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Multi-Objective Micro-Genetic Algorithm for Multicast Routing

Sunghwa Jun - Chigeun Han

Department of Computer Engineering, KyungHee University, Yongin, 446-701

The multicast routing problem lies in the composition of a multicast routing tree including a source node
and multiple destinations. There is a trade-off relationship between cost and delay, and the multicast
routing problem of optimizing these two conditions at the same time is a difficult problem to solve and it
belongs to a multi-objective optimization problem (MOOP).

A multi-objective genetic algorithm (MOGA) is efficient to solve MOOP. A micro-genetic algorithm(uGA) is a
genetic algorithm with a very small population and a reinitialization process, and it is faster than a simple

genetic algorithm (SGA).

We propose a multi-objective micro-genetic algorithm (MO GA) that combines a MOGA and a uGA to find
optimal solutions (Pareto optimal solutions) of multicast routing problems. Computational results of a MO GA
show fast convergence and give better solutions for the same amount of computation than a MOGA.
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Figure 3. General Micro-Genetic Algorithm’s Flow

33 BYE I3

A AN E 54 Tt o}l/]-ol AA3s ZARY T
7 0)4e] BAE 0] Trade-off A o] Y= THEA H A3} 24
(MOOP)7} 2o Th. MOOPS] 82 & ol sfubik& X4
3 A7) Zlo] ofet H3 g mEE HAH I A e A
€ ZE AojAT tg 20& HEA = oA 744 #f 7t

£A) %,

rf



HAZE G E AR

o

>

[e]

l‘l

_]
]

FI(‘

°l

(o

[

K1)
ot

<Figure 4>+ f,, fQ,/]
OOPA scd2 ®

N e ok

_,d
>

¥ 1o m
1o

2

El

_&—{HEE—M_

I

D(7,6)

E(10,3)
[

o
c(8,2)

f1
Figure 4. Pareto Optimal

<Figure 4> 4] 3 A9} BE vl 3td, A £, o3l BRT}
o 2 o] AR £, A= BET £4] X3 sfoltt. w
ghA T 7}Z1 E5E &3 A7)e A YA A9 BE o 3
7tH 28 2d ¢ %it} StA| 5t Bt DO 795 K,
£13 ool tisl B7F B $2 819 & o itk 284 BED
Hoh 2 et 2 4 Aok o] 9o D& Bol| ‘A ujH
el 338t €9 ES] A ¢ & npbzbA otk A Ce
EE Aulgtt. 223 A, B, C9 2ol ofF s = A& A ] =]

A B e HHE HHs) £ 1| ZlﬂHﬁﬁF/h “‘f‘ﬂv}
MOOPE & A3t= AL B E

=

L——J—t“l"l
A& A28 Qe ﬂ%ﬁﬂﬂl%?ﬂﬂ

3.4 G54 F44 €22 FMOGA)

MOOPE SGAE 81 Z3l7] HaiMe dd =2 HAs} 4
2 Week 5 s As)ofgt gk MOOP A I E A3 3
& o] A3 A G EE OEd fAA G S
(MOGA)©] 2}l $FTHMurata and Ishibushi, 1995; Khare, 2003).
MOGA®| 7] 22 Ql T2+ SGA%t FUstu, AFE H7} Al
Ore] £4& FYsA Wrhethe A dds)zt obd s3]
& A4zt AFol 7k Sl
MOGAE HIA 3 &5 A
2 UAA o AA, *d“é l
EAE WL, O
E fa7 ¢agEol
B GRS Yoz A

k= ol whet b 7 7HA
F bS] A H o ol w2}
=& AAst= v
9 AR T 5
4253} v d o)

A=

‘IQI‘
o7 3
ZA
H

o
=
O %
T4

2
3

CR SRR i b Sk 507
oo HMTARS AW, T T8 F she Faw Wy
wol AuEA gt 0 $0E Hdsn 134 g
2 A~ v} 7)Y Z(Niche Mechanism)& o] &3 7|4 & AE3s}= &

2 Y E FHA &g Fo] 270 tHyun and Kim, 1996).
g B E HAHSE 27| A e 7 JEE LETE
A Eo171 XA & Adste Ao] frefsieh. 123 A
9o Hs e As uﬁﬂqzo]g}j sy
FEE fAA Sl Fe s AmaA o o &4
4 e A JJr'vﬂ] AR &1
=]

275t e E A7} 1

= A28 4= 9.

of

=
h=

317 o

%
1
QF

A &4
o FEY

L oN mlo

I

s
=

{0

ol

4 AR T vhol 22 A 4

41923
228 AC EkALO

MOuGAE 7|9 MOGAS] 48 &% 98] MOGA
9} uGAZ} AE &A1) & o] tH(Coello and Pulido, 2001).

