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Solving the Traveling Salesman Problem through
Changing Crossover Operators

Ryouei TAKAHASHI* and Kenichi DEGAT**

Abstract

In order to solve the Traveling Salesman Problem (TSP) through Genetic Algorithms
(GAs), a method of changing crossover operators (CXO), which can flexibly substitute the
current crossover operator for another suitable crossover operator at any time, is proposed. We
examined seven crossover operators. Our experiments using data of the famous Eilon’s 75-city
problem show that CXO which uses an improved EX in early generation and uses SXX after
several generations can efficiently provide with a best approximate solution of TSP, where
improved EX, whose idea comes from greedy algorithm, selects the nearest town from the
current visiting city selected out of adjacent cities in parents to create local optimum sub-paths
and our SXX efficiently generates cyclic paths in the next generation by performing a crossover
operation on a pair of the selected parents that have the local optimum sub-paths. In our case
study, a CXO can find an approximate solution of the optimum cyclic paths on the 77-th
generation after exchanging improved EX for SXX on the 40-th generation, and it takes about
21.9 seconds to select the best solution with the length (=544.81). Our experiments have shown
that CXO can improve path’s length as well as computer execution time which the improved EX
and SXX have. This experimental result suggests that changing crossover operators at arbi-
trary time according to city data is available to improve both the functionality and the

performance of GAs.

Keywords : GAs, TSP, Changing crossover operators, Improved EX, SXX, C

1. [FC®IC

el — v 2~ RIE(TSP) [2], [9], [13]
RELT VT XA (1] TR L ROBBEER
TR BLRETFRIARV—Y) sLTInZ
T, (1) N 2EEF AT nHOEH %R
BT 28I (k) % n{HOFONES
&z, BN 2 AR L T

TR 17TH12 H 16 H
VAT LERTAER - iR
** KRB T FEREE SO F T SR A
-2

TRE2I5T I ETBREMLBTFBEL R VLD
EETRY (Bf) #FEHL 7z Grefenstette
# [3], PMX ¥ [2], CX ¥ [4], OX ¥ [5],
(2) BEEEASTIR O EERSER DO DN ICE
HU7-JERE EX 3 [6], SXX % [7], EXX ¥
[8] BFERENTWE, ZhETORL DFEE
R g, HBRNPIE oA T, R
BEDOR D EOET 2 HOBHEETT Y X b Ofih
5 RZNGERL T R EX I HEIGE D5
WEA R AR B EERH B Z &, RS
Zoh, b2ETD O HLETE THOICHK
R & 7 o T A FDFAR L HA B %R



NFTHERFRE 5255

X & TREROME % 4R T 2 SXX 0558
JICE DB WEEE LR T 2EROH S 2 E25D
Mo TW5b, TNk, X HFAEEMOEWE
B A X O ZERANCEIRTIRE L 9 5 72, HEIET
RN & 3R % W BRINATRE 2, BT
BRA RV — 7 7RG [14] @O TR 5
ZEEliz,

2. BEFIXFRL—5TRE

BEFREXA RV — 7383 (CXO : Chang-
ing Crossover Operators) 1, TEDEMLRTR
XA~V —% OP1 TARK S N2 @k (£H)
DEAEISE GHEICE =2 F8TE OB O RF1/
BEE) RERL ZhSEERE (EX—ED
REB) wno72814 2 v 7ET, MMOBEBTR
NA RV —% OP2 L BEFRXEFHEERZMR S
¥2, ZhickY, BEEOLDEVWET VE
X D ERRCHREARE L T 5, BRETREXA R
V— s ZRREOMEER 1 CRT,

EERTI, R EX #E»5 SXX iR &
¥ B BETFRXA RV —F ZREEICO W TEHE
T2k, BEFENARV—=FIL, %
O ERE, 1HRE2>WE EX &%
DR U e i AR O IR 5 %,

SXX 1, R EX T DOBERE & ORUE LT
RS,

/" CX0(OP1->0P2)

Changing Crossover Operators
from OP1 to OP2 on a suitable generation

Maximum Fitness

0opP2

Execution Time

(O: OP1 25 OP D 72 AR 2 RBFHA)

1. BETFEXAF RV —8 EOMEN

Figure 1. The concept of Changing Crossover
Operators (CXO).
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Figure 2. An optimum solution of the Eilon’s 75-city traveling salesman problem.



