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Solving the Traveling Salesman Problem through both of
Genetic Algorithms and Ant Colony Optimization

Ryouei TAKAHASHI*

Abstract

In order to improve performance of solving the traveling salesman problem (TSP), we
evaluate functionality and performance of both of ACO (Ant Colony Optimization) and CXO
(Changing Crossover Operators). Our CXO substitutes the improved EX for SXX and it selects
the local optimum sub-paths randomly on a pair of selected parents with higher fitness to create
a global optimum solution. In ACO, ants probabilistically select next visiting cities based both
on the quantity of pheromone trail deposited on all the edges between two cities and on the
lengths of them. Our C experiments using the famous Eilon’s 75 city problem show that CXO
as well as ACO can provide us with the same optimum solution whose cyclic path’s length is
542.31 and that CXO is superior to ACO in point of computer execution time on condition that
an optimum seed id with which the initial population is generated is selected.
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Figure 2. In SXX sub-tour SX in the parent
tour CX is exchanged with SY or its
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parent CY.
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of N(A) such that the distance
between A and A2 is shortest.
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Figure5. The optimum solution found by
CXO and ACO.
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Table1 Comparison of CXO with both of

improved EX and SXX from the

point of view of best lengths’conver-

gence.
best length best length best length
generations found by found by found by
CXO improved EX SXX
0 2156.769 2156.769 2156.769
5% 640.8796 640.8796 2031.738
10 636.3507 567.4242 1871.399
20 604.477 562.9991 1676.694
30 576.4049 561.0988 1512.557
40 566.0646 561.0988 1371.964
50 554.1085 561.0988 1285.224
60 549.5626 561.0988 1180.07
65 542.3314 561.0988 1152.198
68** 542.3094 561.0988 1124.848
70 542.3094 561.0988 1100.916
80 542.3094 561.0988 1031.582
90 542.3094 561.0988 969.1414
100 542.3094 561.0988 912.4564

5% R EX ¥ 5 SXX HEANORARMEAES
68** : CXO FRIC & D IRilifl 2 R L - RS
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RERE L LD EOE TR TS - 2 L 2R
LTw3, R1EFIZOFEMTHY, boiHF
Tz CXO ¥, improved EX, SXX g0 ER T
S - EEKEEEER L TW5,5%E 1 Tld,
CXO MK AR =542.31 O Fdfif 2 R L 12
68 tt B iz improved-EX & 561.10 @ & 7l &%
WL DERTETCHRNWIE, ARV —F%
Rt R EX B8 TIE 30 T H DA, R+
R RN R ERBICR>T WS T &,
SXX i b 1124.85 O AT L R T E Tw

normailzed computer execution time

-'§° 590 to find the best solution i
& ]
r L\ /\‘Z ?\J\/w
€ 570 inimum length found
g \ i X ,,J z’ by improved EX
-2 z
€ 550 VAL
o 99 (g / - o
F A minimum length found by CXO

5 3 0 Optimum generation for exchanging operators |

¢ 5 10 15 20

Generations to change crossover operatots

7. R BETFRA RV = ZRIREFS
D¥EHR
Figure 7. To find an optimum generation to
change crossover operators.

£ 2 HESEETFREXA NV — 7 AR ES
DR
Table2 To select an optimum generation
for changing operators

generations computer computer
for minimum execution time | execution time
changing to find the best | to observe ten
length
crossover model thousand tours
operators (seconds) (seconds)
1 805.28 38 38
2 636.73 42 43
3 570.39 43 47
4 571.39 44 50
5* 542.31 33 48
6 558.12 31 71
7 557.44 25 63
8 553.47 27 55
9 560.55 18 55
10 556.25 31 68

