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����(Real Time) � � �� 	 
 ��
 � �
��� ���� � �� � ��� � � � �� � � �

 �! " �� � # $% &(Multicast)'( ) ��*�
+,- . / 0 (Quality of Service, QoS)�12�! 3
4 5 6- . / 0 12�% &�789 : ; < 5 =

+> 
 ?� @ �� A B C D E �FGH I J

(Mobility Support in IP)K�LDM � NLO (Remote 
Subscription)PQ R S T (Bi-directional Tunneling)U
V W : X I J FGY��Z [ E ��\T ] ^

_ > ` a b c � d e Y ( f8 9 : (Genetic 
Algorithm, GA)g$ Remote Subscription '�\T
] ^ _�?h i ��(Core Network)Kj k lm n `
o n p(Minimum cost Spanning Tree, MST)qr s
H GA tr V d e Y89 : �u$v &(Unicast)�
W Yw x % &p(Multicast Tree)�y z% &� � {
� � QoS | }��~ � 12(Bandwidth Guarantee)�
N � N � � (End-to-End Delay)P ~ � � � �
(Bandwidth Utilization) �� 9 c r � � � � �
QoS | }t% &p�3 � � $r s H GA'( ) �
% &�789 : l�� \─ � 9 ��� d � ��6
QoS12t% &�789 : �� f� 9 ��� � �
� � 6- . / 0 12�̀ � �� � j � 2� d e Y

GA�,�d � r s H GAqMST89 : t� > 

������������¡
 � ��, % &, - . / 0 , lm n ` o n
p, ( f89 : > 

 
1. * +* +* +* +  

 
¢ £ X ���
 � ��̂ _�n ¤ �,¥ X ¥

��¦ § � 
 � ¨ © ª « ¬Internet*�­ ®  ̄ �

��° �4 � ��>I J FGHn 'Internet ± ² �
³´ +	 �'M � � µ G� ¶ · 7¸ ¹ º � ���

� 	 �Internet Engineering Task Force (IETF) »¼
b c M FGY�@ ��A B C D(Mobile IP)[6]�½
¾�¿ '“?�@ ��A B C DE �FGHI J ” 
(Mobility Support in IP)[4][5]> 
 À r W Á �IP Multicast # r V  Â �T Ã Ä
Å Æ �� « ÇÈ �r É ^ _�6,��� � �Ê �

 ËÌ ± Ã È · Í �Ä Î ��Ï ² HÐ Ñ �Ò \�

?�Ó Ô Õ ��� � (Ö��� � � � �� � � � �
��� × ± Ø   )K± Ù Ú ��Û � �fÜ IP 
Multicast r Ý # Þ @ *ß à ��á � â ã ä å K�
æ ç â ã è é >ê# �7º IP Multicast r Ý ë ,?
Internet*5 ¬�ì í �î ï � � �'Ü �â ã ¦ ð
b c M � � ñ (Application Layer)�% & ò ó W
ô�õ ² ö M î ï �â ã �÷ ®  ¯ � ø î å ��

(Wide Area Network) ù ú û �% &- . �Â �ü ­
®  ?
 � ��K� ø % &- . > 

FGP% &�j k Æ UÈ ý þ X M Ô ��

�>?FGZ [ K� % & � � + � � % &»

(Multicast Group) n ð�w � P � � % &p�ü � +
ò ó n ð	 x G
 � �� 
 é >êø ? Internet K
4 � �% &�7C D(Multicast Routing Protocol)�
� � � R Ó % & �7 C D� Distance Vector 
Multicast Routing Protocol, DVMRP��h i pC D
�Core Based Tree, CBT��% &ö �Yl � �� Ò
� C D�Multicast Open Shortest Path First Protocol, 
MOSPF�� � � % &C D�Protocol Independent 
Multicast, PIM� �A � � ¨ � n ð# � 
 ���
� ë , � � n ð	 x G
 � �� � � >�� �  Ë

