ability of the algorithm.
In order to test the performance of the algorithm, simulation experiments are carried out by selecting the knapsack problem
case library with different dimensions and the UCI feature selection problem case library with different scales, and the
experimental data are statistically analyzed. The experimental and analytical results show that the proposed algorithm is
superior to the comparison algorithm in optimization accuracy, algorithm stability and convergence speed.

Keywords: binary particle swarm optimization; adaptive strategy; particle divergence; simulated annealing; backpack

problem; feature selection
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25 5E W46 e I T 46, ) BA NE 2R 5 BRR 1R 1
Metropolis #E 1| 75 fife 725 (8] o AT BE ML R, &0 =
5P IR S G T I B, e 2445 B 4 R AR . L,
Metropolis /M| & AR K LW ST 4 R s AR A
[ 4 BT 7E, Metropolis #E I DL — 5 8 22452 52 2 fif, ]
LA R0 3k 4 B N J=) 38 e DR 0 o BRCRAEL A i . o6 T
155 W 2R () Metropolis #E N iy
{1, E(Xoew)

_ E(Xnew) —E(Xq14)

€ T ’ E(Xnew) -

— E(Xou) < 0;
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Horp: B(X) R X 6 B 1) Bg B A8, Xog A1 Xnew 77
MRS HT 0 IH AR SN TR, T RS
3 SA-SBPSOH:

ARG AR K B SR gk R B SRR
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AT,
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step 2: THREHIAORLF IR R AE AR ALE 2 A, 15 3
BERGR KWTER IR T

step 3: 3% 20 (13) % oo SR HX [ 32 . 1 4 SRS

step 4: THEANMAIE SR, BT BRI 7 SR
B4 R &

step5: $% 3 (14) ~ (20) 11 & ki T ¥ #UE 16 45
Div_xf, # 48 b5 & 143 2, W AT step 6, [ Z AT
step 7.

step 6: HENFEI. BE ML £ — Pt zh 7 2L, K42
Je B L AT AR I BN, I SRR, ) e R A A B
Pezh b PR, a0 FIE 2, A 30 15 2 1) s A A4 B
fift, AR 4 Metropolis #E U 11 5452 52 M 9 58 4= = i
e

step 7: %70 (8) ~ (12) B Hr S %, 4R

step 8: 1% (6) A1 (7) S HRL 7~ FE AL .

step 9: FIKTIE 75 128 2457 15 2518, 128 2 U HS e A
fife, VR A, S Z 3R [9] step 3.

Bk Z 3k 7 81 iR B AR I 30 07 XM, X 4
T AR ) L L S P A AT A8 e 1 A B X B ALk
() — 5 BEAT B A B A R P AR T A (W T 1 7R, X —
MFEEE LIR(L AR REEKE).

fr il A2

foltftloJtfol»lofoliftfi[ol]

(A=Y

[oJoJtTiJoJu]»[oTtT1T1Tol1]
B 1 4BiEEh (LB R ERE, TR 2RI
gr b ARSCIR Y SA-SBPSO B LA I .

%=1 SA-SBPSOEE{H{LED

begin
N = min{n, 100}
fori <— 1to N do

randomly initialize a:? and vio

end for
acquire £¢*' and f(s)“bfbCSt
—14|
A = best _ psub_best TO —
L

parameter setting
for t <— 1 to maxiter do
adaptive adjustment « according to (13)
fori <— 1to N do
evaluate f(z?!)
update P;
end for
update G
compute Div_xf according to (14) ~ (20)
if Div_xf* — £ < 0 then
for j < 1to L do
Neighbor_Dist(G)
Merit()
end for
Metropolis()
update G
end if
T = max{T X B, Tmin}
parameter update according to (8) ~ (12)
modify z! ! and v according to (6)- (7)
end for

end
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S Py, [ maxiter L H e I3
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43 X1
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max f = E Pi X T;.
i=1

100

B0 B 0] R, FH AN 5 44 )7 B 1) i A gk
F7IR: 55 1 A& SAC-94 FE v R 48, 102 6 AN ds
88, BN U S P A A T S0, A EO 10 B 105
ANEE IR SEAE BN 2 B 30 AN 55 24N 2 GR L vl
AR, B — > GK EH 48, B A 11 AN, 47 H
100 21| 2 500 A5, 29 A E 15 2] 1500 A5,
0, I RS AR FEAAE B SR 3 .

*x3 HEREBEEELER
e HEIAE Wi LI
hb 2 28 ~35 2~4
pb 6 27~ 37 4~30
pet 6 10~ 50 5~10

sento 2 60 30

weing 8 28~105 2

weish 30 30~90 5
GK 11 100~2 500 15~100

433 SER14H

XF T SAC-94 i MHALE, o] U /N, Gi it
TR R B R B S5 A A 1 RE 05 6 T G v i
8, T AN BRI LR BB 2, ) BRI OK, 4t
THEEAR B F AR P35 M8 S I AN v 22 Sk i
B EER TR S IR E 1. SEIe 4 R LR 4 TR
5 (G SR AR HEAfR 22 FH R R Zebm B, B PSR T35
1B SRR FnvE 2 FE DA B ).

n F 4 ERKBAEFEIILL (SAC-94 EEMIRE)
s.t.Zwijxa:ing,j:I,...,m;

=1 Hidh itk GA BPSO SBPSO SA-SBPSO

07 #@ﬁ:lﬂi%}}zﬁk]\, hb 0.53 0.13 0.40 0.47
Tr; = 1= .o, pb 0.53 0.23 0.30 0.50

L, Wit BN, pet 0.67 0.37 0.67 083

S oy FRAR i BN 0, pi FR A 0 B o5
WA, w;; TP X BEIR 5 15, C R AT weish 0.53 0.50 0.67 087
=5 HFEKESHE. PHENFREEXL (GKEENKE)
GA BPSO SBPSO SA-SBPSO

Z

opt avg sd opt avg sd opt avg sd opt avg sd
GKOl 3690 367811 825 3722 370234 891 3735 372207 10.16 3751 3732.67 8.90
GK02 3846 3814.16 10.04 3899 387491 10.65 3920 390843 1432 3944 392871 9.41
GKO03 5478  5450.60 1028 5534 548836 1132 5578 5557.60 13.61 5608 559520  9.73
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GKO05 7415 739813 12.83 7458  7412.58 1668 7446 742387 2021 7502 748558 11.18
GK06 7460 743578 875 7568 754038 11.65 7568  7529.73 1922 7626 7607.01 11.22
GK07 18528 1848147 1836 18810 18713.42 2347 18832 1878587 29.27 19066 19032.47 19.48
GKO8 18276 1823450 14.53 18454 1842517 14.67 18456 1842591 28.05 18640 18612.46 17.95
GK09 56001 55934.43 30.18 56549 56490.73 25.01 56636 5649493 62.06 57552 5747639 30.21
GKI0 55724 5566330 22.40 56121 56039.22 27.50 56134 5604528 55.13 56730 56672.76 24.26
GKI1 93205 9312197 25.74 93532 93407.21 57.19 93574 9347627 56.77 94274 9417643 4527
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£E b, O JE 1 SA-SBPSO i3 45 HAh B LA W I
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