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����� � � �� ����� � ���� ��� ����� � � 1 W�� �	��

S_w � ps�_u�p©� � u�u�Í�wAkhv � {»psu � {¨w]z|n�~xz|~�«}l2C�uW�Â�_u � u!�o{A@Bu � u�zAp4~��_� � w:³o{}t!~�p©uW�Ân®w]«¨yops{¨w]z|n0~ � u�� � w�¾
�<wAn®uW�${¨zhkouDv´ps{¨w]z : ps~�°m{}z_�²{}z]pswP~xvDv
w]y_zAp�ps�_u�y_z<v
u � ps~x{¨zApql�w�¬Yp©�_u�«¨{}z_°Pª3~x«¨y_uWn�µZS�{¨z<~�«}«¨l�p©�_u
n®uD«¨uWv´ps{¨w]z�wx¬|p©�|u'� � w]�<wAn®uW��~x«¨�]w � {»ps�_t²nN§�u � uºt8wxp©{}ª3~3p©uW���ml�~xz|~�«}l2C�{}z_��p©�_uº�Uu � ¬w � t!~xz|v
uº~�z<�
p©�_u4v�wxt!�_«}u
³o{»pql²wx¬�p©�|u0~x«¨�]w � {»ps�_t²n�µ�¶·z � uD~x« � w]yop©{}z_��uDzmªA{ � wxz_t!u�zAp�wxz_«}l�~�«}�xw � {¨p©�_t²n¸�|~:ªm{¨z|�
«¨w3§ v
w]t8�|«¨u�³m{¨pqlPvD~�z��<u4y|n©uD��µ
� S|w � �Uw�p©p©«}u�z_uWv�°Àpqlm�<u²wx¬�Í�wmk � uD½Ay_{ � u�t!u�zApsn�ps�_u!p � u�u�~x«¨«}w3§'{¨z|�Pps�_u²t²~3³o{¨t²~x«5� � w]�|~3¾
�|{¨«}{»pql�w�¬�p©�|u�~xn©°xuW�ÂÍ�wmk�ª:~x«¨y|u�v
w �s� uDn©�<w]z|�_n�p©w!ps�_u�n©wx«}yop©{}wxz$wx¬�ps�_u�kApsu�{}z_u � � � wx�_«}u�t
§'{¨p©�Â�ou�p©u � t!{}z_{}n®p©{¦v0«}{¨z_°Pt8uW~xn©y � uDn 56V
WBX Y[Z + 7 9 ;���fg- U�VDW�X Y[Z$&% 4
µ
¶·z � uW~�«¸vD~xn©uDn�~�z ~��|� � w:³o{}t²~3p©uW�±n®w]«¨yops{¨w]z � 1 W�� �	��
 &²vD~�z¯�Uu�v�wxt!�_yopsuD� �mlÁy|n©{¨z_�hp©�_u
T�wxy"=ãv
¬qµ�E ��F ? ~xz|�Pp©�_u ¤ ~�°3~��<~xn©�_{»¾·�À~�psn©y_l]~xt!~&=ãv´¬qµ E U�F ? �_uDy � {¦n®p©{¦v4~�«}�xw � {¨p©�_t²nDµ

� S|w � ~x�_�o{¨p©{}ªxu pqlA�Uu wx¬�u�z|�m¾¿p©wx¾¿uDz|� Í�wAk � uD½Ay_{ � uDt!u�zApsn�~�z ~��|� � w:³o{}t²~3p©uW� n®w]«¨yops{¨w]z�,1 W�� � � 
 ! {}n��_y_{}«»p8§'{»ps�¯p©�|u��_u�«}� wx¬�ps�_uP� � uDuD�ol�t!u
p©�|wm�>�ouDnsv � {¨�UuD�±{}z kmuWv´ps{¨w]z : µÞ�oµ}�
y<n®{}z_�!«¨{}z_°�ª:~x«¨y|uDn 56V
WBX Y[Z + � VDW�X Y[Z,+  �V
WBX Y[Z µ� S|w � ~]�_�o{¨p©{}ªxu'pqlm�Uu¼wx¬Bw3ª]u � ~�«}«<Í�wAk � uD½Ay_{ � uDt8uDzApH~�z²y_�_�Uu � ¾Ó�<w]y_z|�²v�~xz²�<u¼wx�op�~�{}z_uD�!�ml
¹<z|�o{}z_�8p©�_u�n©wx«}yop©{}wxz�w�¬�p©�_u�kApsu�{}z_u � � � w]�_«}u�t §'{¨p©�$«¨{}z_°�t!uW~xn©y � uWn 5 V
WBX Y[Z + � VDW�X Y[Z -/9�4´µ
¶·z � uD~x« � w]yop©{}z_�!u�zmªm{ � wxz|t8uDzAp'~xz�~x�_� � w:³o{¨t²~3psuD��n®w]«¨y_p©{}wxz � 1 W�� � ��
 � v�~�z��Uu�v
w]t8�|yop©uW�
�ml�y<n®{}z_�8p©�_u T�wxy$~�z<��ps�_u ¤ ~x°3~��|~]n®�_{¨¾·�À~3p�n®y_lA~�t²~�~x«¨�]w � {»ps�_t²n�µ

