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Alternately preying particle swarm optimization algorithm and
convergence analysis of its particle trajectories
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Abstract: To avoid getting into local extremum, we put forward an alternately preying particle swarm optimization
algorithm (APPSO) on the basis of predator-prey coevolution. The iteration process of APPSO is analyzed. The sufficient
condition for the convergence of particle trajectories is proposed and proved. A parameter setting method is developed
to make the particles motion trajectories reliably convergent. The convergence rate of motion trajectories in APPSO is
analyzed based on the iteration matrix spectral radius and SQRT sequence. Simulation results of benchmark functions

validate the correctness and efficiency of the proposed method.

Key words: particle swarm optimization; alternately; predator; prey; convergence analysis

1 5|5 (Introduction)

B ¥ B A L (particle swarm optimizer, PSO). i
tHKennedy flEberhart 119954 Hi | & —Ff it
AT SEHOR . PSOSEA] FR 25 5y SEHIL A IS AT VR ZIH)
BHET S5, BB LUK, 78 E A ST 2AH A Ak 2
FH )2 R R0,

KB R A5 S M Sy ) 08 A B v 1) A 2
FHEHLE, FEFEAPSOH G T i -3 (predator) 5 4%
Yi(prey) Bifh /L2 A4, $2H T PSOPC(particle swarm
optimizer based on predator-prey coevolution)[1] 5. 2.
PSOPC HAT BT i A 27 38 30, B i 5, S 408D,
SEIAS By, o — LI RIPS OUSLdt J7 1. AH—3 3 kL
T RAEREE, Iy — 8RS AE R, SX AL A
PFFATAE 5 T BAN SRR P dok i

AW T — A SR, RSB R
Hh bl R Rk IR 2 ) R I IE A S R AR AR . RV

Wik H 1 2012—06—22; WetE i H391: 2013—02—22.
TilBfE1EH . E-mail: jsliljj@163.com; Tel.: +86 021 —38282966.

(1B IS AR Al B, I A o ki, XA T
AR RS i 2% ) P45 2R, 3 5005 B N R S A AL, AN
IR PR A2 B A B, SR SR A O AT T
TEANIR 73 M, 32 th IFIER] TR 12 S e Sl 78 73
A A T — P ORUE SRR R s PRI SR 2 5L
WE 5, MR8 g W SO FE AT 1 o0 #fr. J8
BRI R 7 B, S0 E T LA R R RE.
2 PSOPCH.#%:(PSOPC algorithm)

7t PSOPC 535 HVRL 173 M 2K predatorkis -5
prey i 1. EHEIEPIEAE FE T, predatorki 1 [FARZS
SR REA (1)(2), prey R PR T FE N (3)(4).

Vzﬁ = WVzﬁ +a Ry (pfd - Xiq:i) +

e2Ro(pf — X)) + eaBapp — X)), (1)
X=X+ Vi, @)
Vg = wVii +aRi(ply — Xi) + caRa(pg —

FEETH : EEK HRREEE R I H (51279099); LN R A HARZS 23 &R NI H (12ZR1412500); -5 17 S RMIF G135 55 4 8 B 7 55 071
H(13ZZ124); BT EZ RS RITTHE R B G & et R 24 % BT H (125SG40).
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X7y) = esRs(pg — X7), (3)
Xia = Xig + Vi, )
s ¢ hypredatorFifiEbn 5, 7k prey Fitbn =, V41
V7l predator i 1« prey KL 1 (K138 &, X2 R X7, N
predator ¥ i~ prey Ki 1AL E. w WP, ¢y, co,
cs = ORI T, ARSOR e R jﬂﬁﬁli@%j PSS
Ry, Ry, Ry M (0, 1) Z W FUBEHLEG p2, Rl pT, 50 30
predatorii ¥« prey i[RI B p? pg 735
HpredatorFi B « prey M ¥ B 4 47 E. 2U(1D)(3)5%
SAIAI 45353 w3 predator ki 1 prey R 1K)
i & %R | prey ki 1% predatorky 14l £ & 1 [k itk
17 4. predator i - Flprey ¥ - (1) R RUAR 23 71 4 .59,
ST.
3 X EHl B MPSOH i(Alternately preying
particle swarm optimization algorithm)

