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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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5. M= (Selection)
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vol mejshe 9AA FESE wEs 544
R 4 9lon, 248 o) g weld 7
ol F 2z Al 24 o)l wAEe 2
Bhgo] zpobA] sl-FE FHE 5 gl THo)
s AstE7] wigelch F 2-3 olabe] wwlzA-
B iz o]SHrke d-3e 2 el At
Azl dAMeR §A2 daelEe] Aol ¥
oAA Eleh =3k 2-3 o] IAHE v|EeR
aelE skl ol Pie AR Axp) de
stAl Fiok webd, A AR Sew A gl
D e F ANAE e 7 e
A = oaab] kE, WA kS Bz px)
= AFEE Aajell ofsf mBeteE dle] 2R
A7 v AL vle-E AW N2 AEE A
& QuT W

8429k, Munetomo?] @we]&ll3) o] =8z
Q) Gy ) A gAY
Ast siapde] gAse] awlE sl Y (B
WA kT 2RE FUT Fo eug "Helx &)
Shz =gzbellut szl shsd 7l o3
o B e SdsbelA] Bk &S BAs)
I grk Wk, B EEolies 27 20 AAY

)

f,

rtr o, U])l r

v
%o

v

{
|

o

R 2 AL 9Hed o] gl el 9
& Adgct o3 2 @) Alb w9l digh
pseudocode-& YJehl|m, 18 2 (b)= Aot i H}
Aol FAA F AR AR

o

¥ Cy, Cy: Inpmt, C}, C5 : Output *
/¥ ny: length of chromosome, ny: length of chromosomes
*
for @il 7, 7) | /* Find the potential crossing sites */
/* if a node is commonly included in two chromosomes *|
if ( C1[l.] == Cg[j]) {
[* Construct a set of potential crossing sites */
slkl=( 1) )
1
[*Randomly choose a crossing site */
se= rand— choose (s,);
C1=C\l s (1)1//Col 5.(2) + L:my ), [* Ist exchange *
Co=ColL:s . (D1//C\[s. 1)+ 1:mT; /* 2nd exchange ¥/

(@) At vl wkAle] gk Pseudocode

(b) At sl wpale] Fab Aol i o
T2 20 Aok ael ubAlel ojgk Hlubd st A

a8 2 (byel] AE mel o), $A1 Aok sy
7 AEE £ Qe gzl 2lR)e) WA
o] T4 r=(did] FE ZiBlz e HAA
o} $1A “locus -pair)ol] It #3E FAsl,
o] 5 [S]olAe} o] #R) A} (potential crossing
pointsjolel AT, 2 F A wAY LR
shel 4e TAfHes Ausiod, ol i
e Y o wapge] Hx gk fxixky
fAldlle oEs) et & 2% 2 el 3
A FARE G2 GAele, ik oA
HAHLE 32)E A2 o2 9uA $AE rFe
2 a7}t pef= sk

g, el Fab Fell AR 21 2b)e] $juke
2 s A4S Sxoop)rh HHAFss, ol
gt AR ssle Q95 $A%F A4
(infeasible chromosome)z}ar glch &2, olelgh &
Az of2] AdE A 2l =eER 9, §
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HAb daelge] 9 = 2 A4 4% 909
A ZhEE oA wiele] 2 7EIc) o]F $17) wigko
2+ E-repair)?} *HZ|(penalty)] F o] Zx)
32 ool thgh e ML8 Aolla] AbAE] thch

7. 90| (Mutation)

dubxo® FohHc|(mutation)= FYAS FH

& o2 difdgAds Sl AAAM AT
A e fFlske dge sy

Sddol= FAR duElEe] FHA sz 4

N

I o
2]
42

Hike 2L WAstaL A sjE A= 2E 3%
He sl E sl ubolu) A% 2 4
o] JAANZ Sodo] AL A= AN
A 2 J9E AT Rdkw 2308 HF 4
2 gl $EE MRS A-3E Al AR
o8 BAAZ $ glr] w3 2 FHAA A

é G et wha, waA B

g
“’?

fjo
L
fr
32
r r°‘ £

[+]
L

Az hs] 001 =& 0.059] 7k
5, e A4 4 Luls
o 29 Ave R A SE AT, A2
AATOZE GUT 4 gt Jde HERe o
A4Y ot YR B¥E G4AE Pyees
244 929 $9 754 FAE

oz, A% A2 58 Bl AAE
o $HA epde FAs delsh BUR o)