Ê wxp©u%�0ko{¨z|v�u8p©�_u � w]yop©{}z_��� � wx�_«}u�t²ne{¨zÁ{}z|v
w]t8�|«¨u�p©u8«¨{}z_°hn®ps~�p©u8u�zmªm{ � wxz_t!uDz]p4~ � u � uD�_y|v
uW�
p©w wx�ops{¨t!{DCD~3ps{¨w]z ps~]n®°onP�|~xn©uD� w]z 5 VDW�X Y[Z �_u
p©u � t!{}z_{¦nqps{}vh«¨{}z_° ª3~�«}y_uDnPy|n®{}z_�>p©�_u�� � w]�<wAn®uW�
n®w]«¨y_p©{}wxz|nDÌºp©�_uh� � w]�|~��|{¨«}{}n®p©{¦v$«}{¨z_° t!uD~]n®y � u U�VDW�X Y[Z vD~�z �Uuh�|~xz|�o«}uD� «}wmvD~�«}«¨l =w]z_«¨l {}z p©�_u
� w]yop©u � ~x�oª]u � p©{¦n®{}z_� 5 VDW�X Y[Z {¨¬�{¨p�{}nº�Uw]nsn©{¨�_«}u ? µ

� ��� �:� )� �!)�% � � � �>%'��� +'��)���+
¤ �|u'�<u � ¬w � t²~�z<v
u�~�z<~�«}lmn©{¦nY{}nd¬wmv�y|n©uD�!wxz8ps�_u¼v
w]t!�|~ � {}n©wxz8w�¬Bps�_u¼½Ay|~�«}{¨p©{}uDn5wx¬<ps�_u�n©�|~�z|z_{¨z|�0p � u�uDn� � � !#"�$ . ~xz|� � 1 W�� � ��
 . §'{¨p©�$ps�_u�½Ay|~�«}{¨p©{}uDn'wx¬�ps�_u�wx�_p©{}t!~x«Nn©�|~�z_z|{¨z_�8p � uDuDn � � � 
 . ~3p'ps�_u�t!wxt!uDz]p
wx¬�p©�|u � wxy_p©{}z_� � uD½Ay_uWnqpWµ ¤ w8uD~xv��Pp � u�u��J~WM
v�w]n®p¸ª3~�«}y_u�M L - ��4H�|~xn��Uu�uDz�~]n©n©{¨�]z_uD�Pv
w �s� uDn©�<w]z|�o{}z_�
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�'� � :

pswep©�_u�v � {¨p©{¦v�~x«oª:~x«¨y|u¸¬ � wxt p©�_u'�Uwx{}zApdw�¬<ªm{}u�§ w�¬Up©�_u�Í�wmk�v � {¨p©u � {}wxz�µ ¤ w4v
w]t!�|~ � uxÌ3ps�_{¦n5v
w]n®p5ª3~�«}y_uDn
~ � u²�<~xn©uD�±wxz � uD~x«H«}{¨z|°Áª3~x«¨y_uWn�~�p�p©�_u�t!wxt!u�zAp�wx¬'p©�_u � w]yop©{}z_� � uD½Ay_uDn®p�~xz|�¯~ � uPv
w]t!�_yop©uW� ~xn
¬w]«¨«}w3§�nDµ�¶·z�p©�|u�v�~xn©u0w�¬

� �<wxp®ps«¨uDz_uDv�°PpqlA�Uu4w�¬�t!u
p � {¦v�n<�
L - ��4M+ �! "V
WBX Y[Z ��� �U�V
WBX Y[Z