3.1 ATEH IR (Alternately preying strategy)
PSOPCH £ prey P S 2 A T-HERARE, preda-
tor PP HE R E AL THIBMPIRAS. FrpreyFIBEIEAN T JRHKk
{H, Wpredator P25 2y HH T~ IR IE i prey P T
ElEA YNSRI EER
XF 3 D)@)BEAT X EE AT K, A e BRSPSl
B IR IC R SR AR, DRk, gk e SRR N R
WAL, AR SO pg MpT (AL E50 e IR S S EAT A
WS — P REAS [ Rl 5. e IE A S 4%
TR
if (P2 LT pp),
if (rand < p), c3 <0,
else, cg > 0,
if (pz T pd).
if (rand < p), c3 > 0,
else, c3 < 0,
Hrf: rand 8 (0, 1) Z A RENLEL, 0.5 < p < 1. BILL
B B L (A SRR AR A PO E N A58, 3 —
FOEEAE A B KRR S 1) T AT iR,
)T IR B . [FII DA/ IR I 2 (4 )

AR T FIREAE o A5, 53— BRI fr . Jpe
Mo T R A A
534, tapr = p? I, RGBS AT LI AT >

A CAG IR 3H 4y, Hik 5 EPSOEE—HE, W
it BRIRAT R AT, BRI SRR D) BN R AR
18, 2R e L2 BN SR AR AR, RIS SO0 SRR HEAT
WIH %
If (p]
rand],
Hrt Ay 2R IRAE, — B — RN IE SR,
LA p? 75 3L 41 35 A A2 2y, 3 R A 45 1 ol B A 52 Al

=pD),c3 <0,p =pl[l — Ay + 2% Ay *

o RAT A, R TR SR AR
3.2 RS 5 ﬁ(Convergence analysis of
particle trajectories)

H AT, ADSCikatist e 5k SO AR SR Re i
2K FHMarkov# « Lyapunovia s 14 B8 55 77155
ML S BE, (FOX 28 5 VEAE /3 HTPSOBVE I %
NS AR B A2 7 VA T PSOIX e S
HAE AR I 5005, nT DTG (kb 3 B H S5 kL 1k
R e S ) 2 0 [ ks ] DLIE Ik o il AR i vk A
HEEL A I SRS T IR RO SIOR R, F 24
WE T, AN T HABT T, 20N SIE W, 7 (A
H. DRI BUR AR AR B A7 7 VR0 Sl Bk
TRACAEIEIAT TSR

SCHR [BUEH 70 TARUEPSO, 4 FHEWR 1T

HEIE 1 brEPSOR VAT 45 ) 4R ok IS 8K
(=g 4 it p(A) < 1, BIE(S)

-1 <w<l, 5)
0<p <24 2w,

HEEZA 2R, p(A)iD, s BB, L

w

w 1— ]

SCHR (213 8] T 255 6.

L0y =Ry 20,0y = caRy > 0,C3 = c3R3,
o =0+ Cy > 0, BHIR(1)—(4), 75
Vi =wVii— (o+C3) X+ Ciply+Copl +Cspl, (6)
Xfii = wViﬁ +(1-—¢p— Cg)de + Clp?d +

Cop? + Cspy, @)

Vi =wVi—(p—Cs) X[+ Cipjy+Cap; — Capf, (8)
X =wVii+ (1 —p+C3) X+ Cipyy +

p=c1Ri+ Ry, A=

Copy — Cspy. 9)

1R(6)—(9) 1 LA /R A XA IR PR

R

Xl _

Vi |

| Xia

(W —(p+C5) 0 0 Ve

w 1=(p+Cs3) 0 0 X4 N

0 0 w —(p—Cs) Via

0 0 w l—(p—0Cy)| | X7

c, 0 ¢ o5 [pl

¢, 0 G 031] Diq

0 C C —Cyf | p?

|0 C1 Cy —Cs] | p]
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fEAPPSOSL, id
w —(p+0C3) 0 0
,_|w 1=(p+0C3) 0 0
A= . (10
0 0 w  —(p—0C5) (10)
0 0 w 1= (p—0Cs)

BB 2 APPSORLVN (4 W) HOR: BRI ST
AT p(AT) < 1, B

-1l<w<l, (11

H YIS0 BT, p( A7) BN, e SaH R
ik U R, 22— R A RIEEL
B4R PEAFTERR A ML 4
o e ], _[w ~o-cy)
! wl—(p+C3)|’ 2 wl—(p—0C5)
MU AL F Ao 5331 R FPEELS FRBEII B AR BE, A RTA,
RIRFAE 22 T3 31 R

FOD) =X+ (p+Cs—w—1A+w,
f) =X+ (p—C3—w—1A+w.

