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¥} 2t} (Michalewicz, 1992).

1) EA EA4o 3 & (solution)e] FAAA #&
2) 7] A s JAde] A
3) A= wE st sk HU)
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BhE RAEA BE A FERAIVIE TR olv (-4, 2003).

8. ENA ZAE AT FdxA ¢nd=F

%A 47

3T

o

Hpeb ol H A duds A Hgel Ay
= 2 HAA UEYSI AATAC gl MR AN HHor 5
RE7) A #bekan gl

A4 dugEs o83 A4 e UEAT A #d¥d A=

A Kumar % (1995-b)

flo
Sh
¢

AoAl 'l A el FRA G Es
A¢tet g th. Kumar 5(1995-a)2 =3 AFH UEJI A4 UE
el 9ol 2 A (diameter), A& (distance) ZL8]3 AN FHEE 11
2 ¢SS AlekstA k. Walters®t Smith(1995)+ Ed +x2E 713 3
A4 HEAZ AAES A8 3 &g F(evolutionary algorithm)2 Al ¢+s}
Attt Deeter®t Smith(1998)= 2 g F& ol &sto] AZH=s Aef

zh0z a1 &S Ardae AAA dENT A PES AL

of &3 AFE AAFSA
T AT T AAH HEAA FAEA ZAd o F
Deeter®t Smith(1998)9] A+ v 4d vl &3 M= 5 LT o=2HN
o}

9 g % AHE FFES add ojde] AT B
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22 AAY YEYI dH34A FAE vF7] Aol Deeter?t Smithe

A dagFe nye HE eI AAQATS d9Eux o

<Y 2-10> MEYZ AA 9

5709 x==9F 4709 HAFE 7IAFE nHITH, 10/M(5x4)2)9 oA
A 7bs #art EAQsA, <29 2-10>9 delME 6719 A4

2 FAHPE B 5 vk

Axko
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1 2 3 4 5
1 - 3 1 2 0
2 3 - 0 0 2
3 1 0 - 0 3
4 2 0 0 - 3
5 0 2 3 3 -
<HE 2-2>0A4 B oupep o] FHEL A A FHE /A o,

FAE AdEel oM@ FRARTE VIEHAIY. o] d AR vat

Zol dAAZ xdHAH 5 Ut
AMA (3120002033}
o, Al 4 FHEe] b F e #2 0,1, k— 17 oJmE JE

93 Tz gaFpe phxh-Di 2o
2) A= AN
Deeter®} Smith®] dAFelA 3z dagFL Folx MESA A=

(Fy)oldel A Ha W8S zte HEQD 725 24 e HHoz o
=

SHT. oA71A, o8 7k FH & T 2 &7l (infeasible) W E
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ok
O

QW= AEE A Ads HARGd 2T 7= Ao, +4

F dugFS 58 AAE sl A9 H A (ocal optimal solution) = 1
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Get Al 2"l v =0 -R()E TS
GA 1. (2713} BRE HAE free® EA L, 2~ (stack)S 7] 33k}
GA 2. A E cutset YA B}
(a) MMEHY A cutset> 74T ZE H 25 (inoperative) I =Z

(b) GA (a)oll A 2 BE HA5S HAToR FAsta olF

(c) A =g 59U+ AL A cutsete] L o592 F&ES
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(a) 7HE 8 MAE Mz AAddez LAY,
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71 A& T aw] AMAE FdGTt 2 vhgo R A" A
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S wEEe 9dd Am & gt

- 7 ¥ 3= F9ek4 (bi-directional)©] t.

HES A Qo] THE Hae= EAEA &=
E
[€]

(operational) o] AW L% (failed) e = 34 s},

WE EYS S dAS ddd F7]+= vy 2
- E UEYSZ A 3o dZ2d 2= A%

- {5 == % jE ddste 94

-0 e {0,1,2,...,4—1) 4, B H3 K. A7A, k= 32 73
o 7kA
—x (= my, g o x, ) P HMIEAZ A T2

- Clz) - MEHA AA9 F H &

- R(z) : MEY9a AAY A=

- Ry a7d Ha HEYR AFHE
-G s &TE HdY vMESA AN G

LME NEND FF FAY =Y

AT MEYA S AA A o] HEYA AHES Az

Aoz dm w &L Hrshss BAE o3 gol mysd & vk,
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Minimize C(z) = Z Cij
t,jl€e E

Atz 1 R(z)=R,

%
=

o] 7] A C s F {i, po H&E gnleH, ¢;=a;-d;2 EAE F
afs WY B P2 G, ) NS, gE 92 G e AdE o
9.