5% ol A RV — 7 TREREFS

BN ERRLTW 1 HRIE 1,000 [F D fighr
5%5DT, CXOEBETRREMZHERT 2D
12, 68,000 EDORAEEL T2,

CXOBIZBWTA Vv —% ORI
& o TRATHRHEROREEN ED & 5 b
ZhERTER2IRLTVS, TONEIR,
CXO S THREZAHAREFSIES TH Y T 1nlL
HOZARMARATERBERIRO0S B W &,
ARV —F R A S AR EH U DS S
CXO #EPEER L 1z Rt i i i O R 1 im-
proved-EX X DEWI L ZRLTW5B,E2 5
5 CXO T, &AM TN T 100 AR
100,000 El D 28I L 72 & I, oo 25 2K
HRZRET 2 DI 178 s Z L asbh
%o BT 1%, &RPTERBEREEHERT 5 DICHE
RIEF a2 — Y ETRM (v Ea—%
FATHFE + /N IR (=543.21) bR Tw
%,

4.5 ACO X & CXO EDIRBEIENDYLREY

TDLEE
(1) RBRA21ERTIHOICLERROE
DEEH S DS

#3113 CXO £ ACO iz RO % %
TwEORK (ACO kT % L 720D %,
CXO BETIZAER L 7 EEDOE) 2 B L Uiz
ERLTW5, 1,000 % 2@ (2=0,1,++,100)
DIRBICZNE TIRE L REREEEZRLT
W3, ZOER»S 68 HAHEH 68,000 BIOIKDE
12 CXO BRI RIEREE 542.31 ZHEL Tnw3
Zk, YIial—T v R7=—Y 7 (SA) B
BEA2H T % ACO ¥ TId 64 T H 64,125 (=
75%855) ElD kDI URERK R 542.31
EHERLTWS 2k, SAFHEEZE LW ACO
BTIE, 47 HH 47,175 (=75%629) FD kD
BRI SR 556.8 DR 2 HREL Tw b
ZERbhd,

£3%277 7ML 8 TRT,

DT EMSEGHIRERET D DICET Bk
DEDOBSE 5 1%, SABIEELE T 2 ACO ik
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L] ACO solution

Best length

ECXO
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s40 solution. ECXO ACO finds the hest solution
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Generations

8. GA F#:it ACO BORMBMAFRT 5 %
TRERY 7 — 8D g
Figure 8. A number of tours required for both
of GAs and ACO to obtain the opti-
mum solution.

GA T (CXO k) 2BET L enbhrd,

(2) YK 1—%ETEBDFHE

F41ZCXO0#E L ACOHE (SAKRED D),
ACO#: (SA#RER L) P#EREE RO 5 %
TRZEDMD AV E 2 — 5 FETR R 2 LEL L
TeERLTWS, Z0OF2S CXO x5 H
L H 5 #¥11z improved EX &5 & SXX 1258
R LU 68 A H 33 ki imiE MR 542.31 %
BERLTWD 2L, ZorMIC ACO i (SA B
fiEd D) T 547.38 DEHE, ACO & (SA #
AEZ L) Tld 567.85 ORFEEE L »ERTE T
BN ERbh b, 292 Bz ACO ¥ (SA K
AED V) 1A URFRE ISR 542.31 28R L Tw
%73, ACO ¥ (SABEREZR L) & 211 B&=AT
R (R =556.80) 2R LI-DATH
5,84 %77 7L TR, K4, K90
O e ELARLEIN, St RE R O R D
b LTI ACO ¥ &V CXO 10D 77 HSIH I
NIV EBbhrd, Lirl, CXO ETHRHER
RIEARBES =4 DAHENET T % £ TIZ 178 F
Lo TEY (F2zHEO 2 L) 5 HAREIC im-
proved EX & 5 SXX ek &8 % CXO0 &%
TEHRLZ3B3HITMZ S £ 211 RS,

#3 RUEFPRET X TCRLELEY T —HO
Bl oD GAs (CXO0) Fik& ACO ¥tk
B
Table3 Comparison of GAs with ACO from a
viewpoint of a number of tours
required to find best solutions.

