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ABSTRACT

This thesis presents a new scheme for improve performance of multicast routing
with genetic algorithm to find the multicast tree. In traditional genetic algorithm, which is
used to solve this problem does not consider the order of chromosome. So it causes
genetic algorithm spend more time than it should be. By the method of reorderation of
network node before sending to genetic algorithm can help the genetic algorithm to find

the solution with less generation and computation time.
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Evaluate P(t);
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while not terminate
begin
b= bl
/1 KavdanlasTulausuuuuannusznsfuneu
P'(t) := Selectparents P(t-1);
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Recombine P'(t);
/1 Fowmdulastulaasiuiuy
Mutate P'(t);
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Evaluate P'(1);
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end;
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GA lugaGuurnied Holland  wuifludufindunedfuuundng (Simple  Genetic
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Algorithm: SGA) %Qﬁ%umuﬁugmwuni:mumﬂu’mnﬁnumdwiumsﬁnmmwwﬁﬂq

ustazdumauNsinuTes GA deufilymlunismAnmey uansdalaozunsulugl 2.5

utiseaniflu 2 doute FuwBznnisuastumauniaminay
ﬁﬂua*ulumumm%’um?ﬂuma‘ffuL{'Jumwnmnwﬂi"ugﬂuuwmﬂmuﬂﬁmmmu

dwmiunisiiaua GA tvallunsufilouiiug Usznauss

1. MAUANINTUANMMNNEAN NBAINNATANLA=IFaAINd Al udumaunIs

=

W9Usine azfuuaietnlywdmiueiunasassi@uaniswiAmeues SGA Ae

a '

Tymnismdngegaeasiaridy y=x? # x HArseudrsduauin 1[0,31] Fadu
Warduithvune Ae f=x?

o

wazn s et uAuMNIEaNAe F=x?

|
=i

dJ o oo = ' li'd i
TIANRBUNANGA A AT X NHANANNINNNZANGIAR (max(f))

2. muuagduuulasTulay guuulastulonaes sGA Wufluuuyluws? tnasnsn
wlsvizannsfiimedsasdomazgnulacieyluglaasluuwilasluloy Aedsznaudaaing
fldnflu 0 vide 1 FafluArluiaagiuass uazina1uena (Chromosome Length: Ichrom)

1 o é g o v o d”
ANUAIENIMUA TIuanssadyanenilineil

B, B, B,

lchrom

Bnadsiauuuluudleouwlatiminimed x e lugtluwits 5 3m (chrom
t ' i
= 5) avlulastulausesiioywiaziidiagludes 00000 e 11111 Tallenansiaudaasyinli
= o = y
x HA19glugae 0 De 31 muidaanis
. " . g
ludawssenuanidenduraunisinuees sGA anfuduneuiugudesduuy
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1. dszrin1sguinn (Old Population) (ugalastulaniiazgndaidenluifusuuoy

éﬂﬂ%’uﬂ%"mﬂi‘:mﬂ’l?fulﬁﬂ (New Population) 1Wa3mu1n1931 (generation: gen) sialy
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1 i k3
InedszansGusui gen = 0 argnaiaulasnisguauauaulastulenluusazsu

(Population Size: popsize) AN1MUA
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Ay TasTulaw

1 1 i
galaslulnnluiuGusiuiiiugalasiuloud

1 01110 .
Avus luusiaziulsznausian 4 Tastulan 34
2 11001 . R o
wiarlasTulauifaannisquanluun? o vie 1
3 01000 ,
U2 5 AFY
4 10011

2. JATITHAIANLUNIZ AN Lflu%umaummnflmﬂmTﬁmqngﬂuuutﬂﬁui‘wﬁ
nuualy Lﬁ'@ﬁ’wmmﬁhmwmm:aumuﬁqﬁ‘ﬁ'um'mmm:awmﬁrymmmum:
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A8

. AR
Ay Taslulan X
WMNIZAN
1 01110 14 196 palastulanluduiGusiuilen
2 11001 25 625 AN ANITY 196 |, 625 |
3 01000 8 64 64 WaT 361 AINATIAL
4 10011 19 361

.. :’a all o [ | a v .
3. meantaan WudureuidnaeduuunisAndannisssusAieaina mating pool
lnedAndengalaslulanfuifidulastulsuduunuvdelastulonne-us e ldais
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\wansansduiRenuAazARY (Probability of Selected Valued : pselect) Taausiazlnslulay

Tmuﬁwumwnﬁ%mmmm:au Lﬁﬂuﬁuwammmd’mmumm:ﬂuﬁmm AaANNIN 2.1

i

pselect , = F (2.1)

%ammmﬁ’mmﬁiﬂmmmmuﬁ’qdw:eﬁulﬁ (Expected Value : E) 2a1usazinsiulay

TuusiazusaunIf 2.2
E, = pselect, * p(:'l;!m':r:e=fL (2.2)
F

dmiasnsqulastulansuuuyaes SGA uuuudiassnisuyussdedasinuin
“(Roullet Wheel : RW) %qﬁ’mum‘nmmw‘iﬂ:‘ﬁﬂwmwé’@&umummmm@:Lﬂuﬁq:zﬁuiﬁ
luusazasreausaslastulan Seiiannsdel

(1) wiAAMuNzanTassaziaslulsy

(2) 'mﬁ"zmmmq:Lﬂuﬁ@:eﬁmiﬁ'LuLLﬁia:ﬂ;*qmaqLLﬁiﬂ:Tﬁi‘TuT**ﬂu

(3) WmNAgTay (@) 199AAinasTurausasTasTulaussanns? 2.3

q, =Z;=] pselect (2.3)
(4) a¥1uaguIUINaTa (1) Tenaglugae 0.0,1.0)

(5) WenlasTulaudiud r 3 r fdregsznin g, , usz q,

FINBEN : _ : : T = J
AIAIN ATAN RTUIUA RTUIUT
awiy Tastulan X wwzan deadl eends guld
(F) (pselect;, ) (E;) {70 RW
1 01110 14 196 0.157 0.628 1
2 11001 25 625 0.502 2.008 2
3 01000 8 64 0.051 0.204 0
4 10011 19 361 0.290 1.160 1
MU 1246 1.000 4.000
Aadn 312 0.250 1.000
AR 625 0.502 2.008

FaataNIsAINUAATIANUATEY Traf numa nATA NN s a T Ui UNR S Y

189ATAHIMENNTANYTINNA aziuladnluntsanidaniasiulgusuwuuann 4 Tastulayil
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Tanvafiazqulilaslulanandudl 1 densguusiazaianiniu 0.157 uazlaniafazguls
Tastulaudndud 2, 3, 4 santsguusiazafainfu 0.502, 0.051 uax 0.290 ANRFY LA

Sulaslulaufuuuuigaldlasdanaanismyuriesiil

asulasTuloy 1 2 3 4
ATANNLUNNEAN (F) 196 625 64 361
ﬂ"]mmﬂw:aﬂuﬁzﬁula’]’uﬁﬂ:ﬂg’q (pselect, ) 0.157  0.502  0.051 0.290
A azanANAtinaz iy (@;) 0157 0659 0710  1.000
afiaagulunmyuadeusiaza () 0.333  0.844 0456  0.128
ﬁ'}ﬁuim‘l‘,ﬂmuﬁ‘gnﬁfan(q,._l <r<q,;) 2 4 2 1

TalasTulaniiquldgnaiadulastulosfununly mating pool Tnedt TasTuland 1 gu

16 1 A%s TasTalanil 2 4uld 2 A5 TasTulond 3 4ulé 0 Afa (ligniden) Tastuled 4 qu

Y

v 1 [l ]
16 1 a%s aziiulddnTasTuleudadud 2 fAnaumunzaugefign Samunaaanudnesd

q

lamagnandanuiniige doulasTulauaniui 3 Tanasnumunzanssnasilaniaias

TignAnicenias

4. andlunismeiugamans udureuiiatassuuusssuafiniaiugnasy a6

o = o 3 d [ a o = = o ni:
ANUUNITNINNUTANARTVIBI SGA AD ﬂi‘ﬂﬂT'ﬂL‘)’ﬂﬁ‘LLﬂ:N‘]LWDu Tmﬂmwa:mammu

4.1 asedlanad Wudafunislunisuanildaudouaadastulauna-w
nunnsimuadnsAminanilusesnisasealained (Probability of Crossover: P ) e
aingalastulzuguludvielastulangn funeuntsinaufie
fumeuusn duduglastulname-uwilu mating pool fia¥s3annnisdaiden
Fupeuiaes - A58 2NAUINAT (1) TAregludae (0.0, 1.0] Taudn r < P, uan
TasTulauvie-wifiiedinnsasealenes

Tumeuiian - nraaleneflasuanuldsudouresslnsiulaumia-uidu Fantsaseals
95194 SGA ilun1sasealaefuuy 1 qm (One-point Crossover) WAAY
ﬁagﬂ‘ﬁ' 2.6 il
- duiRandiumis pos ilusumisfiazasealenes 31 pos HAnaglutog

[1, lchrom-1]
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ail i i & i 1 1 5 [ [l 4
- uanudsudluusariineesgiasiuloune-udsmausfiumiaf pos+1

04 lehrom TaazinliAaTasTulangniud 2 TasTuley

Almsiulay

WA-UN

Alasiulangn

d 1 d 2 D 3 dpus dpos+1 dlchrum
m; [m, M, Moos | Mposet Micheom
d 1 d 2 D 3 dpos mpos+1 "mlchmm

d

lchrom

( pos ﬁﬂﬁ’nmﬂdﬁ’c\juirﬁa pos € [1, Ichrom-1])

