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A novel binary-state immune particle swarm optimization algorithm
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Abstract: Conventional algorithms of particle swarm optimization(PSO) are often trapped in local optima in global
optimization. A novel binary-state immune particle swarm optimization algorithm(BIPSO) is proposed. In order to enhance
the explorative capacity of the algorithm while avoiding the premature stagnation behavior, the meta-heuristics allow for two
behavior states of the particles including Gather State and Explore State during the search. The population is divided into
two parts in iterations. Elitist learning strategy is applied to the elitist particle to help the jump out of local optimal regions
when the search is identified to be in a gather state. This paper propose a concept of explore strategy to encourage particle
in a explore state to escape from the local territory. They exhibit a wide range exploration. Moreover, in order to increase
the diversity of the population and improve the search capabilities of PSO algorithm, the mechanism of clonal selection and
the mechanism of receptor edition are introduced into this algorithm. Experiments on several benchmarks show that the
proposed method is capable of improving the search performance. It is efficient in tackling the high dimensional multimodal
optimization problems.
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1 5|5 (Introduction)

LT BE ALt B i (particle swarm optimization,
PSO)/& HEberhart 1# + FllKennedyft# 142 H i1 —
Tt 0 4 SR A0 A R A B0, e TR S I o HLAR A
REBLUF, |2 N H TR 5 TR AR SR,
RS HAb A SR SR RL. BB ) RBURAR (1) 3
K, PR G 125 2 B N B2l si, BRI T ORERE 1)
B N B, A T VR 2 AR R R
DA JUZR et 55 1 208 5 Sodh ok i 5 A B 1 2 X
PR E A0 S22 BT A R R B 9 4 45 1)
5 RIS M 3 s LA PR BRI, B 30 JLAh 2 R4
R T BN, a5 | Nt as U 7100, AR 47
T e 4 R 7181, T B A PR Ak SO A RV
AR FFR T 4565 IR A (CLPSO)®), |

ek H HT: 2009—10—09; W& ook H 1#: 2009—12—-22.

TN AR AR SN0 X P MR e R e
TEEERE, AR, RS AR A PSOSE T — K
MR, AR s v o M 22 A AR )

N T % %% % %i(artificial immune system, AIS)!!
R A R RGN RN TR RS, L
BN AR AERE o e L AR 7 PR S Pu e vk
gy, Pl A R, WS R, 2 AL
LR ARG B LA AV 40 M S2 AR 2 R 45 R Rl LA
R SERI R, BALPURSZARAS T BN SR AR

ST T IEATOR R SV 5 B N Jad S B AL 1) A
SO N T R M 92K, MR AT MR A, 3
T PSS G 5 ok A v, A A sk R A e B
PRIEA DR P A R 5 TR, L ORL A 9 ok “ il
75 BRR7HAPRE. 9N RS0 L FE

BT H K A RE R T S E B H (60634020); 1T 4 BHGHRITE A% B I H (2010GK2022).
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ANSZ PRGBS B 10 22 AR 1R 20 AT, 34 5 A4
R Ry R AR AE RE ) S 2 W b (B 42 )Ry SR RE
2 XA A R TR B 5 YL (Binary-state im-

mune particle swarm)
2.1 XA Bk B ML (Binary-state immune parti-

cle swarm mechanism)

AR T REAEIE R P, ORI T B4
I e AL B, A0 3l A G At L g Lk ) L 5 .
1, B T BN Ry B M ARL, A R At 2 2 Jm) S Ak 55
W5, fiff PRPSOSEVE F 14 5 ity BIL 5 R i 3000 RE 7 114
I RAE KRR F MR Z ) 55K — A1y
. BRI R A ST REMK, AN 78 70 )
P 2 D S R, AT DL K R A3 e S5 38 4 R
AU, A SRR AT U WE SR I, S
PR RE AL 2 T O A e AR % ] JLHRUR — ML
A, AR5 2 L, AEREAR AL I R o, MR A A
AL PR, TT BB B A N L Boks 35 43 5 8 Fh A [J14T
VRFAE T B, TR B il G A, R AT 2 mT A
FI ] B E SR R o I L. b ST 4 ik
A (gather state), S2: TR IR A (explore state).