\FG ! ý " Û r � Ô � # �n ð�$� Æ % &»

� � � P% &p� � � þ X � �� % & �
 ���

� ' ( >fÜ ` a b c d e Y GA X ) � G 
 � �
t% &�w x ���* ¬�7l+ ��õ , - . /

� � q , - 0 1 2 � � �� IP % &- . 3  qF
G 4 H ,�j k > 

` a � 5 6 Ë�78 9 ø ,�% &�789 :

(Multicast Routing Algorithm)�C D�� � QoS1
2�ò ó W ô> 5 : ËK7; < = > ` a b c ?


� % &Z [ E 12- . / 0 �W : > 5 ? Ë$@ �

í A Z [ �B C | }�í A D Ð j � >5 E Ë'`

a j F > 
 
2. , - � �, - � �, - � �, - � �  
 

� ø % &A B l� G �W : # w x % &p�f

'% &p# 7 � . H �p I (Branch)¬ * � Â �«
ÇN�� . � J K � ? L M ) N µ ��,� , - �

�� ' O > 
P P  
2.1 ��������	
��������	
��������	
��������	
 
 



P P Internet*�% &�$ L n UV " Õ ��7C
D¡$Î Ë\'( ) (Source-based)P$h i '( )
(Core-based)UV > 

$Î Ë\'( ) �W : K�$± Ã N'Î Ë\

(Source Node)�õ 'y Ë\ª j ¬ � � % &»n
ð� 0 1 7± Ã NÃ c Q 7% &p� R �¬{ , S

�N�! " W : ,$E T V C D4 � ¡DVMRP�
MOSPF� U V í Y � � % & C D� Protocol 
Independent Multicast Dense Mode, PIM-DM�P�
W +	 v r Î Ë\C D(Explicitly Requested Single 
Source Multicast, EXPRESS)[9]> 

$h i '( ) �W : K�% »K X � ,r � Ë

\(Node) Y Z 'h i \(Core Node)�pj ¾�$�
'y Ë\�± Ã NQ 7h i \§ � p�R �70 1

Ã [ � S �N�! " W : ,$E T V C D4 � ¡\

] í Y � � % & C D� Protocol Independent 
Multicast Sparse Mode, PIM-SM��CBTP 8 v %
&C D(Simple Multicast, SM)[7]> 
 
2.2 � � 
 � � � � � ����� � 
 � � � � � ����� � 
 � � � � � ����� � 
 � � � � � ���� 
 
 +� � - . / 0 �� 	 õ n 'r � ^ �% &

�7C D� � Ó $E T \f _ ¡(1) d � n ð�# %
»�n 3 ` � (2)� # � � { � � % & lm  (3)�
# ��lm P a � ?�Õ ��>( º Ô n ð�b ª

j ¬% &p�% &�7C D�$L n U�" ¡v r

� � �7(Single Path Routing, SPR)P�= � � �
7(multiple-path routing, MPR)>v r �� �7b c
Ô n ðv r d � � ª j ¬% &p�Ö� CBT P
PIM���= � � �7$ # b c � d � � Æ Ô n
ð�Ö� Spanning Join�QoS Multicast Internet 
Protocol(QoSMIC)[11] � QoS Multicast Routing 
Protocol(QMRP)[10]P Parallel Probing[3]> 
 e ´ ! f W : ,� � g h i �� 	 �êj� �

¬* > r � ^ �% &�7C D{ � �{ ,+	 �Ö

��Spanning Join P QoSMIC f' k l �ï m
(flooding) W Y�? Internet *� n n �Ó � o p
Overhead�fÜ õ � a � ? Internet *�� QMRP
?�= �� q r W Y3 , B Â � 
 é �" k s v r