71 YEYIY A"

ol

N

2 g e FFor uAddE A= A

Ha AAHE ojefol F7HARL AW S0l RQHER

oz EYA 444 £AE UMEHZ AA¥ES Adxzdozw
5

S3 A Adsss A 44T Ffols thedt wol wys

Maximize R(z)

Atz Cla) = % ¢ < G
e E

3. ME YENL AA T2 GA4 B

<9 3-1>2 stue] dEYa &4 A 2AES BT v 3719
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SETF ®HA a2, 5302 AAH e VS HMEH AN HEE ==

45} 52 F4atE Aol 0.

<aE 3-1> Y EYa & AA EA

o] Al 7zt HaE Y& udste A9 e P33 FH AAE
(k)= 4olt}. <F 3-1>2 <29 3-1>9 JvEHa 4 44 F+x9 ==

3,
A HA FEE 2ol Fa

o

¥ 3-1> == 3 83 +9
1 2 3 4 5
1 - 2 3 0 0
2 - 2 0 0
3 - 0 0
4 - 0
5 B
F) 83 g8 47AR 0, 1, 2, 30tk 2@ 9L JE
e9a9] 2§95 vepdoh
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<9 3-1>9 g JEYa A FERE ULy gL gy
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2, iEga A 93 f90
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otk o71A, ALzt E o7

A okl & & (constrained allele)® " ¥ ¥t}
wmE YEYa g A 9o A Fx xo B4 g e e

e vEgae 93 g9 o U

3} 2

k,{n(n—l)/Z—mo}, H (k_xz’,j)

{Z ]}E E(J

7y 7+ 7]{: LﬂE—‘Hﬂ
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<% 3-2> FH ]

a¥ER <y 3-1>9 WE O gEYa g A A=
4BO-LA28 s (2x1x2) = 65536719 BA g dE e <a2d
3-2>9F <F 3-2>% o] ¥ i d F sl TR Hjef oo wx= 7t
g3 fEE HoFa o

<E 3-2> »=E= 3 g3 /9
1 2 3 4 5)
1 - 2 3 0 2
2 - 3 0 0
3 - 3 2
4 - 0
5 -
F)BE FE AR 0, 1, 2 3ot 21 92 7E MEYSAY
2 #9e e
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o] F1 do PAA EEL v

AAA {21 38102300320}

A2A ZBAA N2 AEAI &3 A

LME JEAD g 4AS AT AR

FAA QRYFL o4 AAA WE MEHI G A @AY F

(1) vh 7§ A 4= (parameter) % 7] 3}
- g : A d(generation) &
- o, AT AW
- ¢ 7FA A S(population)d] = 7]
- m% =Wl A v &

-y EAMO FAY W

o,
—~

(2) 271 Ao AARE AAAE( o
(a) 7] Ao AAFGS F=g= YA e}

(b) 271 A HAdGS A= E) AdTgsz B,
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Fol & g vh(Tate®t Smith, 1995).
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Ae o U FFox ofFojAol ke AS gudr. o E 5o, =4
Wol A dAA 7 (2] 00 00300o]a, o] FA H&
(. = 02)0] wet 104 A7 oA JHo] T2 HAejsa 7h7te
Fa 3o 37 22 AAFHJGHA, Eddel® dAAE (B 3] 00 [3]0
0 32 0}o]t}.

4. BE YEHI A= ALY

o

E dTelA ME UEAD AFHE Ads & e 22 dads

AL&-3kth(Cancela®t El Khadiri, 1995; Van Slyke®} Frank, 1972).

