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Abstract

The traveling salesman problem is an important
combinatorial optimization problem. Since 1930,
many researchers had been devoting their efforts in
solving this problem. Being an NP-hard problem, the
traveling salesman problem is unlikely to be solved in
polynomial time. Hence a main research issue is to
design efficient algorithms to find near optimal
solutions for the TSP. In recent studies, the collection
of promising edges by deriving the edges of the
minimum spanning trees had been proposed. But the
promising edges were not fully utilized in previous
studies.

In the paper, we used the promising edge set to
guide the search of a genetic local search algorithm.
First, the promising edge set was generated by
iteratively generating the minimum spanning trees.
Then, the promising edge set was used to guide the
genetic local search algorithm in searching the
promising areas. Furthermore, the promising edge set
will evolve along the search. The proposed algorithm
was tested on 35 instances taken from TSPLIB. The
experimental results revealed that the solution quality
of the proposed algorithm is similar to that of the
ANGEL and is better than that of the LKH.
Keywords: Traveling salesman problem, genetic
algorithm, promising edge set guided genetic local

search algorithm, LKH algorithm, ANGEL algorithm.
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/* 7%, v*and d* are penalty vector, subgradient vector and vector
of degress of nodes.*/

.Letk=0, 7"=0and W=-00.

. Find a minimum 1-tree, TF.

.Compute w(zn*) = L(T))- 2X =, .

Let W = max(W, w(r*)).

. Let v = d* — 2, where d* contains the degress of nodes in T*.

IfVE=0( T¥ is an optimum tour), or a stop criterion is

satisfied, then stop.

~J

. Choose a step size, t*, t* is a positive scalar and t’ is set to 1.
8. Let m*'=n""+t*(0.7v" + 0.3v*") where v' = v’.
9. Let k =k+1 and go to Step 2.

Bl 5 SHARERENTEZ LB
21 B K. Helsgaun, An effective implementation of

the Lin—Kernighan traveling salesman heuristic [17])
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Procedure : PESGLS

1 /* Initialization phase */

2 Generation of the promising edge set (PES)

3 Initialization of m tours by three methods

4 Apply local search is applied to improve each new tour

5 /* Improvement phase (GLS) */

6 While (Global optimum not yet been found and predefined number

of iterations not yet been reached) do

7 Fori=1to(m/2)do

8 Select two parent tours randomly from unselected tours

9 Apply OX crossover ot PEOX crossover operator to parent tours
10 Apply local search to improve each child tour
11 If child tour is not better than parent tours then

12 Apply Mutation to child tour with predefined probability
13 EndIf

14 If The tour is better than the best tour found thus far then
15 Apply the PES updating rule

16 EndIf

17  End For

18  Select m tours by Selection rule
19 /* finished one iteration*/
20 End While

Bl 6 d iz fh el AFHSFE2

42 AR ipiz

A P A dnfRE R 0 R M it i
B8 2 A A i Bl B R R PR R S T
LR o kPR B AR D 2 A dp R
Wik BRRBAGN A PRAE SR KT RA
Pa2] iR USRS - 422 Rt
B2 EBE R 0423 2y R F L EHEH

PER

421 REEPL2 f AL R

beﬂg R j’%lﬁ.i’ jiii*’f#_/z o 3% lf’“i
&pid#+ B £ (promising edge subset)— # 0 ¥

LSRR EEERERE LT B
BET a2 FREGE LA F R ey

g et ’ﬁ"ii’*ﬁﬂ Eid BgEs] o By
BREREGREE DL AERLR 2ol

dONRT ke e ¢ Mg I S i i i

N LT

P a

+ &
TEYR 7

™

R



58 25 2 ot 1 B
422 RMSTHR % P43 4 4 ¥

B ES al
> IR | L Rank1:(5.4)
| Rank2:(5,1)
1%, MST 2", MST l
4.2)
w (1.4)
: 3.1 AR50k
(5.4)
Rank1:(4.2)
i | Rank2:(1.4)
[ | Rank3:(5.4)
-5 i AN Rk Rank4:(3.4)

Rank1:(1.,4)

. Rank1:(4,2) Rank1:(3,1)
" Eiﬁtﬁfgﬁ; % | Rank2:(2,1) % | Rank2:(3.4)
l Rank4:(2.1) l Rank3:(3.2) Rank3:(3,2)

B 7 wRidFEEEREES B LMK

i

L R E VS S PR Y
R A R S SRR LR PO
BfRPE R - BB R il R
FRE S TR F ST S T
RS ENT ST S Y
FEFELARPER Y - NiFE SR A RN K,

L.
& F

s B E R R iR E B A

AE

5%
LAy

RO E SRR S SR E R et ERT
40 BRI R AASARELIE L L o ek RS g
FE SR P REPERFRBELM L ERER

piei
P
A
ey
She
=0
3
=%
=
BN
=

- AT dig s
FH BT BT EE
U EEHLB AT A I BT 5 AT ek
ATendp i 8 BRI ~ SRR
6 IR R A e g 1

MR- HEH G R REEELL f Y
Rk i (EEAL ) LT 8 2 HEH (e B Aede
8(a) 17 o MEBHAE BB E - BB 4
i B 2Tk MALE 8(b)is BN R LT B
S Rt T B R

