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Abstract: Particle swarm optimization (PSO) has been applied to many practical continuous optimization problems. How-
ever, it could not be extended to solve discrete and combinatorial optimization problems effectively. Traveling salesman
problem (TSP) is a typical NP — hard problem. In view of the success of and GA in discrete and continuous optimization
problems, this paper proposes a new Excellent Chromosome Fragments Genetic PSO (ECFG —PSQ) for TSP. To prevent
premature convergence of ECFG — PSO, local searching and the secondery initialization were added to the algorithm. The

experiments show that the ECFG — PSO is superior to the DPSO existed in time efficiency and problem size.
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BER, % BEREFRAE R Bii PSO B3R TSP [ 203

B ¥t (Permutation) SRf# TSP [ H . & F
FEGEL BB T 5 2 R B E (gbest) FIAS H R AR
(Ibest) 22 5| & 3275, 4% 3 3 ¥ 546 F T RL
FHEEBIF A #1740, SCR7 B TR T
PR BT LUfR YL TSP )81, (48 B I B BB A
B R k.

GA Bl X Harfe 2 X AR LW fe. 8
WSS KR RHR B ZE. TSP W R — A E
S EFY, R E —HmBA S . Bt TSP
[AIRE LA A S ] GA R % . SCER[81XF GA #E3R
fRt P ERE R BRIRAEVLHI BT TIRAMSR, FHH
B8 TREFHIRCR .

XHEE T E I I A R B LR
&L, 72 DPSO Bk MERE L, 38 T AR FH L
ik i Bt 19 PSO(Excellent Chromosome Fragments
Genetic PSO, ECFG — PSO) 8 8;, F7E % 2 i
AT R RN KB R . L8 IEH] ECFG
- PSO B stk sg , iHE AR,

2 TSP #BMEAR PSO &%

TSP [APEHCAEARIM T B C = (e, c0.,
Cnt B—ABHHES; T Z = {bij lcirej € Cl#
A~ C P WERER TSP 58 B Wt E F-BRA 1\
B G =(C,Z) W— KB E4 Hamilton .

PSO By WIHAL A —BEBEAURL T (DL ) . 2R
JadE ERRB RN B8 —ER R FEt
BN RE” REHFAS. — MR TA STk
B BAME (i) 3 — A REBNFEE ARTR I W&
Rt o MBI BN BARMESS B FHRE T A
REFHCHMNE:

Vg = @ * vg+cy e rand() « (pyg —xy) + €2
rand() - (Pgd_-rid) (1)

Ty = Ty + vy (2)

w FBARBRUE, vy RAE i DR FIEd B
EESE , 2y BANEH | DR FAEd BRI AR.
pia T pgy xE LA, rand() B4 T[0,1] Z A HIBE
Mﬁycl,62 %%g[ﬁ%,ﬁﬁ c1 = € = 2.

K1) B - vy,” BB HORL E— G BE R BY
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FarRAE” J4), RO B BB, BV RORL
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AT H PSOBE BN AT TSP &8, A H T E
X

EX1 B F (Swap Operator, SO). SO(i,
i) VR an Ml ap AT BRATH IR2—AM# S 3
AN EAT AR UETRHN S = S + SO, 1y).

EN2 EFFH|(Swap Sequence, SS). SS =
(SO; + SO, +,-++,50,) H—RFIZHAT AL B K
TTH WA S AT S BN —RIITT
AALARRAS = S+ SS.

EX 3 BHALZHFFH](Basic Swap Sequence,
BSS). BSS JMIE— 6 2 X BIH—1~ Binf#
BrfsE I SO A8 /1 SS.
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EX6 BEMFD . HTEENDT SS,ER
HH) SS AIAFMR N SS” = SS; D SS;.

AL EANE, 4T BSS BSKEE.

1RSS5 §) TSP R A ETF5 A
1 B, T4 M B 2IA WBSS Kifd#, B A-B
WISRESEIT -

A:(1,2,3,4,5)

B:(2,3,1,5,4)

Stepl:A(1) = B(3) = 1, FilA%E—14 SO A
SO(1,3),B0 B; = B + SO(1,3).