=i s
519 2.6 Arealavaiiuy 1 9n

o ] 1 [ = J i e o 1 ] i o
nuunsaraalanafluudazfusniunisivagiunisivuns P, dausnsinaiuly
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1 ol1fojoj1 0.581 0.401 0f1]1)0]1 13 169
2 11110 0.829  0.534| 0.947 | 0.308 | 0.277 11110 30 900
3 1]11{0]|0]1 0.398 1]11|0J0f1 24 576
4 10011 0.175] 0.335] 0.837 | 0.577 | 0.308 10011 19 361
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I
2
SGA Parameter
Chromosome length = 30
Maximum # of Generation = B0
Crossover probability (Pc) = 0.8
Mutation probability (Pm) = 0.033
Generation 0
# Chromosome Decoded Value Fitness Value
1) 100101000110111111001001011100 622588508 0.00430
2) 010010000010111000100001111001 302745721 0.00000
3) 011010111011101001001011110110 451842806 0.00017
4) 011001110100110110000000110101 433283125 0.00011
5) 100010100111001011010010001011 580695179 0.00214
6) 110110000000000001101001011101 905976413 0.18288
7) 100001010101101000111110100110 559320998 0.00147
8) 000111111011000010001010111010 132915898 0.00000
9) 110001000100011000110000111011 823233595 0.07018
10) 010110100111100010010011101100 379462892 0.00003
11) 000110011110011101011010010001 108648081 0.00000
12) 110111001110110011111100011001 926629657 0.22912
13) 000101110000010001000001111111 96538751 0.00000
14) 001001011010110101010110001100 158029196 0.00000
15) 010010000101011011000111100110 303411686 0.00000
16) 111001011000101100100100101000 962775336 Q"J E
17) 110111000100011011010000110000 923907120 0.22248
18) 110011110110110010010001000001 869999681 0.12195
19) 111001010000000110011100100010 960522018 0.32815
20) 011001111100011000011011010011 435259091 0.00012
21) 011000111001110111100000100001 417822753 0.00008
22) 100101011111000100000100111111 628900159 0.00475
23) 000001100101001011111010001110 26525326 0.00000
24) 010100101100111100100111001100 347326924 0.00001
25) 100101001011011001001100011100 623743772 0.00438
26) 110110000110111001011111001101 907777997 0.18655
27) 011010110100001101110101111001 449895801 0.00017
28) 011110001011110100010011110011 506414323 0.00054
29) 001111111011100011011100011110 267269918 0.00000
30) 111001000100010011101111000001 957430721 0.31774
Note: maxF = 0.33593
minF = 0.00000
avgF = 0.06711
sumF = 2.01327
nmuta = 0
ncross = 0

a) Yawnsiui 0

- . . e . s
7U% 2.8 nan1minaure SGA lunnswsngegaaasiaidu y=x"in=10 +
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# Parents Posl Pos2 Chromosome Decoded Value Fitness Value
1) [16,30) 11 30 111001011000010011101111000001 962673601 0.33558
2} [16,30] 11 30 111001000100110100100100101000 957565224 0.31819
3) [30,12) 3 30 111111001110110011111100011001 1060847385 g 20
4) [30,12) 3 30 110001000100010011101111000001 823212993 0.07017
5} 19,19) 13 30 110011000100011000110000111011 856788027 0.10465
6) [9,19) 13 30 111001010000000110011100100010 960522018 0.32815
7)) [9,30) 5 30 110001000100011100110000111011 823249979 0.07020
B) [9,30] 5 30 111001010100010011101111000001 961625025 0.33194
9) [30,16) 10 30 111101000100101100100100101000 1024641320 0.62621

10) [30,16) 10 30 101001011000010001101111000001 654229953 0.01277

11) [26,9) 28 30 110110000110111001011111001101 907777997 0.18655

12) [26,9) 28 30 110001010100011000110000111011 B27427899 0.07384

13) [19,9) 22 30 111001010000000110010100111011 960521531 0.32815

14) [19,9] 22 30 110011000100011001110000100010 856792098 0.10465

15) [12,30) 6 30 110111100100110011101111000001 932395969 0.24378

16) [12,30) 3 30 111001001110110011111100011001 960164089 0.32700

17) [16,16] 26 30 111001011000101100100100101000 962775336 0.33593

18) [16,16] 26 30 111001011000101100100100101000 962775336 0.33593

19) 1[6,17] 6 30 110110000100011011010000100000 907129888 0.18522

20) [6,17) 6 30 110101000000000001101001011101 889199197 0.15170

21) [16,19]) 21 30 111001011000101100100100100010 962775330 0.33593

22) [16,19] 21 30 111001010000000110011100101000 960522024 0.32815

23)  [9,30] 11 30 110001000100010011101011000001 823212737 0.07017

24)  [9,30] 11 30 111001000100011000110000101011 957451307 0.31781

25) [17,12) 8 30 110111001110110011111100011001 926629657 0.22912

26) [17,12] B 30 110111000100011011010000110000 923907120 0.22248

27) [16,16) 23 30 111001011000101100100100101000 962775336 0.33593

28) [16,16) 23 30 111001011000101100110100100000 962776352 0.33594

29) [9.9] 4 30 110001000100011000010000111011 823231547 0.07018

30) (9,91 4 30 110001000100011001110000111011 823237691 0.07019

Note: maxF=0,88620, minF=0.01277, avgF=0.25576, sumF=7.67270, nmuta=22, ncross=12

# Parents Posl Pos2 Chromosome Decoded Value Fitness Value
1) [9,27) 11 30 111101000100101100100100101000 1024641320 0.62621
2) [9,27) 1t 30 111001011000110100100100101000 962808104 0.33605
3) [28.,4) 3 30 111001000100010011101111000001 957430721 0.31774
4) [28,4) 3 30 110001011000101100110100100000 828558624 0.07486
5] [3,21) 13 30 111101001110110011111100011001 1027292953 0.64261
6) [3,21) 13 30 111001011000101100100100100010 962775330 0.33593
7}y [3,28) 5 30 111111001110110111111100011001 1060863769 0.88633
B) [3,28) 5 30 111001001000101100110100100000 958582048 0.32158
9) [27,9) 10 30 111101011000101100100100101000 1029884200 0.65900

10) [27,9]) 10 30 101101000100101110100100101000 756214056 0.03002

11) {22,3] 28 30 111001010000000110011100101000 960522024 B

12) (22,31 28 30 111111011110110011111100011001 1065041689 0.

13) [21,3] 22 30 111001011000101100101100011001 962775833 0.

14) [21,3] 22 30 111101001110110010111100100010 1027288866
15) [3,28] 6 30 111111111000001100110100100000 1071697184

16) [3,28] 6 30 111001001110110011111100011001 960184089 0.32700
17)  [9,6] 26 30 111101000100101100100100100010 1024641314 0.62621
18) [9,6] 26 30 111001010000000110011100101000 960522024 0.32815
19) [2,13] 6 30 111001010000000110010100101011 960521515 0.32815
20) [2,13] 6 30 111011000100110100100100101000 961119656 0.44902
21) [9,21) 21 30 111101000100101100100100100010 1024641314 0.62621
22} (921 21 30 111001011000101100100100101000 962775336 0.33593
23) [3,28] 11 30 111111001110101100110000100000 1060817952 0.88595
24) [3,28) 11 30 111001011000110011111100001001 962805513 0.33604
25) [15,3] 8 30 110111101110110011111100011001 935018265 0.25073
26) [15,3] 8 30 111111000100110011101111000001 1058225089 0.86453
27) [9,9] 23 30 111101000100101100100100101000 1024641320 0.62621
28) [9,9] 23 30 111101000100101100110100100000 1024642336 0.62622
29) 3,3} 4 30 111111001110110011011100011001 1060845337 0.88618
30) (3,31 4 30 111111001110110010111100011001 1060843289 0.8B616

Note: maxF=0.98112, minF=0.03002, avgF=0.52742, sumF=15.82267, nmuta=22, ncross=12

b) $¥amnmsiudd 1 uas 2
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# Parents Posl Pos2 Chromosome Decoded Value Fitness Value
1) [15,15]) 26 30 111111100110110011110110000000 1067138432 0.94018

2) [15,15) 26 30 111111101110110011110110000000 1069235584 0.95882

3) [2,28) 2 30 111111101000110010110000010001 1067658257 0.94477

4) [2,28) 2 30 101111101000110011111100000001 799227649 0.05220

5) [16,15) 18 30 111111111110100100110110000000 1073368448

6) [16,15) 18 30 111111101110010011101100100001 1069103905 0.95764
T [5,9] 8 30 111111001100100100100110000000 1060260224 0.88130
B) [5,9) 8 30 111111111110000100000111001001 1073234377 0.99528
9) [20,18] 4 30 111111101110010011111101111011 1069105019 0.95765
10) [20,18] 4 30 111101101110100100101000001001 1035618825 0.69663
11) [16,15] 18 30 111111111100110100110110000000 1072909696 0.99228
12) [16,15] 18 30 111111101110110011101100100111 1069234983 0.95881
13) [11,18] 5 30 111111100110100110100110000001 1067084161 0.93970
14) [11,18] 5 30 111111101110010011111101111001 1069105017 0.95765
15) [16,5]) 27 30 111111111100000100101100100001 1072712481 0.99045
16) [16,5] 27 30 111111101110100100000100001001 1069170953 0.95824
17) [16,9] 8 30 111110111100100100100110000000 1056065920 0.84705
18) [16,9]) 8 30 111111111100100100101100100001 1072843553 0.99167
19) [S5,1 9 30 111111101110110011111100000001 1069235969 0.95882
20) [5,1] 9 30 111111101110100100000110011001 1069171087 0.95824
21) [10,15) 26 30 111011111110100100101101000000 1006259008 0.52252
22» [10,15) 26 30 111011101110110011100110000001 1002125697 0.50144
23) [15,11)] 25 30 111111101110110011010110000000 1069233536 0.95880
24) [15,11] 25 30 111111101110100110100110000001 1069181313 0.95833
25) [5,1] 9 30 111111101110110011111100010001 1069235985 0.95882
26) [5,1] 9 30 111111101130100100000110001000 1069171080 0.95824
27) [16,18] 5 30 111111101110010011111101111001 1069105017 0.95765
28) [16,18] 5 30 110111111100100100101101100001 938625889 0.26057
29) [5,16] 15 30 111111101110100100101100100101 1069173541 0.95826
30) [5,16]) 15 30 111111111100100000010110001001 1072825737 0.99150

Note: maxF=0.99653, minF=0.05220, avgF=0.86533, sumF=25.96001, nmuta=31, ncross=13

# Parents Posl Pos2 Chromosome Decoded Value Fitness Value
1) [14,14) 2 30 111111100110010011111101111001 1067007865 0.983903
2y [14,14) 26 30 111111101110010011111101111001 1069105017 0.95765
3y [2,27] 2 30 111111101110010010110001111001 1069100153 0.95760
4) [2,27] 2 30 101111101110110011110110000000 800800128 0.05324
5) [15,14]) 18 30 111111111110000100111101111001 1073237881 0.99532
6) [15,14) 18 30 111111101110110011101100100001 1069234977 0.95881
7y  [5,8] 8 30 111111011110000100000111001001 1064845769 0.92017
8) [5,8] B8 30 111111111110000100110111000000 1073237440 0.99531
9) (19,17) 4 30 111110111100100100100110000010 1056065922 0.84705