Ak PR R
E oo Bha 2

>3
2% ©

P
i
b

s
I

TR E &g G PE i

A
o)oyors:
®0®

iE B

SRS - g e

Rank1 :(5,4)17“‘

Rank2:(5,1)x
I

HF)(5,4) » & BAT AE B
(b) 417 3 & 245 17 — B AR & B
i a gh
+ VAR
OO

= Z FiEa B
5 S E P
Btk
HE(1,2) 0 s El
@or e 2T
(a) EAEP S8 FPER- S8R Ké>ﬁh@»ﬁmw§ﬂ@k
EiE Fig o gh . : » R R 7

g i

w

. i) PAEN. S ¥
l:z £ ; i
2 A IE i kT

A {17 E DL BT E
§§}7 n 6 g H)
5~
% Ao i 8

Merakirs B" » 4o & BL8T

(OF fidf+ F & mix5q  fHB ARSI

Rank1:(5,4)
Rank2:(4,1)

HII4, 1) & 817 ARE P~

@
A
v

(b)) 1% dpth i Bhas 17 - BN E B2

FE I

F VAR

@ £RMOHF 5 5)7 3 i hfaet if

B 8 #iF:FipLz ﬁ.ﬁz?f#jéﬁ?f%é@&q



FiE a8k

4 iR

(a) &AEP& 8 EHER - &85 ke

iz a gk

[

Rank1:(5,4) 1)

Rank2:(5,1) 1
[ ¢

$31(5,4) » &84T HE

ik

Sowr2- bt B A

Rank1:(2,4)
Rank2:(2,5)
Rank3:(1,2) ®

L3

BE(1,2) 0 gl IR
TRECRTEFYTH
Wi 1 - BAESE R

e o A 14
®
Q@

(b) FI* 4pth Bty 17 - BaA & gl

(OF i+ § &2 23 PR AThika g

FEEE ]

EEE ] FEEEL

2y

2 UNONO)

Rankl1:(5,4)
Rank2:(4,1) o

BH@ D SmlTrES

dptka s

©@oO®

(b) 1™ 4p ki Bag5 07 - B S W g2

(D) £RMI(CHH - E3l=Fddofrd i

Bl 9 fidfiph w28 ivgo

B P o § R B de % i E & B2 1S gheR SR
Mo E P RIFE SV ERS oo Aoy 4 E iR E
BT E2pE o G F 8 (o 0 A FAE

Arendp ik & B £ATX B e IR 8 (b)
FlEfpfaz =+ 4o@ 8(d) -
422 REFPLLGPEH

B EA L E RS ARG GEERL
HeEfpiriestnin > 7 £ € hbdApl amp o

B K A e 2 Al e % B0 i SR
BRI PE AR B RCR o RS E R BAE

s Bk LN AT R A R

TR - G kP Rd Rk 2 e
Ep ik i (TiEAT > LW 9 E s (T B o)
9 (a)#F » KA A EPGELY E R - BEELL
At BT LA E 9(b)es R AT

BAPE R Y RS RRE RS B L2 % i3
Y

B TR FE SR APE iFiE SR 2R
BEZPE > § BB 7 FE S B2 g g
FE LI AEFESRT 4

10

i 4z ez 4 > 4oB 9(d) -
423 R4 REELEWE RS
TREF PSR fI REFRE
KA R B R B T S S S B 7
oAt £ 1Y R GRS ke A G
Pk o (- PoBhehifye o A& A )Y AR niFEE
PRI TR RE: ME R IRt W £
i g o

il vih- B s A ER - BE BT
B EEARY g iR a g dp iR B G Lt
FREPERE- B RGEF FEREIFES

o M Sk, BRI ER - BAEEDE I

o

<l

K, +k, =1 £z e mz HBRIAFE > 1

KEASE S - Bk E S B R AT e R4
dept R T A 0 B R R A A SRS O o

MT O - HE G REP REE Y 2R
g cniE (T AT 0 LR 100 2R - B A
Bl 10 ()97 > BEEP KA EP- S8 R - BE
B SR BT kdeW 10 Q)R o B4
B ELESEOREE T E RO BiFES

B D AR IE - A BB AT AR A

[EX



P ET B AP E iz E S B R PE KR
BiiPE 0 § 7 REBPE- AF SR kivs

- dptRE g SHEERSLE RR 10 (b)dd v B
FlédeE a2 > 4ol 10 ()

£ Bp 25

[ AR ]

ARILATE

5 i S TR

fEAR

(a) ARERHI PR EE —HAHIARH
5 1 B 26

R 35 AR 8 25

R

W25 - i E T RS

Rank1:(5.4)
Rank2:(5,1)

iR
HEI5,4) 6 BT HER
(b) #1F 545 8 B A T — B & B-HF ]
[ EHAE ] 7
EET T
R4 58 A

£ Bp 25

R
<D @06
®0®

15 4% i 25

(b) R MR T — 18 4 5% 8 2505 2

[ ZHE ] F
NG!
©)
@
o
® ®
®

(c) ER(D)FER - BB T MA 4 2R
Bl 10 4 deidif 2 WSR2 T4 b

heh 2 2 AR E R A g
BEGREFRELL FHEHEE o REFELLN
W Ee st R G E e R
n;+Ny+ng=1 o
43 2EIF A TFE 2

rEBEH AL TR AT E 2 4p
M%%ﬁ—ﬁ@ﬁwouw%AwamPﬁ{@h
fRtour) A FIF B 2 ¢ ehd E 2oL ki ATy
AFFEZ? LARMABFIAARY G B K iF4p
Al B b 1431 ¢ Wik 432 2 pisdl -
433 REIBF] - 434 EH B

N, ~nNg>»

11

4.3.1 % ¢ H %S (chromosome coding)
WRFLFT Y E P > TSP R AL B TR A P g
B Bl @ A kA EE - FRES