� � q r S / n �= �� q r ��ü � 
 �; ��

� # ��te ´ Parallel Probing, � � ¬Ú �u D
� S ��ê��  v ø w x y zK� S �\

(Intermediate Destination, ID)� Z y > 
 
2.3 � � � � �� ��� � � �� � � � �� ��� � � �� � � � �� ��� � � �� � � � �� ��� � � �  

 
4 � È ?
 � ��Z [ E FG�� 4 5 z ` �

% &»��m ,{ d � �3 f'FGHn n M % &

»n ð,� � W �G 
 n ð 
 é { o >� � FGY

Z [ E �% & 
 é �IETF»¼ �Mobile IP | Û m
» [6] b c M U V w � W Y� L } # Remote 
Subscription P Bi-directional Tunneling[4]� ! È f
�7ë ,l + ��� a k b c QoS�$E ~ $̀ a

4 � � Remote Subscription � @ � ¡ 
?
 � ���Z [ K�7º � ` 6FGH�F

G � ` �Mobile Host��! �?FGY�@ ��C
D X ì D� 5 r V � � � W : ~ # Remote 
Subscriptiont" FG � ` N # Ô ��å ��� ` �
$?Ô �å � 5 �Ô � � 	 � �� = Ô � Ô �å K

{ � �% &�7� ± c r � Ô �� # % »� IGMP
� × 0 1 �« �% &�7� ~ �� z ` % &�� �

� # � ` { +	 �% »�́ ! � ` ~ � �$« Ç¬

% »� 0 1 M > 
7º Remote Subscription # ? �  FG¬Ô �

�å t ! ý = Ô � µ r  � # % »�GÛ ��� �

� � % &p � = w r  �{ $�$5 ¬l + �� �

Ã � � � 3 ~ # �7l + ��Routing Optimum��
ê3 � f' �  � � t ! ý � + = Ô �� # %

»�! � ~ � +r � � � �89 : �$ËÌ �� .

/ ���� N �, - 0 1 2 � � ` �> 

 
3. . / 0. / 0. / 0. / 0 1 2 3 4 51 2 3 4 51 2 3 4 51 2 3 4 5  

 
'M ,�w � 6- . / 0 12t% &p�³x

+,r f - . / 0 12� B C | }�¨ D>a �

[1][2][8][12] b c $ GA X 	 l + �t% &p�GA
?	 l + � ò *� � � � m �ê{ � +�� 9 ��

Ð 'r s �89 : �� MST +X ���fÜ ` a
­ ®  b c r � � � � 9 { � ����$ a k FG

Y���õ   * ¬« ¢ l + � ò (Near-optimum)�
r �89 : �Ü 89 : # j k MST q GA �� �
�n ��` a ¿ Ü 89 : 'd e Y GA��$T �
GA X 	 � l + % &p�W Y$ ¿ 'r s H GA> 

 
3.1 � 
 � � � � � � � � �� 
 � � � � � � � � �� 
 � � � � � � � � �� 
 � � � � � � � � � (QoS 

parameters) 
 
'M +± ² c r � �� S � (Multi-objectives)

�- . / 0 �789 : �̀ a | � [1]7â ã = \�
?� � : � � +� S � | }X ó D% &�7�! :

� | }'¡(1)N� N� � ��t(2) ~ � 12t(3)
~ � � � �> 

�z* > +	 �̀ a w � ��í »P � DS �

�}4 * ¬r � l + �>'M +* ¬! : � | }�

l + ��̀ a � ¨ ��6,$E T \4 H¡ 
(1) � � R � � � ¨ '- .   ¡ (Service Queues)�
3 ~ # 0 1 Y T � � ý  5 ¬- . > 

(2) - . �(Service Rate) ¨ D' ¢ £ Poisson L Ø
(Poisson Distribution)�4 5 - . �� ¤ u } L
¥ (Exponential Distribution)� R �� � (Link 
Delay)�- . ��µgy z u }L ¥�� � (Path)
# 1 ¦ k � § }(Hop)�H � � d �� �� � �
$ ¨ n k � � � � u }� ` � }� © P�
Erlang-K L Ø (Erlang-K Distribution)( ` *# k
� � � u } � ` � } � ª « ¬ L