NFTHERFRE H 255

£ 1. BEEBETFREXA RV —F OMREHERS R
Table 1. Performance evaluation of crossover operators
o (R NKRIER % | Rz EINT 2 2 T
BIEFRXA RV —% RAGHIGE | BB R | 8o 7o&EE) 23RS | hpolcarta—y
% F T o TS EITHREE (B)
CXO 341.0 544.8 77 21.9
(improved EX — SXX) *
Improved EX 332.6 558.6 48 18.5
EXX 329.3 564.1 144 19.7
CX 324.9 571.8 399 8.4
Grefenstette 318.5 583.4 692 285.5
SXX 313.8 592.0 203 28.8
00X 152.1 12214 714 21.0
PMX 135.2 1373.8 1000 28.9
GEE>  (improved EX — SXX) *: 40 #RH 1 BRTFRNZEEWRE EX &% (improved EX) 2> & SXX
R Z %, HERE=1, BRTFRXMER=0.8, AOH=1,000, HABETHAE=1,000,
@ A O#---1,000 342 BFEOBEBLTRENA RV —F L OB

Q@B AHAREL---1,000

2 7 N EEERER

[ZERZS | 13D 248 A A OESH B 1258
HEZELSE 3, ZDF E TR, BOLELT
BELCBDT, AL BRI 22 LT, B3
BLEFE2ELCIREVEICTES, 247
BT, O RERTHIER O JEIE 253 72012,
Ar BERHEEIRKMTZ20HTRL, TDORDEH
MIEE 2T 5, TOEKRT, TSP BT 2%
ERERD—FKEEN 2 A P NETHDE vz
%,

34 BEFERARL—FZREDFHE
WHEX 5 SXX e 54 —%
TR (CXO ) ICOWTEHI T2 2 & & L7z,
TSR 2 U T BT 2,

3.4.1 R

40 AR H THE EX 205 SXX 10 X ¥ 5
IV —y ZRIEE T L 7z, BLEREIX 1 THE
R UTzo % LT, HARE 77 OBy, TR 21.9
TR R /N (=544.81) O AR (FdfiE) %
R U720 CXO HEDFER U 72 i [m]BE 2 B 2
2R,

& MERE O P R

CXOEDPZRNRET B BEBETREXL X
L — % 1% Grefenstette 1%, PMX ¥, OX %, CX
¥, i EX ¥k, SXX %, EXX&THB, &
BETFRENA RV —8 OMRETHlifE R R 112
AT, ®1 T, BEFREXA RV -,
(1) EREGE, 2) s/hKEgE, 3) K
i (/KRR 2 R 5 7o K(EE) ) 28R T 2
E o AR, (1) RodfEE %z EIRY 2

1750 ¢
1k PMX
1
£ 1500 ‘
Eg “‘ \\ 0X
] |
E 1250 J‘ : *—I\i" CX
E { | -L_‘r SXX \
E 1000 | ; -
W
© S ﬁ_\\%hu:\\
F 750 [oxo
| (improved EX lrnprovedEX‘\;\h—{
L2250~ = I
500 L 1 1
0 50 100 150 200

Generations

3. mINKEEER O AT & 2RI
Figure 3. The off-line performance evaluation
of crossover operators.