10) (19,17) 1 30 111101101110110011111100000001 1035681537 0.69705

11) [15,14] 18 30 111111111100010100111101111001 1072779129 0.99107

12) [15,14] 18 30 111111101110020011101100100111 1069103911 0.95764

13) [9,17} 5 30 111111100110010011111101111011 1067007867 0.93903

14)  [9,17] 5 30 111110111100100100100110000000 1056065920 0.84705

15) [15,5] 27 30 111111111100100100101100100000 1072843552 0,99167

16) [15,5] 27 30 111111111110100100110100000001 1073368321 0.99653

17) [15,8] 8 30 111110111110000100000111001001 1056457161 0.85020

18) [15,8] B 30 111111111100000100101100100001 1072712481 0.99045

19) [6,1] 9 30 111111101110110011110110010000 1069235600 0.95882

20) [6,1] 9 30 111111100110010011101100110001 1067006769 0.93902

21) [9,14)] 26 30 111111111110010011111101111001 1073299321 0.99589

22) [9,14] 26 30 111011101110010011101101111011 1001995131 0.50079

23) [14,9) 25 30 111111101110010011011101111001 1069102969 0.95763

24)  [14,9] 25 30 111111101110010011111101111011 1069105019 0.95765

25) [5.1) 9 30 111111111110110011110110000000 1073429888 ; 71L

26) [5,1] 9 30 111111100110100100110110000001 1067076993 0.93963

27y [15;17] 5 30 111110111100100100100110000000 1056065920 0.84705

28) [15,17) 5 30 110111111100000100101101100001 938494817 0.26021

29) [6,15]) 15 30 111111101110010100101100100101 1069108005 0.95767

30) [6,15) 15 30 111111111100000111111100100001 1072725793 0.99058

Note: maxF=0.99710, minF=0.05324, avgF=0.8729%0, sumF=26.18689, nmuta=31, ncross=13

) Yaunmsiui 16 uax 17
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nstauusAtdnraenisioadulmidy 1 wnauda Agald SGA  Wulaadeau taa
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Anqaldianduaudaluives 12 fuvinii dalugia 2.16(g)

d [ = o "
A15190 2.2 nMeiamue SGA mnTimefiFuuifisunan1snnulun1smAgagazes

Warfdu y=x"An=10

AU | Aquausunialy | nasAvumRn
PR Pe P, P Tastulangwdn | nsmsealenef | deflowmdu
(# best) (pt. Cross) (fix value)
2.16-a | 0.8000 | 0.0000 | 0.0000 0 1 0->1 uaxz 1->0
2.16-b | 0.8000 | 0.0333 | 0.0000 0 1 0->1 uagy 1->0
2.16-¢ | 0.8000 | 0.0333 | 0.0C00 0 2 0->1 uwaz 1->0
2.16-d | 0.8000 | 0.0333 | 0.0000 1 2 0->1 waz 1->0
2.16-e | 0.8000 | 0.0333 | 0.0000 4 2 0->1 uaz 1->0
2.16-f 0.8000 | 0.0333 | 0.3000 4 2 0->1 uae 1->0
2.16-g | 0.8000 | 0.0333 | 0.3000 4 2 0,1->1
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popsize = 30 Pc = 0.8 #best = 0 popsize = 30 Pc = 0.8 #best = 0
chro_len = 30 Pm = 0.0 pt_crs = 1 chro_len = 30 Pm = 0,033 pt_crs =1
max_gen = 30 Pi = 0.0 fix_val = 2 max_gen = 30 Pi = 0.0 fix_val = 2
generation max average min generation max average min
0 0.70749 0.09471 0 0 0.43298 0.04906 0
1 0.70749 0.42783 0.11111 1 0.43308 0.18852 0.00008
2 0.71468 0.55239 0.23296 2 0.81567 0.29894 0.00004
3 A 3 0.87917 0.39725 0.00017
4 0. 0. 4 0.87917 0.53188 0.00017
5 0.71472 0.66739 0.36243 5 0.97869 0.63206 0.000865
6 0.71468 0.70856 0.7066 6 0.97867 0.67935 0.00008
7 0.7149 0.70927 0.70731 7 0.97867 0.72485 0.00007
8 0.7149 0.70904 0.70731 8 0.97867 0.61631 0.00065
9 0.71468 0.70849 0.70731 9 0.97869 0.62996 0.00033
10 0.72193 0.70821 0.70037 10 0.99679 0.67665 0.00065
11 0.72193 0.70826 0.70727 11 0.99679 0.76617 0.0009
12 0.71468 0.70773 0.70727 12 0.9974 0.78496 0.0009
13 0.70776 0.70753 0.70731
14 0.70794 0.70754 0.70731 14 0.99862 0.79154 0.00016
15 0.70794 0.70757 0.70731 15 0.99862 0.84542 0.00097
16 0.7079%4 0.70757 0.70731 16 0.99862 0.8435 0.00077
17 0.70794 0.70758 0.70731 17 0.99862 0.83287 0.00097
18 0.70794 0.70756 0.70731 18 0.95925 0.79465 0.00074
19 0.70776 0.70753 0.70731 19 0.97823 0.88375 0.0009
20 0.70776 0.70756 0.70731 20 0.99648 0.87305 0.0009
21 0.70776 0.7076 0.70731 21 0.96113 0.73022 0.00077
22 0.70776 0.70761 0.70731 22 0.96113 0.73475 0.000%
23 0.70776 0.70761 0.70749 23 0.97959 0.78115 0.00077
24 0.70776 0.7076 0.70749 24 0.9582 0.79107 0.00077
25 0.70776 0.70759 0.70749 25 0.95866 0.69329 0.00056
26 0.70776 0.70754 0.70749 26 0.95866 0.6988 0.00039
27 0.70776 0.70752 0.70749 27 0.95893 0.71553 0.00077
28 0.70776 0.70752 0.70749 28 0.95853 0.74432 0.00074
29 0.70776 0.70752 0.70749 29 0.99557 0.71986 0.00073
30 0.70776 0.70751 0.70749 30 0.99557 0.67322 0.00013
(a) (b)
popsize = 30 Pc = 0.8 #best = 0 popsize = 30 Pc = 0.8 #best = 1
chro_len = 30 Pm = 0.033 pt_crs = 2 chro_len = 30 Pm = 0.033 pt_crs = 2
max_gen = 30 Pi = 0.0 fix_val = 2 max_gen = 30 Pi = 0.0 fix _val = 2
generation max average min generation max average min
0 0.9791¢ 0.12466 0 0 0.63974 0.07857 o]
1 0.97925 0.49422 0.00094 1 0.64312 0.30245 0.00039
2 0.97921 0.56689 0.00093 2 0.9439%9 0.48589 0.02169
3 0.98007 0.78508 0.00041 3 9.9555 0.61641 0.00076
4 0.97928 0.76774 0.00092 4 0.8555 0.6941 0.15766
5 0.98056 0.77113 0.0316 5 0.95948 0.71667 0.32288
6 0.9804 0.71125 0.00049 6 0.95948 0.67251 0.03402
7 0.97536 0.66249 0.0004 i) 0.95948 0.67203 0.15584
8 0.97904 0.71912 0.03645 8 0.95976 0.73793 0.15584
9 0.99478 0,74335 0.0544 9 0.96066 0.76729 0.03473
10 0.98791 0.76997 0.05061 10 0.99809 0.63443 0
al § 0.99822 0.81854 0.04908 11 0.99809 0.69008 0.00065
12 0.99823 0.87496 0.0543 12 0.99893 0.75211 0.05262
13 0.99822 0.82192 0.05367 13 0.99893 0.74185 0.00003
14 0.99761 0.81145 0.05377 14 0.99893 0.72603 0.00005
15 0.99828 0.74479 0.04897 15 0.99883 0.73361 0.0009
16 0.98858 0.60484 0.00055 16 0.99908 0.6821 0.04692
15 0.98858 0.58893 0.00017 17 0.959948 0.70679 0.0009
18 0.99827 0.73856 0.00013 18 0.99948 0.759324 0.17931
19 0.98888 0.6916 0.00058 is S0.895927 1 0.82338 0
20 0.98858 0.69158 0.00018 20 0.99952 0.72442 0.00083
21 0.98861 0.65461 0.00017 21 0.99992 0.82453 0.48038
22 0.99827 0.68135 0.00069 22 0.99992 0.90255 0.52156
23 0.99859 0.865 0.04504 23 0.999%2 0.84737 0.00097
24 0.99827 0.82567 0.00091 24 0.99992 0.6834 0.00097
2358 d 5610 % R 25 0.99992  0.77486  0.03421
7 0. 0 26 0.9999%2 0.62282 0.02279
27 0.99342 0.81871 0.00016 27 0,99992 0.83256 0.00093
28 0.99342 0.82807 0.00069 28 0.99992 0.90506 0.21408
29 0.99342 0.89397 0.05517 29 0.99992 0.93018 0.25433
30 0.99339 0.87325 0.05374 30 0.999952 0.73846 0.00051
() (d)
al ° ' o " p
5% 2.12 nansinulneagyaes GA lumemiegegaaasilendy y=x" in=10
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popsize = 30 Pc = 0.8 #best = 4 popsize = 30 Pc = 0.8 #best = 4
chro_len = 30 Pm = 0.033 pt_crs = 2 chro_len = 30 Pm = 0.033 pt_crs = 2
max_gen = 30 Pi = 0.0 fix_val = 2 max_gen = 30 Pi = 0.2 fix_val = 2
generation max average min generation average min
0 0.81716 0.1011 0 0 0. 0.09576 0
1 0.81716 0.41909  0.00029 1 0. 0.52266  0.0014
) 0.9572 0.60992  0.00053 2 0. 0.62949  0.00001
3 0.9572 0.68155 0.00084 3 0. 0.66078  0.0004
4 0.9572 0.68188  0.00031 4 0. 0.67828  0.00001
5 0.9572 0.66324 0.00084 5 0. 0.70916 0.00001
6 0.95748 0.69604  0.00031 6 0. 0.71433 0
7 0.98598  0.7519 0.00039 7 0. 0.73986 0
8 0.98599 0.77122 0.05314 8 0. 0.84169  0.00093
9 0.98599 0.77277 0.05311 9 0. 0.81042  0.05478
10 0.99933 0.77363 0.00018 0. 0.89854  0.05481
11 0.99933 0.77138  0.05617 0. 0.87857  0.05548
12 0.99994 0.79869 0.0478 0. 0.78099  0.00096
13 0.99998 0.76835 0.00089 0. 0.81873  0.00096
14 0.99998 0.79505  0.00096 0. 0.89835  0.00094
15 0.99998  0.82649  0.00098 0. 0.93273  0.00093
16 0.99998  0.92317  0.05489 0. 0.7861 0.00093
17 0.99998 0.91168  0.05242 0. 0.91525  0.25521
18 0.99998 0.82499  0.00094 0. 0.90106  0.23679
19 0.99998  0.83259  0.00084 0. 0.90851  0.00094
20 0.99998 0.90017 0.00088 9. 0.90279  0.00092
21 0.99998 0.81041 0.00064 0. 0.95773 0.7244
22 0.99998 0.8187 0.00085 0. 0.90139  0.04834
8 0. 0.87324  0.00097
24 0.99999  0.93983  0.52102 0. 0. 0.00097
25 0.99999  0.52311  0.00026 2!
26 0.99999  0.89821  0.0559 -
27 0.99999  0.9293 0.05513 27 1 0.83699  0.00024
28 0.99999  0.83865 0.00097 28 1 0.93298  0.49712
29 0.99999 0.8573 0.0008 29 1 0.94088 0.52436
30 0.99999 0.73417 0.00071 30 1 0.89647 0.00098
(e) (£)
popsize = 30 Pc = 0.8 #best = 4
chro_len = 30 Pm = 0.033 pt_crs = 2
max_gen = 30 Pi = 0.2 fix_val = 1
generation max average min
0 0.98489  0.14726 0
1 0.99117 0.80128 0.21662
2 0.99117 0.85199  0.45021
3 .9996 0.85631  0.00716
4q .9996 0.91723  0.59326
5 .9996 0.9075 0.716%6
6 .9996 0.889%48  0.3635
7 .99969 0.90864 0.37115
8 .99969  0.90595 0.81984
5 .99969  0.95015  0.82022
0 ,99969  0.95688  0.3139
85 0.96604
13 1 0.97308  0.52446
14 1 0.97066  0.48745
15 1 0.93128 0
16 1 0.96652  0.34267
. 17 1 0.99573  0.92457
18 1 0.96488  0.00018
19 3: 0.99975  0.99756
20 1 0.9999 0.99969
21 1 0.99708  0.94293
22 1 0.99473  0.9383
23 1 0.99295  0.94293
24 1 0.9564 0.05486
25 1 0.99613  0.98064
26 1 0.99742 0.98064
27 1 0.99749 0.92457
28 1 0.99246  0.92456
29 1 1 3
30 1 1 1

