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Mo BLFBEMA (PSO) B#lR ib 2 % 22 4R 4L 5] &
B, BRIEXM AT REAAMRARE, &F
HER, AR R, POEELBIATARESXE
HKERMBR .

2 PSO XA KR

2.1 EXPSORE
RFRRACEERETHAMBEAREE, HA
HORBETFALAMEATEEL . Reynolds X 5
BROHARRR, S{UNEEEREARHERENS
B, BERANBAREREENSBHTFRE—IPLO
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WIHNBEYRENSWARKR, PSO &
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WAL, 54h, AMTEHRUMEITE S R AR
ZWKAME R E MK, XRMRT PSO g—4
HEAMBE, |
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A BRI E B E E RN, & MRTFIE. B
BEMRMBRET, ARSEPEE, BRERH
SBRFEZLHIN, WRRDBIFR, B2
JHR R FRT — MR

4 PSO ¥R H—BERENLRL T (BEDLAR), 7E
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AR BMES (FH gbest RNENMNE), MBI
R PSO ARIEBAFMBEMEAE Y —HMAENRF
HRE, TAESEDRRFBERERBRMES (H
lbest RARHNME), ARBIXFHANIRGTHE, BT
MEMTFHRX (1) ML 2) REFBSHEREM
B, NF i MEBREATUAD #mEXRR, MNE
RAN X;= (2, 225 -5 xp), BER V=

(vits vi2y ooy vp)T, FABEIEAML, WEE M
FEEHTERN
vhi' = vl + cirandf (pbesty — z%,) +
cyrands (gbestt — z%,) (1)
gt =y + oy (2)

VBB F i R R RERPE L ENEE; ¢, o
RMERY (FHRFEIHF), AT EERR
WRLFAMAMRRIFRF T | RITHBR KRB K, HX
AN, ML FRIGEER B X, EXAKNSFHE
R BRARRER X, L ARREY . AEM
¢, QATUMBRKABAGBRARBERML, EF
A c1=c;=2; rand, , & [0, 1] ZEIBBEVLE
T RBF i EE R RERPE I ENLFE;
pbest, R F i FEH d B NMERESWAE (B
BHR); gbest, BREBANBHESR I ENL2RBESN
B, AL FEEEESRE, NFHE—4&E
B oo BEBEHAUE [ - vimar T Vil ZH,
Vamax AR, BLFH KEBRTFHE, KDESHEBAR
WEAMP . BBREERSENE 4 FE L HKXME
[~ Zgmaxs T Tamax)s WBHE Uy max = kg maxs 0.1
<k<1.0, B—HMAMRANRE T R, &£F
PSO W F A2 Al LA R R

Step | ¥tafk MHEWREAHME X! RHEHE
B VIERREAFNEEANMEIEN, 810
T pbest AR iR B N H YL E, HitH ®HAM
DA (BPANMERRE S E N ), 2
Rtk fE (BN RmRE R BENEE) R MMERE
PERIFK, ERXREBEFENEFFS, H5H gbest
RENZEIFNFHRYAIALE,

Step 2 iFh B — R F I E R F #IE N
i, MR TR F YA ERE, WA pbest
BRENZNFHROME, BEHERME. mRFE
BFHNMERESRFHGF T YR RRE, W
Hgbest RENZN FHMNE, ERXZETHTF
5, HEHLRHRME.