number ACO

of ant’s | ALO | without | cx0 | ECXO | sxx

(X1000) SA
0 | 2250.99 | 2259.99 | 2156.77 | 2259.99 | 2156.77
5 | 54928 | 569.22 | 640.88 | 549.28 | 203174
10 | 546.03 | 567.85 | 636.35 | 546.03 | 1871.40
20 | 54603 | 56019 | 604.48 | 546.03 | 1676.69
30 | 54443 | 55761 | 576.40 | 54443 | 151256
39* | 54314 | 55761 | 568.06 | 54231 | 1374.96
50 | 54261 | 556.80 | 55411 | 54231 | 1285.22
60 | 54261 | 556.80 | 54956 | 54231 | 1180.07
64* | 54231 | 556.80 | 545.03 | 54231 | 115220
68* | 54231 | 556.80 | 54231 | 54231 | 112485
80 | 54231 | 55680 | 54231 | 54231 | 103158
90 | 54231 | 55680 | 54231 | 54231 969.14
100 | 54231 | 556.80 | 54231 | 542.31 | 912.46

<ERE>RIITT LLHRITECHRE T % 72K #
RERT,

39*: SA (Y Sav—F vy R7=—Y ) Bt

B3 5 ACO ¥4 GAs 12 451 A B &R L T &
INERERERT 2 TCIRE LY 7%

64*: SA (Y T2V —F v R7=—1 ) BHE

HT 25 ACO =D T/NEER 2R T 5 F CIKE
Lz 7 —¥

68* : GAs (CXO0) I TR HR/INKEIRRE 24
RITHFEFCRELILY T =

4.6 EE

(1) #HEELERR
ACO ¥k & CXO tkiE, AREERTIEFE—D
fil R Lo, IR A RS 5 ke LT,
LUF OBEEDRHEDE DD 5 ,CXO 3 b 2
R B CEM LCEBIFEEL Tw AR L
RER GHEIGE) BT 2HEHH» S RIEROE
WV GEIGEOR ) K EE 2 HESR I A R
TEHETHLDIIHN LT, ACO ZFEiZHET 5%
ZHESTE 7 s m ' FH e LTRSS
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550 ——

548 —

£ oar L anaiin ACO finds the
T Bag |y \ e
£ hest solution

- evrrYrrYy v ECXO

& 544 ACO \

TG AS(CX0) /

ECXO finds the

GAs finds the hest solution . best solution |

540
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GComputer execution time {seconds)

9. GAs & ACO @ > ¥ 2 — ¥ E{FHE DEL
fifl

Figure 9. A computer execution time evalua-
tion of both of GAs with CXO and
ACO.

#4322 — ¥ FETRR O

Table4 Evaluation of computer execution

time
. ACO
e WSO | without | CXO | ECXO | SXX

SA

0 2259.99 | 2259.99 | 2156.77 | 2259.99 | 2156.77

5 277.67 | 569.22 | 640.88 | 577.67 | 2031.74

33* 547.38 | 567.85 | 542.31 | 547.38 | 940.69

67 546.03 | 560.19 | 54231 | 546.03 | 619.74

99 546.03 | 557.61 | 542.31 | 546.03 | 575.25

131 544.43 | 557.61 | 542.31 | 54443 | 575.25

155% 543.14 | 557.61 | 542.31 | 54231 | 575.25

181 543.14 | 557.61 | 542.31 | 542.31 | 575.25

211 543.14 | 556.80 | 542.31 | 542.31 | 575.25

240 542.61 | 556.80 | 542.31 | 542.31 | 575.25

273 542.59 | 556.80 | 542.31 | 542.31 | 575.25

292* 542.31 | 556.80 | 542.31 | 542.31 | 575.25

301 542.31 | 556.80 | 542.31 | 542.31 | 575.25

33*: CXOEMPREFEE RO 2D CE L3>
Y o — & FATHRER

155*: ACO % (SA#RED V) 25 GAs xR L
THRBEZROF 270 E L zaryEa—3HE
TR

292%: ACO ¥ (SA#RED V) WiifiEE ROU 2
FeDICE LTz 3 v ¥ 2 — & EITER

1B, ZhidZ OEHMEZRFKE U 7z Hs
BLUIKEEE T -2 20 TH 255, Z0OlE
DERIFH D & RICHHN 5 HTH % HERE IR
TELHETHLIETHD,

@© ACO D BEEE T 2 FR T o i 0 % &
WWEH LU TRICHHN 28T 2 HERMNICRE T 5
AT, CXO ®EBHIHAHANC B v TR OB T
U X b O S D E T & RICEHRT T % #8
MELTEIRT 22 HE2HBEILCTH B,