(g)

gﬂﬁ 2.12 (@)
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3.2 tfwn1suidunneuluL Multicast
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multicast tree
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iy > C(e) e cost Amign
eeT
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wnaziuald n=|V| uaz m=|s| lanRluuafieglu § azgniEFundn multicast

group member WAL m ATUNIEDITUNATBY multicast group WA A aziFundn delay
bound e m flAndu 1 ﬁuwmammdflﬁmmmmmq:qnammmmmn multicast 1y
unicast wafteaadutiymiuuy NP-complete Btjiduisia

Tree finsvansanntuuadunng s damaraqmuntatenne § wazidliauaunis
(1) R¥i3und1 constrained multicast tree 38NI17UVY heuristic ﬁl"ﬁuﬁﬂmmuuu delay-
constrained multicast routing vhu ardpaanunsomiduniegananalé fnnelueadnatiy
fidunnaiier uaziBnmsuuy heuristic AisrAnsnmazdasldinardenlunsnduni

. -l oy e
WU multicast LazasFiaaIunsnaing tree NHA1 cost Ala

3.4 SAnasTuMldmIAuIuY Multicast
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Constrained Routing Algorithm (CRA)[2], CKMB Algorithm[3] wa< Genetic Algorithm
(GA41516] Taelu 2 danesnuusnaylduuaAauuL heuristic

3.4.1 CRA Algorithm([2]
Aaufiaznaniile CKMB  Algorithm  1s1avfiaaninAanaidnla CRA  Algorithm  nau

J | L - of i i =1 L -
Hagan CRA iusanginunaniiazldlu ckme 1ae#l CRA ludanesnuaznena iy
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dumalunisnszanadeyaaintmasimna s ldiduuadareniaunstvun (Feynivuadn
Fwld1g) feglu s wazianildantuussunielufalnuntaianisardeiifunaii

Avun Irudaneivinees CRA AsuanfagLi 3.4

Procedure CRA(s, S, A, C, D)

/* s is the source node, S is the set of destination nodes. A is the bounded delay.
The network is represented by its cost adjacency matrix C with C(i,3j) being the cost
of the link (i,j) and by its delay adjacency matrix D with D(i,j) being the delay of
the link (i,3j). Both C(i,j) and D(i,j) will be set to 1 in case the link (i,j) is not
in E. For i=j, C(i,j) and D(i,j) are set to 0. The nodes of the network G(V,E) are
numbered 1 through n. */

boolean S(1l:n); real CST(1l:n), DLY(1l:n);

/* The set of nodes V is divided into two subsets, namely the set of already computed
nodes and the set of nodes to be computed. If S(i)=1, node I is then an already
computed node and the cost and delay of the computed path from the source s to i are
given in CST(i) and DLY(i) respectively. S(i)=0 means node i has not been computed
vet. */

integer u, i, w; real vc;

begin (1)
/* initialize the set of already computed nodes to empty */
for i «1 to n do (2)
S(i) « 0: (3)
if D(s,i) < A (4)
then CST(i) «C(s,i) and DLY(i) «D(s,1i); (5)
else CST(i) <1 (6)
end if (7)
end for (8)
/*s is the first computed node */
S(s) «1; CST(s) « 0; DLY(s) « 0; (9)
/* compute paths */
while there are nodes in S which have not been computed yet do (10)
choose u such that CST(u) =min{CST(w)} for all 1 € w < n and S(w)=0; (11)
if CST(u) is o« then break; end if (12)
/* u is a new computed node */
S(u) « 1; (13)
/* update costs and delays */
for all w with S(w)=0 do (14)
if DLY(u) +D(u, w) < A then (15)
ve + CST(u) +C(u, w): (16)
if ve < CST(w) then (17)
CST (W) <« vc; (18)
DLY (w) ¢« DLY (u) +D{(u, w); (19)
End if (20)
end if (21)
end for (22)
end while (23)
prune those leaf nodes in the resulting tree that are not in 3; (24)
end (25)

51l91 3.4 CRA Sane3iin
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fusniiranuduiaaiy Dijkstra's shortest path algorithm i31aza1nsaidnla CRA

A 1 i 1 1 i - -
algorithm  lugilfi 3.4 IFededrwany Aeluiitsnaxldgui 3.6 lunisedunedsnisaing
multicast tree anAradnelugi 3.5 Tneld CRA algorithm  uaziAtuualilnuasiumig

s=7 Wuatanenie S =1{2,3,5) uaz A =9.0 laadaBnnassi

(2.8,2.2)

(3.1.3.5)

Figures along links are (cost. delay)

A ar I 1
519 3.5 saethaezadiuauin 8 Iuus

1 Tyus 7 Sduniedignunsodenselusitvusauls 3 Wunnanlduanliiny A A

(7->1), (7->5) WA (7->8) TailA1 cost il 3, 10 uaz 2.1 ANAIAL L{UN (7->8)
gnidenilesannilen cost srfigarie 2.1 Faru Tuum 7 uae 8 axfedndluluuniign
RANTUUAT uazarld tree Aaua mﬂugﬂﬁ' 3.6(a) uax 3.6(b)

2 Tyus 7 ez 8 Sfunnefianunsadenseludauunauld 4 dunneiildinanliifu
A Aa (7->1), (7->8->3), (7->5) UL (7->8->6) “ﬁqﬁﬁh cost 1l 3, 10.1, 10 uax
4.1 FwANFU e (7->1) griteniitesannilen cost Anfigee 3 Fasdos Tum 1
asfadnfhiluuafigniansanuds uazagld tree ﬁauamlugﬂﬁ' 3.6(c)

3. v 1, 7 uas 8 Tidunnefiaunsodauseldamuniuld 3 dumnadi e

S

Wu A Ae (7->8->3), (7->5) uae (7->8->6) TailA1 cost 1114 10.1, 10 uaz 4.1

al )

] ] H v
FANATAY 1Eung (7->8->6) gnidanifiesannilan cost anfigane 4.1 Ay uua
6 ardeduflulnuafigniansanuda uazazldl tree fuanslugin 3.6(d)

4. Twum 1,6, 7 uay 8 Tidumnananunsodanseludainuaduld 3 iduneildnaila

AU A A (7->8->3), (7->5) WAL (7->8->6->5) i@ cost 1w 10.1, 10 uaT 6.1
AANATAY 1EuNNa (7->8->6->5) gnianifiasainilAn cost snigane 6.1 fady

]
- ]

Tnun 5 azfiadnfuTuusiigniansanuds uazarls tree fauandlugiiil 3.6(e)
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5. Tua 1,5, 6, 7 uaz 8 fdunefiansodenselUdmadu s adumnadiond
Wialifiu A e (7->8->3) $ailAn cost 1flu 10.1 Faviu Tuua 3 axdednily
Tuum‘r’;gnﬁmsmmﬁq uazazld tree AauanslugLld 3.6(0)

6. wiaand tree  lianansoarasieldudo Tuusdarsynluuailailfidulvue
Uanumazgnimean anguil 3.6(f) azdiuinluua 1 fulnuaianedilild v

v v (] (]
Uaneme fadu rus 1 3agneiniie uazazldnadnsiiu tree Ruansagli 3.6(g)

(2.1, 1.5)

(a) (b)

(3.7)

(d)