1 S ToRLRE A S LB
Fig. 1 A finite state machine of BPSO

1 P TR RS AT g R W R LE S EOIRAS R R
T R At L, AR TR A SRR A EIRAS
e R ZORAS VY R % 18] [ I At ] DUAAER
FORAEE i FORS AT R 0 R IX A% R g
FME, B ARESH W] Gede S 4 R e L E. X T
HENTORLIRE SR, AN £ DR 2k 268 38 Jeg S A AL w17 4 11
R
EX 1 AERE: RS TR AT A
554 G W Ok e B9 — B0 ok T BRI N,
AR AEDYE R A, dkl i(i = 1,2, -+,
N)E@%ﬁﬁ{ﬁ%%ﬂ% = {%1,561‘2, ce ,xiD}T, %’/ﬁ*ﬁg
ﬁgﬁvi = {Uil,viQa"' ,UiD}T/I\*ﬁ¥§!AHﬁEEZ§U
() B LA R Pra, PHORE 214 1 6 3 1) 42 )R B 6 150K Pya.
h T 9D A BT R ok B T R R TR IR AT g
P, H PRE Via: Vinin < Via < Vinaxe
Vii=wVia+c1m1 (Pa—Xiq) +c17m2(Pea — Xia), (1)

WA TVERCHE. ¢y, co 29 11 Pg M Pyg A B2

BH, v, o WA TORNL 2 1A I BEHLEL. 3XKE, A
A BRI~ 10~ — A7

Xi/d =X+ ‘/;(/i 2)

EX 2 HRRE: FERAEFE S, ok AR

FER AT FTAE IR A, e A IR IR IR S, W&

P B4 R - 2 BSOS i — 0 43 TokE B e D AR 2R
. BRI e
Fo gbest;, — gbest; _;

3
gbest;,_1 — gbest;_» +a’ )

gbest; A AU I G N EAH, o € (0, 1) A FiF
RHL, Bk B0, KGR, Hf = O REtb i ks
M0 < f < 1, Rt SE A g 2 f > 1
BN, 4 f < IR BU(L — f)RBERITIHRZR. 4
BEAT IR I, R B 1R BE S0 U (1925% 7 A7 I OREAE il
FOIRES, SR IR B 0 R ZORES A T IR ZORE
(RITRERE B AL AR A oA eSS R 23 ).

Xig = Xi@" + rand() (X g™ = X,5"), @)

BERT LR VA Wik (/A= W/ (L
Vig=wsgnrVig+cir1 (P —Xya)+c1ra(Pea—

Xia) + c3u(0,1)(Xia — hrpga), 5)

X1,<d = Xia + Vk/da (6)
1, r>001,

Sgn:{ ~ 1,7 < 0.01. 2

c3 A0, DI IIBEALEL, r A BEPLEL, sgnrh 775 1K
B, T SR H AR, SOk AT R AR TR AT U7 1)1,
w(0, 1) Ky & B 70 A1 BR AL hypga 2 HTAR R B o d
oKL AE SR d4E AL .
2.2 FEIEEE LI (Elitist learning)
TERCREIE Sk rh, RS SR 1l e AR 2. —
FURSSEAORE B N RIS A, BRI 2 5 BN R
s, R STALI MO AT LB Bl RS SR AMORE B 3 =) ¥ 1

ZHUHIRE AT ) HARBIORL AT, s diesie. A
AR TATE % R S SR N ate s b u- ) N1 ] ]
BILEL, A3 nT A S PRk HH = Bl 10 D3k, DL =X
Pra =Pra+1 % (X35 = Xiy™) Gauss(u, 0°), (8)
- (Umax - Umin)i- (9)

T
nA BRI AR, RS T AR KL, T B )
HHAREL, o b 27 ) AN .
2.3 NI (Artificial immune)

15 2 K5 (22 06 B 50 In) AT AL 1, TORLT: 2 3
ANk, BEAE AR BT, BRSPS T—
R R EZFEE, ARME RIS 214 R 1) 2 A S e

0 = Omax
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RO 2B ) N B4 R EE T, 5IAN R
P8 ZR 498 T 1) T T AL TR 52 A4 2 B L.
2.3.1 EEFF(Clonal selection)

SO AR S BT

Step 1 &K1 ML, Pra, Poas -,
Pra A B I I 5 FERPRE. R 1 i e B B e A —
DA B UV K71 NN )\ S < S B N -
NI (10):

N, = iround(ﬁj\[ +b), (10)

o NOABREERAEL, 8 € (0,1). A T RIEREAN Uik
A — € v PR, Mo b TR D > 1 L. &
I O Y 3G AL BT AR Sub.