¢ $8(chromosome) °

432 < peid4l(crossover)

p AR EFEOFLCRFFREE
AR A FF Y
ERES ok I S I R e “ﬁ% 1
- 4 # Fr el B fe 2 (order crossover ; OX
crossover)z_ ¢t ¥ b L Rt iz L kB iR
BEF R i 2 %R 2 fe 2 (PEOX

crossover) » P H-AT G ] H P RAE AL o

A3

£

4321 g/ % peix (OX crossover)
R R fek BpE Ben ek plo R R

FriicA 24 ol 7 Bh(cut point)#-p ¥ il F1 A 5 -

AEZPETURVHELT A REKF AR
T AR NATFERE A - B EDR

FE 5] T SROE BIFE 0 o8 T F A E
BT Qg - EERET - RAEGRAFLET
EH

sk A (1] [3] [s]|[7] [2] [4] [6]
K B EE
ks 2 RESB—
4] [2][7] [e]
[4][e][3][5]

WE B % fiei 3@ fi"qfv 1)

1~E%§ﬁ:¥k
%RAIIIIEi
F& B [2][1]]7]
B 11

M — B E B RO R R
B FiEAR > LR 11> BB o APE A -
MEHS A EL R o d SRR B O N A BN B
AFE |- AL = AR R R LA
s e d A B A AR (1,35 F 4B
R KR BORAFE Q21,7 A F Rt 2R
TR #FIF ¥ - BR AP FIRE L 2 kP
FodrF MAF LRS- BRAFL S R
KR ABAFIAEFP LS5 Fim AT - AFF

,:)-fl:J



PHoBIAREBLATFITT 4o r F % A TR
P deig R e FE AT G5 A BPE AT 2
2 sk FpE o €8T FiE2 AT 1 SLpET ¢

PEATF LA LT - BAFELS > » ﬁ%{i—é?}%

£kigd F AR $rehE B BRI 3 AR
FREDAFRAEE L ] R A - b
EIF o

4322 %Rz "EA R f2(PEOX
crossover)

gmggiw&zméiéﬁmﬁﬁﬁg
M RER AR S N EEFR SR F
BOER A F AR B T R
e % |7 G E R A TR L
YREEE LT A I S A EAER - BV AR
FehA RIS e A FIE o e S R A
FLR A B 0 ek kPR i RS A ]

Rt o v
e g B

5
%5~

BRIRERT - AASAATLITER
BRI I NMTEAFL G 4 f L EAEY 2

ik g F AR -
IDELIEAR AR VIR - O RSN S Y
W2 R feiE i@ iTiEAR LR 120 &
AP A S - SRR o d R
RABHAFIRI - AL 03 N EBREKHERR
R L g ded A SR R A SR A 7(1,3,5)
F A B MK A BaATFEFQ2,1,7) A F Kl
LEAFR A T - BRAHAFEAL %
T RPE > heF R A BT RS- BATFL S
PREHRER ABAFIEAY L SAFRE AT -
AFFL GBI AREPRAFITT 4o 0 F %A A
FE P oo Tl FE AT fF A APER
F12 2 t5 K FIpF > £33 T HiE2Z AT 1 P
R LY RS- R BEPE- B SR
AP BE i S 8L A b3 ¢ B PE F1i8(6,2) 0 HT e
DIHRAFIZAFIO6 @ A F 65 ABEEH > Flt
ﬁ%&ﬂ6ﬁ»4ﬁAﬁ’ﬁ%€ﬁﬁﬂ6ﬁ&$
FHAEEAT 7 Adoi i i
*oa gl P-E R A BT e i 4

BT EL BT - BEED

J—)—E’ ’

H- A

12

§ AT SR IERRR]  E R L aE
WA ETOE o B RTG F A RS R R
FBiles i 4 5na- XNy feid (T o
(] 2] [+] [¢]
a B [2] [ [7](le] [3] [s}{4]
I‘E%ﬂfﬁ oz -2 RERH—
Fxa 1] 00
F#& B O
RESBIHBE CEBAR
am A ][] [E] 2[4 [¢]
~EPHE - AFRHARGMATFRAY
KA B .m.i...
T 4~ HHARA6L KM T
% % B
FA A EEIn
- HKRESESPRE_KRHMREL —EARBB2AMAREHS
&8 L]
2", MST
4.2) (7.1 || 5.D (7.5
(14)(6.2) | | (2. (6,7
(€A} (34
LKA G2
W24 2KA2 AHSBBER
XX B i . 3] [5][4] i 4 ESEIEs 2 A
1-BHeR8AR gf}?{z(}jﬁ ;ﬁm
i{‘;‘g;?ﬁ%#&z
sra 1] alofs
2 KRG HESPHREE AP BOAMNRESS
=B [2]0]0] OO
&R LA
A [1] a
F#& B 1]

B 12 24 RiEE2 A IfE

BiS A~ 50 ARl frare kX
W T o R KBRS R OE R L el B i
W FT R EEZ TR IRE o R

r+r=1-¢
433 R %2+ (mutation)
R LT ERY LFFL L D

33 P B R B 1
BoE gy AT AN e @ A

AR AT R R
R EBAE
31 % ANGEL[30]en% 4% 3> | = B A
Flz BAp 3 Aen b kAT AT BT R DAT
Pl H 0 R E B BT M T X kT
TR fRE R FAET o R ARGV &

MRATHE AR RTPE > v - B Xﬂ"ﬁw'l’,f o



WA - H B kG EEP ERR O EAPENTF A QB PR A AR AT
FAlnitE o LW 130 A4 FRATL DT ACRERNARF A g i £ATE 2 hATR S
o RPE N ROR T AR RFRIET AR M AT AT BERT L ERFDETT G0
Z AR TR E o o] P R (6,1)~ (7,2) A HET -2 R EGyaug it b g o pteb s 37