3.7 3,7

(e) (H

@ N\
@2.2) (8, 6
: ©

= \&/
(2)

s=7. $={2,3,5} and A=9.0

al v ° o a
Eﬂ‘ﬂ 3.6 HRANTINNNITNIIIULEY CRA ’ﬂﬂn'ﬂﬁ‘ﬁu
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o’ [E i dl -3 1 J 1
Anuadnsnuandlugil 3.6 aziiudn tree Na¥1alan CRA a1aazliiannnsonszanyly

dlvﬂ

1 v 1
daynivuadanemsldduineluun 2 vendflidunmmainsaludatuun 2 1alaglid

|° ' ] o g L [ 4’ .
Lamiueey Tamanisaliinanilarldifatulu CKMB algorithm

3.4.2 CKMB algorithm[3]

dumauees CKMB aztsznaulidan 5 dunausaaiu lnadunauis 5 3§ azatuisn
A0 tree N8 s 1w root udanszanalufanguaesivuntlananie § 16 dauamelugy
<l ’:, - ° © e 4 s =l
3.7 ludunaui 1 289 CKMB asvinnisAtuanm tree T, NHAY cost AN uasil s 1w
root udansrareludanguassluunlatenis 5,(S, < §) taeld crRA &1 T laianunso
nrranglufaynivuadatenaly § 16 Tree T, MlAN delay susznszaralidalnug

£ . Lo d . o '
S -8, azgnaFenuludunaud 2 Iaeld Dijkstra's shortest path algorithm Tuduneud 1
WAz 2 ararusnAuInIduneanivug s lddaluuatatenig ie S 14 Taufidn
delay d, (i) 12udum9ain s W i azildnegludanes A
:” d' o v = (] G 1 - l‘di'

ludumaui 3 asinisaiufsetne G, anAsadny G launisauluwum s uazferm

deusalvun s aanliivun udainnisaFianguans tree ifl root 1y ve S udanszanaly

. ' E - S
deluundanenie S - v} Tindelasld CRA ynafiluumlananieazgnidenaumnfo

d,(v)= min{d_T (i)} for ies
udaa51 tree N3 root agffiluua v oy CRA ludumewd 3 § aznaneuAuanmLdunig
nnynivuaaranelufaluindatieniadu uasfiansjamuned delay foundn A Tagld
CRA
o > < v - y & a «
wasandumeun 1, 2 uaz 3 uda nevl G azgnainduainluua {s}u S Tnafedaas
neniariidun1eignaieunduiusiuey duneud 4 asidlunininen G- unak

3/,

spanning tree Tneld CRA (1flu CRA fignufulsaitelsfmanzaufunisinanld) funeud
5 azinsa¥ns tree a0 tree ludumenud 4 Tmﬂl"ﬁl.é’umqﬁQﬂﬁ%"ﬁﬁ’umﬁuﬁ’uéﬁ’uﬁ@wﬁ
il Fenzuansliiiulumetinasel s

gﬂﬁ 3.8 AZUAAITINIINNUYBY CKMB Tmal"ﬁm"émhalu;ﬂﬁ 3.5 Tnaiuuali Tuus
une s =7 Twumtlanamne S ={2,3,5} uaz A=9.0 Tonfifuneudsil

1. g tree T, el CRA dauanalugu¥ 3.8(a)
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' wy & % 3
2. dlesnnlvun 2 Lildeglutree 7, fnfutree 7, Sagnadiadu delildidunis
anwun 7 1 2 fauanslugud 3.8(0)

v - "
ludumaud 1 uaz 2 ldaFradunisaninuadunie 7 Wdlvuadatunng 2, 3UAE5

o

=
JU AR

Zhe

3 al b ]
A 7 1 5 Wikunne 7->8->6->5 uaxdl delay 1l d,(5)=5.5 (andunaud 1)
A1 7 1 3 Widunna 7->8->3 uazdl delay 1y d,(3)=7.5 (A ndumaumn 1)

A 7 1 2 Widunne 7->8->6->1->2 uaedl delay 1w d,(2)=6.7 (andumend 2)

Steps taken by CKMB(s, S, A, C, D);

/*

s is the source node, S is the set of destination nodes. A is the bounded delay. C and D
are link costs and link delays of the network G respectively.

*/

Step 1: Call CRA(s, S, A, C, D) to compute a low cost tree T, rooted at s. Let §,(S; < S)
denote the set of destination nodes spanned by T, and d.(i) the delay of the path
from s to the node i € S; in T,.

Step 2: If S, ¢ S, compute a least delay tree T; rooted at s and spanning all the nodes

in S-S;. Let &, (i) denote the delay of the path from s to the node i € § - 5, in
T;.

Step 3: Simplify G to G, by deleting s and all links connecting s in G. Let C; and D,
denote link costs and link delays of G, respectively.

Find node v such that d.(v) = min{ds(i)} for i e S;
while d;(v) < A do
call CRA(v, (8 - {v}), (A - d&(v)), €1, D1) to compute a tree T.(V,, E.};

if E, is not empty, then
let 4,(i) denote the delay of the path in T, from v to i € § - {(v};
for all i € § - {v) with d.(i) < A
if G(i) > du(v) + Au(i) then d. (i) € d.(v) + dy(i);
set d.(v) € A;

find node v such that d,(v) = min{ds(i)} for I e S;
end while

/*

Step 1, 2 and 3 generate a directed graph G’ with the nodes being {s} v S. The link
(vi, vi) in G' represents the corresponding path from v; to v, generated from step 1 to
step 3. Note that G’ may not be a complete graph.

*y

Step 4: Construct a spanning tree of G’ satisfying the delay constraint A:
Let C’ and D’ represent the link costs and link delays of G' respectively.
Replace line (16) of the procedure CRA :
ve € CST(u) +Clu, w);
with
ve € C(u, w);
Let this changed version of CRA denoted by CRA’.
Call CRA'(s, S, A, C', D') to compute a spanning tree of G’ rooted at s.

Step 5: Expand the links of the constructed constrained spanning tree into the
corresponding paths they represent (and remove any loops that may be caused by
this expansion) to give the constrained multicast routing tree solution.

31 3.7 CKMB Sane3iia
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3. iilessn d,(5)=min{ d,(2), d,(3), &,(5)} tree T 5 1 root uFanszansluds
e 2 uax 3 Regnakstuleg CRA A1 delay 1flu A- d,(5)=3.5 usilaigunsn
a5 tree AINA LA d,(5) aagninmuad iy A senn d,(2)=min{ d,(2),
d,(3). d,(5)) tree Aiflluum 2 1l root udanszangldiatuum 3 uas 5 Aagnadieiy
ne CRA #ild#in delay 1y A- 4,(2)=2.3 tree MAMIMNAIETIRENR (2,3)
Wiy wazilesannd d,(2)+ d,(3)=6.7+1.5 > d.(3) FelidTuiazde

]

wWasuulasrees d,3).  d,(2) Agnauas lmilfidlu A doeduiv el
1 1 4 [}

tree 7ifltuun 3 1l root udanszanelulfaluua 2 uax 5 fagnatisiulng CrRA 7114

A1 delay U A-d,(3)=1.5 usiliaunsna¥as tree Aananald Tenasndacuasnsly

31 3.8(c)

12.2)

(2.8,2.2)

(a) (b)
@ @Ws
tﬁy/ (1.5):7-8-
(1.5, 1.5)
/ @ (9.9,6.7) @ (1.2): 7-8-
® @ 0 A,
@/“‘5' k3 (2,3): 2-3

(c) (d)

O
2.2 @

(e)

d s L3 4 o =
31 3.8 HAAWEA1NN1IM19IUEY CKMB daneiiiu
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Tudumoudl 1, 2 uar 3 1Ba%ans W G #ituun {7,2,3,5) aTmam'lugﬂ'?i 3.8(d)

4. W CRA aFutree 0 G axl tree Fauamslugyd 3.8(e)

5. Multicast tree il cost winfiu 13.4 qna?ﬂq’urumnw’mmqﬁﬁuﬁuﬁﬁ’uLﬁumﬂugﬂ
7 3.8(d) FauandlugLlit 3.8()

3.4.3 Genetic Algorithm (GA)[5]
[ - a8 Ai'nl o ' 3 i i o aid ] dll v °
dudanesnunivanniseguunisAumAmAaLaINNguARaLNet iheai ARy
1 1 hd - J } - =l
msiannnguAaimauin Taanisiduuiuunssuaunisuanasudayaniasssuasvesdug
vy Asealenad uar Randu Wnefigluuvessdguiivazsasgnuialiaglugluunaes
TasTulnumunzansutlym wdldiaiduaumunzaniiedssiiuAraeslasTulouusas

1
= =i

falunguassneuusaziy JelaslulaadilAnAnumunzans farfi@ninacgniaany
Fulesltnalugudalidgeninlasiuloasaiu Tnofheasnsirauddl
1. ﬂ’s"mmiummTﬂ:rTuT-nu'gmLL?n‘%uu'mnmsziu
2. U fitness function UssiliuAnAsmunzanaaslasiulauynsa
3. afanguraslasiulaugaludanniasiulengadin sunsruauntsasaatenasd
uar fuadu InelasTuloafi@endnannssiasiansanainAranamnzay

, _ - . |y X .
4. W fitness function UssiliuArarnumunzanaaslasiulaunasraauunlus

v
o o

1 o A
5. w191 98 3) uay 4) aundnazldininauinala

3.4.3.1 Steiner Node
- o il e &4 P v y
Aa Tnuandenannaluedatie % lildussiumae warlvuadanamig @y aan
] v
wiadelugdd 2 wintmuasumadly 7 uazinuadateniadu 2, 3, 5 fa1dy stiner node

auiilu 1, 4, 6, 8 Auwanalugui 3.9

(9.5.2)
5 e i e e o
// (10,2) \
NN
@22, 7.1)//// (10.3) = J \\\\(8.4)
(8,3)
/7 @2 m‘:\\ @2.1,15) b5
(3.2) N> \\
AN s — (8.8)
c=%r==8@ —m.—s):’@
(15, 1‘5)///
/12, 2.5)

