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Genetic algorithms (GAs) are very useful methods for global search and have been applied to various
optimization problems. They have two kinds of important search mechanisms, crossover and mutation. Because
the performance of GAs depends on these operators, a large number of operators have been developed for
improving the performance of GAs. Especially, many researchers have been more interested in a crossover
operator than a mutation operator. The reason is that a crossover operator is a main search operator in GAs and it
has a more effect on the search performance. So, we also focus on a crossover operator.

In this paper we first investigate the drawback of various crossovers, especially subtour-based crossovers and
then introduce a new crossover operator to avoid such drawback and to increase efficiency. Also we compare it
with several crossover operators for symmetric traveling salesman problem (STSP) for showing the performance
of the proposed crossover. Finally, we introduce an efficient simple hybrid genetic algorithm using the proposed
operator and then the quality and efficiency of the obtained results are discussed.
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o1 2FxKEnhanced Edge Recombination Crossover : EER)E Aot
aFth 714 i & ER Akt A g E A 9k F R R
7t 7= 3% oA ARE BEstE Aotk o] & 93
EER diAtE 35 dlAd gt FHE AU s &5 A4
Al olggh A S A A& E F s A A o e
Aeld & e S Hpriority) = Ftk o] o] = ER &
S ] 93 B =g Eo] A AT(Mathias et al.,
1992; Nguyen et al., 2000).

& oA 718k 2Ap AAAR = o 2] 1k ax} A 4FRKEdge
Exchange Crossover : EEX)(Maekawa et al., 1996)7} 1=t ©]
T FE7F AU e AAES AE wgkete WHOE A
2 A A8

2.3 W EZ X 74k w3} A4HRHE(Matrix-Based Crossover

AAES 23] wAdE oA 79k
a3}t AXA}e] Egho] BAE RE) A £ o) AT
A Aagt ZAAH aat AAE A8 AR EE 7] HlolE
AR wt wak AAES FH8L 7] Wi ol o
E AR /A tdstA gk

2 AFAS2 W EY 2 7 wal AARES AL ¢t
CHFox and McMahon, 1991; Bui and Moon, 1994). 3}A] 9k o] &
g ArAtsol Be AFAEY #AS EAE XY 1
o]+ Fox 2} McMahon(Fox and McMahon, 1991)0] H.&= A
e o8 AAbEo] 45% 52t 8003] 914 3,000 AT
(generation) = X 3A) A Urhe whH o] 25 0] A oksl Fgt o
2k2K(intersection crossover operator) 2} 53+ 932K union cross-
over operator):= tH2F 803] 9] Alul(generation)S 434 3 AT,
A= ol HEYZ 7|9k wap A AUl e dile
2 of T A7 HEL2 S FAstL 7] vl
wx}p A} 8o At o g ghygk AR 7HS QTEH)
At} mEA 2 =FoAe HEZXE 7ak wap s

A et

o

2.4 Subtour 7]%F 22} AAFRE(Subtour-Based Crossover
Operators)

Subtour 7]+ 3} AXAFEL o
i

o % o W}

i



A Aulag FA T AES ddshe 3 S gtk

o) £2]¢1 subtour 7)¥F A} AARIE = subtour w8 WA}
A 2kxKSubtour Exchange Crossover : SXX) (Yamamura, et al.,
1992; Yamamura et al., 1996), £33k subtor w8 w2} A4k}
(Complete Subtour Exchange Crossover : CSEX) (Katayama et
al., 1998)3% Azl BE wx} A2F&|(Distance Preserving Cross-
over: DPX) (Freisleben and Merz, 1996)7} At}

7180 7 g EE o] &aiA I A FAE A
at7] 18 AR wal AR SN T e e

ol A& DPX A4kAatolt) DPX AMAE 9 A] subtourS &
Aske WHS AME-sta §8-F A1 23 Wh(greedy reconnec-
tion procedure)S AHE-3ll A S E 7 2E 3 A SHKFreisleben
and Merz, 1996). 1€, DPX A2l : $h43 A 22 & A3}
7] $1afiA RO oA AE il BE EAEY A A
BE ARt

o2&k subtour 714k wap A + A7
Yar ek ket iﬂ-i} AMAE SfsiA A EE
& sebd 159 B
t}. gukald ole ) 73 © subtour AHA7F 9
BE7} Hal Ao ¥E°H7} Apzo] = 7] wjoltk o4
E A3 o] AA o 7142 A e H SHselection strat-
egy) "ol 3l Jet ol L ale] Are 7ETE o=
271370 8 0|3, o] Wl 9] AL B o ofel 1A
A Ftk. webA] subtour 719 WA} AAAEE AR Sk A &

AYFE HHo R &9 NS Ho] Aqkatel ofEsHAl €
o 2B oy g B{ wat AAAE 3 &4
o 2-43}7] SlalAe BebA <l o] H e sl

