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ABSTRACT

This paper presents a genetic algorithmic approach to shortest path (SP) routing problem. Variable-length
chromosomes (strings) and their genes (parameters) have been used for encoding the problem. The crossover
operation that exchanges partial chromosomes (partial-routes) at positionally independent crossing sites and the
mutation operation maintain the genetic diversity of the population. The proposed algorithm can cure all the
infeasible chromosomes with a simple repair function. Crossover and mutation together provide a search capability
that results in improved quality of solution and enhanced rate of convergence.

Computer simulations show that the proposed algorithm exhibits a much better quality of solution (route
optimality) and a much higher rate of convergence than other algorithms. The results are relatively independent of

problem types (network sizes and topologies) for almost all source-destination pairs.
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Z1€l(linear ranking selection)5-o] tiIEzgl B}
%3t

gl YA $2}%135 Al®(tournament selection
without replacement)->- 418} %k-S(selection noise)
& 7he’ FHAsbele s wAlel) of7)A A
SARIE Addelsl, A& & sie] AHAE A
oz ME] Ade] s 3t HIEE 2=
WAE o3 Alde] Fr dAdE Ak o
21 oujgie)l HIIHor LxRIEFHe] =)
(tournament size) 4= 2 o|v}, o]i= pair-wise %A}

o

0% wplolet AR o= gk Ale A=

|

M

> |

o
=

£l

j=)

g ueha alold o] Aol $sjl, 0
sk deksiA] & 7Wed 7w ik o
b, Algksh= f312F dare]5e- FulA| pair-wise

SANE A AL A,

6. i (Crossover)
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aBl(crossover)y= Y R o] A A|e] HE oA
(partial chromosome)=- wW3tslo] Wr} =53k &=l
< Ad A AdAE ARk dgs
PR Sm Rl obaelgel 4 s &
A 7hsAde]l w2 499 S-S HEEE 3
1 wholc).

oubA © Z3=  ,-H( p-point) el WAle] e
|, ol - hel SAAE A A AlEe
2 a+1708 7o ® BEsla, 7h HE GAAE

W7ol 7h awgkel= whalolel. Mo fA)
o}are]ZS- thelX(one-point) WS ARE3h} o)
= 7 AAle] e thead)e} nel(tail)ol] F-E3|=
o] Ao shtel A @aAlel f05 gl
th= o] ek M, »-H ) whale] FEA
R CIUECICES EEE
2, o]F AT F Q= whoE= 7
(uniform crossover)7} glc}l el sl Hn o
A7Zke] 7t fAAEE TR es wskshs v
vk

g, A

— OL

var g

2
El
£ x

>
=

r
).
o 4

it

atel 7R glell s’k Ala
= W] lelE et Aljt fdab e

=5 93k AR e wEEch dvkshd, 7}
2 3 s Bfela e FY e 2
o4 gEsls JAlA Fxel B33l BExA)
AHEE 4 glonm, 2-3 ojAke] welE ¥ ¢
of T Mm Az} 2-" o]ike] WAL zk=

ggo] AolA 3-FHE BT £ Qe 5Hol &
3] AMstE]7] wiitelck &, 2-3 o)Ake] wmjE-
B 9t ol5urhs &-xde 24 539 st
Alzbsle] AR oR fal are]Fe] Aso] 4
oAl fck =3l 2-3 o] AL FFem
Al sh=dl glel Hig- Eakek Aap) "
A Elch wlebd, Hg A= ebge Al gl
2y wele= F GAAZE e 7 3R
A ke ke, R ke SEHR] px)
5 g Aajol ofd wihsleE %M R
A7E % AL n)g-S Ayl QR AHRE urist
F Q== jh)

8125k, Munetomo®] bare| s} 3ro] AaiH
ol =l amel wRAAE dMAAke] Fd 9]l
At wabde] HAEe] sl Fdlsh: AW (&
2 regie] FU3 Fo g "old EA)
3h= ekl ezt Zhsst A1 a-Ed
o) 24 sog ﬂnﬂirsm Fohs e wpst
Soodek mebd, Boeieldi 3] 26 A4

A A2 A7 $1R]ell 2jEA40] gl el WA
& Akt 27 2 (@)= Aljk Al Al gl
pseudocode = vehlind, 18] 2 (b)3= AlQF awlf )
Aol FAA A Az &A%k