//
(2.8,2.2) @
T T T T @i T T T

g1l#l 3.9 uARY Steiner Nodes: S, = 1,4, 6,8 lu WFadna M s = 7,5 =2,3, 5
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3.4.3.2 Genotype
o O . dl 4 19 17 o
Genotype azilumimungaes Steiner wuphazgniden saansidarasnass
189MENEIANAT 0 uaz 1 wufludaiavun 1 Steiner Taua V - S — {s} Smaneiaarinfy

o, 1,2, ..., (-m-2) 7289 genotype axiflusail

{2(0).2(1)..... g(n - m-2)}

e g(i)e {0,1}, i= O,l,...,(n—m-—Z) \TR 184 Steiner  Tuun SpcV-85-{s} ﬁgn
nvuelat genotype Aa S, ={v, eVl gli)=1i= 0,1,...,n—m—2}

v
o e

fretne:  TugUf 3.9 Wiwuadumne s =7 Tausdanemie S = {2,3,5} sy
S;=V-8 -—{S}= {1,4,6,8} WAL genotype BIANT LK {g(O),g(l),g(Z),g(B)}

' |

Wa1zRz1y genotype AiflAnT {0, 1, 1, 0} axwaneidla Steiner Tuum S, = 4,6}

3.4.3.3 Decoder

b
b

Genotype armasgnnassiaiiafiazautsntinluldmrarmanuimansausiely

1 v
=

CkMB gniianldlunis decode lunedl Feiifumanlunis decode 2t 2 Supeu A
1. Ganld CKMB(s,S U S,,A,C,D) A0 tree T 71 5 iy root was
nszangludeluun S U S,
2. dintwusanely T #ilsifleglu S oan
efiazaniarluns decode a9 U983 GA Fegnureaaniily 2 douie
PREPARATION() waz DECODING() Tﬂﬂﬁl PREPARATION() aza54 directed graph G{'J
ﬁanuuﬂﬁagm V Ineld CkMB dumen 1-3 uazinuuals S =V —s uazded (v,v,)
W G, Aaidunieann v, luds v; W G(V, E) msvin DECODING() fifumauded
1. af directed graph G, #aeluun sUS U S, #ildarn G, Taunrauivun
V—s5-5-5, untheifideuselmmmanily G,

2. &34 spanning tree T, a1n G,

[l
= v

i v
3. wlasdeAly 7, Wiilwdunnsfinenadeaiu \gnafreluduneuaanisin
] L dIA :
PREPARATION()) uaavinnsnidnguniiagu

4. sialvustanelu T ‘Tf'i’hiﬁ@gj'tu S 8en
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3.4.3.4 Firness Measure
Armnuminzanteslsrnslundazfullnnusduive l4Andantsranslugu
daly TnuamnsnAunaldann
: Gy li
F(i)= 1——TQ
™
| : .| "y y

Toed €, (i) munefiar cost 104 tree MldaNN1s decode TasTalaasad | uaxls

Cpy =max{C,(j)} for j=0,1,...N-1 N = Population size

Il

fn F(i)=(0< F(i)<1) FAwnn azumnefalashulausad i SuUssavsnmiia

[ ol .
3.4.35 N5lM GA iNaunilywiwuy multicast
GA Tug1l 3.10 ax¥in PREPARATION() hudusiuusn dszannsGudu (@) azgn
a¥197uannsgu FoaWarfdu Generate() warauIAT8UsT I INTa T AR YN Y

N =|®@_| Waridu Evaluate() ar decode IAstulmumnsaineFunldwaridu DECODING()

PREPARATION() ; (1)
(I)c <« Generate () ; (2)
Evaluate((bc): (3)
Repeat (4)
(I)C= 0; (5)
for i € 1 to N/2 do (6)
select ¢ e® ,p,e® ; {7
{¢f,¢52‘ }: Cros.?over(@}, @, P ); (8)
v, = muration(;zif, Pm); (9)
W, = muration(gé;,Pm); (10)
®, <0, Uiy,.p,} (11)
end for (12)
D D, (13)
Evaluate((b(); (14)
Until StopCriterion; (15)
Output the individual with the largest fitness in (Dc,- (16)

al °
5% 3.10 MuAUBYANINNIUTEY GA

H v !
wazATwIMANANImNNzanRdNRUSTUTAs TN TN e s ns g ussviaT 5-12 flu

o

AWamunslaeiallaes GA fiafdszainsiulmi @, andszansluguiiaqriu @, Tag
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Wunssind 7 axdlunsideniastloy 4, uay ¢2 an @, TauldAranumnsaniaiusn
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4.1 Prim’s Algorithm

v 1 1
anaanuiliusanenuiiuunAnuLL greedy heuristic N@ N1904514 spanning

el g ° 2 o o P - v al T i v -l v
tree NHAT cost AN LPIRMUNIDANDINNBNN MAAGEATRTIHTUNN Ivdnawnazde 1y GA

Prim(G,w)
Q«0 (1)
for each ye V[G] (2}
do Initialize-Key[u] ¢ o (3)
0« Qulu} (4)
r « some vertex of G[V] (5)
edgdr]« NIL (6)
Decrease-Key (r,0) (7
T«0 (8)
While Q0 (9)
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3.1
NR Network with

Chromosome={0,1,1,0}

$,={2,3,5.8}

31

Original Network with

Chromosome={0,1,1,0}

S,={1,4,6,8}

gﬂﬁ 4.5 wWFauey Steiner node

Ngminunld 521919 NR war Original Network




o
unn 5

HAaNITNA[aY

5.1 wAsadnelalunisnaans

v v 1
nsvaaeluaiaillddndeyairiaiiunutann Orlibrany(7]  (@mnsamoiinasnls

http://elib.zib, inlib/steinlip.html) - Faududeyafifinisnaaauuazmnsn optimal tree
cost Viudn Inedeyaiitimmaneuszilszneudan 4 gadayadaniuie

1 J [l ajd 4 I
1. 'Il'ﬂllvﬂﬂ'ﬂf‘ﬂu Testset B N4 50, 75 way 100 wum 594 18 LATRINE

|

13 "

2. 1oyafiaglu Testset C Nflauna 500 Twum S1uam 20 datne

b

Y | ° -
3 'Ilﬂ!ﬂﬁ'ﬂ@q‘lu Testset D 'ﬂﬂ'ﬂu’lﬁ 1000 Tvum {749 20 LATRUNY

I J o o
lnusuaziBenresdiayairfetieinduazuanlumsad 5.1, 5.2 uax 5.3 mug sy

14
o

waznalemseazsenudiesuandy asaeil
— V| Ae uaulwusnigluesatng
= o - [ 8 = 1
= |E| A8 anuudsAn g luATedng

o A 173 L 1
— [T Aa AawauTwusi dwaTafanavisnae lueiedns

al |
A19199 5.1 dayaiAsetne Testset B




52

i |
A1919% 5.2 doyalATatne Testset C

52 gunsainldlunisnaans

lunsmaaesriailldld Borland C++ builder 50 Jhuetesdlalunisairalsunsy
simulation faMdUNTLLLMATEY AN lneild CRA, CKMB, Genetic Algorithm wa
Genetic ~ Algorithm  with  NR ifluganaiiulunimmidunie lnanaaastueieg
nlhsronfiumefifmisuszuaanauuy CPU  (Roaidu Pentium IV 1600 MH,
MiaAINAN 256 MB iR azBEaRen maLIe 1024x768 Anua wazldrruunlfimnag
n1s Microsoft Windows 2000 Professional lunnsulusunsy simulation & ELERRE TN
Tﬂﬂmm'?h'ﬂum?wﬂﬂmq:uﬂmﬁagﬂﬁ 5.1 Telugtifl 5.1 u arldiASetneanunn 8 Twun
warldnsfmesues GA fail Anhazidulunisasaalanes (Pc) windu 60 wlafifus
ARnaziluluns oy (Pm) Wiy 0.5 wefifur uazanuaulszans (popsize)
Wi 20 dowluguil 5.2 du arlfirfedruunn 75 Tuun unslnnsfmedes GA fof
Pc=60 Wafidusl Pm=0.5 1lafifiusl uay popsize=20 3a.fhuFteda? 9 (009) #ldann

Testset B




| ~aAlcom)Meihede;

|
t
A

R s ST s P 11 Compted i = ) e

{satreaatest [} :’v\ﬁm: ':n:_gl Savehet Leme] E3 i

ﬁkBatl.’h ﬂ;i

ﬁ‘ﬂ‘n 5.2 Tﬂime Multicast Routmg Simulation w'l‘ﬁmifa'mtﬂu Testset B (b09)




54

5.3 NANNTNARDY

lunmasesedeidlfutianismasaseniiiy 2 nquAe nguAld testset B (A1519 5.1)
LAz NGNAY testset C (Ansnafl 5.2) Tnannmmaaesnguusniile testset B fuarnmanalas
Lﬂﬁﬂuwnmﬁmm‘siw]‘nm GA daungudt 2 TuazldFmimfineues GA ReenFealy

NITNAKREY

5.3.1 N1SNAABINU Testset B

& i aa n:t o 5 ﬁ' - &
’i’mﬁdﬂﬂqﬁ“ﬂﬂﬂﬂﬂuﬂﬂﬂlﬁl-“u’]’] ’Jﬁﬂ"li‘ﬂLﬁ"]‘lﬁu'TLﬂuﬂ‘lﬂuu AUTDNNLIEANEA N

o [ %

L =l = = } r/ ] ° ' = -i. L -J A L
WA wandaneTald Mvluiresiuauiursimsfiafidenns uazinanlnsadeiitenas
] o o J o 1 - «
Aratuiu MuanalunsingLi 5.3 uar 5.4 uazivuarmislinesaes GA lu Pe=0.6,
Pm=0.005 waz popsize=20 Inalugufl 5.3 thudunsuamidmauiuraininifingesd

a o - R n‘ M val o o Gl I |d|-n nlﬂl o al =4 |
L'L!.F‘lﬂﬂﬂﬂ@?ﬂuLLUU'ﬂiN1ﬂNﬂ’1?qﬂL?EI-&Lﬂ?’ﬂ‘]HF.Il‘I)IN'V’ILﬂu!ﬂ"ﬂﬂLLUUWNHWTQC’]L?HQLF]?’B'II’]EJ

o ]

ninAaduefifud daulugi 5.4 WunsnBeuifisunairesdfindaneifuuuni

'
(] «

WildtnsdnFoamietramsiifuua nuuuiinisdnFearteta mui s ude s us

.4 o Ao o i ”
wazns gl 5.5 unsinFeuiiay cost 1esARndaneuuuunlildinssnGes

1 e dl o 1 IJQ L] = ] o’ ]
wadrenifuwuuniinmsdaGuariodalminAnduefidudoufuduiu Jansnlug

i : =3 1 1 1 1 J = =1 L -
71 5.4 Muaziiudrazfiunaeietafifian cost 189 NRGA gandn GA usdleAmiunlefidy
udafinadndiesninie it 1% uazen cost Tnesantas NRGA AdadnldinAndauuy GA
annsiaananaagdlddinisdaFuartatnalmiiudanaldinimiaueediuin

o ad o - 5 [ -3 v o
AaNBINNNUsEANEn wNINTuetratiulide

Testset B
Generation (Pc=0.6, Pm=0.005, popsize=20)
40

< 35 ' f\
£ A
$ @ 25 %
g2 2 [\
HCITIRY /N AN
g N A\ ]
) 0 .v. . ; i ,\’/ S ——

7 8 9 10 11 12 13 14 15 16 17 18
Problem #

12 83 4 5 6

al - . o o
719 5.3 wafidusdauiniuees generation 184 GA iaifiaui NRGA



55

Testset B

Time (Pc=0.6, Pm=0.005, popsize=20)
< 5
g
g 20
3
3 15
Q
s [\ _—
L VT /N
ol 8 . . — — ;