� ~x�_�_{»ps{¨ª]u0pqlA�Uu0w�¬Yt!u
p � {¦v�nº{}z�uDz|�m¾¿p©wx¾¿uDz|�$Í�wmk � uD½Ay_{ � u�t!u�zAp<�
L�-;��4M+ �����# . �0=�� � 1 ��� � �  #"* . ��0 ^ + a - . d 3V
WBX Y[Z ��0 . �U�V
WBX Y[Z

� ~x�_�_{»ps{¨ª]u0pqlA�Uu0w�¬Yt!u
p � {¦v�nº{}z�w3ª]u � ~�«}«/Í�wmk � uD½Ay_{ � u�t!u�zAp<�
L - ��4M+ 3V
WBX Y[Z ��� �U�V
WBX Y[Z

¤ §¸w±t!uD~]n®y � uWn���p©�_uÂt!uW~xn©y � uWn�� �%��! "%$ . ~�z|��� 1 W�� � � 
 . ~ � u�{¨zAp � wo�oy|v�uD� �ml>v�~x«}v�y_«}~�p©{}z_�Áp©�_u
� ~3ps{¨wAn�wx¬�L - � �%��!#"�$ . 4�~xz|� L�-;� � ��
 . 4�w � L - � 1 W�� �	��
 . 48~�z<� L - � � � 
 . 4W=L�o{}ªA{¦�o{}z_�Áp©�_uÂn©t²~�«}«¨u � ª3~x«¨y_u
§'{¨p©�hp©�_u8«¦~ � �xu � wxz_u ? µ ¤ �_uWn®u8�Uu � ¬w � t!~xz|v
u�t8uW~xn©y � uDnen®�_w3§ ps�_u � uW~�«Y½]y<~�«}{»ps{¨uWn�wx¬5p©�_u²n©�|~�z|z_{¨z|�
p � uDuDn2���%��! "%$ . ~�z|� �,1 W�� � ��
 . Ì|n©{¨z<v
uep©�_uD{ � n'v
wAnqp�nº~ � ue~x«}n©w8vD~�«¦v
y_«¦~3psuD���|~xn©uD�Pwxz�p©�_u �U�V
WBX Y[Z ª3~�«}y_uWn�µ
¤ �|u¼�Uu
p®psu � p©�|u�n©wx«}yop©{}wxz|n���%��! "%$ . ~xz|���,1 W�� �	��
 . ~ � u]Ìxps�_uev�«¨wAn®u � ps�_u¼�Uu � ¬w � t²~�z|v�u�t!uD~xn©y � uDnH�xu
p
psw±�xµ S�{¨z|~x«¨«}lxÌNp©�_u�~:ª]u � ~��]u�ª3~�«}y_uDn �� �%� !#"�$ . ~�z|� �� 1 W�� �	��
 . ~ � u²v�~x«}v�y_«}~�p©uW�hw3ª]u � ~�zÁu�z|n©u�t��_«}u8wx¬
� ~�z<�owxt!«}l²�xu�z|u � ~3p©uW��n©u
p�nºw�¬Yt�y_«¨p©{¦v�~]nqp'z_wo�ouWn�~�z<�$Í�wmk � uD½Ay_{ � uDt!u�zApsnº~xn'�_uDnsv � {¨�UuD��{}z�ps�_u4z_u�³Ap
n©y_�|n©uDv
p©{}wxz�µ

¤ �_u²�Uu � ¬w � t²~�z|v�u�t!uD~]n®y � uWne~ � u!v�~x«}v�y_«¦~3p©uW�hy|z|�ou � ps�_u²~xnsn®y|t8�_p©{}wxz�p©�|~�peps�_u�Í�wAk � uW½Ay_{ � u
¾
t!uDz]p0{¦n�ns~3ps{}n®¹|uD�À�Al�ps�_u8n©�|~xz_z_{}z_��p � uDu�� � uDn©u�zAp©uW�Â{}zÀp©�|u�zmy_t!u � ~3psw � ~�z|�$ps�_u!�ou�z_w]t!{¨z|~�p©w � ~3p
ps�_u�ns~�t!uep©{}t8u]µ ¤ �_u � u
¬w � u]ÌApq§¸w8pqlm�<uWn'w�¬�u �s� w � n�n©�_wxy_«¦���<u��_{}n®p©{}z_�xy|{}n©�_uD��µ
�xµ�� �������� ��% #7��� ������� ��p©�|uen©wx«}yop©{}wxz ���%� !#"�$ . =ã�|~xn©uD�Pwxz ; VDW�X Y[Z= t8uW~xn©y � uDn ? ~�z<� G�w � � 1 W�� � ��
 .