Ad Edwe] 7S AR B FE-S o
i AEZ diAEks Holoh wed, & —‘”——r‘ﬂw

a3 3o A" 7T} S SdHo] JTHE Al
13l 23 3 @)E Algr Eddo] HRA4|) ﬂh‘}
pseudocode S Jehr 23 3 (b= Aok =¥
o] wrel FAA i HAE ARl ¥ 3
®)ell Al mpep o], £ WolE fsl A==
AA4A9) & FH2 N7 FARIH R AdYE,
olz]gl fXAE  "“E<iHo]Y(mutation point)” o]
T A DL ERCERE PR
wEE o4 @ xu NE FAsldes dds
o A NE dhaldieh oleldt A Zax
xevt *da’% i IR it

g, Holgg FAe=
3o 29 ’\Pﬂ BE A (upper partial-route)x =
Ao} HAE AA|tiekx *BtﬁM ol &<
1 52t Aol e x=5% BE2x] AH DB
Al AAga, =g %‘EE’M A FellA A" &
=% EZ22] AW DBold Aol &t} o)
B kvl e HRe 23] ol EIFE o

2, rlr

A k=AW

[«
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& W3] R Aol

[* C: Inpwt, C*: Owput, T: Topological information DB */
[* Randomly choose a node as a muation point *|
Snw= 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'= 15,k
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;

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

(@) A3t E<d o] ukAlell gl Pseudocode

T

e[ o]] e

lnlmul*??

(b) At B wol WHe| B3 Az o
3% 3. A B Hol WAl tie A 54 A

8. 57 &= (Repair Function)

vl A 24 BbE ksl Az F
Z5 X3k FAT AAE IHE A
2Aldel. R, WA 27130 A3t Sedwe)
AR A= BAF) JAYE AR e
£ I Mg xoE BXex) APy DBoﬂH A
Aoz FUF xer) 23] o] AW A
< AA] dEelct 9, RAHOZ ol=dt o
Ao cHgF tHML Erepair)2} HF(penalty)]
F upe] slch vIE B wbie] de] AMSEHA
7 g A QAAE S BsiRe & g
th oleldt Afele YA o WA JeE A4
shdl, AXkY] BAIEE ZUMTIA] domid wE
T4 A Rt FEg s HEe s
E A 13 E AR 7ol ogde ¥

A7 Sk oleldt AddolA clelElE Algk f3i}
dae|Eol e AbE(lethal) 3 F-URISS (A
FEE YAl =F ) AAteEN nE
43 dYAE B3 5 Qlok 5 At KA
dae]Foll e At BREE AlFsHA $71417]
A 5L AR FEE Aol AASE B 7|

_?.. A




X

i/ AT BE SR A% A2 14 gz

Ho

e Al Alklsle By el Wit
pseudocode= 13 4 (a)ol] AAJ=e] glon], F-A)
Aql 24t A= 2 4 )l dAHA sk

/* C: Input, C*: Ouput, n: length of chromosome *|
for @ 4,7 & K(n—7))
if (Clil==Cn—jl) [* Find a loop */
C'=Cl1:d//An—j+1:n]; [* Himinate the loop *
(@) Aot B 3heel] gt Pseudocode

crossover ) : infeasible
T
1) leln] o
&
&
VR

: feasible

DEBEERR INGOOE

lind & i the loop .//
CLLER T
ethil genes.

: feasible

£

CENECE SERSE R
38 4. AL BT Pl e FAAQ 54 AR

V. 2ol Al Zut ¥ &4

2 =rodlA Akle 732 daelES o]4%t
2¢8 oaz|Ee] A5-8 Munetomor} Aokl
Azt dw2]EP5 Inagakizh ARt A Gz
£ g5t wlmely, o1F 918 ikt Heje
vE9m EE2AE 723t 223, Dijkstra o
)& osf AR HA sje} Al x|
=& e vzt A (optimality)ol] 3k
A vl 7t dme]Zel i 3 &£ Al
g vla= A Sl 3, 28 A 3l
o Fgwo] FHES AYA ] Fo il
0055 ARl 7 iz dwelEe] AT
e VENIA &k x= e 5T
7|2 AARRY) aela, AT 2E G4A7)
FAE dlol FHY Aol A daEEE £
=41

1. 2™ HEQZO| oigh 2o AF Zu}

B AoxE 207 ==F ZH= H|SF(weighted)
VESz BE2X|E weldlc) 13 5= 9] v=
zel el 7 daelEe] A4 A3 g A=
F ZARE AREA, A 537 daelge] A
3 B2 4 H2E WSk Dijkstra dyE]E
o] Ao}l Toldigdrk 1z, Munetomo ¢ vE|ZE
3} Inagaki ¥ue]Fe 2T F3HA ARE AALS
I3 4 3k

(©) At d32]E (HA 4= v 142)
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(d) Dijkstra t7e]&: 24 AZ (AA A= 04 142)
a2l 5. oA HEYIAAY] g A2 o Az

25 I * o . - .
Dijkstra's Algorithm

—*— Munetomo's Algorithm
° —X— Inagaki's Algorithm
—&— Proposed Algorithm

g
=)
!