(46) EEW#L AT READE AR dob]  REMAD BT RS BLL AL AR 4
S (1)EQHE LS (1324) AT EEO)F  FREFLEBSHEES F L FLE RS Do

GDEEFOSDAFTY & EI#AT] PV R g, FRE LKH R E 2

Swh o L rd- xR PWH AuE T
R LN PR S R

Flt g LKH[17iF & % (7 5 AFF 7 % B HF 2 o

B 3 A T
Rt F 7] _ﬁ:;&;ﬁ?ﬁ

D H3HsH7H2H e He]

KA & B R T RERANE
(6, 1), (7,2), (4, 6) 2L B AT AIER

[t H3] [sH7][2H 4] [6]

AL T B IOF 2 ¢ R ALKHT o2 AT 1%
7 ﬁxli})’gﬁi L KB KR j‘LKHﬁ"]’I%igi;g% £
(candidate set) » & #4737 hik F] R B IF 2w F 7

N> U Lo
PPN N
— o o to wres

Z‘:giﬁz;’ﬁ(ﬁ,1),(7,2),(3,0),(4,6)z FHIEF - R A L mabE 4 R oo
AT 2 BHEEF PR T I A S-opt

P P
R £ (1, 3)98(2, DA A3 R B A (1, 3,2,4) i éL{F}% 4-opt 1F 5 28 B £ 284 &h;fﬁ;giﬂ,ﬂlj

4 oefl* LKH ¢ i3 3 avdid kg 7 1 4 e

R & (6) 5 (5, R AMEH AR A (6,5, 7) _ o s » , .
EfRc L vk o NP hE > 5 A S-opt Adpdk

L HsHzHs Ho s H7| Wk x5 5= @ 2R =X S-opt iF xf‘f‘;'ig;%ji

ke s (1,3,2,4) 86,5, )R 69 & 5]
B 13 %R HE g6 kS g
T A e e Ji % LKH i T AR R EP

AE TR WA E b F AT LKHE R D gl AA L 0 & LKH B 48
Be /T iR R B A A R PE SRR A1 BB A (FEBEA E RS LKH § & B R oS

Fd RERAL Ly R M- T X BBt i TSR R 26 Tend Fal, A
L PEEBTR - R EBIER LR T il At
2L ,%-;;‘:*? % 48 & # ;"fg = “ﬂl il
4.3.4 E 3% ¥ FI(selection) BRI TR B A R EATR T S B
BER® T 4o 14 #7571 o gt * LKH e 2LF A
FEBPEL T I A AR T )
! ERB R F RN NI o A S ER SR E
d %5 s MR ET - R Nt een
iﬁ T RGPS e | i ﬂh}’iﬁﬁ #kbtsiki}ig‘;;g‘;mg;*g#t—ﬁj&, HRE (TP &
BLBRP AT AT AE - A AT IR RS
i i #m EX [ gr‘] ﬁ 7\% B ;F]‘bﬁ;\’rﬁ{— iigméﬁ%"'ﬁﬁ i—é#&ﬁg#qﬁ
BES A d i N E AR NiE AR 0 B ) ) .
T % LKH i# iFe- Fﬁ&éigiﬁ-?‘ f/"ﬁ» & BLE B
AP Y POE R A S R 4 AT R
oA x k4 ’T} v ﬁ & B ‘gk,_gﬁp}.ég%yulgg‘g#qbﬂgh 71504
A RBE w N R i ) A
%4 1S fth AR A B I BEiE ]F#’_iﬁg‘;‘:%mﬁg@ﬁ#qb&, S e g B2t
GBS LA A R FEILd AL
- R B 8 BT R E B B s B 3603 0 LKH
RN R R A T S

Bk § TG WL A E BB B (0 F R
EEREEET A7 PR arRE D BEOEE
EREGEET 2RI PR IEE © B3 20 4 = LKH &8 (< %10 LKH » 450 1
S RMEATL RH M LA BEEHLE L

“ FoORELE BEEELAE R L AR TR
Za- R fRFt SR A ERZT AV,

R RS A Sk BE % F AR L 1T LKH 2 - LR
R R M A - R T R
il : FLR Y B PR L F R E

xL
/m
Y

\m:» N oy
Ik

ﬂl—«

13



[ 3151 [7][2] [4] [6] I BIE1E][2][4] (6]

i 2 % 71

B B4R 3448 A% 64 ATk 7]

H| B 2 PR 245 AR
& R 2R EHEE 1 (5-
opt or 4-opt)

E‘S,,
X BN

HUFBEM  LRAERT —IRA6
CERECE Sy PR & Tk 5 2
O R IR R 38 R ]
85 08 A k9 1

X3 Eﬁ(% # !&

ol %o B P 65 25 | FAT 5 25 AT 8

FRAEZLE > RERTRARI o Bl IR AT I

BEE T IS LR RN B3E
M| 2 P60 Rtk 0 R 3R
BT — R RN T e B AE > 2

LEE & & Rl Vd b

(51 7] [#][2] [6] [3]

X X X X X X X
0220

M AT 8 25 IR - BB
1‘F HE| RSP BB

I A fo T B BB B R
&U*Jﬁ

Bl 14 LKH z & 8L 5 € 438 (FiE A2

45 #EEE & RIS

= BARAATE T o ﬂﬁ“&r’fw A Fﬁﬁ;iﬁj&ﬁqﬁ,‘fi
2 RAFRELE LAV IARLLAER o
NN EA TS S k.
ﬁi*’ﬂW%#”Tﬁﬁﬁﬁﬁ@%%ﬂmﬁ%
T ehf it i
. RELAFE 2