=�|~]n®uW�hw]z 56V
WBX Y[Z t!uW~xn©y � uWn ? n®uDu�t²n0z_wxpepsw�ns~3ps{}n®¬lÂps�_uPÍ�wAk � uD½Ay_{ � u�t!u�zApDÌ/§'�|{¨«}u8p©�_u²v
w � ¾
� uWn®�Uwxz<�o{¨z|��� � ��
 . ns~3ps{}n®¹|uWnºp©�|~�pDµ¸¶·z$p©�_{¦n¼vD~xn©u�ps�_u � u4{¦n¼~3p�«}uD~]nqp�w]z_u0p � u�u4§'�|u � u0p©�_u4p � ~'I�v
O w3§Jv�wxy_«¦���<u � wxy_p©uD���_yop'ps�_u0p � ~�I�ve{¦nºz_w�p'p � ~xz|n®t!{¨p®psuD� =«}w3§Jz_u�pq§¸w � °²y_p©{}«¨{DCD~�p©{}wxz ? µ

�oµ	� #*	��'�H%
� �*%B#$��� ������� �/ps�_uºn®w]«¨yops{¨w]z ���%��! "%$ . =ã�|~xn©uD�4w]z ; V
WBX Y[Z= t!uD~]n®y � uWn ? ~xz|�>G'w � � 1 W�� � ��
 .
=�|~]n®uW�4wxz 56V
WBX Y[Z t!uD~]n®y � uWn ? n©u�uDt!nNp©w�n©~�p©{¦nq¬lep©�|uºÍ�wAk � uD½Ay_{ � u�t!u�zApDÌ:§'�_{}«}udp©�|u � uD½Ay_{ � uDt8uDzAp
~xv
p©y|~x«¨«}lÀ{¦n4z_w�p�ns~3ps{}n®¹|uW��~x«¨w]z_��p©�_{¦n�n©�|~�z_z|{¨z_��p � uDuW=ã�|~xn©uD�Áw]z �U V
WBX Y[Z t!uD~xn©y � uDn ? µ²¶·zÁp©�|{}n
v�~]n®uºps�_uºp � ~�I�v O w3§ {}n � wxy_p©uD�8w3ª]u � ~4n®�<~�z_z_{}z_�ep � u�u'§'�|{}v��!ªm{¨w]«}~�p©uWn�p©�_ueÍ�wmk � uD½Ay_{ � u�t!u�zApDµ

ko{¨z|v�u�p©�_u'n©uDv
w]z|��w � �_u � u �s� w � n�~ � u¸t!w � uºv � y|v
{¦~�«m{}z²Í�wmk�v�wxt!t�y_z|{}vD~3p©{}wxz�{»pdn©�_wxy|«}���<uºuD«¨{}t!{¨z|~�p©uW�
{¨¬Y{»p�n � ~�p©{}w8vD~�z_z|w�p'�<u�v�wxzAp � wx«}«}uD�/µ
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S�{}�xy � u!��� 4)� #0�H#$��� ����1��/��, �'�.����� � 5 .��  ��� 4 �'�H% ���94+8� %�� ��	������
���

� � � ���(�����)����*����� � � 	!#
��+ � ��� + #$% � ��� ��#
�!� ��� ) � %'�(�*� )�+
¤ w��<u � ¬w � t¥ps�_u²n®{}t�y_«¦~3ps{¨w]zhw3ª]u �¼� uD~x«Yz_u
pq§�w � °Â�o{¨t!uDz|n®{}wxz<n¼ps�_u²� Ê k Ê � ¤ �|~]v�°A�Uwxz|u�p©w]�<w]«¨w]�xl
§º~xn�y|n®uW��E}��ÌB��F¿µ'¶Óp�n�v�wxz_z|uDv´ps{¨ªm{¨pql�§º~xn¼{¨t!� � w3ªxuW��¬w � uDz|n©y � {}z_�!ps�_u�u�³m{¦n®p©u�z<v
u�wx¬5t�y_«¨p©{}�_«}u��|~�p©�|n
�Uu
pq§�u�uDz�uD~]v��4z_wo�ouH�<~�{ � =Ln®uDu E}�D��F ? µ ¤ w¼�xu
pY~ � uD~x«¨{¦nqps{}vdªA{}u�§ ~x�<w]yopNps�_u�wx�Uu � ~3p©{}wxz4wx¬op©�_u¸t�y_«¨p©{¦v�~]nqp
� wxy_p©{}z_�!t8u�p©�_wo�_nDÌmp©�|u0¬wx«}«¨w3§'{}z_�²v
w]z|n®{¦�ou � ~�p©{}wxz|n¸§¸u � uep�~�°xuDz�{}zAp©w²~xvDv
w]y_zApDµ