BRFRXA NV — 8 TRFEC & 2 E 2 — VA~ CREOME (B - HE)

F T oTza Y2 — Y ETFERZRLT
W5, FIFEROEAZIET 57D ERAL
JRELEREIZ 1 TH %,

BICEEFEE T # DA E TIciEe - &
INKEIRER: (A 794 X7 3 —<> A [2]) D

A3 2 ARG 2 4 3 127m 9

F1EHIDOSLUTOZ EMFEARN S,

O WEEXZEHMTIE, BREER/N(=
558.6) DK A& & 48 AR H ICER L ¢
WA D, EITRE 185 Mo TE DD,
HRE (RIBEDRE S) OS5 CXO &%
r0%5,

@ SXX HEHCILREERE =592.0 O REMR
PERET 20z 203 AR, EITHFE 28.8
o TB Y, HEEL HEREOR S
DD S CXOHEL D %, EXX 258
L7z /N Al S R 13 564.1 TH D, B
REDBE S, CX0¥L V45,

® PMX &R OX ®i3o->7%n0 (M
DFE) T 2 EHRVELEFREXTK
T 28, HB&EFICERL 205

72 BR U o i/INERER X 1,000 DA LT
Holz,
@ Grefenstette %, CX &EBEER L i/
WA R 13 7 L F L 571~584 T
D, PMXZEOXELIDVEHVNBDDOHRE
EX ¥R EXX LW EL, THEETH
%, o KEFICIZDCREL TE 53, #
BEDBIE DS CXO L V4 5,
343 Fode A v — 8 RO HR
s Ay — 7 R, BER TR
SEHMBE ZWhLES 207 — ¥ OAERRIC
K73 %, EB TR, 1 AR H» S EX BBETHER
L7 it {E S (=48) & CTOM Tk 4
NV — IR RER T2 2L e LT, 11
RE»S BEAREE2EBRFREXA V-5 D
RRMAE S & LIS CBER T & o/ MR
RERIBEEPBERT LI ECltihhrolcay
v o — EFTRE R 4 1R,
R RZRIREFS S R LD ZNEDOMHE & i
INRE R ER LT EOHMABEE2E 2 ITFT,
£2 EMA DS LITIDEHARNS,

g B8 (39
E ﬂ @ min. length :
_5 990 {\ —+—min.length ] e/ N E R
I
_% 580 '7[ \ —=— best_search_time{normalized_sec) @ ;)eSt search time (normalized
@ sec).
8570 H R NKEIE A BT 5 2 CO (FH
ﬁ 1 { ..f"‘-.,lii"“‘ b)) a > v o — TR
£ 50 [ A e A sl
= 4 \i"““ ® (Of) : 40 R B A i EX o
§550 W VAPE LN "oraa i 5 SXX N R TH 2
E Y W cermLces,
= ¥
E 540 | A best time for changing crossover
ﬁ operators to get the optimal path
| 1 L |

(4]
<o
<

0 10 20 30

40 48

Generations on which crossover operators are
changed from improved EX to SXX

4. BETFRXA RV =52k (@R EX - SXX i) B 2 RAMREBS L ER L i/hKmE
BER 2 & iyl % I3 2 £ e L 2K 0 BEfR (Eilon O 75 # i RREOSE)
Figure 4. Selection of the optimum generation on which crossover operators are changed to get

the best solution. (in a case study of the Eilon’s 75 city problem).



NFTHERFRE 5255

# 2. BEFRNA NV —F 32k (R EX #- SXX k) ORZRIREBESE O /KRR & fH/aKE
BREAHRT 2 £ T B L 2 E TR Z & e iARE o BEfR
Table 2. Variation of the execution time ET for searching local optimum paths with the generation
when crossover operators are changed from improved EX to SXX

5 561.4 11.0 59
10 552.9 10.3 46
15 550.1 13.9 60
20 549.2 13.6 53
25 552.1 15.3 55
30 550.2 15.9 53
35 552.1 18.4 62
40 544.8 21.9 7
45 543.6 22.0 72

GEED> 40 A H ISR EX ik to SXX R LT, il REERE=544.8) 2HERTE L, K4 OIFH
{LREEIZ SR 2 D3 v & 2 — F BRI 544.8 22 LI BETH %,

@® 40 R E T B EX #ih o SXX $Ica
U7k, 77H(RH, 21.9 B, S/
WKalEE R =544.81 DRGERICEETE 5
zk,