B -

I P oAreS Pl 2k F fRORT

2. AFmiEARY FRLA O REYFIER
2 At BB PR TR o
SR R E R - DR TR b

14

»REE L
APUEET B & PRI ) b R R L
reni AT B S 0 Al o ok L ATH
BN SRR EET B LRDT -
o R R kR AT - e ek e
F if

i EH -

j\nla fiv_ s W _Q =1 IIJ 5 7|l§’@v 4;

B g e~ R AR

s -

3 A

ZEAPM & B 2 R AR
PR RS
FULR A
#AE
-3

—

BEREFER GRS ik E AP
FHIFABFI RN BB 7 R TR

¥

- R

[
E\

=

T

r
i

=3
o

s
P

i

(PR e g
Fif

1. AFwiEs2e Bt & iz
;’@J{fﬁﬁﬁ%fﬁﬁvﬁﬁﬁo
PR TARE A IS RRZEE
FAL B ENA A A R R A TR Bl D
;{WQEZ TR F kSRR o

46 % 1 0F R IR T

ty %2

ﬁ"y

f—:‘.ﬂlﬁ'ﬂ j\zﬂ “‘i’\:ﬂf#mj\ﬁ TRy 0 M TE R
N RN RS SN R

B H A g e

BAHOFE TN G R 0 R T W ARGEE S A
EHFEPEE SRR FHEFERBY -
A A AT R T AN P B AR LR
FREE R L e B 2
g AT o

s

ZEZAR K8 Vi 2

MR ES R GEOR T AR U
FRCEPE O R AR T REREPI2 1 § RIp
TCoBERRIEREE A T - ReF I E
iz

L ek mdf b e [ tu, Bk

HACPE 0 & A e pF ek B L e~
honp it B4

2 O RFRBIIERLT A UK

BOBLfR FlerE X REEEL



AR R e M N2 F B E I CHE SR
T HCPUY: i 7 eofest » PIET 5 5B A R Ao

# # fe % Intel Core2 Due E6320 1.86GHz CPU~4GB
ERER X RN S R
TSPLIB[28]2. 35 48 79 5% °
51 F5% %k

RS Stk

§ R
1. #= 42 *%2# #c & (initial population size) : #
£ m=50-
2. # it B & (promising edge set ; PES) @ &
A AR S p=3 e
3. kiRt
A iR FH SR AR
FHER A n=20%
L BAERRGEEIELERR

%

% —

Windows XP ~ T 4+ %}

) eE ] AT

o+
ey
B
™
3

GhiE E & g 5 K
=70% °

L S i

B T k, =30% -

B. RS Ak

£ 3 iz E

FHIE T A n=40% 0 B T

LR SN S R SER

e o

C. Sd itz Kiﬁ‘ggﬁ/z DA b

FHIHEF A ng=40%

L OMEESE- Bt
& iz E & B Kk
=80% ©

i, EEE - B AARE SIS
k, =20% ©

4. % Fesl(crossover) :
A FRT R R 5 [ =90% ¢
B. R REE TR f S

15

Fr,=10% °

5. R % ¥4 (mutation)
A, EERRITRE X =3 -
B.  HBREF MGTH G ik ERIF
F X, =20% o

C. ZREBHFEHHF
6. 4% ¥4 (selection) :
A, BECEFEE 6] g,=20% o
B. - BoEFEOEE W 5] g,=40% °
C. A724 %FE g v ) g,=40% -
7. iR S I HS
A EFSH
i EH gt =4 o
. &E: 7€ BRI fFEEY
bl t, =10% ©
B. i34 ¢
i 3F A Hkt=8-
8. 5 1 BOF FEHARE L
A RAFHHERGE
L #FF AL Ny =4-
H R L RE )RR

X =10% o

% #u,=1.6 -
i, Hg&a4EFr 2L Rl
£ Gl u,=20% ©

52 R%%E%

i%%&%ip*%ﬁﬂ&éﬁ%@&@ﬂ
F2 AF TR
Genetic Local Search Algorithm ; PESGLS):& {7 § 2%
C AR B S R4 0 % - L Pl PESGLS A%
LKH ;% &/ { & &f&2a 4 » %2 59 % PESGLS
B * % {7 48 4 B B A (Traveling Salesman
Problem ; TSP) - fi# & B &2 s i o

BA 3¢ s AP E A RS TSP AL S
o M AP RRET ST # 7 PESGLS & LKH >
d > PESGLS ¥ LKH &k Bk 24847 F > &2
BH NG AR i 0 A #H s Fpend
PESGLS #4 {7~ fenpr il 5 A% HTKH ~ M & pF
FREELVRIZE -NUTREEP £ 37 L

% ;2 (Promising Edge Set Guided



% 3. PESGLS £ LKH #|:* TSBLIB * #F ‘e e % &
PESGLS LKH

Instance |Opt Length | Tour Length | %Opt| CPU Time | Tour Length |2%PEGLS | Block Time

13915 363530 363942 0.073 31 366727 0.139 23

r15934 356045 356793 0.134 56 356922 0.023 46

pla7397 23260728 23264544 0.016 79 23265576 0.004 70

111849 923288 924408 0.121 94 924584 0.019 88

usal3s09 | 19982885 19990187 0.037 206 19991703 0.008 202
=% 4 th3, & > Instance #f =& & TSPLIB ¥ th SIS M ehpE e 3 hpb P H =00 f) 4
AP 5L o Opt Length #f i= &4 3% 3L P e i j2ge H = o