Step 2 X HEAARSubH (1) 45 AN AN A 8L it vy AT AR
Ft, TN B T8 RO AR N A 7. 52 AR AEY)
Ak AR S RIS, SvE R A AT B — 2 1 AR 5
N 2% 0 SR FH A K I A S RS AR B b E 11 22 12,
T ALEBE AR AR S R 28 0 44 /N DA v Jmy S Ak
7. WA R

P =piq + [rd > pu] xn* PqxU(0,1) —

[rd < pm] %1% Pq*U(0,1), (11)
(rd < po] = L,rd < pm, a2
T X Pm| = O,E\:’ﬁﬂ
rd W BENLEL, P, = 0.5.
n(t) =1—rli=40", (13)

trE A AT A, T o BB AREL, b2 1E 1 £
—BEE A2, € (0,1),U(0,1)40,1) 2 M 1354
BEALEL. X4y rTF H, R, XT8N
BN, n(t) = 1, BRI AR 5 25 1] K e BE AL 5 3,
LT N (t) =0, £E/NE B2 0 A EAT R i R,

Step 3 Sk BRERAE, N EREAR 5 S A A
TEFESERN BE AR AN T — AR i R R 5
LT MPRE ) H 48, RIS ORUE T 0T b 1) de G i A
R,

2.3.2 XZAhYuiE (Receptor editing)

2 A4 G F5 AL U4 S SR T A0 I R BN i 52 AR AE
TEHIAAE T Gk R B, NI R AR SR R0 ) B AR A,
TGRS — LB E T PR AR 2R, 7R R
WS RLAE R R G, BERR—E A B 224 51
AN TR R A 4l S A, X EATT R 925%~30% 3EA T
ARG .

affavg =

02 = % é(affz - affavg)2- (15)

Saff, (14)

1
ni=1

RS) S fag ORI IISERIE, 02 BEIE 35
FEJRE 1 7 2, JROME T BER IS SO, 2438 Ry 7
S T BB MBS BRI, eI B 3 45 0 ) e
DA A3 5 4 Jo) 5 U0 R, DUVTRE A2 8 B8 N = 3 e A
fift. oh T AN R 6) T IR 32 AR AT 52 A4 g -
affi —af fuin

F Fome — 0 a2 0 (16)
R16)T e € (0, 1) [ T3 BEL, LURIE 4
BEAS 490, 04 B 6 TG IR0 40002 44, FI AR
24 V¥ Logistic 3 FEAT BEAL X AT HUHE [ 7 K835
Akt Tt

Xi/d = Xia +

X max _ Xmin
U, ., A7)
m

Xmax X min Jp 7 B B S RS, mo IEE AL LR
R T €. U, HIRTE R Logistic, HHp U, R
T H| Logistic! 3L 4 R
UT+1 = MUT(]' - UT)’T = 07 172a Ty
0<Uy<1,

ph RGNPIRAEIE I S5, CUEY, Yy = 4, Y116
fHU, €(0.25, 0.5, 0.75, D)}, EXFRIRM RS 58 44
TRMPIRES, U, 75(0,1) 6 H P4 38 ;.
3 HIEBIPSOUFE & M 643 H(Flow of algo-

rithm and analysis)
3.1 HEBIPSOUFE(Algorithm flow)

Step 1 BHALHILA e AN TEORL 0 7 B 5 E, &
MRS HIIRA.

Step 2 VU S TIORL (W 4R 18 AR, PRAEAIAG B
WP, KA S iE A,

While(ANi AL 3B H 45 AF)do /73R Hi 4 A1 #2241
ISP 2 Jay dpe M A s 21 ¥ )k R AR

Step 3 for X R 4 HORL - do.

FR A (D@ B R T I A7 B L R, o SR
I N JEAE.

TSRS R T f

IF ((f < 1) & 1&EMNALBIE 304 Ridse )

{if(u(0,1) <1 — f) then

R T (R0 AR HE Y, PR BRI R ry 454
FOREAT S, 0l ERA 5 kL1 AT K
P 2]

Hmosry AR IR 2R ST 3D, 1A K (5),
(6) SR 1~ (KA B 5 L

¥

End IF

RS VAR EPTNAAL- X1/ R IR AR BT 4 A
J&, AR 1 pig BEHT.

(18)
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08 %

LRSS 3 1/1W AR N -1/ W R /TS S -0 VA B L) A=
pgdg%ﬁ.