MOuGAE 2719 AT o 2 e](Population Memory)E
tod 22 2719 mehe AL o mefo H A5
Asta 9o} izt dagge £84& wolv, v

T E H A8 & FEE FA Hofof dth MOuGAS] &
<Figure 5>9} 70},

UF

npo] 22 A A &8 E(MOuGA)

o

{0

Of

ot o2 i ot

oo o

rr 3|:~

Select

N »  Micro-Pop |«

v

Replaceable
Population
Selection

v

Population

Crossover

Non-
Replaceable
Population

3

Mutation

r Y

Update
Replaceable
Population
3

No

| yes

Filter

I

External Memary
(Set of Parato Optimal)

Solutions

Figure 5. Multi-Objective Micro-Genetic Algorithm’s Flow

$44 74

T JHZGAAN AR EEE
PN
¢ 594 954 g3 A1, 1
V|-1- |D|)7]— Ht}. <Figure 6> <Figure 2>



508 A5 - A2

o EZE FAAE e Aot} 71 (Coello and Pulido, 2001)& AF-&-3HTE MOpuGAS] A TS
R R rjo] AR RGO R FEHT
Vi v v 1 8 v VI it vi2 2 v A vlEdf wAvks e ok wAEvt

HEgs FAHM 27] BYGe A o2 AEste] WAz}
5 ]J—?/]Qr A L7 MR oAt ZA T v e o
Figure 6. Chromosome Structure T FEA 9 HEE GFAAE AET A BT

Sol2E ATl AAE 27, Seveleisi] o 2

V5, v7,v8,vil, v12) = B9 A= A HA ¢ok7] ol 7} dojus FEL o] nlo]3E By, BT HT
Akl 022 YehtaL, Um A B4, v6, v9, v10)2] ¢ 2 vlo] A2 RS 743517 93 & AR s 4TS

1 0 1 0 0 1 1 0 0

EfE FAster Add ==so]7] o 12 Yehdt. gt
AR EEGOS FAA] 2L, v2, vi)e A £ A RAY W 2E 9 2A7ts BRGE AEE npo] 32 By
BT dol $8 271¢ HEF F 059 AA7 2AEH HHF
A As7h dojdtt. shA Rk, BAG vRef o wA LT} R
43 939 g 13 ATl E WA geh U FHE 5=
TR vt AT, A H Ao w4 o
T FAAE ALt A& 2BfolY B S AL, Jyue v vnge mas vnee SAR} Wl
o] & 3| ds}7] Y3l 7FsA Je T8 daE]E(Weighted Prim’s A gomA A AAs BALS 3, G 2 g
J;I—gtomhr;)j %thﬂ":]' A de ZE G FY AR 3} 2= 9l A F}
Weighted Prim 45 dgaa
SO MOGAE 1 Z824 £939 A3 47} EAsie, £ =
while V' - T # & do TAAE HE T, AQAT Fo] 274 o] BA 7} &
(v, u) < Min2T() AsHs Ao 2 714 3t
where v € T, u € VT 2 =EdMe BEUHE AEY S o] 838ty W3t a4
e e 0 o the e g Hgn EYRE AUNe AUe 99 44T F Fr
End Prim FAAE Y= Yt of FH FASH v Y9
o Hlu s Nt & 31 F ‘3erll A ] I R
o FnHZAA AR, AaA el 9ast 19 Faee, O AMHA SEnE 2 SRS ddsta, £ FE 2T A
T8 1 EAA seso gaevanay gy A% T FE R AMEA e “E “Hﬂq < ©]
T bl 9] o 7|2l B'o.2 o] 2e)7 GOl /HHIEHJ.O]E]- = &3 MAE st A4 AHE WS A8 A2 )
HA7MA =R HANRED ] TaE o} g e AUFS Ho ggwt s Tk A e FH £
AE-S YeERATh Min2TOE Tol 48 = E 9} v/-Tol| 4 a v A HuyeY 7z s FEYC AgE FAs o £
Aol A [aC(e)+5D(e)]Q Fto] Hart He on2 2= #e Zde FEE AT 2= A7t 2oe AL 1
ot} o ms 5