I* Cy Cy : Input, C},C; : Output ¥
/¥ ny: length of chromosome, n.: length of chromosomes
*
for (all ¢, 7) | /* Find the potential crossing sites *|
[* if a node is commonly included in two chromosomes *|
if (Cild==C[/D1
[* Construct a set of potential crossing sites *|
slkl=(2,7); }
|
[*Randomly choose a crossing site *|
s, = rand— choose (s,);
Ci=C[L:s.(1)]//Cols.(2) + 1:my]; [* Ist exchange */
Ci=Cl1:5.(2)1//Ci[s.(1)+ 1:m,); /* 2nd exchange *|

(a) At aml HFAlel|l thdl Pseudocode

=
(I‘ == Ny

£ ¢ /V_. D
(b) Aok sl wprle] Eat Axtel ojgt of
a2 2. Aok al wel) ok Ak St Aa

) | My s o
WW 2
S MM NN M| 2 S

215l 2 (b)ell A5l mle} zo), $-4 gk am
7 Addsl 5 e §-21 9A]e] A
o] T3 (g S xdslw = xA
°] 91 #(ocus -pairyell gk #EH-S A,
ol [5]ellA]e} 7o) #A| sra}H(potential crossing
points)olg} A|AFch 2 F, kA wapy o g e
shte] e FARRlH o Alelsli=d), o] |
e Y o wApze] Hla Feld fxlzje l
SRl oEaA] ket & ¥ 2 belld %

A sz (3,.2)2F (5,4)0]w, amfr} ]:?""’Vll"
AL (3,2)FR AR ok GAA HE 7FEe
2 Al H7} =] 3k

A, awlf F2F Foll Aok 271 2b)e] guke
2 °J‘ A 23e] F3x(loop)7} A7 Fssl, o]
g ARl digshs daAE HX’“J LR
(infeasible chromosome)2}i. ghc). H-2 o]z]gl <

e

Wiz ofe] AdE AxEA 2l e

=
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Az} | Fe) ¢ 2
A Zkekgk & wkle] -S—:TLE-]_‘;}‘- o] & ¢J3h Hiqke
3= B-{(repair)2} HZ(penalty)e] - WhHo] &)
s}z olol) wigh AIw-e 118 Hol|x] AMA|E] c}Ec)

A v FHHA] AL 25

7. =¢Ho| (Mutation)
olubd o 7 Eolwo|(mutation)t= I Ae] 6

A% e dHRAs Bl AAX Al
A4 e fXske gue Sagn,
=, Bldlolt A aelEe] FHA 2 -
Hahis e WA A S YR nE %
B PANES SHe upteleh AN, B 5
o PUAE Ede] A Aol HANS @
B4 cdede AFANA B o3l AE o)
% el s AN A Aol A9l
o2 B4R 4 ) whel 4e) W HAy A
ol odefld 4 St webd, naH B
o] hEe 7 Aol Hhal 001 i 0059 g
& Zhec) g, Eeide] Eabe fR el
o 4u] A% o AR e AW, TlE

Ao RE $AT 5 ght dele) ShuRe T
Yoz de AT sl
& FolFrh

Az eree pA A
o 04 tlebde fxsk: aelsh BUg o)
2 A Bedio] e AR B4 A o
e 422 AAHS Ao de, 2 el
23] 3ol AR A3 2 o] PHE A

(o]

e
ik ¥ 3 @€ A%t %03 o] Aol g
pseudocode Z vjeplin] 13 3 (b)= Aok Eeid
of wlel FAY B3 AAE ek a9 3
()l SlA]R mpe} zro], Fd WelE ¢ A=
qae] & §Hx Nb Faksidow e,
olgidt A4S “Eeiwe]FH(mutation point)” ©]
of AYFh 2§ Sewoldw W=l P4
XEF S & k= NS FEAHHLE AY3)
o] $42t NE ARk oleldt WA EAA

vt e wizhx] 2|E3ick
g, Salolde FAlow FA| A w
sfo o] Ake] ¥ ZZ(upper partial-route)i= =
dwle] Hag AAdetks QT3] did =
o] 52 Aol dd =58 EF2x| AR DB
A AbAlsha, ek Sedwo] Y Folld AlYEl
=% %24 41 DBeld Aol ik ol
F rev) 2heE AR 23] ol EJEH: &
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AE sk S1% Aol