12 3 4 56 7 8 9 10 11 12 13 14 15 16 17 18
Problem #

d - dl 1 o’
7U% 5.4 ulefifusidiuniurssnailidsrunanates GA Wawauiu NRGA

Testset B
Cost (Pc=0.6, Pm=0.005, popsize=20)

oA [\

12 3 4567 8 910

NRGA

1213 14 15 16 17 18

% exceed cost over

Problem #

al TS a . d o
7U% 55 wefifuridauniueed cost 189 GA ialfisuiu NRGA

i A L] & -
U156, 5.7, 5.8, 5.9, 5.10 war 5.1 ilugusalefidusidaufinseanaiuas cost

71 GA 1unndn NRGA Taeldduousenlszainsauin 10, 30 uax 50 Amudndu Tugun

Ioes

56 war 5.7 Wunsneeaaaiuas cost d9azifingd e deuandszansivingy 10

nadnsTilaTnusanuie NRGA azfindn GA wuwdin A nariliszdeandilaafiangegaer
h

] 1 ;7 ]
Nlszunnd 7% daudn cost lANU Daudidnasiiunarietne? NRGA 5An cost &andn

a
-2

1 1 3
ANusififiAtegUrznnnlinu 0.55% Waindaruaulszansldfaua o 30 uas

=

o o ] =3 T ] J
50 AvgU# 5.8, 5.9, 510 uar5.11 azuwindefidusiariusereaataziuinay uas

WaFTUARANA19199 cost AxNtaL A



Testset B
Time (Pc=0.6, Pm=0.005, popsize=10)

A
7

A\ [\ A
/\

N s [ 2
s N [\ FERWA)
¥ / \ il \WARN

AN
0. NV AN B

Lo anmw s o
.

% exceed time over NRGA

; —y
42 345 67 8 0 10-11-12-13-14-15-16-17 18

Problem #

56

d T o o - 1 A ar ¢ o
gﬂ-n 5.6 Wafifusdruinuanunatnlflszunanatae GA Wadauiy NRGA lasnuiy

Uszrinsauns 10 Uszanng
Testset B popsize=10
Cost (Pc=0.6, Pm=0.005, popsize=10)
25
g /
T4 / \
8 1
0 Q \
2Z 05
S O-M i / V
£ s 2345678910%1/12131415161718
4
Problem #

d L3 - I‘J o i o
7U% 5.7 wefldusidauiuges cost 109 GA Walflsuiy NRGA iadnuausrannsauia

10 Uszanng

35

Testset B
Time (Pc=0.6, Pm=0.005, popsize=30)

30
25

A

20
15

[\
e 4 &

10

A |
TAN S | d

\/\ / b s ey X

N AN N/ T N\

% exceed time over NRGA

12 3 4 5 6 7.8 9101112131415%1718

Problem #

= I3 a i d - i o
$U% 5.8 wafiduidauiuresnaiilduszunanases GA Waiilauiu NRGA Haduin

dseansaunm 30 Ussaansg



12

0.8
0.6
0.4
0.2

NRGA

-0.2
-0.4
-0.6

% exceed cost over

Testset B popsize=30
Cost (Pc=0.6, Pm=0.005, popsize=30)

Problem #

57

= ca & a 1 o { o
7U% 5.9 wefiduddauiiuges cost 189 GA aiWiuiu NRGA iasruiulszainsauin

30 Uszgnng

40

30

20

% exceed time over NRGA

-10

Testset B
Time (Pc=0.6, Pm=0.005, popsize=50)

‘ Y\
.

[\ "/
[\ N\ [

\ A
AV Yadid

1 2 3 4¥6 7 8 9 10 11 12 13 14 15 16 17 18

Problem #

d T o « = i ] ar i ©
7U% 5.10 wefiduridiuiiuteananldiszusanaaes GA Wafuuiy NRGA Wednuau

Uszannsaunm 50 Uszsnng

0.5
0.4
0.3
0.2
0.1

NRGA

-0.1
-0.2
-0.3
-0.4

% exceed cost over

Testset B popsize=50
Cost (Pc=0.6, Pm=0.005, popsize=50)

Problem #

d T o -« - { o 1 o
gU% 5.1 wlefifusidiuiiuges cost 989 GA Waifituiu NRGA ladnuaulszainsawis

50 Uszang



58

UM 512517 iflunsuannisdsunlamnsfiirefineres GA Faazifiudn
tuddeazdsundamisiweslidianilu Pe e Pm fmu NRGA Afliuadns

And1 GA Lau8

Testset B
Time (Pc=0.6, Pm=0.05, popsize=20)

% exceed time over NRGA

Problem #

gﬂ*ﬁ 5.12 WaflfuAgauiueedlaneed GA Wawuuiy NRGA e Pm=0.05

Testset B pc0.6 pm0.05
Cost (Pc=0.6, Pm =0.05, popsize=20)

1 |

;P i

>

o 1

g3 [

58 0.5 A A

s = /\ j\.j \ / \/‘
@ 0 S e - —
Q

s 123 45 7 8 9 10 11/1213 1415 16 17 18
2 -0.5 -

"
—

Problem #

U 5.13 wefidudauiAuges cost 189 GA Wedinuiy NRGA e Pm=0.05



25

15

10

% exceed time over NRGA

Testset B
Time (Pc=0.8, Pm=0.005, popsize=20)

1 %
A

/
VAWV
N — vV

1 2 3 4 5 6 7 B 9 1011 12 13 14 15 16 17 18
Problem #

4 T o L _ i ar 1
5% 5.14 wefiurdauniueedannaes GA daieuiu NRGA \3ia Pc=0.08

1.2

0.8
0.6
0.4
0.2

NRGA

-0.2
-0.4
-0.6
-0.8

% exceed cost over

Testset B
Cost (Pc=0.8, Pm=0.005, popsize=20)

w JS/
W <L___

\‘,_ -

'\ -
é‘

r

o

o

—

~l

=

Problem #

« o « = A o y
517 5.15 (Wefifusidaufinures cost 189 GA falfituiu NRGA 1iia Pc=0.08

% exceed time over NRGA
o

Testset B
Time (Pc=0.8, Pm =0.05, popsize=20)

b4
/\

/

i

[\ » AN
[\ /) [ ¥
[ ¥ | /

\
VAN \ 7 N

\
[\
\

MR N A W A .2

Problem #

69

<l c o T - i o .dl
E'LIVI 5.16 1UafIUAdIUIAUIBIIANTEY GA lﬁ@LﬁﬂUﬂU NRGA H®@ Pc=0.08 uaz

Pm=0.05



% exceed cost over
NRGA

1.5

0.5

-1

Testset B
Cost (Pc=0.8, Pm=0.05, popsize=20)

/

A

[\

A
L\ /]

B TENY oo S N T S
12345678910\11/(;?3‘1.:5161718

v

Problem #

d L1 e - J o i
gU% 5.17 wefifusdiufiuges cost 184 GA WaWiauiu NRGA 1ila Pc=0.08

5.3.2 N1SNARAINU Testset C

1 3
v o e

60

nsnaaeinguilarldinsednasaniuiowun 20 wietne taeld Pc=0.6, Pm=0.005

1

WAz popsize=20 T lHuAAWSAIGUN 5.18 uaz gU% 5.19 Teazifiudn NRGA Adea¥

HARWS LARNTN GA 11LAN

20

15

% exceed time over NRGA
w

Testset C

Time

-

/|

[\/

/ v

\

1

A\
\aall W As N

T T T T T T T T

2 3 4 56 78 9]0111213\‘4‘11#16171819204

V

Problem #

d e o o - dl = o’
71" 5.18 ulafifusdauiiuaesnanees GA Wawisuiu NRGA



Testset C
Cost

25
o 20 1
>
3 )\
i3, /
o E10
i [
Q
S 5
GO’ - o - A \/\_
& 0 T T gt T2
Y234 56 7 8 91011121314 1516 171819 20

Problem #

d « o L8 = d o
U9 519 ulefifusiduiiuges cost 189 GA Wafiauiu NRGA



(1]

(2]

(4]

(5]

(7]

(8]

(9]

[10]

(11]

[12]

62

LANHISDI9DY

Vachaspathi Peter Kompella, “Multicast Routing Algorithms for Multimedia Traffic”,
University of California, San Diego.

Q. Sun and H. Langendorfer, “Efficient Multicast Routing for Delay-Sensitive
Applications”, in Proceedings of 2nd international Workshop on Protocols for
Multimedia Systems (PROMS'95)

Q. Sun and H. Langendorfer, “An Efficient Delay-Constrained Multicast Routing
Algorithm”, Journal of High-Speed Networks, vol. 7, no. 1, pp.43-55, 1998.

David E. Goldberg, “Genetic Algorithms in Search, Optimization, and Machine
Learning”, Addison-Wesley Publishing Company, Inc. 1989

Quan Sun. "A Genetic Algorithm for Delay-Constrained Minimum-Cost
Multicasting”, Technical Report, IBR, TU Braunschweig, Bueltenweg 74/75, 38106

Braunschweig, Germany, January 1999.

n1eyatl 29AINNg, “nsdnmrsdeuseslnaFauuuusalusRlnsAAndaneina”,
A MATUIAINSZARNIB U IAININTAIANTZLN ISBN 974-622-126-4, W.A. 2541
J. E. Beasley, “"OR-Library: Distributing Test Problems by Electronic Mail”, Journal
of the Operational Research Society, Vol.41, No.11, pp.1069-1072, 1990.

