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Abstract: The interaction among particles is a key factor affecting the performance of particle swarm optimization
(PSO) algorithm. To overcome the premature convergence, an extended particle swarm optimization (EPSO) algorithm is
proposed, in which the interaction mechanism among particles is redefined based on the idea of attraction and repulsion
forces in Artificial Physics. Furthermore, the rule of attraction and repulsion among particles is defined by comparing
particle fitness values. To look for the global optimum, each particle randomly moves along the direction of the resultant
force produced by all particles. Simulation results show that EPSO algorithm effectively improves the global performances
of other related algorithms.
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3.1 EPSO#L(EPSO algorithm)
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4.1 WS4 (The convergent condition)

ARATEE T Z 1 RG A€ MR XNTEPSO It 8tk
AT AT AETTRE()—(B) T, T —4EAR HE (R S
M7 T A YA e, DAL, DL —4E SR IE EPSO S V2
FRCSAE, JER T REQ)MIT AR & IE R

zi(t+1) f+wz;(t—1) — (1+w—( > ¢rij—
JEB(4)

o or))zi(t)= >0 ¢ripi(t)— X2 ¢irip;(t).

JEW (3) JEB() JEW (3)
“4)

WKTRRGOEMEZLL Y pit) — > pi(t) iR
JEB(i) JEW (i)
BRI [A] B R4
AT I3 T { B, () YR L AL e (1) 1 300 2 471
IS, R T RE()RIE N

B (t41) — (14w — (3 ¢;—

2 jeB ()
JEW (4)
1 1
B > cipy(t) — B > ¢ipi(t). %)
JEB(4) JEW (1)
)5 FE(S) FIREE T 72 N
1
N—(l+w—==(3 ¢i— X ¢j)A+w=0. (6
2jeB(i) JEW(4)

H1 2 1 28 g8 R g 1 PR T G, { By (¢) P WL 8K 4%
0 AN R AE AR RN B0 8 A 220/ F1, SR A5



%6 LA R R ORL A S 813
{Exz(t)}qu&/\),z?J‘\/f‘l'jj '_.:IIIEE 2 &Al‘i,k = Ii7k(t + 1) - £Ci7k(t), ry ~
0Sw<l HO< Y ¢;— > ¢ <4(l+w). N(0,1).j=1,--- ,N. WAAz;}, ~ N(p;, 07).

JEB(i)  JEW (%)

#% lim EX;(t)

t——+oo

= X, WA XA T FE (13

cj (X —pg) +»Z(‘) c; (X —Ep;(t)) —
s
> ¢ (X—=Ep;(t)) =0. (7
JEW (3)

M A MEY; (t) = X = Ep;(t) = pH, JTFET)K
AL, BRI AT ORISR AT I, e A TR STy
(A

TR TP BIORE 1) o 3 2R HRBUAA TR S T ToRL 2 e
B )ikt RS ), Pk, I R EOEPSOS %
HATHE M, AN B A ble, = - =
¢ = ¢, W{Ex,; (t) ST 4: 0 < w < 1H
0 <c(|B@)| = [W(H)]) <41+ w).

D) XL B(8)| — W (4)| < OfITkEaIn &, 1t
AN CHURAE, {Ex; (t) e K.

2) XTI AL | B (i) |—| W (1) | >0tk i 5, a) A
M| B(worst)| = max(|B(i)|) = N H|W (worst)| =
min(|W(i)|) = 0, FrLh| B(worst)| — |W (worst)| =

N A1+ w)
max(|B(i)| — W (i)]) = N. ZFFHce (0, )
i, {Ex; ()} 2WELTT; b) min(|B ()| — W (i)|) =
EHEYce (4(1+w), co) b, {Ex; (t) } & K HL; ©) é!

€ (4(1 +w) JA(L + w)) B, {Bx; (8) )T RE R R HLUT
A e S,
EHTTJXEHE(U\ SE 3 A R BE AL AR &, PR T
e (ALED) 41 1w Bie € (41 +w), 00), ot
ANFRRE PR AR Sl B AN R 2 Ok RS B AN
D i R R P A SlGE B B A R D, A
REGENMEBZ .
4.2 4 JR WS 43 M (Analysis of global conver-

gence)
BRig& 1 1) B ATAT I ER AT 5t

PHBCHSR: 2) FRR RS () FEIX 02 13t
EX 1 #P{ ILm &, =& = 1, iE Ve >
0. H5P{ () U Ac} = 0. WHBEHLEFFI{€, } L

n=1k>n
VST BEALAR fE.
I3 1 PRI B (Borel-Cantelli) 5 | #
WAL, As, - RBEERS lﬂJ:E’J HIEPA, 2 pr

—P{A). %Zpk<oo WP{A U A} =0. #

n= 1k>n

Zpk—oo HAAMIG, WP{ () U Agy=1.