B; = (1,3,2,4,5).

Step2: A(2) = B1(3) = 2,BiAE =4 SO A
S0(2,3),B1 B, = B; + SO(2,3).

B, = (1,2,3,5.,4).

Step3:A(4) = By(5) = 4, TLIE =4 SO H
S0(4,5),80 B; = B, + SO(4,5).

By = (1,2,3,4,5) = A.

HR.

# 1 $ 48 2] BSS = (SO(1,3,),50(2,3),
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SO(4,5)) ABELL X, U6 E K PSO AR :

Vg = vy @ rand() - (py; — zig) D rand() -
(poa — Tia) (3)

Zig = Ziga D vy 4)

A.(3) #F rand() BATF[0,1] Z A BENLER, H
FRET H(pig — xig) F( poy — xiy) IWEIFH Y BSS
R FEERR SO M%E.
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XHBET ]I GA BN+ TSP [RER
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B TSP [, SS X —4~S #EfT— R 513 #Hi
R EREREE] S R RELME, HE S PHE
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S 233 SS BER T —MEFHNS P RERPH
WA AL B R A Z T IS AR B
BRI B A T AL E § 4k i B (Excellent
Chromosome Fragments, ECF) W& X DA Ktk 55 B
kR BRWERTE  FHWTEN:

EXT MEREEAFBEKE A XREFYR
ERAFBEaAENT AN € (1,n).

EX 8 MBREEFEE v WREEHR
HE P BT AR m, BLFHEHE AN M. IR
m/M =y WP ARFREARTE(ECF),r €
(0,1).

e 2 Wk, 7€ PSO H &N EHA —12R
B Py, BB FXRNE -1 AC BRIV IER
YRR Py B TSP BIEEPAE » AR BT
BHUE A M, & 3% ECF Z B fs ZEHUEE MR FH L6
RH B A L E R A/ v. A ECF
KM R BN P, ML ERE —BRKE A ks
BHEBP,RGENEBEN P, PEKREEP WP, 7+
PCFERENM m, Y m/M =y i, 8 P ECF. X#
BFFE RATHT B —YOEARAE B ECF, K g 4k 7K .
B AR IERPAT AR (4) B ITE & A ECFRFRY
ECF F BeAZ T,

B2 LPL3.1WHRRE A B B, IS
Petefh bl BVE R TR BSS MBI F .

A = (1,2,3,4,5)

B =(2,<3,1>,5,4)

XEMBE B M 31 TEARNFIIRER
ECF,#47 SS = A - B.

Stepl: A(1) = B(3) = 1,[HN B # 1 #£ ECF
LT SO.

B = (2,<3,1>,5,4)

Step2: A(2) = By(1) = 2,B FT¥: 2 &3]
ECF,ECF AZ T, HHE SO.

B, = (2, <3,1>,5,4)

Step3:A(3) = B,(2) = 3,H% B ¥ 1 7£ ECF
L ETLAIE SO.

B; = (2, < 3,1>,5,4)

Stepd:A(4) = By(5) = 4, FfLl By = By +
S0(4,5)

By = (2, < 3,1 >,4,5)

iR

B 2 HR 2] SS = (SO(4,5)) MK BSS.
FEXFHI 1, 81 2 ZEARIEE T e dk B BOR 32 TH0
EHT 5 SS i) SO B/b . BREEERNNE
SRS EAS MR R LS TR
3.3 RRMERRES ZIRMBL

£ ECFG — PSO B B30, 7E— K&,
XA R BN TR EPIT-RARK3) &
H—4~ BSS, R 5 BSS fER FhL 7 4 BT TSP
% RBE NPT EARER PR, B py M
Poa» N T —RIERMOER . K% h BSS #IERAT LA
o Bk L B

SR, BvL s MR C SAEN B
BIEOLT , F—IR A TSP PRI T AL E,
Bl — AT SO W REXT I R A R B B LR A R K
. Ptk ECFG ~ PSOBER AR S, BEEFER
TTEA SO JGERIEHIRT G RS, B3 pg Fl pyy. X
BER SR T BRI R 3 e