End for

Step 4 &KL AN EIAL Prg 28 A
(1) ZE R AR, AT v PR IR

Step 5 K& T T ok BEAT 52 A 2w 4.

End while

Step 6  fiTii 4R, FIKIEIT AR,
3.2 HykMEE K43 M (Performance analysis)

BIPSOSIAAELALA] I, HEAA 48 % e 0 0o, 46
R A M ED L. WA EAREAT, S8
TA IR, BEAR T R P RIOIRES, L — 5 7 Toks i A R
FORES, R (it — 229 KA R T T A R AR X L.
KA Tl B RAS ORS Sk 34T 18 3 PR IR 2%
2, U5 k1 REIE AT 1) S A Aok I AT, {5 Rl
A A% B, B T D A A S S . B T RRA 1)
SRR PN, I RPUR A bk, 2 — P AR
HREET), AN T ZRRE AL ] KR, B
T AT, BEARTORE 2 1) 1R B 20 88 T SR 4, P ok
L2 REPE. XU S2 AR G AL HE 26 1 Logistic/ 7 1) 12F
AT BEML X AT B A7 B KRS, 7E A A ok i v
PRFF T POEERIORL 2 FE 1, TIORLAT 78 2 1 3l B 70 iR 5
[ g, e T ORI 4 JR 1 R e

2k L IR, BIPSOR VLA A ) il [ fif = 1), =1 4%
(10K 20 45 22 SRS, R o 1 28 ) S A AL o A 22 4
PEORFENLA, PR S50k 5 AT e S o B R S A oh
LS =
3.3 e84 B (Convergent analysis)

ik 1 1) EPH E IR AR (1A S X
5 2) HARPRELf () 2 X3k R 8 bR 25

E 1 Ba(k) & HBIPSOR L™ A A #E 7
H), Horhar(k)eX (k)R 5 eAC 8 b 1 5 A A 14,
Rlz* (k) = argminf(z;(k)), W& o #@P 1) H br
BRSO AT AT Ja e A2 A L )”\UﬁP{kILIEO flz*(k)) =
5} =1, BRI 21 LLESE S TSk 5 4 Jm s i

UE 1) A T RIS B RORLRT S AR B AR
T EAE A
Az;(t) = wVig(t) + ¢1 - rand - (Pq(t) — Xia(t)) +

o - rand - (Pyq(t) — Xia(t)),

do = wViy(t), 1 = ¢q -rand - (Pq(t) —
¢2 = 2 - rand - (Pya(t) — Xia(?)),
Azi(t) = ¢o + ¢1 + ¢a,71,72 ~ (0,04).

2) AT BREIRAS ORI F P A A2 A2 22
Ay

Xia(t)),

Axp(t)=w-sgnr - Vig(t) + ¢; - rand - (Pa(t) —
Xyd(t)) + 2 -rand - (Pea(t) — Xia(t)) +
cz - u(0,1) - (Xia(t) = hpga),

W

po =w-sgnr - Vig(t),

¢1 = ¢y -rand - (Pua(t) — Xia(t)),

¢o = Co - rand - (Pya(t) — Xxa(t)),

¢3 = c3-u(0,1) - (Xia(t) = hpga),

Azy(t) = ¢o + P11+ P2 1o+ - B3 - 73,

Tl; r27 T3 ~ (07 Ut)'

H:rfif (explore) then ¢ = 1 else ¥ = 0. BIRA:
Az;(t) ~ N(0,0y).

T e B AR Sk PR AR 2 S SRS N A A A
Ll 88 A 2 W7 1190 2 B R R 0 27 30 SR P S5 0 3 40 SR s
R, LR BET R A 2B b, B SCHR[15,16] 7] %1,
SE BT (FEANIE 2 L SCHR[15,16)).

4 i BESZ5 & 43 BT (Experiments)

S BLEREE  Windows XP A 48, AMDAL B 28,
1.90 GHz 448 MB A7, /i SLEFMATLAB 7.0. 4 T
B IE A SCHR HH PR B 2 TORE A R0V (BIPSO) % bRy
B A S S 4 SRtk fie f, 234 EE
JB SR bR e, 5IAANSEHE AL o) 8, HEAT 2
BT, %575 S A AR R AT T 6] R IX AN v
PR AU LA AN [ (PR 1, 1T DA 7R 43 2 50 R S A
7] 28 74 o) 0 A AL PE BE. (MATLABXKS & {H 1e—308
(MATLAB 4 /)» T 1Z ANME I 12 70)) 3C Al bR 20K
H SCHR[10].