(Convolution)�� � ý , B Â � ­ ® ¯ (Mean)�



fÜ �*> ° F 1 ¦ k � R �� � � % &�7
�� � y z Erlang-K L Ø �1 ¦ � ± ' k��
� ' p( ± Ã N¬r � � % & S �N)�� � � �
� dp m º t �̀ �'¡ 

)!1(
)Pr(

1

−
=<

−−

k
et

td
tkk

p

µµ       (3.1) 

�z²³ ` � � F �� � ��' d�% &p(Γ)
�` ��$ ´ n % &p* � � � � �� � ��

� ¬ ¡ 

∏ Γ∈Γ <=<
p p tdtd )Pr()Pr(   (3.2) 

'M µ ¬l + �� � �` a ¶ �7(3.2)Yl�
�> 

(3) � ¨ - . �PT Ã �(Transmission Rate) � �
Poisson L Ø �r � ~ � · Ó ' B�R � l��
` �� v ¸ '¡ 

!
)(Pr

B
e

B
B

l

µµ −

=    (3.3) 

� Â É �W : �� � � � % &p�~ � ` �'¡ 

∏ Γ∈Γ =
l l BB )(Pr)(Pr   (3.4) 

¶ �7(3.4)Yl��> 
(4) ~ � � � �A � # ¨ D'% &� � *b c �l
� ¹ º ~ � (Greatest Residual Bandwidth)�» h

� ¹ º ~ � v ¸ ∑ ∈
−

El ll bc )( �cl # R � l�

· Ó �bl # ~ � L ¼ �� º � � % &p Γ��
~ � � � �� v ¸ '¡ 

∑
∑

∈

∈
−

=Γ
El l

El ll

c

bc
R

)(
)(   (3.5) 

¶�7(3.5)Yl � � > 
s ! : � | } � 	 5 r a � ¯ � } (Fitness 
Function)¡ 

)()(Pr)Pr(321 Γ++<=++= ΓΓ RBtdFFFF  (3.6) 

` a 7a � ¯� }	 � l � � > 
 
3.2 ����������������������������(MST) 

 
µ c MST, : V� Â�89 :¡Kruskal�Prim

q Sollin�̀ a ½ � �# Kruskal�W :�¾ 3-1#
MST89 :v¸Y¡ 

 
T = {}; 
while ( T contains less then n-1 edges && E is not 

empty ) { 
� � choose the least cost edge ( v , w ) from E ; 
� � delete ( v , w ) from E ; 
� � if ( ( v , w ) does not create a cycle in T ) 
� � � � add ( v , w ) to T ; 
� � else 
� � � � discard ( v , w ) ; 
} 
if ( T contains fewer then n - 1 edges ) 
  � printf ( "No spanning tree \n" ) ; 

���� 3-1 Kruskal����MST � � �� � �� � �� � �  
 
3.3 � � 	 
 �� � 	 
 �� � 	 
 �� � 	 
 � (GA) 

 
GA: $ �( ` � F #7Hollandº 1975 £ ¿

� b À �#( º· ´ Z y � Á �r Vl + � q r `

¾> 
� � GA: $ X òl + � 
 é ��� � 7{+

q r �{,| } Â Ã n¿ ' Ä Å � (Chromosome)
� � Æ  (Discrete) Ç 6 È  (Binary) É Ê (String)�
´ ! � ` ° = Ë { o N � Ì Í Î V ( É Ê )��� z
	 òtdÏ X � 9 a � ¯(Fitness Value)�a � ¯Ê
� Î V7Y � Z [ � ¼ Ð (Mating Pool)K�Ü � J
K � Á ��� � ¼ � Ñ � � Á �� 9 �� Ò nr Ó