IRER SIS R A P ECF R A, i TE s
HREBCHIRE S . B ECF PR T BSS $#543
SO E¥AER . UK T R F I SRR T &
EAL RN T AR, ECFG - PSOBEMA
T R YIR AR RA R A 2 UGER, A
B M EER AR 7 EABAER,
NRAHE R RB) , B F KB a4k, M
TS B R RRA R
3.4 HiEHiR

AR LRI, BB A Wk BT X AaT
AL ECF 2 A AR, THEMU Q REARHEQ 2
e B4 B ECF BIHERIA M, T 10 % MATHER
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Stepl :

BB M, TSP BT AN ECH » . B b
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BUE B M BT piua pou B R EEKE
A€ (L,n) FEHE ¥ € (0,1);

Step2 :

IF (T = Q/2) %% Step4;

Step3:

MTHMRTIHE o, EH 2,

3.1 P, = pig — xias

3.2 Py = pgg — xias

3.3 v, = v; * rand() + Py @ rand() - Py;
3.4 x; = x; + v; ;%% StepS;

Step4 :

4.1 4 ECF;

IF (ECF RFF7E) ¥ Step3;
MFENRFIHE v, B 2

4.2 Py = pig — xis

4.3 Py = pog— s

4.4 v, = v; » rand() + Py @ rand() - P,;
4.5 {# ECFfEHT z; = x; + v;; ¥ StepS;
Step5:

IR R (R BIRMRSE &
KR Q), MBEAHE, 3 Step2.

4 KI/ER

CPFRAT TSP B4 HAET Oliver30 Bk 1k
BIA S M. SEB6 35 5% N Pentiumd 2. 93GHz CPU,
256MB RAM, WinXP OS, VC++6.0. B, M=
200, Q =500, MR EET T =10, ECF H i L H#A4E
H.2=6,7y=0.8. FRi&fX 60 K. X [4]7 ACO BiL1B
HHY Oliver30 FBRLAR A 423.74,3X & 423.74 & H
RIS T Oliver30 [AIEEFT REAS tH M B DL
ECFG — PSO 718t BB [FIRE Dl 423.74.

F 190 T 740 F W S5 348 F X DPSO #
ECFG - PSO B #2217 10 KT G5 B fg 7
B s IRR HRFNITE T

_ Ave—423.74
Err="" o2 X100% (5)
SLE X DPSO i ECFG — PSO B g% 481547 10

KERERET R,

#£1 DPSO Y ECFG-PSO EELEE

H: BEAAE FELEFT 10 KRR 1R S
(Algorithm) (M)  Runl Run2 Run3 Run4é RunS Run6 Run? Run8 Run9 Runl0  (Ave) (Err)
ECFG-PSO 200 423.74 423.74 424.74 423.74 423.74 423.74 424.90 423.74 423.74 423.74 423.96 0.05%

DPSO 500  432.66 423.74 425.27 425.48 423.95 423.74 426.31 423.74 423.74 423.74 424.34 0.14%

B 1 R &HZ 5% T DPSO #fl ECFG -
PSO B#M TR ELH F FE—KEBRG M7

670F

ECFG-PSO

620 [,

S7T0F\ ™
520

470

420 ! :
1 11 21 31 41 5t

1 DPSO # ECFG - PSO Y& th 48
MFE 1 FE 1 T LAE B R EEAEE MO L
T ARl TSP AR A SGE B T DPSO k.
FH ECFG - PO R E TR RIS RS .

5 &ARIF

¥ DPSO B 5 GABEANSG S, #H
ECFG-PSO B N REF LA |

HIXF T DPSO Hik B A — & Wt . BN LK S
ROVORE B ETESE B ERA FriRTE. BAl
BHEAEMSEIE , L& ECF ZHEER KL%
R BUTA ff it — 2 BE5E.
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5-500mf Q

In 1.5n 2n
Time(lin)
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5 D~ Latch Hi 88 F B R AL

5 &RIF

XHBFFE T 2T RHBD £ R DICE 45+ i
B% , 3K DICE Z5# 88 FHF D — Latch i,
2FREH IR T A RC F4ES8, 8T #HF4
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B HEEREZHINE S 872 B B I Sobl 73K
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