n=1k>n

E WAr = woy + Y ¢rik(pjk
JEB(i)
Z Cj?’jk(pjk—fl’ik), '&,Uzi:w'vika (z)jzcj(pjk_xik)v

JEW (i)
]617 7N9)rlIJAxi7k:lu’i+ Z T]¢]_ Z TJ¢]
JEB(i) JEW (1)

K Ar; ~ N(0,1), Kk, AR Az, g ~ N(wi, 0?).

uFEE

FAR BE LA, #5145 Ve > 0, WHE Dy = {x € 2
|f(x)—f*| <e}i Di=2\Do, 1 f* = min{f(z) :
x € Q}. Ik, EMUA R N IEPSOR L, #1025
RAC IR 7 s e A7 B P (e ) B 23 J R Rk 25 1) /b
A 050 1 LB ARAL E R T Do, i AR L3 2) N
A R S e A B8 T Dy, il IR T

SIER 3 W )W R B, P (k) AR
BLE, Pk + 1)PRELMESR R g (i, 5 = 0,1),
JIES)

1) X TAERRE N L REP(K), goo = 1.

2) W TAERURES AL RUEEP (k) AAAE R Hb €
(0,1), f#if4q1; < b.

ik ARHAEEPSOSLLIRAT A, qoo = 1AL

[ (z) X2 ERELL R EL, Fxgh f(z) Bi—
AL, WA AEr > 0, 1513 4|z — x| < ri,

T f(x) = flzo)| < /2. #HLQuyr = {2 €
|z — 2ol|oo < r}, WA
Qzo,r C Do. (8)

W E2H Az, ~ N (i, 02), W
P(z;) = P{(z; + Az) € Qup.r} =

(w—p)?

¥y, i€ S, (9)

n T,k —Ti,k+T 1
kl;ll J‘wo,k_wi,k_'f \/27T0'ie
Hrbao g, @ 0 MR IR @ M, R SRS 5)
W 289 AT 410 < P(z;) < 1. - FEPSOSLH
THOKE G (1) [ 1 de o7
p_ [P fainn) > (P,
" | @i+ Az, fz + Az) < f(P).
JrEL, 0 < P(P) < 1, M{EABREESH, 710l €
S, AL

P(B>:H2§1(P(Pi))a 0<P(P)<1. (10

1@ (10)fFq10 = P(P;) > P(P), T qu+qo=1,
Mg =1-q10<1-P(P)=b,0<b<1. I

EHE 1 W{P,}EEPSOH L ANy 41, I
P, (k) = arg mlan( (k) R B KA IS FOkE T 1)
SUAEE, QR A LT A2 BB, AT



814

29 3

P{lim f(Py(k)) = f"}=1
JAL, BV P 51 Py } LA DRCSICT ) (1) 42 )
RAAR.
iE XFFve > 0, 2P, = P{|f(Pu(k)) — f*| >
e}, e f 4 R s A, M
B

0, IT€(0,--- k), 13| f(P(T)) — f*|<e;
P YT (0, k), S| f(Po(T)) — f| >e.
5351 P, = ¢f, < bF, ﬁﬁui P, < fj b =
k=1 k=1

% < oo, Y8BT 4,

PN U S(B(K) - 1> ) =0,
PRI, HE TR, f(Py(k)) LA 1S T .

.
4.3 2 RSt It ) B 2 fi# B (Physical interpre-
tation of global convergence)
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Table 1 Performances of EPSO under different

acceleration coefficients

c=1 c=4 ¢ =10(c = 20)
B . \
M P P 5% CPUR /s
fi 8.2E+2 0 0 0 17.17(12.50)
fo 33E+4+5 49E+1 4.9E+1 0 24.4(22.9)
f3 8.3 0 0 0 13.53(27.06)
fa 63 59E—-16 59E—-16 0 42.70(35.93)
fs 1.5E4+1 2.5E-1 0 0 14.03(15.10)
E 1 Rle = 108120 F, L MCF SRR T 240
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ELFRIINF ). 5 E— RS2 o, SR BEIA SIS I R K 14
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EPSO in high-dimension functions)
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Table 2 Performances of EPSO in high-dimension
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Table 3 Comparisons of performance of EPSO with
PSO, ARPSO and APO

Hy%k  Griewank  Ackley  Rastrigin

PSO 1.3E-2 6.7E—1 4.7TE+1

ARPSO 3.0E—-12 2.7E-2 2.0E-2
EPSO 0 5.9E—-16 0
APO 0 24E—-1 0
EPSO 0 5.9E—16 0
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Fig. 1 Fitness evolution of Rastrigin function
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(APO) MOy 1 i b % (Comparisons of Perfor-
mance of EPSO with PSO, ARPSO and APO)
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Fig. 2 Fitness evolution of Griewank function
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Fig. 3 Fitness evolution of Ackley function
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6 458 (Conclusion)
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