T e 5o, AgE s 89 &

t}. o, BE 27 W1 §715A 9 AAMEA S Ueith o, g BT EE FolA 4
hAgsTY, AeE 220wt e A% e EY ErhHdE) g

o

g TS 2 Aol )AL 4EH ZAE 9YEF EA
2 Hgst= Aotk F kA Y £ O8] Tt & & 2] 46 SRR AXR
A8 B =FAM e 4249 fAAE A9 o, g5 2H 3
Aoy w3 AeE 2oy} 2o dxg s 49 it 2 =g 2zt Aatel Edwo] AR o] d WA}
EEYE AT F YA Ho RO 2L EE FAT &+ A B S o] AAE 27} o] £3t}
917] W&o B} thakdt 52 %A "k o) maAAE T Y HE KA A Y9 F A
S Adgste] T A Aolo] GAAE wBsHE 2O F <Figure
id 2R 2e A 8 278 7>3 %B}._L% %Od_?iﬂ AAE 3 7Y R A
A Qoo & Mg gk, 1 AMA 7} oot 12, 10]
B =R d9 gFde BAsy] 98 2l vzg W00 2 Wasts Yol n <Figure 8>3} 2T}



\ 4

IR RN N KN EN BN EN kN
|°|°|‘I1i‘|'|°|*|
IR IR N IR N N N
[elelele [T T°]"]

Figure 7. Two-point Crossover Operator

¥

[elolefe] ele]]
eleofelel folof]

Figure 8. One-point Mutation Operator

47 BRAAL

ko
oo

i o
o rr
Ko}

dlo

4n

A

Y

ol
<
RCA)
Ho
e

U}oi Eﬂ TAT F gle A 5ol
o] & BA3Y] A Foi7 T ZG)A Aed
YE AR RE BA R Eho 2 A subgraph(G)E 2
g ZGol 7N OVE}«] component & T4 F o] 91tk 72 com-
ponent AF0] 8] e ES 0] AT F RS Froto] AT ZHE Aol 9
LEE F718 0 M G'S connected graphZ THEA| F T}
B2 ol W A B E 9N 4349 7t5dE A T3
gt =5 E ]sﬂﬂ; = 9AZ e 12 BA 2T}
]1:]. 1:]-111- L= x]_}\] T
S ‘:—'J'JE} JJ/\ »Efol EdE LA 8
S EA O 153 e
TR el F3F =E
FAA L 002 BA 3

0 rlr

¢

X, ]
HU
e
1‘;

b

{ r

il S
2
1%, o
kﬂ

R
X

O

o
fr

kot

2 o

A
b
I
i |
ofN
T
=}
S

e L S L
Mo g

b

Iy

BT

=l

ofN SLomd Rt (r

Il
N
r>~
)
)
N
&’2‘ of
bt
tf
ok
_E

é
_I_4

2ol A vlol
29 950w
FAAEE 9l melo] AAe
R EEK:

At oy 2ef7t 7ks 2 A

AR BHdo] z1stEo] AT KA
2o A% H e FAAEA A =]
, 95 22 ¢
e o Fm R

= A4 07

il

509

S EEE EEERE R
SRR EEEEPEE RO
R RE ER EC I PERE
QA ExH FHE A28
e E 23 G g nael] 9l
$3T A4 AUELS 42 WAL ol $3H,

4 (3)& Abg-3he] AA 3t
m(i)= Y, (r—d(i,j))

JER;

R

=
°
A I 1 AN

i
b
N E
N

°

Hz
Ehid
=2
r\:\
ofx
An,
X

5o B
O

-

O

-

rol,

rlo

1

A2
b
=
_l_ux_, N
[
(X

zy

—
3
=

RN
i Blﬂf% Tz

i+ 98] A7} ol 3k
( g A sk A
m(i): Ak o) 24 7&1\

2
_>; r_

7t AR A a7 A 4 uA oo 9
2ysjol AL, AL} U5E S8 A4 e
A A W ool S8V} BrhE A2 ol AL, A
Agke] §AA7 LT FAAY HE5E AL ol
% AN AIAY F AL ol 8 2
oIt} 39 F77h Hhokatel sl A Ao =
1ol h2 Z7MA el A@ﬂﬂ%@ﬂﬁ%
bl avl, o] £F7} ol HE AR o] Aok, ¢

BEAA F5T B L S Z0] HobdA Bk

i
b4
rr
Ho
[
>
il
g
=t

i

[e2

o

1o i pit gL
to = o -
_Q,

49 AN 2 BA

29 W Be A 488 vho] 22 B W] £33
3 $99 de WElE 5ol oy vlndo A4e
A7Vs BHDY FAAE Fo 298 o] A= e #
S ARIE £104 59 Bele) Ftel f
CEE RS

Mo aE BAUE Ae £o RYUolH, 1 A 29 B
A%l askakn, ool 22 RN S48 A8 A ¥
oS AN WA 2w e A5 5 1
sbll Btk meb Y9 W2 s A% ARt 31845
2B 2 A58 052 Reahl 90, 124 vol2
2R AAE FL 8 H 1 A5 E A4 Fel.