Step 3 RLFHIEF M (1) AKX (2) X&E
— AR F AL B HTER
Step 4 BB BN EHERFZM WMRYFIHE
RRBOX R T BUSE R E B ARRE (5 B B/l
WEXR), WEIEER, Wb BA®E, &0
Step 2o
PSO #)—$e4% & .
1) EA PSO & &k & ¥ &2 4b 38 3% 22 R 1k (2] B
o
2) RUTREHEE (GA) PSOLRE A HE
o
3) X (1) W5 — W X M £ B b
(diversification) HIFF&, 8 "I, E =X N F
BERIBWEPH (intensification) A, HIHX
ISR ME R g
PSOE2RMMRA AR, 2R/,
BAENSBEARBBRML. RIR PSOBETRIEL
MR FRBRER, BRRE- MR FERNIH
BHHNEXH—TER
N; = {pbest,_,, pbest;_;+\, ..., pbest;_;, pbest,,
pbest; 1, ..., pbest;,,_;, pbest; ;| (3)
M N; ik RFH, BHABERN best REFAKX
F i gbest, HAth 52 /AR PSO M Fl., LI FEHA,
R 2R RESE, BEARESBARTER
), FELBRR A S, BTG4 R PSO REIK
BHER, BRARK PSO #THE,
2.2 Zi#® PSO
A1 H PSO 2 M il P % 42t 4k 18] B & J& it ok
#), Eberhart % X £ f T PSO M B & — # #l iR,
Rk TRELFRPHHEHSHAREY, i1
REMER T4 2, 0 pbest,, FRHIHN 1 5 H
RO, MEE v, AEXFRB . FHE Bk E A
BE, MR o,m—2, NFHMNE x, BA IR
1, v fk—mMik o0, BWEE (0, 1] ZH, WA

X AP RE S B R R Sigmoid BRI % :
sig (v4) = 1/(1 + exp (- %)) (4)
T HIRRA PSO AKX K
if o8 < sigvy! then %' =2 1;
else %' = 0 (5)

mE TSNS ER [0, 1] ZEIABEN
¥, R TEY I Sigmoid EREM AN, T LUK o, 4
fifE [-4.0, +4.0] Z[E, Z#H PSO Hfh#
NEEAEL PSO XM, LRERER, EXE
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B B, —HEH PSO #P b i 45 B vk R R,
o AE 7] B 4 5038 hn et
2.3 BRBMEXNELEMY (MINLP) EEH
PSO
MRAEBRFRREYMWALEMERE, X
BEEERFEEFR TR EMNBHTRHATREZR, N
AUEREP RN G HEESEMBBER, XN w#
P MINLP 5 [a| 2L TR KX #h, XER [S5] #F
B 2k MINLP B PSO AT Jo3h oh #& i e JE 0 48
1l [}

3 PSO & ZAbfepit

PSO 5 GA BMREIHRFZ 4L, WHEEFEHLYIGE
RFPEE, 8 8 N E DR VR R G R AT — & I B AL
BER. EPSORMBEACHWEERILERE, &
AGARWHBMRZXMAEF, MR pbest FEE
RMBHRE, 34 PSO A —FR5HE XKk
B, EEEHTBPMERE W, 7LURRE
H—FARBE X, MR of, 5B I i 38 R R R
REBE—FMABEN TR, GA hHEKILE
BE, HBBMMBERY S ERX BB, &
PSO #' gbest (& lbest) {5 B 15 44 H B 7,
REBMMEBWS, ZBELT, AR 6E
BB TREE. B TE MR FERLS R
TR FeE AR ME, BE, % PSO A FiA
R RE SR, TUAEEHERXHEEN
R, MEABREREEL RN, AgBEIERE—R
MEWER, EERNEERERE. H4,
PSOBEMFBER/NA 4088, BIFMBEHET
FERHERE T REARRK,

PSOM SR, FAREREMEY, HHfF
EERERMR, HEABERLS, EMERE. &K
HEEESPRK, NFHARETSELNRE, BEAR
Wk MERSKERT, BTHIARETFENR
B ITERE, FFURFRAR— (kET%
B, BREHRSEEH TR, RERK
B — R, TS Mm, Frits s rEE
it GA &), HHR L% EHBH FTHRE PSO
BEMMRE,

3.1 SR B R B

3.1.1 MHARE (inertia weight) * Shi H#H
THRENER T ED, BHENE v BS5H—KE
BEEXN—1THHET, MEEEHRTER

$®5E. NTFBHMAEESR 89
kil = wok, + ¢ rand? (pbestt, — z%,) +
c,rands (gbestt — z%) (6)