£ & o PESGLS # == = Tour Length # = &_% € F& 3¢ 3L PESGLS ¥ LKH % % chps f
PGLES #4 7 % — {8 B 47 e jS 2 & & > %O0pt Fefzr24) T > PESGLS A iplzEens5 489 o v 2 |
i* % PESGLS ¢ Tour Length 42 i Opt Length ¢ i iE v g o J¥_LKH 9 Block Time » 3% e s ¥ 3
s vt %O0pt &+ #ic it % PESGLS ¢ Tour Length ~ % . LKH % % # > % & 5 & f& @ £ pbo n‘v
Opt Length > CPU Time # = % PESGLS # {7 % - & PESGLS & 2X & * LKH iT% R&40F /% > 2% &
epEFE R o LKH #f 7 &0 Tour Length #f = %_LKH PEWHF OB EREFEE R B
B 7 PESGLS — R ehpF P S 4F erpljef32 & & o PESGLS 4 35 fidF enfefgig 4 o
%PESGLS # = & LKH ¢ Tour Length 4z i PESGLS % 4 A4 * TSPLIBR' RZ4LH-+ >t 500 ¢ -] >
i Tour Length 97 4+ > %PESGLS & #* % LKH 4000 =38 P 30 3217 2 3 Rjgran B E R ah
11 Tour Length + ** PESGLS =7 Tour Length - Block &% “,f. 7 PESGLS £ LKH[17] 78 2% 5 %+ f 2.
Time # = {#FK LKH # PESGLS # {7 - s enpF i p b A gt ARy g o B ?’rﬁ’ BT RE WO i D
% 4. 4% TSPLIB 42 p 44 < % 500 -] 3+ 4000 4% 2
» & * PESGLS ~ ANGEL £ LKH 2. 9 &% % %
Success Gap,.. Gap,.... Time,;, Time,..

Instance| n | ANGEL| LKH | PEGLS | ANGEL| LKH | PEGLS | ANGEL| LKH | PEGLS | ANGEL| LKH | PEGLS | ANGEL| LKH | PEGLS
alt532 532[ 100/100] 9%/100] 100/100 0 o001 0 o| ooz 0 0 01 0 0 12 0
<i535 535] 100/100] 33/100] 100/100 0 0006 0 o| ooz 0 0.01 17 08| 337 100 13
pas6l 561]_100/100] _99/100] 100/100 0 o001 0 o 0072 0 0 0.1 0 107 12 0.73
us74 574] 100/100] 91100 100/100 0 0007 0 0| o081 0 0 01 0 036 11 0.61
rat573 575] 100/100] 77/100] 100/100 0 o004 0 o o003 0 1 01 0.07 22 27 0.54
0634 634] 100/100] 100/100] 100/100 0 0 0 0 0 0 0.07 04 021 029 32 0.91
657 657] 100/100] 100/100] 100/100 0 0 0 0 0 0 0 0.1 0.06 0 11 02
2r666 666] 100/100] 30/100| 100/100 0| 002 0 o 004 0 2 0.7 03 2 63 27
u724 724 100/100]  9%/100] 100/100 0 0 0 o 0003 0 0.12 02 02| 319 23 163
rat783 783 100/100] 100/100] 100/100 0 0 0 0 0 0 0.05 0.0 o 042 0.1 0.21
dsj1000 1000 1o/to]  7a0[ 10710 0| 0033 0 o| oi1s 0 3 14 162 63| 134 3.9
prl0o2 1002]  1ot0]  1o0[ 10710 0 0 0 0 0 0 1 03 0.7 24 L1 183
51032 1032]  1o/10] 210 10710 0| 0057 0 o| oo71 0 0.45 11 074 03 6.7 267
w1060 1060] 10/10] 910 1010 0 0 0 0| 0003 0 3 05 0.6 1 127 382
vm 1084 1084 10/10] 710 10710 0 0007 0 o o022 0 3 0.6 191 233 95 71
pch1173 7] 1oto]  s0l 1010 0 0002 0 o 0.009 0 15 02 03 18.1 49 41
1291 1201 10/10] 810 1010 0| 003 0 o| o167 0 036 77 17 37] 199 115
11304 1304]  10/10] 810 1010 0| o019 0 o| 0161 0 03 04 14 3 119 5.61
1323 1323 10/10 U0[ 10110 0 o018 0 o 0048 0 0s 36 26 131 172 158
arw1379 1379]  1oto]  3i0[ 10710 0 0.006 0 o| 0.009 0 07 6.7 02| 234 231 519
11400 1400 10/10 vio] 10110 0 o1e2 0 o| 0199 0 03 14 62 143 1944 247
ul432 1432] 1om0] 100l 10710 0 0 0 0 0 0 03 03 0.61 23 21 188
1577 1577] 1m0 20 10710 0| 0046 0 o| 0063 0 01 401 181 17.1] 3658 272
d1653 1655 1o/t0]  10/10[ 10710 0 0 0 0 0 0 04 33 13 408 137 143
vm1748 1748 1ot0]  #10] 10710 0| 002 0 o| 0054 0 g 24 21 245 3387 193
ulsl7 1817]  1o/10] 2710 10710 0| oo7s 0 o o1 0 15| 665 98] 1358 843 56.9
11589 1889  10/10] 410 1010 0 o002 0 0| 0004 0 15 04 38 162] 379 289
£r2392 2392 10/10[ 10710 __10/10 0 0 0 0 0 0 23 29 181 251 182 12.9
pcb3038 3038] 10/10] 910 10110 0 0 0 0| 0004 0 [ 130 272[ 11258 1079 88.7
13795 3795 1010 #10[ 10110 0 oomn2 0 o oo 0| s178] 8163 108] 7485 18388| 9768