DA R 5L

D
fi(z) = 22, —100 < x; < 100,
i=1

D D
fo(x) = > |zl + I |zi], —10 < x; < 10,
i1

i=1

f3(z) = i(i z;)?,—100 < z; < 100,
Fa@) = S (100(a + 1) = a2 + (17,
Jo() = 3 (L + 0.5])%, ~100 < 2, < 100,

D
fo(x)=>_ iz} + random(0, 1), —1.28<x;<1.28,
=

D
fr(x) = —a;sin(\/z;), =500 < z; < 500,
i=1
D
fa(x)=>"[23-10 cos(2mz; H+10], —500<2,<500,

i=1
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D
fo(z) = S [y? — 10 cos(2my;) + 10].
=1
IXH:
Yi =
T, |CU7,| < 05,
2x; —-5.12< z; £5.12,
round(T), |z:] > 0.5,
f10(33) =
1 D
—20exp(—0.24/ = > 2?) —
D i=1

1 D

exp(—0.25 > cos(2mx;))+20+e, —32< x; <32,
=1

D ;

1
= — c — 1
pute) = g5 0t~ Hlemi 541,
— 600 < z; < 600,
fra(z) =

D—1

%{10 sin(myy)+ 3 (y,—1)2[1+

i=1

D
10sin?(ry; + D]+ (yp —1)2 14+ u(z;, 10, 100, 4).
i=1

Hirp:
1
Yi = 1+Z(*/El+1)7
u(z;, a,k,m) =
k(z; —a)™, z; > a,
0, |z;] <a, —50 < x; <50.

E(—x; —a)™, x; < —a.

SIS EBEE: X T RS RAL(fy ~ fo)TRiAS
60, ZRESRE(fr ~ fra) RN 100, I
Hfey = cp = 1.49445P0 I HERED, w € (0.9,
0.4) 50 FEAS AT UENE R 0.7, (K 4E 1) bR H R A IE A
B 6004X, 1R 4 pR HOEAEAR L FR 4 10004X.

4.1 BIPSOZHHf 5T (Parameters research)

h T Ay M ER R O 5 B ORI LU A 6 vk
PERE I S W(ry : ), KEHL T SEH fo(Schwefel’s) i
H(304E, HAL B AUAH fumin = 0)H f12(generalized pe-
nalized) i F0(304E, FRIR S AAE frnin = 0)EAT M 1.
262, &3 best, worst, mean, stdDev, T3 78 iR GRS
(1) B DUAR ~ $5e ZEAH P 3 MHL S b dET7 22 SR A 1 ().
MK, F2r] LA H My - rp = 0.75 ¢ 0250, HP
R IR SR AR LE ] 250.75 « 0.250F Sk i bk
AR, BeUE, B 2 AE M, U AR HE T =300 T
oAt L. 2 By DAER 2R A R 1R 000 by J B AR 4 o
(P32 A, o PRA T PR 2R I A 2 ) LU ey RS A0 1 R
RIS 2. U RS A K, ry o ry B LEAY
HHTAEE vy o r BE R T IRV R 5FH

FIVER. 2ry @ v KEF0.8 1 0.2), FVEHFH
AR TTERZRERE 1L, My« roid/NE, SR H
VAP IEAN A VAR

k1 Bdkry - r 3 BIPSOR % 89 %A1 fo,(30RMX)
Table 1 Performance affection of BIPSO with
proportional 73 : 71 on f3(30 tests)

ro:7T1 best  worst mean stdDev T'/s

0.2:0.8 0 9.04e—41 1.11e—41 2.71e—41 2.3

0.3:0.7 0 1.87e—41 6.24e—43 3.36e—42 0.9
0.5:0.5 0 7.39e—39 2.46e—40 1.32e—39 1.3
0.6:04 0 4.68e—58 1.56e—59 8.40e—59 1.0
0.7:.03 0 0 0 0 0.2
0.75:0.25 0 0 0 0 0.1
0.8:02 0 0 0 0 0.2
0.85:0.15 0 2.21e—30 2.21e—31 6.6e—31 1.3