R P A AR 42 ) T TR ) R N 24 T ) R
M, BKHE w AT LLINGE PSO M2 R RES, M
B/ w BENR R REE S, EAM PSO A
UEME w=1, AEEREHGKRDRIHBHEERE
o EREREH, w % (0.8, 1.2] Z A PSO
AERMBSEE, XB [10] PR TH w &
BAMNO0.9F 0.4 HRHETHE, 18 PSO EFH K
BHR R B R X 8, B PR i 7 & 1 i 19 K Bz
B, WE w B#E/D, NTFRERERBIE, FHEH
WRMER (XE »w BPUFEUBRKFHRES
B)o ABMBRTWSGERE, #RE T PSORER
PERE. M7 AR B 2B, Z¥LfEE PSO &%
REHEREERENRE, FEABRIERNE
oA, XAILLA B & N B AR IR A E R TR o
3.1.2 BB HEARE (fuzzy inertia weight) #*
Shi %542 ) PN 4 i 25 ok 3 25 B 3E 1L Hh B 2R 4R 1
MEMBEARMN, SHBHEARYBENE w
MY FT RV (CBPE), CBPE & PSO
HETHR B B E @ EeE; WL R » Ml
B, AT ARMREEEARGE M ERITENE, B
WHREXF CBPE #4740 T M ALIE /L
CBPE - CBPE,,;, 7
CBPE,,,, — CBPE,,

NCBPE £ #L{ufb/5 WM, CBPE,,# CBPE,,,
K mE, BFREFRBMSE it

B w 58U TR TERNEKEERE
N, FENENZER v WEERIL, A&
N AR 45 2R RE T GE A AR w BRE, |
iSSP ELRMRAHERESN. HERHETHA
i CBPE,,,f1 CBPE,,., %, HEEMNEEKN LA
BomEXE, BmELE T ZEmas,

3.1.3 &% B F (constriction factor) #  Clerc
BEER: EHEFHEB THR PSO B W
U, XM TR EEEF RN

k
iyt = (ol + cyrandf (pbestf; — %) +

NCBPE =

c,rand, (gbestt — z%,)) (8)

Hoy =2/12-9p- (o —4)'"? | HAEHATF,
o =c1+cy, Ho>4, »

AREFEERRETARLWS, BATUA

RERARMWXE, XERBITRENHE, MR

5HFREEE v, 0 R E R — GRS H B KD
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Zgmaxs WA LARBIE G HROR
3.1.4 i#&# (selection) #% Angeline & i i 1E
PSO EZE N A PSO iy ZE ALK LA K 38 b 3+ 3 B %
R B REBEN R, B TF PSO # K3 BIK#
pbest 1 gbest, B LA 2R X A 7] 6B B £t A1 PR il 4
T. BREBENH M AR SZEEH RSB LR,
MR R BR, BIRTER S HI R & B L
BT HEAR PSO BEHF MR, A7 Griewank BRE
ERETHENGR, HRZERET PSOKAE
WM RESH, EARNHETL2REREND,
3.1.5 #3i (Breeding) #% Levbjerg ¥ A1
BHEPWERMEAXSEHRAEHNBRIEMAR L
JARR PSO H, ZT LB EEER P, & MK T3
Tan TR

child, (X;) = p; parent, (X;) +

(1.0 — p;) parent,( X;) (9)
child,(X;) = p; parent,(X;) +
(1.0 — p;) parent;(X;) (10)

parent, ( V;) + parent,( V;)

child; (V5] = | parent; (V) + parent,(V;) | '
| parent; (V) | (11)
childy (V) = parent, ( V;) + parent,( V;)

| parent;(V,) + parent,(V,) |
| parent,(V;) | (12)
MR R RE, PEFRIOEFRALR, EF
KRBEEETENE, Bhik T 538 N E X
AL % J5 AR AL 0 O B R E IR D, p R
(0, 1) HKBEIE (ZREHH0.2), Bk b
FHEMUEF SR F RN SE, 2 N ERRF
KM FEEME, TUNRHRMREE,
BRERN, MWERERL, FHEEARMRT RS
B, HAmELR PSO fl GA REIW ML, WX F
ZRERE K K%, EH PSO AAUINR T W s
B, MHERET RAEFREFH®ES,
3.2 HEmZEERXE
3.2.1 =R 4R, (spatial neighborhoods) #* %
AHRER PSO # (RRX (3)) BFHLFHEE
FRTFHF SR8, Suganthan £ TR TR FK
EEMBRA TR, BERP, HEE—A4
BLF 5 8 P AR TR BE R, 1ERAEAT 2 SR F 1
MR KEBN dnwo W E—RLT 15 8