�( f 89 : $ ��Ü =Ë E� $ { o a � Hl Ñ

� Î V> 
a � [1][2][8][12]K{b t Î V�Ä Å � Â Ã

W Y�¾ 3-2{¸�7± Ã N ¬ �Kr � S �N t
� � ' r ( f �( f q( f t�$Ô-1Õv¸�Ö >
J K q � ¼ �� Á qr s � GA � � BÂ� × �Ñ
� ± o �� Á �#s Ø % X � Z r � Ä Å � q� ¼

! � Ä Å � N µ � ¼ �G Û >r s H GA �¾ 3-3
{¸>YÙ K� ε ' Ú Û ¯� " Ô � a � ¯D z `
� a � ¯̂ r D �¯(ε)� $ Ç Ü > 
 

1

2 3

4

5

6

7

8

9

10

11

12 13

14

16

15

17

1 4 6 -1 1 4 9 -1 1 4 7 12 -1
 

���� 3-2 r s H GA����� � � 	� � � 	� � � 	� � � 	  
 
Input: A given network G = (V ,E), a source and a 

set of destinations. 
Output: A set of Near-optimal multicast trees. 
 
Obtain the initial set of multicast trees (input: 

source, destinations); 
Map each of the multicast trees to a string 

consisting of network nodes; 
Generate the initial population from these set of 

strings; 
Repeat 
     Calculate the initial fitness of three QoS 

parameters separately; 



     Choose two strings at random; 
     Perform cross-over and mutation; 
     Obtain the new set of strings to generate new 

population; 
Until ({fitness}Snew − {fitness}Sprevious <ε) 

����3-3 r s HGA 
 
3.4 � 
� 
� 
� 
 MST����� � �� � �� � �� � � GA � � �� � �� � �� � � � � �� � �� � �� � � GA 

 
deY GA#7 r s H GA Ý � d � �õ� #

MST� Z � R� � � �U È jk� n�r V	 � l
+ % & pr VW Y>�{� � Â Ã W Yqr s H

GA BÂ�#$± Ã N ¬ S �N t� � ' r » Ê
¡�� Â� S �N ,� Â� Ð Ù (Pool)�BÂ± Ã
N ¬ S �N t� Â� � � Ê ¡� ? Âr � Ð Ù �,

N � S �N $ , N � Ð Ù �� s � Â� Ð Ù � �
c r » Ê ¡�� � Ð Ù ý � Z Ò t ! knr »É `

p(Sample Tree)�7º� Â�� � jk� 5 �¾
Þ�� � , ª � Þn�f Ü �ß à #á , ª � n

n�õ� n n ª � �R � � r � â � �G Û �Ü â

� G Û #½ � MST â � ª � �W :�â � � ! n
' r ã | � �% & p��� � ãpÛ r � a � ¯�

� 9 �� 9 ! ß à # á ¬ * Ç Ü dÏ �j * Ç Ü d

Ï $ N # � Ó (Replace) � � t � ` � Z r � Ð Ù �
Z c r d � � q z % & p*BÂ S �N �� � �

� Ó G Û �� � 9 # á * ¬ Ç Ü dÏ ��Ü ä Ë G

Û Ý ¬ * ¬ Ç Ü dÏ >7º � Ó � � ; Ô ���  

� � � å 7 Ç Ü dÏ ¨ D ' U »dÏ ¡ 
1. " Ô � a � ¯D z � a � ¯^ r � Ú Û ¯(ε)
�� 

2. " = J G Û * ¬ X  �� 
5 r � dÏ #| � r s H GA{D ��� 5 6 � d
Ï # � Ó � 9 {����7æ ¶ } ç � ? r D ù

ú û >` a {b tdeY GA�¾ 3-4{¸> 
 

Randomly select one set of path from all pools. 
Loop detects and prunes poor fitness links. 
Calculate fitness value and put it to {fitness}previous 
Repeat X times 

Randomly choose one path list from one 
pool. 