(1) vh 7R ¥ 3= (parameter) % 7|3}
- R(x)=0

—riUENS A datie AEE

(2) MEY A Ael(network state)?] ¢l ~¥ ~(instance) A4

(a) n7Ne =9 h7e Haz FAE YEYa A xo

1.

et

E ¢ (spanning tree)E T4

ol e 7 Fae] AEH(nA e Hah)E ) 2 sted &
a

il

MEN D e drdsgs gyarh
h
hlel Bas e vERA A4 x= Y 0 (F h=zn—1)
i=n—1

el MEHA AH Jd2d2s 2t
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(b) AT BE UHEYZ A Ad2dH2E ~®(stack)o] =1}
(3) A E g (spanning tree) 7 A}
(a) =g o] vlojolod FxE 3k},
(b) A W o] MEHZ AH Jd2d2E Al
() MEYZ AH Adxddxy AFEHES JAS=AS HAFS G,
- AFEFYE FASHA god (3)(a)ZE It}
- AFEYE PFAsHE, 4=
4) MEHNZ 2% Ai
(a) MEYZ ZH A= gz AF=(nE Al
- ZF g3 fyo e AFR=E Fold)
- a A Has 1 - AFE)E AFHEZ ARESH
- BE Y39 AFIEE oY
(b) MEYA AFHEE AL R(x) = R(x) + r
(c) 3(a)z Tt}
A 3 A ANIEE AdxAoZE 3= AAFY WHE YJEYa FF A
A A Ad

A M=

SRR

TEOERE LS

71 9]

=

= HHP_ Lﬂ E OJ

A oF
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<E 34> == 7 A (¢Y fm)

1 2 3 4 5
1 - 32 54 62 25
2 - 34 o8 45
3 - 36 52
4 - 29
5 -

A 1& MENA F A FA glo] Audes FE7t 2] Wi
of, A4t 4 A (enumeration-based) ©A WHo=Z  FH A3 (optimal
solution)®] © o] 7pgsity. 1.3dolA A upel o] o FAlo] A
i o) = 65536700t e AlE % AlEAA = 0.850 ~ 0.999)
of sl AL A4 A WHom F3 HA I <E 3-5>0 HE 3

O AE = Akxe] dAs des JA FE UEAD AAN S0
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<3 3-5> EA 1o gd H A s

Al eFz2

Al &-($) A E = HAdf o 7=
(72,)
0.999 5,654 0.999 3323333333
0.995 4,418 0.995 3303222323
0.990 3,886 0.991 2303223303
0.950 2,882 0.951 2302202203
0.930 2,742 0.932 2301201203
0.900 2,032 0.906 2303200203
0.850 2,344 0.853 2303200102

A 1o o) fAA SneEe o4 Y HA PHS Hgso] 4
58 rolwnz et

WA E7 g YL B 2713 &g, - 500, 5= 30, m% - 25
rp = 0252 22 &, 24 AFE AGEAHE, = 0.850 T 0.999) sl 10
A9 seed® AT 31EAA ANF AA AR wpet 4L FAFHY
T ASh <E 36> vEu dnh 74 A AGEANA A2 7
olgel AHAL mEAUG WAL ARA] B BT FA el
= 10709) seedel @ % BA Sel 5 /100 239700 A 403270 Abo] 2
vehgom, B B w&( = B FA A £/ A W e p)e

3.658%°l 4 6.152% Atel2 YErRkTh o] A= E AFtelA AAE 27

1=

WRlo] =2 HlE= w27 HAHE v = F U S5 AHEE A
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Al o7 FERT FEE aasel o
(R,) se] % u] & (%) e
0.999 3,006 4587 10 of 10
0.995 4,032 6.152 7 of 10
0.990 2,442 3.726 10 of 10
0.950 2,982 4.550 8 of 10
0.930 2,136 4175 9 of 10
0.900 3,654 5.576 10 of 10
0.850 2,397 3.658 10 of 10

2. %A 2 : 71 57/ xxo 3/ == F7}

71E O/ =xd AEE 33 =:E

__'i_
090082 stz A 2 o vESA G4 A F27F <™ 3-3>

FdH o Ao

Xp3=2

<ad 3-3> vESA g4 AAE AT A4 (£,=0.900)
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2 s 2 ga §3 % A 44 <