A Ay IFRFIEAR A, Aoy Ao IRFIEAR 9 A3, Aay 1
(A1) = max (x| = max{{Ai ] al). (12

I

p(As) = max |A;| = max{[As[, [Aal}, (13)

3<i<4
U AR P42 0
p(A') = max I\i| = masc{ [\, Aol Aol Dl

1

(14)
RAEHER L, Hip(Ay) < 1, p(As) < 1043
-l<w<l,
0<p+0C5 <24 2w, (15)
0<p—0C5<2+2w.
RS RE W, £
{—Cg<g0<2+2w—C3, 16)
C3 < <242w+ Chs.

T es T REHUE, Bal fEEUL, WCs I BEN IE, B
A RE A B, W tp(A) < 1, AR BARH
DA LLHERp(AY) < 1, B (1) 5 APPSOV bi 1
PUBSI e 4. IR 20, RS
3.3 Wi THUE TSRS S50 B (Parameter set-
ting for reliably convergent trajectories of parti-
cles)
WRPREE3.27, o = ¢y Ri+ca Ry € (0, ¢1+¢5), |Cs)
= |es|Rs € (0, |es|), WA DA 2 30 F AR RERIE
JEAL, RIEGEARA SR AREDRIENCER).

2T REROT, A SCAPPSOIZ 4O, C,
YD~ IR

Cy = |Cs]/2+ 1Ry, Cy = |C3]/2 + c2Ro, (17)
JIESH
@:Cl+02 = |03|+C1R1+C2R2. (18)

XFERADFHICs| < pH BT, Ha(11)(18)
H,Cy + Cy +2|Cs| < 2+ 2w, N

¢+ co + 2|ez| < 24 2w. (19)
ZIERNRZPSO R ¢ = co, AL

¢ =cy=kleg], k>0 (20)
FERMA T FIEEAH B2 TR ()4 B BB )

(2k + 2)|es] < 2 + 2w. 1)
Ell]

les| < (14 w)/(k+1), (22)
IIZH3% (17)~(18) ¥ B N, APPSORLFHzb S 78
AN

“-l<w<l

{\cg|<< (1<+ )/ (k+1). 3

HASHB AP R

1) 7E(—1, 1) R HEE W, 76(0, +oo) I B ESKk;

) (0, 12 R B H o], BT 0K
ey, e

3) Ry, Ry, Raffise Ji, Rl R 43| Cs, X7y )
LISRIFCy, Cs.

Bl e3P IE SR DL 2B 3. 1715 HRE, ¢ AN
123,370tk . A SORFIZRE I SERR A8 B il 1)
PSO $7 (alternately preying particle swarm optimiza-
tion algorithm, APPSO).

3.4 APPSO ¥ S B 43 1 (Convergence
rate analysis of particles’ trajectories of the
APPSO)

3.4.1 %4205 (Spectral radius calculation)

FESCHR [310FE A, 7T BLSKR H APPSO R TR
T R IR 7Ok A BEA RIA B AR —1 < w
< O,

(Ar) aH_ﬁlv 0<p+0Cs<1l+w,
plA1)=19 _ (24)
O“;ﬁl, 14w < p+Cy < 2420,

az+ 3,

(4) , 0<p—-—0C3<1l4w,
plAz) =19 _ (25)
O“Q;ﬁQ, 14w < p—Cy <24 2w.
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0 <w < 1,

p(A;) =
(o + By

, 0<p+03<(1—Vw)?