2 Bdry v X BIPSOH ik 69 %570 (f12(30KM3K)
Table 2 Performance affection of BIPSO with

proportional 75 : 71 on f12(30 tests)

ro T best worst mean stdDev T'/s

0.2:0.8
0.3:0.7
0.5:0.5

1.57e—32 8.03e—10 8.73e—11 2.3e—10 33.4
1.57e—32 1.89e—10 1.89e—11 5.68e—11 32.7
1.57e—32 2.06e—9 2.06e—10 6.1e—10 33.2
0.6:04 1.57e—32 1.24e—7 1.33e—8 3.72e—8 33.6
0.7:0.3 1.57e—-32 6.49e—9 195¢e-9 2.2¢-9 344
0.75:0.25 1.57e—32 1.57e—32 1.57e—32 2.74e—48 34.5
0.8:0.2 5.69e—20 1.28e—12 1.98e—13 2.90e—13 34.0
0.85:0.15 1.57e—32 5.6e—27 5.69e—28 1.70e—27 34.3

4.2 XF LS 5U(Comparisons)

h T 5 H3M LA FPSOE VL 1T EL 4, BIPSO
TR PR Bl 4 B R BE ¥k 3048, S2:LPSOR!, VPSOBI,
(%-457 K 2 45 ¥JPSO), FIPS(fully informed PSO),
HPSO_TVACP!, DMS-PSOB(Z] A £ S0kl B 55 156)
CLPSOPN(ZE A 24 ) ok B 57.705)« APSOUO(H 3% W
TR IRE S0 2 SR AR i 1A R 7 3 I B SR 2K
T N 23 B0 FEAORL B B3 IR 6 RS ks 1 R AT 22 X,
LAt 7 AR T fobor B0 5% 52 56 200 35 5k B SCHR[10].
h T M BIPS OS2 S S50 B, PR s i S Hh 3k B
S BRHL 4, fs, fro, fFrolAR. 29 PSO-w A 151 P AL
T2 PR, AR R ECR 60013 72 i Sl
FELE. APSOREUFE P BRI 101 /R $241k),
K2 0] LLE HBIPSOM 2 1 Wit $0i & B (2 AL T-PSO-
w R APSO. N3 v UG HYBIPSOME fig B
AT HAL 7R AZ APPSO, 5 PR WU fo 72 ook FHf
R(BIPSO) R 9 KL~ 27 ) ML il A e e 1B B AL ol 32
AT e 2 S A A SR, IR R AR % 52 A G
(1938 FH S KA ARIE T BRI 2 R 1.
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Table 3 Search result comparison among eight PSOs on test functions(30 tests)
PR3 LPSO VPSO FIPS HPSO-TVAC DMS-PSO CLPSO APSO BIPSO
£1(0) Mean 4.77¢—29 5.11e—38 3.21e—30 3.38e—41 3.85¢e—54 1.89e—19 1.45¢—150 0
StdDev 1.13e—28 1.91e—37 3.60e—30 8.50e—41 1.75¢—53 1.49%—19 5.73e—150 0
£2(0) Mean 2.03¢—20 6.29¢—27 1.32e—17 6.9e—23 2.61e—29 1.0le—13 5.15¢—84 0
StdDev 2.89e—20 8.68e—27 7.86e—18 6.89e¢—23 6.6e—29 6.51e—14 1.44e—83 0
£3(0) Mean 18.60 1.44 0.77 2.89e—7 47.5 395 1.0e—10 0
StdDev  30.71 1.55 0.86 2.97e—7 56.4 142 2.13e—10 0
£4(0) Mean 21.8627 37.6469 22.5387 13 32.3 11 2.84 0
StdDev 11.1593 24.9378 0.310182 16.5 24.1 14.5 3.27 0
Mean 0 0 0 0 0 0 0 0
f5(0)
StdDev 0 0 0 0 0 0 0 0
£5(0) Mean 1492 1.08e—2 255¢—3 5.54e—2  l.le—2 3.92e—3 4.66e—3 0
StdDev 5.66e—3 3.24e—3 6.25¢—4  2.08e—2 3.94e—3 1.14e—-3 1.7e-3 0
F(—12569.5) Mean —9628.35 —984527 —10113.8 —10868.57 —9593.33 —12557.65 —12569.5 —12569.49
"’ StdDev  456.54 588.87 889.58 289 441 36.2 5.22e—11 4.67e—6
£5(0) Mean  34.90 34.09 29.98 2.39 28.1 2.57e—11 5.8e—15 0
StdDev ~ 7.25 8.07 10.92 3.71 6.42 6.64de—11 1.0le—14 0
£o(0) Mean 3040 2133 35091 1.83 32.8 0.167  4.14e—16 0
StdDev ~ 9.23 9.46 9.49 2.65 6.49 0.379 1.45e—15 0
F10(0) Mean 1.85e—14 1.4e—14 7.69e—15 2.06e—10 8.52e—15 2.0le—12 1.11le—14 8.88e—16
StdDev 4.80e—15 3.48e—15 9.33e—16 9.45¢e—10 1.79e—15 9.22e—13 3.55e—15 0
F11(0) Mean 1.10e—2 1.31e—2 9.04e—4 1.07e—-2 1.31e—2 6.45¢e—13 1.67e—2 0
StdDev 1.60e—2 1.35e—2 2.78¢e—3  1.14e—2 1.73e—2  2.07e—12 24le-2 0
fip(0)  Mean 2.18e-30 346e-3 122e-31 707e-30 205e-32 15%-21 376e-31 157e-32
StdDev 5.14e—30 1.89e—2 4.85e—32 4.05e—30 8.12¢—33 1.93e—21 1.2e—30 2.74e—48
R4 PR IR FLR AT SRR 60 %7 (30K 3K)
Table 4 Performance improvement of BPSO with AIS(30 tests)
EERAY J7i: best worst mean stdDev ration/% T/s
f BPSO  2.1187634205 2.1187634193 2.1187634197 4.3e—10 90 3.8
1
? BIPSO 2.1187634205 2.1187634195 2.1187634198  4.5e—11 100 4.1
f BPSO 200.0000 199.99999 199.99999 4.15e—14 68.33 4.0
14
BIPSO 200.0000 200.00000 200.00000 0 100 6.0
10 - — PSO-w W00 — PSO-w
------ APSO
—— BIPSO
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Fig. 2 Comparison of three PSOs algorithms
4.3 % U pR #1052 5 (Multimodal functions experi-
ments)
fi3=1+zsin(4nx)—ysin(dry+m)+
sin(6y/27 ¥ 37)
62242 +10 15
Fr3 PR A4 4 R e KA 2. 118, XEFR 43 41 1-(0.64,
0.64). A7 Kt Jay § B AR, JTHIEAE o A] X Sy
— A R KA IR )=y B K AEL(2.007) 4 5.
f14=200 — (2* +y —11)* = (x +y° = 7)*,
—6 <2,y <6.