16



ANGEL[30];# & i 2. 9 B #cdp 15— - o ;ﬁrl B
F T E B 2 7\4;1 »2 3% iz PESGLS - PESGLS
W AFE R RIEET 5T #47 » ANGEL# LKHIE i+ g
#F T & % Intel Pentium 2.0 GHz CPU4r IGB: 5%
o H2m@ET oG L8 eql* Ay
BIGE T 5 ORI R LKH & f7 97 18 en ook Bcdp &
ANGEL3F 4 ¢ LKHe§ % #icdp i€ 74 > F RS
HEEDLRER I 5% F R Bk T
7 iFE P LR
Wi A 4 ehy & o Instancef = E_~ & TSPLIB¥
AP REL e nif A ApiZAL P RHC X | o Success
BT as s 8 g anid =il A RN A S
1% e © Gapayg ¥ Gapma if 2 A dp e i B IZ 24 &

FfR2 FAFEGERERLR Y AV TR RS &K

THLTEE e L o i R

B2k A

Lj\ln

T RREEMA 47 &

B fREdp R S -
AL P RfRR P B R T E o Timeyn ¥t
SR EFRA NER T S R N EE - SN NNt
e o L X R fRE P B i 2T IR o
e AR E g i E

K 4 F5%° vFR o SRR T o
PESGLS ¢ g & # = fice v i& o
ANGEL enffzic # 4p§ > @ LKH P
* A

Time,y,

= o

BAZLP
IR REY
%9 PESGLS snf 248 2 &
E% LKH» R j2ra g chvt s % ¢ » PESGLS 4+
HHRIEAL B S T it LKH enfefgre sk % k@
{4 o @2 ANGEL 4pvt 2. T .3 4 g% » 3 &
AFT G 4 4 ¥ PESGLS 4 I £ o3 e (71 A 4 o
I PESGLS #3t tod-dofb i # % Bk fzefin
WBE LR 0 AT AR F R FRY A 7
B2 s T RSB E R B IEE R
PESGLS i 4 Iﬂaﬁf« SRR o9

R

€1

bt Ao\‘ffrrﬂ"’

%ﬁ ‘lié‘g: @ﬂi;;'ﬁ&# _ﬂ”}i .;Q;Aki_'_y jﬁ‘i
™ % 4 PESGLS m‘}\ﬁ'* e oo MM A 2o

PESGLS % i * >t Ff& TSP B 3E e iy £2
mEAp g A b eh

rrfﬁfr%IFL

A RBEAKE] S B
Aotz d midE e E2 ARFE
BiE o A RfEsx =4 A B 32 (Traveling

17

Salesman Problem ; TSP) } 17 3| 7 4% cris »zo 2 d 4
PR RED R FEEI L AT RBFZ N
AUEY F s B R B b JEd
FEFELFRRE T 2FHFL R BHF DL

Tl R H A FApd e ST {2 L e E sk
C RN e

R A JFRec g IR LR fRpE e
BooAFRERY APT FREIN L - BaRE
W8 L RL LR o 3 fRATPE 2 ANGEL[30]4p
B

PG I FE R o FIL A E AT ] R
PR AuE kA eOPRA T o BRIE L R kAT Y
-

L 2 (e g gl > L F S F-
BAssk TP 4188 @ & B e
Yo B P FIHLR B 4e o F15 AT
iﬁ%ﬁﬂﬁﬁ“m&»ﬁﬁxﬂﬁﬂ
T g e Hs ]
fo it
# o
E S R it o LIRS SR
Ffrehfie r i E B LY G AEX
O A TR E pER o
AT TR R i 1 TE B
deif 45 B JF 5 1 R F R o
BET RO BIF A E R
H- &2+

Flenf B AR v oA

’@#g%ﬁzﬁ?ﬁizﬁﬁ

Bix o ke
‘?;é:,o
PR RAT Y Ao b e Bl 2GR A
P32 AT R B I0F 2 £f3 TSP B 3Leoek o
PRI

Bofs o AR ER™ A1 2 AF% S

F ;20 £ 322 42 1 38 (Scheduling Problem ) ~ & iﬁfrs;“

i F* %8 (Vehicle Routing Problems )% TSP £ 4% ezt

“%ﬂ"ﬂaaﬁﬁpimﬁ%pm N

oS iy AP RfRESHR GRS T

iﬁwﬁ?mh%,w$&@ﬂﬁ%j¢%§&%
- B (kD LR NRFR -

WA A



eE

A 2SR A Y h R
NSC96-2628-E-005-074-MY3 T #1844 B4 » {7
PRI R

2
gt

= \Z;Jg’-i?)?%

(11 E. H. L. Aarts and H. P. Stehouwer, “Neural

networks and the traveling salesman
problem,” Proceedings of the International
Conference on Artificial Neural Networks,
Springer-Verlag, 1993, pp. 950-955.

J. R. A. Allwright, and D. B. Capenter, “A

distributed of

(2]
implementation simulated
annealing for the traveling salesman problem,”
Parallel Computing, vol. 10, pp. 335-338,
1989.
[3] R. Baraglia, J. I. Hidalgo, and R. Perego, “A
hybrid heuristic for the traveling salesman
problem,” IEEE Transactions on Evolutionary

Computation, vol. 5, no. 6, pp. 613-622,

December 2001.

(41 F. Bock, “An algorithm for solving
traveling-salesman and related network
optimization problems,” unpublished

manuscript associated with talk presented at
the 14th ORSA National Meeting, 1958.

[5] M. Barrie, Baker, and M.A. Ayechew, “A
genetic algorithm for the vehicle rounting
problem,” and

Research., Vol. 30, pp. 787-800, 2003.