2419 H1el9) R€ 9 Sol dske 52 o A
& 23} B2 75 Ao] YA, LA} vl Rel§ Fof A
o A7} HE A S BATL, b o B T

i e
4 X R T

5. A¥

e

H57h

50 A9 87

B =8-S MOGAS A% AL Aekst g 7] W&ol 5L &



510 AA 3} -

YL T4 0 F MOGASH MOLGAS Hl i #4151 th.

Ao AHE FA19 TYZE <Table 1>3 & S 2
=YY 92 1Yz 4o ME TE 10719 1Y
2= AAete A BRI, £A4 19 HafA = 103] 9
AEE ST 2 ol A 9wl &3 AAAZEE 1000 4] 3004}¢]
AT e TR AT

Table 1. Problems

number number of
Problem of nodes destination nodes number of edges
1~10 100 10 400

H =R oA MOGAS MOuGA 25 L&A 24 1
E fA7 ¢ugEs 483t 4% B4E st =3
MOGAY EX- Y & NI, Mt 4 & G1o]gha & o), MOGAY
F A4k @A), Wol, ) (N1 * G1O|th. MOuGAd A &
A v 2g]e] 2718 M, vpo] 22 BT 5 N2, vpo] 32
ERSY AthTE mG, A A& G2eta & v, MOpGA
oA & A @A, Mol HA)E (N2 *mG * G2)7} ©}.
£, (NL*G)F N2*mG *G2)7} Z2TH, 7 ¢85 22
AT E AYetEE 58 A 7ho] 2T & < gl

Ao Ao A wAYFSS E3E O A ¥tk 1 o]
e sk FAATE A8 E writ MOGASF MOpGA 257
oA LT AAE 817 ol x3A Yots FHs}]
) Zo|t}. webA B =24 EM = 100, N1 = 100, G1 = 1000,
N2 =4, mG =25, G2 = 1000 2. 2 90| g S A sqch =
& MOuGAY A WA E7F E-TE-E M| 10%<] 1002 44
sttt

52 A3 24

<Table 1>9] A& T2 T2 tf 3 MOGAY] 3 &} MOy
GAY & YRl A o] <Figure 9>~ <Figure 18>0| T}

Z2te] s 5 HEHNAE EFf9 ¥ W& F ARALE
oJujste X&2 Wl &5 YFE AN UYepdt). 7 A 3t
@ = MOGAY] 3|5 UER) Y, m= MOuGAY 315 Jepdth

3500
3000
2500
2000

1500

1000
1500

2000

Figure 9. Pareto Optimals of Problem 1

2500 3000 3500

ok

A<

3500
3000
2500
2000

1500

1000 -

1500 2000 2500 3000 3500

Figure 10. Pareto Optimals of Problem 2

2000

3500

3000

2500

2000

1500

1000

1500 2500 3000 3500

Figure 11. Pareto Optimals of Problem 3

1000 -

1500 2000 2500 3000 3500
Figure 12. Pareto Optimals of Problem 4

3500

3000

2500

2000

1500

3500

3000

2500

2000

1500

1000

1500 2000

Figure 13. Pareto Optimals of Problem 5

2500 3000 3500



4000

3500

3000

2500

2000

1500

1000

1500 2000 2500 3000 3500

Figure 14. Pareto Optimals of Problem 6
3500
3000
2500
2000

1500

1000

1500 2000 2500 3000 3500

Figure 15. Pareto Optimals of Problem 7

3000

2500

2000

1500

1000

1500 2000 2500 3000 3500

Figure 16. Pareto Optimals of Problem 8
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Figure 17. Pareto Optimals of Problem 9
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Figure 18. Pareto Optimals of Problem 10
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Figure 19. Pareto Optimals of Problem 1~1
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Figure 21. Pareto Optimals of Problem 1~3
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Figure 22. Pareto Optimals of Problem 1~4
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Figure 23. Pareto Optimals of Problem 1~5
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Figure 24. Pareto Optimals of Problem 1~6
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Figure 25. Pareto Optimals of Problem 1~7
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Figure 26. Pareto Optimals of Problem 1~8
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Figure 27. Pareto Optimals of Problem 1~9
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Figure 28. Pareto Optimals of Problem 1~10
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Table 2. Running Time

oroben Running Time(hour)
MOy GA MOGA
1 8.913676 8.915932
2 9.05665 8.621201
3 9.053411 9.232665
4 9.09569 9.523288
5 9.04132 9.710223
6 9.125538 9.425824
7 9.060945 9.352319
8 9.091836 9.062905
9 9.077075 8.964106
10 8.870752 9.474725
Average 9.038689 9.228319
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