I Xa = Xy Il /d max (13)
HE—HE, Ed X, - X, | BYFHEF o 3

BT b WBERY, TE#EBME frac MR 88 Bm 2
o BB —KTF 6 WE | X, — Xy | /dpae < frac
B, Wb 8 X RTRL T B4R IR, BT A R AR
MR AL N7, HAR R R R AR PSO. N A st
B ARAN, HR A w B PSO £ 48 K £ 50
AP EREAE T 2 R PSO B AL R Bt RE.

3.2.2 4R34 (neighborhood topologies) %
EAREM PSO (WK (3)) BN FEAELAHWR
METFHEENSE, LhEXRNATHEHR
ho Kennedy MWk T AN 2 BT~ B JLFh 4R 38 30 Fh 45

1#][15]0

a. FEmh b. BN RIERFE I $H

2xa

c. ®mi d. BN TR IR b

B1 AmHTnSEfidERLS
WEEH S TR R R B
Fig.1 A diagrammatic representation of two
possible neighbourhood topologies, before

and after edges have been randomly exchanged

HERRY, WM EFERWEENERE, BRME
H¥EIMNE KB BB E . WRTH R LRI &L K&
B, RPN SHEEREBIABRTFHE R,
Kennedy #ll, X 2o FREMNEEW); M F
BIERE, BREAINSHEE LT U ERIFWE
R, FAEEBRROFEERS GXEMRINERAE
KRS ETRHEN
3.2.3 # & # [ (social stereotyping) %
Kenney 2 1 TIR M Z M B MAEHINFTEN S
— AN RE PSO A, At REEIY, B4t
EPAMIEERSEERE - RN ERMA, T
ARBEFENANSY . ¥ix B EN AR PSO
B, RAABMEFREERMERERBE HERAE
WRZBRKREHFAC
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3.3 &RAE
3.3.1 A% A ¥ #FE K (SNT, sequential niche

technique) #  Beasley 5§ #& 1 /) & %) (8 I 76 8 1%
BEPHRFINERERTTURGH IR G -2/
RE", HEERAERIEG—MRESE, AT
ek BRI HHOR: B 38 O b B N R R, e AR
SBEEBZRME. BRKE SNT 5| A PSO 27 K iK
MSHEE. SIAREZRIBRMEFRE, HEXE
R A2RRE, £ iR NIALRE TR
REEXHB,
3.3.2 &M (function stretching) % KT
B/NENLFT A 2 RREKITER, Parsopoulos %4 B
BN M AR BN AR T PSO T, i
H—PEREAIBERAEE RS, UL
PSOREIELRBIMRHTKME. RTERERL R
R, AREML2RERA, AT PSORKE
M, BRHEMTIHER, PSORBRIENE
HEMEE., HZTERERELBER.
3.4 HBEREH
1R 2 B 55 14k 18] B /9 B A% R 30R: Bl A 1) 22 4k

B, BHESFREZ¥EFHE ) TX 7 @
3% o Parsopoulos FHIiX I F B, A PSO # T LA
ARMBEMEREAREH T, HERZHELR
T, MR7S §FF R AT LAHE B PSO s % b A R 3 &
U, Carlisle % KIBF5T18 t PSO A REBRBE— 1~ 3E
BAKBEIREE . Eberhart %42 H —Ffh 3h A M A
BEEUREMRX—EE?, ZHES w=0.5+
r(£)72.0,r(¢) £(0,1) FKBEVLE (w BFEE
#0.75), W c1=c,=1.494, XRZH| Clerc £
FRFHENBEMBHK. F4RER PSO fER
BEIER S B bR R %, Lok AL R A k1L SR g 15 B
ZEREFEERC,
3.5 Hitbrgist
3.5.1 444 PSO (guaranteed convergence PSO)