©@ ACO S [ Z 0 Z# i DR % @i
W, BREREOEWVEKRZ2EIRTEX2 | LnwS 72
O vEE L TERRSNWREOFIFRICE
D& RIZFHI 5 AR & HESRTBIN G 2 FEA T
H 5D L T, CXO HEDFHTINC fdl & 7% -
T B EREEIEE 2 HESRHNEIR - fiEH T 5 2
W&o TEVEWKBIER ZEERT 2 LT
b5,

(2) THBELEER

VIiav—T7yv N7V IR ES
W ACO B Clk R R BER T & T, PR
7 (B F 556.8) % 47,000 Y 7 —7% 211 210
RHITOATHL(ERIFSR), YIav—Tv
K7 ==V v 72 E T 2% ACO kid R
(& 542.31) % 64,000 ¥ 7 —1% 292 B#21
BER L T\ 3, 178 B I s AU R 12,
CXO 1 68,000 Y 7 —#4, 33 Bk fedifi %
BRL T, mli BRI 2 3558 L
THCXOBERYIaVv—FTYy R7==Y 7
HAREZE T 5 ACO ¥ & D EREIZ BV, Rt Ze
BAAGEIRND & & Tld CXO EA MR b MEREM
B, 20HEHIE, CXO BETIERISGERT 548
T AR A E DT DD %223 ) % H5E LS
RTx 225, ACO TR ZHHBO 7 zuE>
BEOARCEHL TROEHEZERLTWBED
T, REREEEOHHHO7 e r&E%<
BT 720I1I3%  DIROFEBRLER IO TH
% o CXO DRIRE I Fom i 12 #5832 HEE MK
WZEThb,
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5. ECXOXEIZ & 2REREBRMN
RRMEFEM £

ACO ¥t GAs ZiEHT 5 2 L THICKEKE
DV 2R T 5 ECXO #E2#HET Lz,

AF L CXO Bz B WL TR ATRE R E R T
BRI~V —F D15k L TACO EEAEE &
T %, ZOHERIRBELGT ARV —5 &%
ECXO &% W2, Z DTl LRI D 1
Tk ACO 12 & 0 [RFTHIC Bt 75 it % 2R K
L, #%DBHREEEE DBV 2R L CLE
KBz A LB OEE ORI SXX #ic

TR L TEIC RIS R g i 2 AT 5,
ACO #:% CXO D 1x —i% i FIHAE 12 K75
T3, HHEEOFIHETER S iz ACO D
VIERY 7Bz onT, LEEEFRERE
ECXO 12 ACO #8 R, 1 7z ot fif % fe /NSRRI
T 5,

EE, seed-id=176 d K ACO #% b CXO #%
b B TR (REEIR =542.31) WHETE
73, ACO #HE3FHAD AR (451 A= (75X 451
DD RE) TSXXEXXRT2ZET
ACO MBS -HEM X v (292 ) T2
f (155 %) ChR#fiEx RO 25 2 N T,

#£5 SAMKREIC X 3 ACO DRSS
Table5 Detailed performance-evaluation of ACO

KT -
NO methods BRIGREE | DOk §@%Faﬁ
D¥ -
(X75)

1 distance_all+pheromone 542.31 855 292

2 pheromone 584.83 684 231
ACO

3 | (SA#RE | distance _all 561.34 894 302
»H)

4 distance_with _2-opt 558.37 872 293

5 distance_with _3-opt 558.08 160 54

F6 EPEETA RV =y ZRITAOBEZMEOF M ELEE =176 DHE)