/¥ C: Inpwt, C*: Outpwt, T: Topological information DB */
/* Randomly choose a node as a mutation point */
S, = rand__choose( C);
[* Delete the nodes of upper partial-route from T *|
delete( T, C, s,.);
/* Put the upper partial-route to the mutation chromosome *|
C'=(1:s,);
while (1) {
/* Choose a node from T & delete the node from T */
C’[s,,+ 11 = choose__ rand_delete( T, C'[ s,,));
if ( C'[s,,+ 1] == destination ) break;

Spt++; [* increment the s,, */

(a) #|gF 51 wlo] u}lAle]| gt Pseudocode

i (

llllﬁllm[\l\l IIIMI!
| O[] [elsfnleTe]—m

(b) A3k 5l ':801 HOMM %3k A} o
I8 3. AR B0 o] Wjel ek AukA b 43

8. 5+ &= (Repair Function)

sl Aok 27 Gb)E Sulsle] ARAke] F
= IRk A% 9845 IHTE JsAE
At SR A Z27)3F Hxpg medde] o
A= A3 HAF GYAE SR e, ol
= g AlElEl xoE EXa] %R DBOA A
Ao zx FUIF =7} 23] oAt AelE spsA
& AA7] dtelct gk, R o2 o]zl <]
Aol gk A2 H-repair)2} *dZ(penalty) 2]
5 uhe] glch wE E- wpe] ] AREEA
gk, 3} R ANAE 7S] 1—?’-3}11“ =%
ol o]zi3t Afolls Aoz WA J5E HE
shedl, Akl 5A3EE SR oA wiE
52 A 53 HFA AHsE Y U=
= HAg W3 J5E AR Ao] oJjche
A7E ek ole’t ARstellA] chels = A]E FAA}
G| Fellr= Abd(letha) 3 FAARES (242
FE5 sl 2=F Jeh) AATeEN 2E
A3 QS B 5= ok & A’ 313
dae|FellM= AlXLe] Bale s Az 37147
A Qa1 7JEAYe] FXE Zotr A|AShs HF 7|
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T
14

-

.

A% 29

913

tle
e

A2E A el

= 3

HE AR AR 87 gl dig
pseudocode+= 7.8 4 (a)ol] A|A|x]e] glow], -4
Al F2F Hzxks 29 4 (bl dlAE] ok

[* C: Input, C*: Owput, n: length of chromosome *|
for @l 7,7 & K(n—)))
if (Clil==dn—;1) /* Find a loop *|
C'=Cl1:d//An—j+1:n]; [* Eiminate the loop *|
(a) AIQF - el gk Pseudocode

ISINI~1 ijmin]o]

- infeasible

: feasible

l ] l le Ny [ D J : feasible
=l %
N
find& | the /
A& T IRl e
lethal genes !

BODDERE

(b) AF %7 2] B2t g of
T2 4. Al BT el o FAAR B2t A

V. 29| 43 Zit 3 =4

E =ollA Ak A dae]ss o] 43t
298 odae]Ee] A5-S Munetomo7} Aok -
Az} F3e] 25} Inagakiz} Aokt A obae)
2 gz} wawsta, o] 9la) clokt e
UELS %35 ik} 12|, Dijkstra oF
a2l ols) AT A e} Ak are|Zo]
EEZshs alE wlazslo] A= A(optimality)el] THEH
e vlael 7h dae]Fell gt 3 4% Al
gk vl A gk 9, wE Alged] gl
o] Egiwoe] BHELS M Fx Fo] shial
0055 AHgslz, 7z+ §3AF d3eEe MAE
7= VEIA EAlshs k= o} FUF
712 AR gz, AR 28 YA}
AT ol I Aol FAAF SaEES F
B3k}

1. 0™ HES3ol| Chst 2of Ay Znt

H Agol|A= 207 mt=E zZH= ]S (weighted)
VESa EEEAE 1edck 27 5& 99 =
°4i°ﬂ sl 7+ dxelge] A8 Ay wx A=
£ EARE AFEA, AL FHA GaejFe] wA
{} AR #HA A2E WS- Dijkstra Uwe]=
o] Azje} ‘:*—0131-931:} 212t} Munetomo otire|E
3} Inagaki &d2|&e- Yy F3# 72 E 298
sela 4 lgleh

(b) Munetomo ¢2]& (A 7= B8 187)