At}
7 8
0 0
0 0
0 0
0 0
0 0
6 - 0 0
7 - 0
8 _
F) 92 FEe AR 0, 1, 2 30, g9e /= WENZLS 92 F8E e
do
<¥E 3-8> =t 7 A (49 m)
1 2 3 4 5 6 7 8
1 - 47 41 24 48 54 33 34
2 - 20 28 39 31 65 68
3 - 34 19 15 49 53
4 - 50 51 54 56
5 - 13 41 45
6 - 54 58
7 - 30
8 _
HA FAz dagss olgd HESZ &4 AAE FIsA. 27
A AEE T 2738 R e, = 1,500, 5= 60, m% = 25, 5, = 0.25)

¥ 3-7>3 <E 3-8>0 e}
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S A F, 2140 AAE A AR wep APE s A 1 A
<Y 3-4>) YEhY ¢
YEH A A= 09049 7H 48 3 {203000320300020300300031000
315

r\r

A 2 AA 725 2= HlEo] 420850 1L

<39 3-4> M £ N qx)=4,208%)
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Greedy B4 W (Deeter®t Smith, 1998)2 Al&3dle] F4dx daugl5S o]

9 A Wt A vastug wh,

U‘.

Hood o] g3 SA B v Kirkpatrick 5(1983)] o] s A Aot
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Economic Design of Networks Using Genetic Algorithms

Lee Han-Jin

Department of Business Administration, Graduate School,

Pukyong National University

Abstract

Economic network design problems have attracted many companies’ attentions in
order to share expensive hardware and software resources and provide access to main
systems from distant locations.

Generally, the type of networks can be classified into backbone and LAN network.
The purpose of the backbone network is to facilitate fast and easy information exchange
and resources sharing among all the interconnected departmental points and to provide
good connectivity to the outside world. LANs are commonly used as a communication
infrastructure that meets the demands of users in a local environment.

Network reliability which is defined as the probability that every pair of nodes can

communicate with each other and network design cost are important parameters in
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the design of a computer communication network.
These economic network topology design problems are known to be NP-hard combina—

torial optimization problems.

Solution approaches for the optimal network design problems considering network
reliability can be classified as follows : (1) an enumeration-based approach, (2) a heu—
ristic-based approach, or (3) a genetic algorithm-based approach.

Recently, genetic algorithm-based approaches have been receiving increasing attention
as a new solution method for the optimal design of networks considering reliability
by many researchers. genetic algorithms are mspired from the idea of evolution. Therefore,
it 1s natural to expect that the adaptation is used not only for finding solutions to
a given problem, but also for tuning genetic algorithms to the particular problem such
as network designs.

In this study, we have applied the genetic algorithms(GA) for the design problem
of communication networks, i.e., backbone network expansion problems, LAN topology
design problems. The economic design problem of networks is defined as finding
the network minimizing cost subject to reliability constraint or finding the

network maximizing reliability subject to cost constraint.

In the economic backbone network expansion problems, the existing network can
be expanded with addition of new nodes and multiple choices of link type for each
possible link. To efficiently solve the problems, a genetic approach is suggested. The
k-nery encoding to present backbone network topology is used as a chromosome for

the GA. To exactly calculate the backbone network reliability, we proposed network
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reliability calculation method. Numeral experiments are provided to evaluate the
proposed backbone network design method using the GA. Simulated anneal-
ing(SA) and random greedy search are used to compare the effectiveness of
the GA and sensitive analysis is carried out for the implement evaluation of
the proposed network design according to several different backbone network

reliability or cost constraints.

In economic LAN topology design problems, the design problems include issues such
as multiple choices of link type for each possible link, multiple choices of hub type
for each hub, and allocation of the users to the hubs. To efficiently solve these problems,
a genetic approach is suggested. The k—nery encoding to present LAN topology is
used as a chromosome for the GA. To exactly calculate the LAN reliability, we proposed
LAN reliability calculation method. Numeral experiments are provided to evaluate
the proposed LAN design method using the GA. SA and random greedy search
are used to compare the effectiveness of the GA and sensitive analysis is
carried out for the implement evaluation of the proposed network design accord—

ing to several different LAN reliability or cost constraints.

According to the experiments, the proposed approaches improve search

performance, because our proposed approaches have the ability to find good

solutions or near optimal solutions within short generations.
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