3. Subtour B2 .2} A AkxKSubtour Preservation
Crossover Operator)

B =FoA A= subtour HE
Preservation Crossover Operator : SPX)<=

w2k 4K Subtour
129 9= subtour

718k wAF A4S frAFEsubtour B B S5 WHE S AL

L3120 §-53 A2 E F A7) 98 AFEEHE WA &
B4 Adth SXX9F CSEX ] A4 FEE] AU =
FE 9 subtourE M2 WAL AS(invert) Al 7= B L
3l ARE e BE b ALES AAsa AAdE
AEE FoAA 7S e BEE A% 7 AES e A
&0 2 Ml ©rk 183 DPXE subtourd] 2 A 572

Sang-Moon Soak - Hong-Girl Lee -

Sung-Cheal Byun

Ad 7¥ed 7P ke ERES A2AAA
A A%t 24 (greedy reconnection procedure)S }

olo] wka] SPXE 18 #A4L Ea] Hujy 5
HE AHEste] date g Be LS A8
obt FE7E AU 9= #1 JHE H
subtourE 9172 Al AU E]—

L3l o Ao AF3 AAY Tk =Y Byt
A 91 A8 5 ol subtowr w3 FAAHE
£ A Xtk A o2 AR
’5H-°4 Ao N AIA B 7 ]lor o] o]Fo= 3¢

S S8l Ho] Axkatel] of Esforgt gt 1A Tk SPX Y
ol g FAHE s dstr] el Fraf thalel AEZE -5
’5HE & ekl Avfete s AR g £ o A W&

& 7(40]],\1 /\7Hz5h;]_

:11“4 Thek SXX9F CSEX Q] 7%~ Subtour,(l, 2, 3, 4)%}
Subtoury(l, 2, 3, 4)¢} 2o] FLg TX4E 713 TA] 9] subtour
Z et o858 Y B YT S AAEH
He ¢ B3 A4 g A SPx,] 39€ 9%
subtourE 2-2-A) 2= subtourt EA S-S A AEslE 72 33
A T2 A FH S AHEA oz thE &S A

TTHEE v 1
2 9lt} T3 SXX 9 CSEX = 233 & B3 =25 Hr g
Zl A A subtour TS A3

b AU Y B ARE

o} 2 SXX 9} CSEXE subtour ¥+H& AMR- Sk Aol A x| 8
718k w2} 4R} 2fol 7} LS Wolm v A] 242 |3
718F w3} AxAEo] ARE-3he X8 g 3} ofF Attt
HiH o] SPXE HBE7F AU Qe AR £48 H 485

A3l FEIF AU Qe 7hse e JRE o] &3tH Al A

=ta=p

oto +
o rd =
_@ rr
b
Jto

ox

,]

tle do

Mz 2
=

Lz

52
o~
un

2

L
=
S
it
oo
of
ol
o r

c %
o b2
L o rlo & g

ol

3.1 Subtour &A1
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Figure 1. The average number and length of subtour : (a) Instance (left) = kroA100, (b) Instance (right) = kroB200, (pop_size = 200, Pc
= 0.6, Tournament selection, Total generation = 1000, Iteration = 30)
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Table 1. Simulation results of various crossover operators
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o] AxkxKinversion mutation operator)7} AHE-E itk 18]
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<Table 1>& 7+ w3} HA2ka}e] A 754%:‘3_—
M *2 3 D 7 (pop_size)E 1002.2 FIL SPXE 44
ato] Ae AntolH, 2-opte] 7ol A& AT 3H°ﬂ
2-0pt= 283 AnE 24742004 £33 292 A1
ek Ao)th SPX AAMA7L F a7 A e = S 2- Opta

quality = x100(%) )]

HAEH o}7]

eil51(426) rat99(1211)

Min | Avg.(quality) | Max g\;g CPAl\Jv(zéc) STD | Min | Avg.(quality) | Max |Avg. Gen. CPTJV(E;;(;) STD

MPX | 432 440.2(3.3) | 450 | 2019.2 22.1 5.33 | 1286 | 1334.6(10.2) | 1382 | 2396.1 85.6 24.03
SCH | 430 448.8(5.4) | 464 1520.5 6.6 8.94 | 1260 | 1337.3(10.4) | 1431 | 1947.4 20.6 34.94
ROX | 427 437.9(2.8) | 451 1734.8 5.7 5.32 | 1249 1289.6(6.5) | 1332 2631 19.3 23.9
HX | 426 439.2(3.1) | 453 1743.3 8.3 6.19 | 1240 1300.0(7.4) | 1382 | 21354 24.7 29.89
GX | 431 443.9(4.2) | 466 1414.4 6.7 7.8 | 1264 | 1333.7(10.1) | 1430 | 1643.2 19.2 37.54
ER | 430 443(3.9) | 459 1794.3 12.6 6.72 | 1285 1329.9(9.8) | 1394 | 2172.9 384 30.06
EER | 433 448.3(5.2) | 464 1506.6 9.7 7.92 | 1282 | 1339.8(10.6) | 1432 | 17442 28.9 3441
SXX | 438 449.4(5.5) | 470 1638.5 15.5 7.32 | 1280 | 1341.1(10.7) | 1403 | 1863.1 41.8 29.78
CSEX| 433 447.8(5.1) | 471 1500.5 15.3 8.76 | 1286 | 1340.1(10.6) | 1412 | 1930.9 457 29.9
DPX | 428 433.8(1.8) | 443 1225.2 8.9 418 | 1213 1250.9(3.3) | 1287 | 1384.0 47.6 18.15
SPX | 426 429.0(0.7) | 435 1321.9 35.1 2.79 | 1212 1227.4(1.3) | 1283 | 1518.7 1429 16.14
* 426 430(0.9) | 437 1546.5 23.1 3.41 | 1212 1228.1(1.4) | 1283 | 1798.3 94.1 15.31
2-opt | 442 | 468.6(10.02) | 511 149 | 1291 | 1426.6(17.8) | 1600 52.86
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kroA100 (21282) rat195(2323)