HERTFRYRIMNERRERBGFMNE, R2AEE
EHAERX (6) MAHET o, IWSIFBER,
SCHR [19] 4R H—F 5 R PSO WS B R & 7K
WS T (GCPSO), KM R 2 R B iFh ¥
A— A EH R, RGN T8 5 A5
2RBER, HEEHELRBFMBERIE™4—
AREPE R, MEMKNFNARSBESN, ZH%
BEAPSOWMENMEE LARKRR, LHE
LN FHREON, ERERBPHERRHEE. A

REZRHFEER PSO —HEABRIER L RS E 2
Rt

3.5.2 #F PSO (cooperative PSO)  3C#k [20]
RET—FMHE PSO, ZHERK » FET B0
MRFHS, BMRETFRAA—EmE, FMEN
ERESBER— TR EE, FlIE XI5 j AR
TR, RSB NGRS, Hib n -1 EEHER
BAFE, RETASE MR FHPORFERSE;
SR, BIE ; ENBIFE, HMEMRE. AR
BRAKNDBRUDE—TB, T RSBk
MR FRERMAL, WA » mod b K FH# 2
[n/k TH K, J& & — (n mod k) > K F B
Rl n/k 140, FRXFBEIEN CPSO- S, EER
on) A EROBSEE, BXBEERESEK
Y%, M GCPSO Al AMRIEW S B R RMMAE, HKt
EEXHXFM T LSS, GRER, S8R
BRI A, BUSTRIFMBERD,

4 PSO # fz F

PSOMMMAETHEEMEENE, 5 FELH,
BREREZSHEFTEARE, BEATFEHEFER. PSO
RAEREESEMRE ., A4 RIAREBMIESBE
LR R B A KA TAY, BRERS
ZMATREMAL. HEREIG. EMRTER
A B oAt 388 % B 2k 9 B A 438, PSO & %1 b A 3
HaEMEYI%G L, EBERMATS, PSO XL
FA Sk 8 i 2 P48 G540 o 1 R TR AL 1 2 I 45 1 1)
F, Eberhart % E £ B I PSO X4 #Hr AE K
SHREAESWH A KR Tandon A PSO VI
GERENTBRIM2MER); ik (23] F A
R EEEHFTFRBINGSED N ZE M %,
Parsopoulos %4 PSO A F &k £ B 5 1 4k 8] & |
B/NB KA, BB R R M E LT 2 Rk
H% &,

—RER, PSOUBREAEF I AGERE
gt ZEAMRA. 2% JHXRE, RE. /5
bR, BFE. NBANAEF. Ko BA&RAHZH
A BEWEHIEERT . ERE R . YL A LR
AR . AshEREN . BEMTER,

5 A

ATHREEEKEE, EEERE2HRE
RS THERRF, X PFIRAARBETRE,
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HREL R4
Y
L3

B2 PSOREHR
Fig.2 PSO flow chart

B 1 BA B R ERY
quf(;r,y) = 0.6224(0.0625y,) z,x, +
1.7781(0.0625y,) x% + 3.1661(0.0625y,)*x, +
19.84(0.0625y,)%x,

s.t. gi(z,y) =0.01932, — 0.0625y, <0,
g2(z,y) = 0.00954z, — 0.0625y, <0,
gi(z,y) = 750 x 1728 — nxiz, — 4nx3/3 <0,
gslx,y) =z, — 240 <0,
R1ERSMHEEXF 1 WHEITRESER, RALYE
TREBEREM 0.9 % 0.4 8 PSO MEHH T ¢
=¢,=2.05 8 PSO Pifp 5 ik, 183 T R4 45