() Aot otarelF (A A= nl8: 142)
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(d) Dijkstra tarel #A A= (A 4= ¥4 142)
02 5. oA vlEg=elxe] At Az g Az}

1
254 * sy < ‘
\ Dijkstra's Algorithm
\\ ~%— Munetomo's Algorithm ‘
L —*— Inagaki's Algorithm I
» 2.04 \ \ —@— Proposed Algorithm
2 \ o\
G \ X
> x \ \
] A, \
S W\
§ 154 \.\\\\.
Z \o.:\ ¢
© \
2 NN\
:l‘j 1.0 \. ~ I\\*;\ﬁ\
£ N N
\o\ R U
e
— o
0.5+
T T T T T
0 2 4 6 8 10

Generations (Iterations)

a7l 6. oA viEs|=elx e BA gk 218} A

g, 7F taelEe] 54 3 wrel xst A
2 a3 63} )k oy 6°=24E] AjE FAA &
aE]Ee vk degl FU SAHHE B sk
Munetomo }372]Z=3} Inagaki Fare]Zeel wls] 7}
A A2 AdE %1318 Foll Dijkstra ire]Fo|
sk 34 Azel gl 4 R gow
ST S F ol RE AmFe] F
gk AAEe] Z71E ARSE] wiatell AE A
2L daelFe] M mE £ S5 B4
g 4 glck AR dwe|Ee] £ e
A3 F4e sE 2SS wzk] Aje d5E ¥
71k B wlasjel el olelgt Fueld
Yr= 3 Aee] vt V.2 AHoflA] ot

o ki

2. W HEL30| Chet 2o Ay Znt

ol AojlAi= IVl Ao A UlE = i3t
weol Aol =FF A3t mE Feje] ZA
EQa BEA)e] &) frEgS A5t olE
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9180 155 5070e] eerix] o] e A
FA ztzpel djs) Sapsldoz 0 1 Aol
Alg-e Ml 100070e] WY EE2AE ks
ME=E Aele] Aol AT 4 Lo
dhald wlssieleh $4, Ame] HA4 Aol o
g Ashe 27 79} 2k

- ""”' Inagaki's algorithm-“m

100 4 ] Munetomo's algorithm
Proposed algorithm

80—

60 [~

40 4

Route Optimality (%)

2041~/

Number of Nodes

a3 7. A5 vlEg = ok ARe] #HHA vl

ad 7258 At fHA dzeEe BE A
of wisle] HAA Aol rFF S ub,
Inagaki ¢we]F 7P dolgt HHA Aes H

=
©

Slel 910 AgAFE 2okt % 13} 3k

B 7 daelFel i AR A4 ula

oti72]%| Inagaki | Munetomo | #] gk
g 5 dveEE | duE | dxelE
729 ] 59.05 70.41 82.88
O ~I=
HAAH®) | mzgx | 1745 16.70 10.67

X 104 ARe] FHAHAML AlEHe]AdS gt
ag] EE2A)of thald 7t kel el A4l
2 gk 2ot HA A2 vl %) E vepich
VESZ EZZX9 xre] £} 3t 77|
MATES 3-S5l At dae|Fe] A
A8 oF 83% =, Munetomo °ri72]Z3} Inagaki
aejEell vls Z2H2b 10%2)F 25% AHxe] e
S 21YS & F ook =3 AgE d3EEe] £

=

TRz 7180 7 dxelFel BlE 7P 2R gk
< vl e, ol vEH3Z EEE2A s Al
ob daelEel HAA Aol 7P Z71¥robust)
4] S ouigel o]2@ o5 Aljd amj
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/A AR R 98 A2 fA4 gl

7ol Aapql -9 2 3 Ak o
o] 7Wje] Aol gt F44 ok Al 5
o] B3bA 3l 7|QAgt Ae]rt.