Table 6 A Validation of extended changing crossover operators (seed id=176)

required required
number of | COmPuter
best tours to e)t(i(relizt;gn opulation
NO methods length | find the find th popu
found best 1r1}) the size
length 1ene§h
(>1000) (seconds)
1 | ECXO* (ACO with SA — SXX) 542.31 39 155 75
2 | ACO with SA 542.31 64 292 75
3 | CXO** (improvrd EX->SXX) 542.31 63 33 1.000
4 | ACO without SA 556.8 47 211 75
5 | improved EX 561.1 22 22 1.000
6 | SXX 585.34 198 81 1.000
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#£7 ACO (SAKREDY) » 5 GAs (SXX) O LA HRFES OHFR
Table 7 Finding out an optimum generation for exchanging ACO for SXX

. computer execution time to find
genefr(;)artlons best the best solution (seconds)
NO exchangin, length length . .
ACO fg rg ACngin d improved execition execution

SXXO S byECXO time for time for sum

ACO SXX
1 1 737.06 560.61 1 18 19
2 72 547.4 546.83 25 3 28
3 113 546.03 544.65 38 5 43
4 327 544.43 543.05 117 4 121
5* 451 543.14 542.31 153 5 155
6 633 542.04 542.31 215 2 217
7 791 542.59 542.31 270 2 272
8 855 542.31 292 — 292

5 I HEREFHIRE R O 2 R~ 3, ACO I 5
SXX ihA D i 22 2 AR X 1A E 2 5 )
LR LU I HRHOHR TR %, B
R TBEBEORBENET LIz 21 7 A
(1,2,3,4,5,13, 25, 30, 31, 62, 63, 64, 65, 72, 75
80, 113, 327, 451, 633, 791) HSZARHABARE & 72
208, DS b 451,633, 791 HAH RwE % 1
RT&ETzo D5 IREIRERIFH 2 R b W
AR AL 451 Th o7z RTICED
—EBOWRZ R T, X8, 312V 7 — OB A
5@ ECXO OFHii, X9, £4lcara—
& FATHR R & OFHEFE R % £ L DT 5,

6. #EmESRORE

AT, KEY — R~ >V RH5E (TSP) %
BRI S Fik & U CEE TR A RV —%
2R (CXO #%) LI FTTEI€ 7 v (ACO )
DIERE & HEBEIZ D VW TRV I ELB T L 72,
Eilon @ 75 #HiFEICH 32 C 7 u /7 LFE
BROfER, (1) CXO%d ACOED Wb
[Fl— D (R =542.31) ZIERHER 2
&, Q) REMREERT IO, ¥YIav—
Ty R7 ==V 27 %FT 2% ACO i Tl 64,
12507 — 292 Mdn 3 2 &, MR A 2L —

7 RGN D $ & CXO 2 T3 68,000
7 —33WThH B I Lbirole, MR
F=NA U BHEIX, RIGERY 28T IZEED
HHOAL RS TERECH NI BHEERL T
CXO ¥TIHSEIRTE 20, “#ifiMo 7z ax

VEDAZERL CROET 2T %5 ACO
ETIEEEICEINIZABTIC & > TRICHN 2 #
MERRTERZWTOTH S, (3) ACO &
5 SXX 12 & ¥ 3 ECXO % 1%, ACO & %
CXOBLDBERMEZ M L T& 5 Z LR ERT
FREIE L 72 o SRERZZ M 2 485k L € D ECXO #HOFH
Bk DREEE SROFE L T 5,

ACO &R CXO =B W, 4.3 i L 4.4 ffilc
B R7z ACO DEE) Y7 X —2 % CXO DiTH)
NT A= EERE ([HRER L AR E]) ®
e (CRERKEHERILIOCE Lo
o — S ETR) CKE g BE 52 T2,
FREICHTHT —5 THAIESES LR
BRRICKELBELYEZ 22 8bhroTw
3, I DEENINT A —F L EEBELEREDRE
RO 2 SHBOFETH 5,
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