VW, (1-Vw)? <p + Cs < (14+w)?,
\ _O‘l;ﬁl, (1+Vw)?<e+C5 <2+ 20,
p(Az) =

s + o

s 0<<,0—C'3<(1—\/u7)2,
Vo, Vel g Co< (14 V@),

_QQT%, 1+ Vw)?<p—C3 <2+ 2w,

e
a;=—(p+Cs) +1+w,
= \/(<p+03—1—w)2—4w,
as=—p+Cs+1+w,
62: \/(@*03*1*(.0)2*4(4}.
HHE553.17, APPSOIEAHE R i 4%
p(A') = max{p(A,), p(As)}. (26)
3.4.2 SEIYARH(Parameters are all not known)
ZHw, k, s IARKNE, 77 LR (24)—(28), 701
BLAHT p(A"). AR FAEAE w, o, Cs IX3AN AR 5, X
p(ANRI MV R R A%, A SCEESQRT 741 PR
FEFT R p( A BT 04T
(15
|Cs5] < 1+w<2, (27)
0<|Cs] <p<2+42w—|Cs] <4. (28)
Blw e (=1,1),05 € (=2,2),9 € (0,4). & L 1E I
SR B W 4% SQRT P FIBEAT KA, SRAE R 4106,
X (24)—(28) VBRI £, AT SRAE s 1l - A2 341
H2.1533. K& 4 p(AY) < 1IRAE 42916594,
2] 1730%, 1X L8R FE AU 3% - 42 1 34 4H R 0.7725.
p(ANTE(0, 1) X B At ol an 1 .

1000 T T T T

800 /‘ 1

600 -

FbE R AR

400

"l ﬂm
Mﬂ 1 I
0 0.2 0.4 0.6 0.

0
0.

8 1.0
p(4)
B 1 RFE AL p(A”) 23 A L
Fig. 1 Distribution of the number of sampling points with p(A’)

F AT L, BEAG p( A ) FIBE N, AR RAE p Ei
(U AR 40X 338 K3 5 L 3 1) 3y
3.4.3 SIS M (Parameters are all known)

B Hw, k, cs I EH, B TRy, Ry, Ry (0, 1)1
WIKBEHLEL, p(A") 5k e SIod B AT A J. ik
AT LB X (24)-(28) 43 v H Sk AT p (A7)
(R, i mT DU p(A) B RSk T
LT SIOH RS

FL ik = 2, w = 0.7290F, i1 20 (Q23)31 5 7] 15| cs)
< 0.5763, % |cs| = 0.55. UL,

(1 — Vw)? =0.0214, (1 + Vw)? = 3.4366,
Cy3 = c3R3 € (—0.55,0.55),

1 = ¢y = kles| = 1.1,

¢ = |Cs| + 1Ry + o R, € (0,2.75),

¢+ C3 = |Cs] + 1Ry + 2Ry + C5 € (0,3.3),
¢ —C3=|C3]+ 1Ry + 2Ry — C5 € (0,3.3).

xF 3 (24)-(28), B A (1 — w)?, (1 + yw)?,
¢+ Cs, o — Cy A0, AT
p(A") = Vw = 0.8538.

Ry, Ry, Ry71(0, 1)l N % SQRT /P FIHEAT KA,
KFERUAR 2105, T 5 T £, BUAR AT 4 1 R A
p(A") > 0.8538, HIXLERAT: RN, p(A”) IHEE{E X
M T, 1)5240.8538.

344 FHSE K (Some parameters are known)

TR ZHCOWE, T SHOARBE, A n]
PUE L 24)-28) K131 p( A" MR T Bk H
Wrp(A")IRREGE R, T fEkr Pl SIGE B A, LA
ESERSHE.

bE tiw = 0.729, k = 28, i 2023)1H 8 0] 15 s
< 0.5763H1—0.5763 < c3 < 0.5763. LT £43.4.3
1, TR

(1 —+w)?=0.0214, (14 w)? = 3.4366,

@+ C5 € (0,3.4578), p — Cs € (0,3.4578).

[FAE, X B (24)—(28), TT AR 15 0L F p(A7)
= /w = 0.8538.