 Replace the path with correspondent path 
 Loop detects and prunes poor fitness links. 

Calculate fitness value and compare with 
previous fitness value. 

If {fitness}new > {fitness}previous then 
  If {fitness}new - {fitness}previous <ε then 
   Put {fitness}new to {fitness}previous 
   Leave repeat 
  Else 
   Put {fitness}new to {fitness}previous 
   Continue repeat 
  End if 
 End if 
End repeat 

���� 3-4 
 � 	
 � 	
 � 	
 � 	 GA 

 
4. ��������	��������	��������	��������	 
 

? ` è ËK�7� 5 : Ë{b � : V89 :�

? � Â � � E�� - ./ 0 1 2t � ÞN µ D Ð �

y z é Y(3.2)�(3.4) � 9 {5 �¾Þê � � � � �
L ë �õ ì ° �V89 :? � Â � ÞE�� � �

 > 
 
4.1 � � � �� � � �� � � �� � � �  
 

' M � íA { o �¾Þ W í î ¨ �̀ a ½ �

Borland C++ Builder ï ´ í A Á Y��í A ð ñ ¸
� ¾�¾ 4-1{¸> 

 

 
���� 4-1 � 
 � � � � �� 
 � � � � �� 
 � � � � �� 
 � � � � � 

 
` a í A �� � # � ¨ ? h i � � K, 100

ã h i � 7 � (Core Router)��ã h i � 7 � ® ,
3~5dR � q ò ¢th i � 7 � B ª �©ó 4 � �
R � ' 200d��dR� �~ � ' 2.5Gbps�õ �
¨ , 1 � ± Ã N �5 � S �N �T � �0 1 ­ ® �
± ' 8K Bytes/message�v 4-1#í A �4 � �|
}> 

 
���� 4-1 � 
 � �� 
 � �� 
 � �� 
 � �  

R � · Ó (cl) 2.5 Gbps 
0 1 � m (MPEG-II) 8 Kbytes/message 

- .� (µ) 2.5 Gbps/8 Kbytes =  
3.9×104 message/sec. 

l m N \ � � ��(t) 500µsec. 
l - ~ � �	 (BR) 3 Mbps 
� ¼ � (cross-over 
rate) 

0.8 

Ñ � � (mutation rate) 0.1 
� Ó � (replace rate) 0.8 
Ç ô  }(X) 100 
Ç ô Ú Û ¯(ε) 10-5 
� � ð ñ � m (Ë\
}) 

100 � Ë\ (node) 

� � R � }Ó  200 � R� (link) 
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ø ' 10~20Mbps�K' 750~1000Mbps�='
2.5~3.0Gbps�3 ~ #, 9V � � > � ± Ã N �¢�
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���� 4-3.a � � �� � �� � �� � � GA, Fitness Value vs. Hop:16, 

Load:750~1000Mbps( � � �� � �� � �� � � ����� �  � �  � �  � �  ) 
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 � 	 GA, Fitness Value vs. Hop:16, 

Load:750~1000Mbps( � � �� � �� � �� � � ����� �  � �  � �  � �  ) 
 

���� 4-2 ! � " #! � " #! � " #! � " #  vs. Hop:16, 
Load:750~1000Mbps( � � �� � �� � �� � � ����� �  � �  � �  � �  ) 

r s H GA deY GA 
15.79725 s 13.62713 s 
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 MST 3.0 2.0 2.0 
ø r s H GA 3.0 2.5 2.0 
 deY GA 3.0 2.6 2.0 
 MST 1.7 0.69 0.68 
K r s H GA 1.8 1.3 0.66 
 deY GA 1.8 1.3 0.68 
 MST ~0 ~0 ~0 
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ø r s H GA 9.9s 16.4s 22.7s 
 deY GA 8.6s 14.0s 19.7s 
K r s H GA 9.6s 15.8s 21.3s 
 deY GA 8.8s 13.6s 18.7s 
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