©@ WBEAOZREHABREHD S b 40 HAH D
ACHRERERRODUo6n 2 &

@ SHREICRRT 2 UMD AT HO R
BFHD 2 TIZ D W TR L /K [El
RIGBREX 2R L 725586 & 0 %
Mo tzo ZOFERITWE EX ik 5 SXX
BRI ORI RN T % D A TREE
EEONBMEAMNE VI EEZRL T
%,

@ BTRIMRFZBEHLHE 2 512 O NRER 2%
R 2RfE b3 2 GBL % 3%) fEA
NHdI L,

i, ERE EBEREIX M v — N A VEARICH D, &
TR & 72 2 2T ORI D W» TR
KA % 3~ 2 D & S 72 B/ N ET &
REZRT 200, R RESEHOS
D 5 HERFNAT IR R FES 2 LIZ-> T
RAKEIREZFHAS O, IE, FHEOHBIC

Lo THEWST ZLEND 5, HiHIHEREZ M
RELVEBETZHATHY, BHEIZOHTD
%,

344 ARy —8 ZREOHNEDORGEE
40 A H T B EX #:h 5 SXX 32 R
T2 CXOZEJOBEMEEZRK S5 2RI 5D O
HlD % A4 2 > 7 (40 R H, Btae & 21.9 #1)
T CXO #E TSR EX 34 5 SXX i 2R
LTw3, %£31%10#AR4E1z, CXO#k (HR
EX — SXX) &, B EX & SXX &0 R
U 7o i/ N Rl R O BRI BE 2 R L Tw b,
FpE, CXO ¥ (BB EX — SXX) 2355 E 7
)V K[l =544.81) 2EHRE 72 77 HARE 1T, W
REX k& SXX #:i3, Hm/NKREIEERE Y 558.63
£ 1050.36 TH D, FHRMEE T IV (DRI
FEED/NSRET V) ZEE TRV &R
b b, i, R EX FHEMTIE 77 R H DR
b /K E SR 13 558.63 D T ELL T L
g, BEEOFICHOKEEEPHERCTCE X
moTz,

B 6 13 B 2 R T 5 £ TORERILS [40
RE0561 )% T B EX #» 5 SXX I

— 100 —



BRFRXA NV — 8 TRFEC & 2 E 2 — VA~ CREOME (B - HE)

600 [

On the 40-th generation
crossover operators are

changed from improved EX to SXX
to get the optimum path

0 W
(= T

(=]
]

| CXO (improved
EX— 2>8XX0

The minimum length
o e = e
~-]

o

a1
(]

ol
B
(=]

0 20 40 60 80 100

Generations

(OOFHH) 40 AR E»WE EX » 5 SXX I2i# 5
FREXA RV — 8 27 5 m#Z AR TH 2
ZEERLTW S,
5. ARV —FxRE (R EX —» SXX) O
FREHA & 3R U 7o i/ R R
Figure5. Minimum-length improvement
through CXO (improved EX — SXX).

#£3. ARV =y ZRFE(CXO0) LR EX, SXX
T O/ NKE R O AR & 2 RO
H
Table 3. Minimum lengths evaluation of CXO,
improved EX and SXX

700 )

SXX
'

650

l
W‘ An optimum time |
400 I, for changing operators

950 [“improved EX

The minimum length

CXO (improved EX— >>5X30

300
0 2 46 810121416 1820222426
Execution time {sec)

(OHIDEHE) BEEX s SXX et & ¥ % &
Wiy A4 LT ERLTWS,
6. CXO (R EX #— SXX) & & % E{THH
R
Figure 6. Execution-time improvement through
CXO (improved EX — SXX).

£4. A=y ZAE(CXO) LHE EX, SXX

i D e/ N [l i R BR AR IR P D HERS IR D L
23

Table 4. Execution time evaluation of CXO,
improved EX and SXX
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30 562.46 56246 | 1,513.73
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50 557.15 55863 | 1,272.57
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