5 Ak, AT AE(—0.5763,0.5763) N % & K:0.005HL
csft, I Ry, Ry, RsfE(0,1)78 [l 1N $%SQRTF 51) i3t
AT RFE, TAERBL}1000. T8RN cs FHIp(AY)
fH, Cles AREARKR, p( A7) MAALFR, 13 2E2. mE2nT
A, p(ANFEHZ s = 0ZEATFR, Rl es [RIE X p( A7)
WA RO, p(A") 0. 85ME A A (F&HITHI
I3 AT, N 20.8538); H AT e = OB 4 /1N IX 3 Y,
ca M OEITIN, p(A")IRHIE N, (Hey = OBIN, 220154
1% p(A") = 0.8538, HALHIE T 1.
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HT B2 0] 1 AN T o P PRI 900328 91 B AT S 2
TR SEU e .

1.00 T T T

0.95+ -
N
54

0.901 B

0.85 L L L

-1.0 -0.5 0.0 0.5 1.0
Cs3

Kl 2 p(A") s /ATl
Fig. 2 Distribution of p(A’) with c3

4 HHl(Example)
B UE APPSO A RUME, A8 306 SCHR [10190 3K o5
BE1-FA SCER TR S f TR0 f8EAT I L1

A 3K FH kR UEPSO(SPSO), PSOPC, APPSOk 4T
L% APPSO 2 B4 B 343 Wi I i &, p =
0.85, Ay = 0.01. ZESPSOTw = 0.729, ¢; = ¢y =
1.49445"21 [JFE, AT HE H SPSOI p( A)FEA Al Ky
Vw = 0.8538. 1] WLt SPSO, APPSO¥i 11 sl ik
WSO S A AR

X 3Fh T VR ALY %330, PSOPCHIAPPSOH!
S? = 87 = 10. IEARKEIE H2000. Ky {5 L 3F
T 6N o8 B SR D, 255 STk [10], #7
SRAG I 48 T BRI 25 /N T 1074, RSO L
IR BREL. FE R UOR RS AR E . IR 43 )
FR UL SACE . WSt ). R FIMATLAB 7.14 2 L
H, 7L B & Y Pentium Dual 2.00 GHZ, 2 GHz
W17, Windows XP. B AN SLyE A 7 $0AT500K, 13k
U6 (R 45 A2 1T 7R (APPSO RL T2 shEzr e 8, X
ST VLRI AR T B 2R — A Xk, (HAR—
SE USSR F AR X 8k, DR b AN R R 2 T 5 45 LV 1%
10095084, DRIt APPSO TS i T HiAth 9%, H
A4 4100%).

Fo1 R RS MmALLE R rbik

Table 1 Optimization results comparation of benchmark functions

RGN PR F1 F2 F3 F4 17 18
e/ &S 0.4 0.38 0.2 0.38 0.44 0.3
SPSO SERIMSAREL 1230.18 853.26  1351.6 109224 217.96 1913.32
SIS /ms 47.21 31.42 15998 8553 2488  131.06
sy es 0.58 0.52 0.22 0.46 0.66 0.44
PSOPC PRSI 908.12 703.88 1037.38  865.84 193.58 1538.26
SERRSONTE /ms 35.93  27.54 12465 7117 2272 111.42
e 0.84 0.76 0.42 0.64 0.9 0.74
APPSO SRS REL 633.04 535.02 737.08  533.04 128.68 1123.82
SR SONTE /ms 27.25 2234 9891 45.08 16.48  84.33

17 LLE Y, PSOPCHIAPPSOIF W SIGH 5
WSl BT SPSO; APPSO W SIGH 5 « e Sl st
PSOPCH g B4k, 7 UWLAPPSO /AT B £ Smg A
b s n SRS S 5k B, S T AT
HRERE.

5 /N45(Conclusions)

ASAEAEE IS A AN URISEERL T, 7R85
AR R AL LA B eI 2% 3] PR 7 B AR S R AR AR
1k, 32— P as Bl A I PSOS . Tl w4k ik
FRIEFEII A3 AT, 45 TR F38 shzs n] SRS 2
OB, A T PP RELRAIERL 118 shPIZE 8L
ISR E 7k, RIS PR A2
XF APPSOSTIE N 118 B I S L AT T 0 b

i E S R R APPSO A R, BATBUAE LR

>
(aYay
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