Min | Avg.(quality) | Max AV, AVD. STD | Min | Avg.(quality) | Max |Avg. Gen. AVD. STD
Gen. | CPU(sec) CPU(sec)

MPX | 21552 | 22683.0(6.6) | 23779 | 2482.5 90.1 575.07 | 2551 | 2623.0(12.9) | 2697 4089 528.5 37.11
SCH |22026 | 23073.9(8.4) | 25262 | 1766.6 18.7 728.25| 2577 | 2638.7(13.6) | 2761 3474.6 106.8 50.9
ROX | 21315 | 22528.2(5.8) | 23947 | 2525.6 18.5 638.62 | 2466 2532.7(9.0) | 2617 5315.5 106.7 41.13
HX |21391 | 22258.9(4.6) | 23285 1837 21.6 493.82 | 2483 | 2593.7(11.6) | 2707 3064.7 105.9 54.45
GX |21668 | 22755.2(6.9) | 24865 | 1685.1 19.7 815.18 | 2524 | 2627.4(13.1) | 2725 3051 104.6 49.15
ER |21785| 22939.4(7.8) | 24355 | 1815.8 325 652.75 | 2548 2625(13.0) | 2727 3371.6 175 | 49.23
EER | 21638 | 23115.0(8.6) | 24837 | 1686.3 28.1 700.95| 2526 | 2633.9(13.4) | 2737 3218.6 159.2 50.48
SXX 21807 | 22775.7(7.0) | 23954 | 1989.8 443 579.9| 2522 | 2635.3(13.4) | 2715 3618.3 409 | 44.53
CSEX| 21721 | 22919.5(7.7) | 24945 | 1998.4 47.3 713.67 | 2558 | 2642.9(13.8) | 2717 4142.9 490 42.04
DPX | 21292 | 21940.5(3.1) | 23059 | 1292.6 48.1 410.35] 2370 2400.9(3.4) | 2471 1818.5 357.8 23.44
SPX |21282 | 21445.1(0.8) | 21841 | 14125 140.1 191.58 | 2334 2378.2(2.4) | 2466 2746.5 | 1120.0 36.21
* 121282 | 21418.3(0.6) | 21841 | 1632.5 91.7 203.36 | 2345 2385.3(2.7) | 2465 3401.3 701 28.03
2-0pt | 21870 | 24828.9(16.6) | 27513 1202.04 | 2616 | 27470.(18.25) | 2985 69.9

() : optimal solution, * : pop_size = 100, STD indicates the average of the standard deviation of fitness values.
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<Table 1>914 218 5= & A 2-opt 71HTHS AHE 30W FoF e =33 Aol N 714 73 45& Bl 2
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Figure 6. Convergence processes of crossover operators
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Table 2. The Quality over the optimal tour distance by HGA and MLK
SPX(Quality (%)) NN+MLK
Min. Avg. Max. Best Avg. Gen AVG. STD Avg. STD
CPU(sec)

eil101(629) 0.0 0.0 0.0 629 4575 1.45 0 3.46 10.19
kroA100(21282) 0.0 0.0 0.0 21282 15.65 0.5 0 2.06 220.16

kroB100(22141) 0.0 0.0 0.0 22141 73.75 2.3 0 0.99 92.2
kroA150(26524) 0.0 0.0007 0.003 26524 593.3 44.1 0.41 4.24 242.45
kroB150(26130) 0.0 0.007 0.04 26130 495.5 36.9 3.96 2.72 159.01
kroA200(29368) 0.0 0.004 0.04 29368 592 80.2 43 2.64 128.64
kroB200(29437) 0.0 0.05 0.66 29437 1047.0 142.1 47.07 5.12 425,59
pr226(80369) 0.0 0.0 0.0 80369 160.0 26.25 0 2.74 284.47
1in318(42029) 0.14 0.35 0.57 42091 1654.6 654.3 37.97 7.16 222.31
pr439(107217) 0.029 0.045 0.069 107249 2204.8 1859.5 14.59 6.03 1313.93

rat783(8806) 0.23 0.69 1.05 8827 33335 8883.7 23.45 7.58 69.27
pr1002(259045) 0.66 0.96 1.48 260762 42484 21898.5 594.75 9.27 1785.48

() : Optimum solution, STD indicates the average of the standard deviation of fitness values.
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