R, BUENEEBIZBEOMETES,
®1 HEAIHENEETELERLR
Table 1 Comparison among the results of various

algorithms in example 1

W IDCNLP SA MVEP  MIHDE = [El{48 PSO

xy 48.3807 58.2900 S51.1958 48.5765 42.0060

42.098 44
T 111.7449 43.6930 90.7821 110.0559 183.047 3 176.636 66
Y1 18 18 16 15 13 13

2 10 10 10 8 1 7

g1 -0.1913 -0.0250 -0.0119 0.0000 -0.0018-6.790x10 #
g2 —0.1634 -0.0689 -0.1366 -0.0366 -0.0368 —0.03588
g3 —75.8750 6.5496 -13584.5631 0.0000 -29169.0801 -0.07965
ga —128.255 1-196.307 0~ 147.217 9-129.944 1-56.952 7 —63.363 34

f 8048.6190 7197.7 7108.6160 6370.7035 6193.7788 6059.71533

#] 2 Schaffe $2 H 52 1125

sin®/ 23 + 23 - 0.5

[1+0.001(x} + x3)]*°

min f(x) = I z; 1< 100,

CHeREMAR (0,0), f(x)F -0.5. BF
R ZUR e 3 1 LA K 2 R B f A5 4 T BR A JR) 3 e i
RAEENEE, —BREACEERERIICHLRHE
fLfi. PSO BEEMBITHRIME 2, PRI EHRR
2540 200 i, BDATHRE|LA ERAGE, HFgm R
AtHILER,

®2 HHEGI2HPSOHEFHELR

Table 2 Results of the PSO simulated

procedure in example 2

T BMERCE 0.9~0.4 KM TRER PSO f HAREF/# PSO

X -3.416 583x10°° -5.412430%x10°°
X2 -2.828 398x10°° -2.138 258x 1077
f(x) -0.5 -0.5

2B ERB, FAEA PSO RHMES 3
WAL R, X B R PR 5 RE+ 206
BOAE.

5 4%iE

BT BEOL AT R — FORT S 0 A 08 0 I AL
By, HEHFE- LS, EX -8 LES58ES
HEREM

1) PSO ZELBr R P #IE A R A K, HE&
A8 S . WSO BE A T 55 O TR BRE TR B
SOk [12, 26] X UCS S T — ST, HE
H AT H I MBF R R B RAE

2) FI A A [o) B A 4% s it B MR B A B
B, BREFEBRXWI/E. B Yae st B4R A
[ R R PSO B2 2 EF B M TE,

3) MZBH TR R PSO 5 H Ath B ¥ 5
BARMGE S, MR PSO 5 KA & & 1 8 B

HATREC A ¥ &I T 5 PSO WmFs"27,
A H PSO A LA AL B 58 TAEH Kk 58 £ 1 37 B Bk .
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Survey on Particle Swarm Optimization Algorithm

Yang Wei, Li Qigiang
(School of Control Science and Engineering , Shandong University, Jinan 250061, China)

[Abstract] Particle swarm optimization (PSO) is a new optimization technique originating from artificial life
and evolutionary computation. The algorithm completes the optimization through following the personal best
solution of each particle and the global best value of the whole swarm. PSO can be implemented with ease and
few parameters need to be tuned. It has been successfully applied in many areas. In this paper, the basic
principles of PSO are introduced at length, and various improvements and applications of PSO are also
presented. Finally, some future research directions about PSO are proposed.

[Key words] swarm intelligence; evolutionary algorithm; particle swarm optimization
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Study of the Variable Load While Estimating
Existing Bridge Structure

Suo Qinghui, Qian Yongjiu, Zhang Fang
( Southwest Jiaotong University, Chengdu 610031, China)

[Abstract] On the basis of design load in force, the revised factors of variable load used in estimating existing
bridge structures are given according to the theory, which is the probability that the load used exceeds the re-
service term should be equal to the probability that the load used in design exceeds the service term. The theory
of time-dependent ability is adopted to evaluate the residual service life of structure and a method is adopted to
revise the variable load.

[Key words] bridge structure;variable load;equal exceeding probability ; time-dependent ability ; re-service life
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