Fyy PREUE 23k [ Himmelbau pf 2171, Sy i B mf
I3 G ARSE R 4 2 06 pR B AR e XN
FAANAHEE B A, IR E T2 24 200.0PE BEANE 1 5
5, ARMEF 2R B4R A A

Ay B0 E 2 e 98 BV 6 A ok B 1 e 1)
SR B A 2 e (B R £, R4 best, worst,
mean, stdDev, 173 B & 7R MR PG K R AAE, %
1B, I, MARUER) J7 22, SKAR I [A], ration [F]
I 4R 2 4 5 2 S A S 1 43 L. BPSOCK XU
ORI B, NRAT T LU H f13, frabRELAG T
RE 0% 48 F 20 06 pR B30 1) T AT 4 Ry dsc e, LR A e
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A7 5 B AR S (1) v [ 2 BE AL RN B2 AR i B 5 I N
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#5%F Means(z, y) A - AA bR, Mean i ¥J{H, M
K AT LUE HBIPSORE 15 18 2R 2 U ok £5 (1) BT A7 4
Jey s M i, EL A S U0 A RS 2 R IA B T R AR,
BIPSO3K fif b FE A TNAFS AU (4= 885 N\ T 4r e 4
15, Hh ZH0E N Fry.
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Table 5 Comparison between BIPSO and NAFSA

VAR Means(z, ) Mean

(3.5861,—1.8479)
(2.9989,1.9972)
(—2.8056,3.1331)
(—3.7769,—3.2818)

199.9999
199.9999
199.9998
199.9997

NAFSAI7]

(3.5844283310, —1.8481265036) 200.0000

(3.0000000116, 2.0000000021)  200.0000
(—2.8051180703, 3.1313125328) 200.0000
(—3.7793102444,—-3.2831859960) 200.0000

BIPSO

4.4 e 4k R LK (High-dimension function)
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Fig. 3 The relation between average evaluations and

dimensions
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Fig. 4 Change curve of diversity of function

5 45 (Conclusions)
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