e 7 dwelge] AHix I ) 34
5 wEgeEH 3 A%s vlagich AL+
7 Aol digt FAI vluE SlEiMe T’ F
Ao g =5 WA Hd A3 I WUt
345 wejsliol g e, 7b dwelEel o
A g FAe] aE A& 5 UEE AT
2715 AR Aol mig- o8i7] wiell, 2t 43
2Ze HHA Ao &0E A7l HF delA
MATES] =715 AAshs wkke aesislct ot
A, 27 8ollA #Ig & QW HAA A5 +
A5 A7IHEA ARE A9 ElE S 5 =S
MATe] =715 At ofvkshd, wel 54 o
Jg|Foe] ok dare]Fel wls) o] A2 342 A
F= 3o WrkE o % 49 dE A&
& ok, 2 dwelEe M wE 3 A4S
BRghcha 2 4 qlr] wigeleh 1ejan, 1§ 6
¥ 27 7oA Ak darelEe] P w4 A
oo HA8lal Inagaki dare|ge] 7F =7l =
Aes BREE 5T 5 Uk o’ ol
A ] sl wlaE g8 f1e] WA E AT
o] @Z71E AT F Ak o|FA AMATL Z7E
AAsla 7t dae]ES A vEZ] #4354,
7} ofme] el o3t Bt HE o] Hr) 35
g 98 F 9on, ol ¥ 83 X 20 AAH
o] glck

Inagaki's algorithm
120041 [ Munetomo's algorithm
[ Proposed algorithm =

1000

800

600 ~

400

Fitness Function Evaluations

200

35 40 45 50
Number of Nodes

a3 8. Ay W=zl tiE =] Aee] Wl

a7 83 ¥ 28%E|, At §Xz daelEe
2E gl disiy 7]E dae]Fel uls) wkE 4~
3 AA5E HAES #2d 4 gk sivkehdE, &

ARE F4e] & GE 1ellA] dFE 2 el s
A Aol £918 A7l o sl o ¥4
o] zol= Hd 4%3)E 2] S8 FAAD A
A I i o i e e R P B e L

2. 4 daelBel oiE 3 el vla

ot712]Z| Inagaki |Munetomo| A gk

g 5 dxe|E | dweFE | dwFE
Azel HAA (%) | 75.62 7791 79.86
agre | B | 8105440 | 2519105 | 1223158

it As FHa)| 181.9882 | 58.9393 | 31.6627

E3H X 22N4E, At A daelES B
1223]9] 23h% 35 HrI_E ol $3gem, o]
+= Inagaki 2¢ti72]Z53} Munetomo are]Zel| Bl
74z} 85% 2} 50% Aol 3 A5 o5& Ik
ARl o]2fgt o] 52 Algt dwe|Ee] 4 A
o5l ik 3kgk A Flower bound)sld], o=
At dme]Fe] M3 P vt FHe] sE
EEslar ol7] wiirelth Elan, Aljl daeE|Eo
73 Al did 25 HAxls 7129 F daElF
of sl 7F 2k FES- vepilon, o= UES=A
BEEZ2A o djsf] At dwElEe] 4% Adsel 7t
A 73743 BAo] S-S omight) olnl AdFdR
o], olafgt o]52 At i 7He] JIpAH< sl
2 FEA Al Solwe] W] Al
gk f31A ook A s B3 ZAzjelck

V. #dE

B R S el el A9 A
2 dwelEg Ak bE o] Al Fxel
A wesAE Eddes shEde SR 4
UES A A6 TR FAF YA
& 2 A Alld g SAE ¢ ook
sfee] 7S ARKCh w8k A7k ehy
t AzAIA PR AeE Aoy Eiwo]
wale] odgel A e FAAAN F24
ol Fshe shEE Zoli Balwe] Je A
Qhick el ) EAteld AR S ode
A4 GAAE AT BA=e] b glo] AR
P ol B gE Ak

e AlgHleldE S8le] A’k At dare
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Z9] g A= AL 'ITZ-]Z}' dE|EE ol
3= 7]Ee] dae|SHc} ‘51 e, #HEFE AR
o] MR 3 Aex 53s HFg 5

ek UES= Abel] EAlsh= L—.L.-«l e} FR
7|2 NATEE AANES Al HA-s A
Inagaki 9}372]%3} Munetomo a2}l s
7} 25%2} 10%2] A% o558 dgdcl 17]a,

2 A°5-2 Inagaki 9372]Z3} Munetomo <ti2|Z
of vl z}z} 85%¢} 50%°] A5 ol5S Ark
wdl o] Az= 79 RE FHX|9} E=AR] A
s 712 312 darelE 7uke] FHwk AR &
A olyE]Ze]] BlE] UESZ EEZE A v]wA

2 ke oF 4 glgleh

d

(3

—{) N r\o r.‘.t' iﬂ
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