F. Croce, R. Tadei, and G. Volta, “A genetic

Computer Operational

(6]

algorithm for the job shop problem,”
Computers and Operational Research., Vol.
22, pp. 15-24, 1995.

[71 N. Christofides, “Worst-case analysis of a new

heuristic for the traveling salesman problem,”

18

Report No. 388, GSIA, Carnegie-Mellon
University, Pittsburgh, PA, 1976.

[8] G. Clarke AND J. W. Wright, “Scheduling of
vehicles from a central depot to a number of
delivery points,” Operations Research, vol. 12,
pp- 568-581, 1964.

[91 G. A. Croes, “A method for solving traveling
salesman problems,” Operations Research ,
vol. 6, pp. 791-812, 1958.

[10] M. Dorigo, L. M. Gambardella, “Ant colony
system: A cooperative learning approach to the
traveling salesman problem, ~ IEEE
Transactions on Evolutionary Computation,
vol. 1, no. 1, pp. 53-66, April 1997.

[11] R. Durbin, R. Szeliski, and A. Yuille, “An
analysis of the elastic net approach to the
traveling  salesman  problem,”  Neural

Computation, vol. 1, pp. 348-358, 1989.

[12] L. Fiechter, “A parallel Tabu search algorithm

for large traveling salesman problems,”
Discrete Applied Mathematics and
Combinatorial Operations Research and

Computer Science, vol. 51, pp. 243-267, 1994.

[13] B. Freisleben and P. Merz, “A genetic local
search algorithm for solving symmetric and
asymmetric traveling salesman problems,”
Proceedings of the 1996 IEEE International
Conference on Evolutionary Computation,
1996.

[14] B. Freisleben and M. Schulte. “Combinatorial
optimization with parallel adaptive threshold
accepting”. Proceedings of the 1992 European
Workshop on Parallel Computing, Barcelona,
10S Press, 1992, pp. 176-179.

[15] L. M. Gambardella and M. Dorigo, “Ant-Q: A
reinforcement learning approach to the

traveling salesman problem," Proceedings of

Conference on

the Twelfth International

Machine Learning, 1995, pp. 252-260.



[16] M. R. Garey and D. S. Johnson, Computers and
Intractability: A Guide to the Theory of
NP-Completeness. Freeman, New York, 1979.

[17]1 K. Helsgaun, “An effective implementation of
the Lin—Kernighan traveling salesman
heuristic,” European Journal of Operations
Research, vol. 126, pp. 106-130, 2000.

(18] JH. Holland, Adaptation in Nature and
Artificial Systems, University of Michigan
Press. 1975.

[19] L. Homaifar, C. Guan, and G. Liepins, “A new
approach to the traveling salesman problem by
genetic algorithms," Proceedings of the 5th
International ~ Conference  on  Genetic

Algorithms, Morgan Kaufmann Publishers,

1993, pp. 460-466.

(201 O. Jellouli, E. Chatelet, “A  dynamic
programming  approach to  sequencing
problems,” SLAM Review.10, pp.196-210,
2000.

[21] D. S. Johnson, L. A. McGeoch, “The traveling
salesman problem: A case study in local
optimization,” in  Local  Search in
Combinatorial Optimization, E. H. L. Aarts
and J. K. Lenstra, Eds. , New York: Wiley:
New York, 1997.

[22] E. Lawler, J. K. Lenstra and D. B. Shmoys, The
Traveling Salesman Problems: A Guided Tour
of Combinatorial Optimization. Wiley, 1985.

23] S. Lin, “Computer solutions of the traveling
salesman problem,” Bell System Technical
Journal, vol. 44, pp. 2245-2269, 1965.

[241S. Lin , B. W. Kernighan, “An effective
heuristic algorithm for the traveling-salesman
problem,” Operations Research, vol. 21, pp.
498-516, 1973.

[25] P. Merz and B. Freisleben, “Genetic local search

for the TSP: New results,” Proceedings of the

19

1997 IEEE International Conference on
Evolutionary Computation, 1997.

[26] J. W. Pepper, B. L. Golden, and E. A. Wasil,
“Solving the traveling salesman problem with
annealing-based heuristics: a computational
study,” IEEE Transactions on Systems, Man,
and Cybernetics, Part A, vol. 32, no. 1, pp.
72-77, January 2002.

[27] J. Perttunen, “On the significance of the initial
solution in traveling salesman heuristics,”
Journal of the Operational Research Society,
vol. 45, pp. 1131-1140, 1994.

[28] G. Reinelt, “TSPLIB — A traveling salesman
problem ORSA of
Computing, vol. 3, no. 4, pp. 376-384, 1991.

[29] T. Starkweather, D. Whitley, C. Whitley, K.

library,” Journal

Mathial, “A comparison of genetic sequencing

operators,”  Proceedings of the 4th
International ~ Conference  on  Genetic
Algorithm, Morgan Kaufmann, 1991, pp.

69-76.

(30oj L. Y. Tseng and S. C. Liang, “A Hybrid
Metaheuristic and Its Application to the
Traveling Salesman Problem,” Submitted to
IEEE
Computation. (Revised) (SCI), 2007.

Transactions on  Evolutionary

[31] T. Volgenant, R. Jonker , ”A branch and bound

algorithm for the symmetric traveling

salesmane problem based on the I-tree
relaxation,” European Journal of Operational

Research.9, pp. 83-89,1982.



	曾怜玉
	摘要
	Abstract
	一、緒論
	二、文獻回顧
	三、較佳邊集合
	四、由較佳邊集合引導之基因區域搜尋法
	五、實驗結果與討論
	六、結論與未來研究方向
	七、參考文獻