@
o
= *
Gl
=
2
5 154 .
g
Z \o
2 \\
>4 \ F——x
2 40l . —
£ 10 \.\ ey
\.\*—*‘*V*
~*
—
0.5 -
T T T T T
0 2 4 6 8 10

Cenerations (Iterations)

% 6. oA W=z MY A 5 A5 A

4, 7+ dxe|Ee] BA g ke zs A
< a8 63 Zrk a3 6°22%E At H3A o
&L o gtk B HAelx Bsim
Munetomo ¢178}&3 Inagaki Ye]Zdl] vls) 7}
2 AL Adlg #3]F Foll Dijkstra darz]E<]
sk H3 AR e 23 I go=
TS Atk &, ol EE daElFe] F
A3 AR =S AHEE] wel] Algk A
7L daElge] Mt wE a3 S=F Ridrla
g 5 ok R, daEEe] 43 Al
FU3 T4 HE AL drkA H3d= dE o
7 g4z nlmsfo} el olzigl =M 4
e 7o e vl V.2 Hedli ohEeh

2. ¥ HEI0| st 2o AlE ZHu}

ol Holli= IV.l A 14 vEYA o]t
Bo] A xE3 APl 2E FHejol EA(
Ea BZzA) s FE53E HEIE olE
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sla) 153 S07e] erix) SAS) e Z7hA
1A Zhze) el At o 0 FE 1 Aol
Pleg sk, 1000718 A% =E2AE 2
WEAZE Qs Bre] HHA 48] Lo
el wlamslslch 4, A=) HH4 A5l o
¢ Awkz 23 739 Pk

Inagaki's algorithm
100 [1 Munetomo's algorithm
# Proposed algorithm

804}/

604

4041

Route Optimality (%)

201F

15 20 25 30 35 40 45 50
Number of Nodes

a2 7. 99 viEgad] gk AR FH-A o

a5 124 A 42 duelEe 2E A
o delel B4 Aol b Iud u
Inagaki d7E]Z2L 713 dolgl HAM g
TS I 5 ek =3y A v
sl 9o AFAHE aokehd ® 13 7}

B O1. 7 dmEBel dit A2 HAA em
18] Z| Inagaki | Munetomo | A} <

g % G| dx=lE | dwelE

Aze) | BT | 5905 7041 82.88

HARN®) | gzaAa | 1745 | 1670 | 1067

X 104 AR HAAL AEHe|AE £33
A BEEEA|] sy 7z dae]Fel ofs) AlA)
2 2% AH=25) FA AR ¥H(%)E vehick
HEHZ BEIAY k=9 49 U} |2
NATE IS Aol At da=lEe] A
Ae ok 83% =2, Munetomo 78}&F} Inagaki o
zelgel vlsl Zhh 10%2) 25% Axe AT st
2Y9e & 5 ek =31 Aok dwlEe] #
Al 7180 F daeE|gel vls) 7B 22 gt

ehgem, ol WEHa EEZX| s} A
drelEe] FHAA Aol 7K ZHgHrobust)
o] UFE omiglch o)l o]5L Ajt )

Ay o
I

22

4

d
o:



i) s AR e oY A2 A daelE

7142 aAAQl &l-zd 2 T Ak Eow
o] 7I%e] ATl gt 19 ok #4 5
o] B3k g3k 7|91k Asjolrk
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= Eﬁ}&i&ﬂ T4 %S vasil s, &
H Al Wi 3T HEE e BdE F
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NATE] Z2718 AAsh= ek zeisign wet
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o] vl dze|E Hlsﬂ ti A& 3o 3
= e FrkE o Rt F49] elE dS
ook, o gae|Ee 7}7;} L I
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A fFﬂé 459 viE fls f19 wle AT
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ARt 7 daeEe Ay vEY =6 gLsp,
7+ daelFel Ut P A 5] o) s
£ D& 9dod, ol ¥ 8 F 26 AAH
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