Yee Leung, Guo Li, and Zong-Ben Xu, “A Genetic Algorithm for the Multiple
Destination Routing Problems”, IEEE Transactions on Evolutionary Computation,
Vol. 2, No. 4, November 1998

Bryant A. Julstrom, “A Genetic Algorithm for the Rectilinear Steiner Problem”,
Department of Computer Science, St. Cloud State University.

M. Dror, M. Haouari, J. Chaouachi, “Generalized spanning trees”, European
Journal of Operational Research, Vol. 120, pp. 583-592, 2000.

David K. Smith, Godfrey A. Walters, "An evolutionary approach for finding optimal
trees in undirected networks”, European Journal of Operational Research, Vol.
120, pp. 593-602, 2000.

Serasate Serajatupat, Chotipat Pornavalai, Goutam Chakraborty, “Genetic

Algorithm with Network Reordering for Multicast Networks”, The 2001 International



63

Technical Conference on Circuits/Systems, Computers and Comunications,

Volume II, pp.1067-1070, July 10-12, 2001.



AMANUIN

NAIUIREN LASLNITANNW

64



65

Proceedings

The 2001 International Technical Conference on
Circuits/Systems, f
Computers and Communications

-

Volume I

July 10-12, 2001
Hotel Clement Tokushima, Tokushima, Japan

Sponsored by .
The Institute of Electronics, Information and Communication Engineers,
Research Society of System and Signal Processing

The Institute of Electronics Engineering of Korea
In Cooperation with

The Institute of Electrical Engineers, Shikoku Branch

The Institute of Electronics, Information and Communication Engineers, Shikoku Branch
Corporate sponsors

The Telecommunication Advancement Foundation (TAF)

NTT DoCoMo Shikoku, Inc.

International Communications Foundation (ICF)

Support Center for Advanced Telecommunications Technology Research (SCAT)

Kayamori Foundation of Informational Science Advancement

The University of Tokushima



PROCEEDINGS

The 2001 International Technical Conference on
Circuits/Systems,
Computers and Communications

Volume I

July 10-12, 2001
Hotel Clement Tokushima, Tokushima, Japan

Sponsored by
The Institute of Electronics, Information and Communication Engineers,
Research Society of System and Signal Processing
The Institute of Electronics Engineering of Korea
In Cooperation with
The Institute of Electrical Engineers, Shikoku Branch
The Institute of Electronics, Information and Communication Engineers, Shikoku
Branch
Corporate sponsors
The Telecommunication Advancement Foundation (TAF)
NTT DoCoMo Shikoku, Inc.
International Communications Foundation (ICF)
Support Center for Advanced Telecommunications Technology Research (SCAT)
Kayamori Foundation of Informational Science Advancement
The University of Tokushima

L]

66



Proceedings of ITC-CSCC '01, Tokushim#&7Japan
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Abstract: "With the increase demands in multimedia
applications, the multicast support from the communication
networks is required. Network has to find the multicast
route (tree) that minimizes the resource usage by using the
minimum cost tree. There are many existing algorithms
such as heuristic, Neural Network, Genetic algorithm to
solve this problem, which is known to be a NP-Complete.
In this paper, we presents a new method for improve
performance of multicast routing by reordering network
before sending to genetic algorithm. The proposed genetic
algorithm can find the solution with less generation and
computation time without effecting the multicast tree cost.
Our results show that the proposed algorithm can find very
near optimum tree cost with acceptable computation time
than any existing algorithm.

1. Introduction

Multicasting is simultaneous delivery of data distribution
from a sender to several receivers in form of tree, which
called multicast tree. The tree will be used as paths for data

distribution to multiple destinations, for example persons

who listen to the same radio station will be receive the same
data. To find the optimal route of multicast tree causes so
many computation time because this kind of problem is
known to be a NP-Complete. At present, ones of the
efficient heuristic algorithms are CRA and CKMB which
are proposed in [4, 5]. Both algorithms can find multicast
tree which use delay tolerance of data transmission from
source to destinations but the result tree cost is still a bit
higher than the optimal one. Recently, genetic algorithms
are proposed for this problem such as [2, 6]. Their results
show that genetic can find very near-optimal tree with
acceptable computation time than any other existing
solutions.

However in their genetic algorithm, the arrangements of
the chromosome or the positions of the reference node in
the genetic- algorithm is chosen as random values. In this
paper we propose to adjust order in the chromosome by
rearranging the number of network nodes in chromosome
using Prim Spanning Tree before starting the genetic
algorithm. This reorder method is done to make the nodes
that have near distances also have near node numbers, and
nodes which are far away have far away node number.
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By this way we can reduce computation time of genetic
algorithm, at the same time, the cost of the multicast tree is still
the same, and many cases are a little bit lower.

2. Theory and related algorithms

2.1. Constrained Routing (CRA) and CKMB Algorithms

CRA is an algorithm, which is used to find route of data
distribution through multiple destinations nodes. It tries to
compute a low cost tree rooted at source node and spanning
some (or possibly all) of the destination nodes subject to the
delay bound constraint if one exists. However in some cases,
CRA cannot distribute the data to the destinations although there
is route that can be reached and satisfy the delay bound. CKMB
is developed from CRA. It can find this route. The performance
of CKMB is known to be one of the best heuristic algorithms for
this problem. The detail can be found in [3, 4].

2.2. Genetic Algorithm (GA)

Genetic algorithms are search algorithms [2] based on the
mechanisms of genetic adaptation in biological systems, by
imitating the nature of gene’s of chromosome and exchange the
data of chromosome, for example crossover and mutation. The
quality of an individual is judged by its fitness measure.

2.2.1 Multicast chromosome structure

To form of multicast routing, Chromosome fixes which Steiner
node will be used by the position of chromosome from left to
right which mean the number. of Steiner Node in order of !
distance. The Steiner nodes are the nodes in the multicast tree
except the source and destinations. The genetic algorithm is
used to find the Steiner nodes that will give the near-optimal
multicast tree.

Referring the example network in Figure 1, the chromosome,
as shown in Figure 2, in position 0,1,2 and 3 refers to node 1, 4,
6 and 8 respectively. The number inside chromosome indicates &
which nade will be used. For example, if its value is 1, the node
at that position will be selected as the Steiner node. By this way, 1
it adds more choice to CKMB, because the main algorithm that
find the route for GA still be the CKMB.




C(0)=1

Figure along links are (cost, delay)
Figure 1. Example Network

-

C(1)=4 C(2)=6

1]

C(3)=8

¥ Pow Y

Figure 2. Chromosome s

Source =7
Destinations = 2, 3, 5
Steiner nodes =1, 4

tructure

68

2.2.2. Network reorderation

In this paper, we propose to number the respective number of
network by letting nearly nodes have nearly number and letting
far away nodes have far away number respectively. The
algorithm to reorder this chromosome is similar to'run Prim
spanning tree to numbering the node numbers.

After we rearrange the number of network and send it to GA.
The chromosome of GA will have position of Steiner node in
chromosome order by distance or cost. The procedure is
described by example as shown in Figure 3. After we initialize
the chromosome, the similar GA algorithm used in [1, 5] can be
used to find Steiner nodes. Each GA is then used CKMB to find
the multicast tree.

Figure 3. Network reorderation
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Figure 4. Reordered Network

In Figure 3 can be explain by the following step

Step 1: Let source node 7 be the first node in reorder
network (in this implementation the first node is 0) so node 7
convert to node 0 (7=0)

Step 2: At the source node(7=0), it has 3 links to other
nodes, link to node 8 with cost equal to 2.1, link to node 1
with cost equal to 3, And link to node 5 with cost equal to 10.
We choose node that has link from source node with
minimum cost. So node 8 was chosen and convert to node 1
(8=1). Node 1 is the next number of reorder network node.

" Step 3: We consider total link of node 7=0 and 8=1 that
have not been chosen yet. Those links are cost 3 to node 1,
cost 8 to node 3, cost 10 to node 5 and cost 2 to node 6
respectively. The minimum link cost will be chosen. So node
6 was chosen and convert to node 2(6=2). Node 2 is the next
number of reorder network node.

Step 4-8: Use the same method as in step 3 until all node
have been used.

Figure 4 shows the network that has been reordered. If
source and destination nodes in original network are 7 and 2,
3, 5 respectively then source and destination nodes in reorder
network should be 0 and 5, 6, 3 respectively. The Steiner
nodes of the original network are 1, 4, 6, 8 And the Steiner
node of the reorder network are 1, 2, 4, 7. The chromosome of
original and reorder network with c(1) and
c(2) is add as extend destination nodes can see in figure 5.

CO=1 C()=4 C(@2)=6 C(3)=8
1 i &) Original network
C=1 C(I)=2 C2)=4 C@3)=7

,1‘ 7 : Reorder network

Figure 5. Original vs. reorder chromosome

3. The simulation results

We use the network test set B from Or-library [6] with the
network size of 50, 75 and 100 nodes as shown in table 1
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where IV is the number of network node, |E] is the number of
edge, and IDI is the total multicast destinations.

The simulation results show that our proposed algorithm
can improve performance of traditional GA with less
computation time and less number of generations as shown in
Figure 5 and 6. The cost of multicast tree is also almost the
same as original one as in Figure 7 and 8.

4. Conclusions

In this paper, we presents a new method for improve
performance of multicast routing by reordering network
before sending to genetic algorithm. The proposed genetic
algorithm can find the solution with less generation and
computation time without effecting the multicast tree cost.
Our results show that the proposed algorithm can find near-
optimum tree cost with acceptable computation time than any
other existing algorithms.

Table 1. Network test set B detail (Or-library)

Problem " IE] DI
no.
1 50 63 9
2 50 63 13
3 50 63 25
4 50 | 100 9
5 50 100 13
6 50 100 25
7 75 94 13
8 75 94 19
9 75 94 . 38
10 75 150 13
11 75 150 19
12 75 150 38
13 100 | 125 17
14 100 125 25
15 100 125 50
16 100 200 17
17 100 200 25
18 100 200 50
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Figure 5: Percentage excess number of generations of
traditional GA over the proposed reordering GA
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Figure 7. Percentage excess cost of traditional GA over the
proposed reordering GA
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