¶·zÂw � �ou � p©w²{}«¨«}y|n®p � ~3psu�ps�_u�{}t!�|~xv
p�w�¬�p©�_u�� � ~xzmy_«}~ � {¨pql²w�¬HÍ4�0k � S>t!uD~xn©y � u�t!u�zApºp©uWv��_z_w]«¨w]�xlxÌ
ps� � u�u��_{A@Bu � u�zAp¸� � {¦�_n =ðps� � uDu��o{.@Bu � u�zAp¸ª3~�«}y_uWnHwx¬6; =
NPO 7 ; = ? §¸u � u�y<n®uW�!¬w � uD~]v���u�zmªm{ � wxz|t8uDzApDµ S_w �
uW~xv�� � wxy_p©{}z_��t!u
ps�_wo� � +	�&2�2 � w]yop©{}z_� � uD½Ay_uWnqp�nN§�u � ud�]u�z_u � ~�p©uD��~�z|� � u��UuD~�p©uW�0¬w � uD~]v��4ª3~�«}y_u¸wx¬
;>=DNPO*7 ;>=©µ ¤ �|u¸t�y_«»ps{}vD~xn®p�� � w]y_��t!u�t��<u � n�§¸u � u¸n®uD«¨uWv´p©uW� � ~�z|�_wxt!«¨l8=q�W�'¾��x��t8uDt��Uu � nN�Uu � � � w]y_� ? µ
¤ �|u�«}{}z_°>ª3~�«}y_uWn!§¸u � uÂ�ou�p©u � t!{¨z|uD� � ~xz|�owxt!«}l {}z pq§�w±nqpsu��|n<�À~3p�~Á¹<n®p!p©{}t8u$ps�_u�
 ; V
WBX Y[Z= 1?; V
WBX Y[Z=DNPO�
{}zAp©u � ª3~�«�w�¬Hp©�_uPÍ4�0k � S � � {¦�Â§º~xnen®uD«¨uWv´psuD�Ày<n®{}z_��y_z_{¨¬w � tË�o{}n®p � {}�_yop©{}wxzNÌ�~�z|��~3p4~�n©uDv�wxz|�$ps{¨t!u
ps�_uPª3~x«¨y_uPw�¬'p©�|uP«}{¨z_°¯�ouWn©v � {}�opsw � §º~xn��xu�z|u � ~3p©uW� � ~xz|�owxt!«}l�{}z�
 ; V
WBX Y[Z= 1?; V
WBX Y[Z=DNPO� ~xvDv
w � �o{}z_�$p©whp©�_u
v�wxz|�_{»ps{¨w]z|~�«|�_{}n®p � {¨�|yop©{}wxz|n \ V = ZVDW�X Y[Z -Je�4dw�¬ ¤ ~��_«}u��xµ�¶·z!p©�|u�v�~]n®u'wx¬/u�z|�m¾¿p©wx¾¿uDz|�PÍ�wAk � uD½Ay_{ � uDt!u�zApd§¸u
v�wxz|n©{¦�ou � z_w � t²~�«��_{}n®p � {¨�|yop©{}wxz�Ìo§'{¨p©�

� = V
WBX Y[Z � ; V
WBX Y[Z= + ; VDW�X Y[Z=DNPO�
~xz|�

 =V
WBX Y[Z � � 
 ^`_ba c?d.�� &

 ^ _ba c?d.

A
� �&�  � 

^���� � . ^`_ba c?d d !!�� ! � e + A�7��
§'�|u � u�� +H2 C 2���{¦n � �<w]�|n®wmuW��¬w � p©�_u�n©{¨t�y_«¦~3p©{}wxzNµ

¤ �_u�n©{}t�y_«¦~3ps{¨w]z��|~ � ~xt!u
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The performance of the multicast routing methods based on

bottleneck type of QoS requirements
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The performance of the multicast routing methods based on

additive type of end-to-end QoS requirement
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The performance of the multicast routing methods based on

additive type of overall QoS requirements
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