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. È�¸n¶0/'Å iWö#üVó�òÑý�÷Nþ�óNX F ó � ÿ#þ�òVõ�ÿÈþ?ó�õ á * + 7;,{i á * + 7t/�[\O�V�]\ö#þ � þBó�ô � á � � ÿ-*7ô=õ���ó � þ�ó + ÷@ó�ôr7�ò��gþ�ó�, á * + 7t/�[\O�`Ð]
�!��õNó�õ7ýZõ�üÐó�õv�!��õ%
7òÔø � û�öÈüVó�òÔý�÷Nþ�ó"�Sz�÷Nþ�òÔý�÷NüÑü��Núti á * + 7P��õ�ö=ó � �gþgeÈõeõ7ø ÷Nÿ á * + 7 ÷�� � ÷W�GòÔó�ô�òÑÿ�
tõ��yû�÷@ó�òVõ�ÿ
÷@ù?õ�ö=ó$����õ�ö!� � � ý � ò�
 � �yþ"�$>*ô#òÑþG÷NüÔüVõ��GþG÷NüÑüci á * + 7ã��õ�ö=ó � �gþ
òÔÿÇ÷NÿW÷�� � ÷Ãó�õÁô#÷%
 � ó�ô � þ�÷Nû � 
7ò � � õ�
9����õ�ö!�
û � û�ù � �yþ�ô#ò��N�H�ÀÿÉó�ô � þ�÷Nû � ��÷��Éó�ô#÷@ó � ÷Nýyô á * + 7@��õ�ö=ó � �¨òÔÿ#ø � � � ÿ#ø � ÿ\ó�ü��ÁýZõ�ÿ#þ�ó&�göÈýZó�þ2ó�ô � ö#ÿÈòÔý�÷Nþ�ó$�gõ�ö=ó �
òÔÿ��ºó�õ��?õ�üVõ����Nú � ÷Nýgô;i á * + 7���õ�ö=ó � �
ý�÷NÿiýZõ�ÿ#þ�ó&�gö#ýZóGó�ô � þ�ô=õ���ó � þ�óI�È÷@ó�ôÇó&� �"� 
�õ�� � ÷Nýgô�þ�õ�ö��yý � ÷Nÿ#ø8����õ�ö!�N�
ñãôÈòÔü � ���gõ�ö��{û � û�ù � �gþgô#ò���� � �?õ���ó�þ|÷�� � eÈõeõeø � øió�ô��gõ�ö���ô=õ�ö=ó
ó�ô � á * + 7 ÷�� � ÷7úBø#÷@ó�÷¿òÔþ
ÿ=õNó"�'i á * + 7 òÔþ
þ�õ�û � ó�ô#òÑÿ��Ãõ�
Ð÷NÿWõeø#øÈòVó��iòÑÿió � �gûËþ|õ�
%ý�üÔ÷Nþ�þ�ò�3�ý�÷@ó�òVõ�ÿn�x��ó|òÑþ
ýZõ�ÿÈþ�òÔø � � � øW÷¿ø � ÿ#þ � ûºõ7ø � �!��õNó�õ7ýZõ�ü�ù � ý�÷NöÈþ �
û � û�ù � �yþ�ô#ò��iòÑÿ�
tõ��yû�÷@ó�òVõ�ÿÇòÔþ2ù!��õ�÷NøÈý�÷Nþ�óGó�õ � ÷Nýgôvi á * + 7���õ�ö=ó � �±ú�ùÈö=ó2òVó2òÔþ2÷NüÔþ�õÁýZõ�ÿ#þ�òÔø � � � øi÷Nÿ ��F ��üÔòÔý�òVó
ÑÀõ�òÑÿ;�!��õNó�õ7ýZõ�ü<ù � ý�÷Nö#þ � ø#÷@ó�÷iòÔþ|õ�ÿ#ü���þ � ÿ5óló�õÇó�ô=õ�þ � � � ý � ò�
 � �gþ¨ó�ôÈ÷@ó�þ&� � ý�ò\3�ý�÷NüÔü�� � ��h ö � þ�ólòVó"��>Gô � � � ��ó�õ
ö#ÿ#ø � �yþ�ó�÷Nÿ#ø#òÔÿ!�xi á * + 7{òÔþ<ó�õr� � ÷NüÔò�k � ó�ô#÷@ó"òÔó%òÔþ%ô � ÷�
7òÔü��+ø � � � ÿ#ø � ÿ5ó<õ�ÿ á * + 7{÷Nÿ#øÃòVó�þ%üÔòÑÿ���þ�ó�÷@ó � ��õ�ö#ó�òÔÿ��
�È÷��g÷Nø#ò���û8�

¶(µ . ·5Ï . Å + ��õNó�õ7ýZõ�üJ�Àÿ#ø � � � ÿ#ø � ÿ5ó2iWö#üVó�òÑý�÷Nþ�ó-, + �Zi;/�[\O���]Bô#÷Nþ�ù �"� ÿ¿þ&�ÈüÔòVó�òÔÿ5ó�õºó��Ðõ��!��õNó�õ7ýZõ�üÔþ�ú=÷ºø � ÿÈþ �
ûºõ7ø � 
 � �gþ�òÔõ�ÿiý�÷NüÔü � ø + �Zi ��L i@[\O���]�÷Nÿ#øÇ÷Ëþ��È÷��gþ � û�õeø � 
 � �gþ�òVõ�ÿÉý�÷NüÔü � ø + ��i � *fi@[\O�ØÐ]^� + �Zi ��L i òÑþI
 � ���
þ�òÔû�òÑüÔ÷��Ãó�õ LHâ iWy +21 ó�ô � � � ÷�� � õ�ÿ#ü��ãó��Ðõæû�÷�Ñ�õ��iø#ò\) � � � ÿ#ý � þ�� >Gô � 36�gþ�óJòÔþ¿ó�ôÈ÷@ó + �Zi ,�ù?õNó�ô�ø � ÿÈþ �
ûºõ7ø � ÷Nÿ#ø�þ&�È÷��yþ � ûºõ7ø � /lö#þ � þ�ó�ô � öÈÿ#òÔý�÷Nþ�ór��õ�ö=ó�òÔÿ��ió�÷@ùÈü � ó�õ;� � ��
�õ��gû y + 7>ýyô � ý��7þ"��ñ ô#òÔü ��LIâ iWy +
û�÷NòÔÿ5ó�÷NòÔÿ#þºòVó�þ+õ��Gÿ���õ�ö#ó�òÔÿ���ó�÷@ùÈü � ú + �Zi öÈþ � þE�Gô#÷@ó � 
 � �Áö#ÿ#òÔý�÷Nþ�ó+ó�÷@ùÈü � òÔþº÷�
@÷NòÔüÔ÷@ùÈü � �@>Gô � ÿ#÷Nû ��+ ��i

Ø



Unicast Link w/ Tunnel
Multicast Link

Multicast Router
Unicast Router

Unicast  Link w/ Tunnel
router-to-router

tunnel

native
multicast links

router-to-mrouted
tunnel

7�ò���ö�� � V�³�X F ÷Nû4�Èü � û�ö#üVó�òÑý�÷Nþ�ó�ó�õ��?õ�üVõ������2òVó�ôÇ÷ºýZõ�û�ùÈòÔÿ#÷@ó�òVõ�ÿÇõ�
3ó�öÈÿ#ÿ � üÔþ�÷Nÿ#øÇÿÈ÷@ó�ò�
 � û�ö#üVó�òÔý�÷Nþ�ó*üÑòÔÿ��7þ"�

òÔþlø � �yò�
 � øv
.��õ�û ó�ô � 
~÷NýZó�ó�ôÈ÷@óló�ô � ö#ÿÈòÔý�÷Nþ�ó¨ó�÷@ùÈü � ý�÷Nÿ ù � ùÈö#òÔüÔó
ö#þgòÔÿ��Ç÷Nÿ	��öÈÿ#òÔý�÷Nþ�ó'��õ�ö#ó�òÔÿ��Ç÷Nü��Nõ��gòÔó�ô#û8�
+ �Zi þ�òÔû4�Èü��Y� ��h ö#ò�� � þ�ó�ô � ö#ÿ#òÑý�÷Nþ�ó���õ�ö=ó�òÑÿ��{ó�÷@ùÈü � ó�õ ��F òÑþ�ó�ú�÷Nÿ#øæþ�õ òÔþ8|.}KÝ���è!��}KÝ��"}6~2õ�

ó�ô � ÷Nü��Nõ��gòÔó�ô#û
ö#þ � ø{ó�õiùÈö#òÔüÔø�òVó"��>*ô � þ � ýZõ�ÿ#ø ø#ò\) � � � ÿ#ý � ù � ó�� �"� ÿ + ��i ��L i ÷Nÿ#ø LHâ iWy + òÔþ¨ó�ô#÷@ó LIâ iWy + ó&�gò � þló�õ
÷�
Nõ�òÔøiþ � ÿ#ø#òÔÿ!��ö#ÿ#ÿ � ý � þ�þ�÷������È÷Ný�� � ó�þGó�õ�ÿ � ò���ô5ù�õ��yþ��Gô#õg�2òÔüÔü#ó�ô � ÿ�� � ÿ � �g÷@ó � �!�yö#ÿ � û � þ�þ�÷�� � þ�ù�÷Nþ � ø¿õ�ÿJ÷

�÷NòÑü � ø�y + 7�ýgô � ý��j��>*ô � þ � ó�õ�
Aõ�ö=ó&�Nõ�òÔÿ���òÑÿ\ó � ��
~÷Ný � þ�ùÈöÈòÔüVó%ù��Ã÷E��ò�
 � ÿ LHâ iWy + ��õ�ö=ó � �H�2òÔüÔü�òÔÿ#ý�üÔö#ø � õ�ÿ#ü��
ó�ô=õ�þ � ø=õ%�2ÿ#þ�ó&� � ÷Nû ��õ�ö=ó � �gþ�ó�ô#÷@ó�ö#þ � ó�ô � ��ò�
 � ÿo��õ�ö=ó � ��ó�õW� � ÷Nýgô�ó�ô � þ�õ�ö��gý � ,~þ�ö#ý�ý � þ�þ&
~ö#ü2y + 7>ýgô � ý5��/0�
+ �Zi ��L i ÷�
Nõ�òÑø#þºó�ô#òÔþºýZõ�û��Èü ��F òVó��Nú"ùÈö=ó+ó�ô � ó&�g÷Nø � õ�)>òÔþ+ó�ôÈ÷@ó4�È÷Ný�� � ó�þÁ÷�� � 
�õ����Ð÷��yø � ø õ�ÿ.÷NüÔü�õ�ö=ó&�Nõ�òÑÿ��
òÔÿ5ó � ��
�÷Ný � þ��;Æ
ÿ#ÿ � ý � þgþ�÷����S�È÷Ný5� � ó�þ�÷�� � õ�
tó � ÿ@
�õ�����÷��gø � ø ó�õ;��õ�ö=ó � �gþg�Gô#òÑýgô û�ö#þ�ó�ó�ô � ÿ�� � ÿ � �g÷@ó � �!�yö#ÿ �
û � þ�þ�÷�� � þGù � ý�÷Nö#þ � õ�
3ó�ô � � � þgö#üVó�òÔÿ��Ey + 7@
�÷NòÑüÔö�� � �
>*ô � ÿ ��F ó � 
Nõ�üÑö=ó�òVõ�ÿ#÷����ºþ�ó � �ÃòÔÿ�òÔÿ5ó&�g÷ � ø=õ�û�÷NòÑÿE��õ�ö=ó�òÔÿ��'��÷Nþ<ó�õ�ø � 
 � üVõ����6��õNó�õeýZõ�üÑþ<ó�ô#÷@ó%÷NøÈø�� � þ�þ � ø�ó�ô �

ø#òÔþ�÷Nø!
1÷Nÿ5ó�÷�� � þ%õ�
Bø � ÿ#þ � ûºõ7ø � �6��õNó�õeýZõ�üÑþ"�91�ÿ � � ý�üÔ÷Nþgþ<õ�
n�!��õNó�õ7ýZõ�üÔþ�úeý�÷NüÔü � ø�ß^èf���0ß"�'Ú�Û�Ý����!��õNó�õ7ýZõ�üÔþ�ú���÷Nþ
ý�� � ÷@ó � øn�8�Àÿ#þ�ó � ÷Nø õ�
�õ��#ó�òÔû�ò�k±òÑÿ��Jõ�ÿ#ü��W
tõ���ó�ô � ý�÷Nþ � �Gô � ÿ ÷�����õ�ö!� ô#÷Nþ�û�÷Nÿ�� û � û�ù � �gþ�ú3þ&�È÷��gþ � ûºõ7ø �
�!��õNó�õ7ýZõ�üÔþ�÷�� � ø � þ�ò���ÿ � øÁó�õg�Ðõ����Áûºõ�� �x� lÃý�ò � ÿ5ó�ü����2ô � ÿÁó�ô � � � ÷�� � õ�ÿ#ü��Ë÷g
 � �C�GòÔø � ü���ø#òÔþ�ó&�gòÔùÈö=ó � ø4����õ�ö!�
û � û�ù � �yþ"���Àÿ#þ�ó � ÷Nøiõ�
 ù!��õ�÷Nø#ý�÷Nþ�ó�òÔÿ���ó&�g÷ÐlÁý�÷Nÿ#øió&�gò���� � �gòÔÿ!���!�gö#ÿ � û � þ�þ�÷�� � þ�új� � ý � ò�
 � �yþG÷�� �r��F � � ýZó � øÉó�õ
þ � ÿ#ø ��F �ÈüÔòÔý�òVóHÑÀõ�òÔÿ�û � þ�þg÷�� � þ"�Y>*ô � þ � Ñ�õ�òÔÿ�û � þ�þ�÷�� � þº÷�� � þ � ÿ5ó+ó�õ{÷M�gõ�ö=ó � �º÷NýZó�òÔÿ���÷Nþº÷@æ0Û������o*eõ�ö��yý � þ
÷�� �g��F � � ýZó � ø�ó�õ¿þ � ÿ#øÉó�ô � ò��|ø#÷@ó�÷Áó&�g÷ÐlÃý�ó�õÁó�ôÈòÔþ2þg÷Nû � ÿ#õeø � �x>*ô � ö#þ � õ�
%÷ÁýZõ�� � ÷Nþ
÷ T û �"� ó�òÔÿ!����üÔ÷Ný � U

tõ��2þ�õ�ö��gý � þ*÷NÿÈø8� � ý � ò�
 � �gþI
�÷Ný�òÔüÑòVó�÷@ó � þ*ý�� � ÷@ó�òVõ�ÿiõ�
Aó�ô � û�öÈüVó�òÔý�÷Nþ�ó�ó&� �"� �2>H�"õºõ�
3ó�ô � û�õ�þ�óH�?õ��Èö#üÔ÷���þ&�È÷��yþ �
ûºõ7ø � �!��õNó�õ7ýZõ�üÔþ*÷�� � ø � þ�ý��gòVù � øÁù � üVõ%�-�

354�6 Å >Gô � ÇÐõ�� � z�÷Nþ � øv><� �"� þ�,^Ç#z#>a/I�!��õNó�õ7ýZõ�ü���÷NþG36�gþ�ó
ø#òÔþ�ý�ö#þgþ � øÉòÑÿió�ô � � � þ � ÷��gýgô{ýZõ�û�û�ö#ÿ#òÔó��n[\O%��]
÷Nÿ#ø�òÔþ�ÿ=õ�� ù � òÔÿ!�Gþ�ó�÷Nÿ#ø#÷��yø#ò�k � ølù��ló�ô � ��X�>I7H[\O�RÐ]^�tÇ#z#> ö#þ � þ�ó�ô � ùÈ÷Nþ�òÑý<þ&�È÷��gþ � ûºõ7ø � ��÷��g÷Nø#ò���û ó�õ
ý�� � ÷@ó �
÷+þ�òÔÿ���ü � ß5ëf���&�5Ý�~{�&�0��ö#þ � øÁù��Ã÷NüÔü�þ�õ�ö��yý � þ"��>*ô � ó&� �"� òÔþ���õeõNó � øÇ÷@ó�÷+ýZõ�� � ��1
üÔü?þ�õ�ö��gý � þ�þ � ÿÈøÃó�ô � ò���ø#÷@ó�÷�ó�õ

�



ó�ô � ýZõ�� � ÷Nÿ#øÃ÷NüÔü�� � ý � ò�
 � �yþ"þ � ÿÈø ��F �ÈüÔòÔý�òVójÑ�õ�òÔÿ�û � þ�þ�÷�� � þÐó�õ�ó�ô � ýZõ�� � �t>*ô � � � ÷�� � ó��"õ�ø#ò\) � � � ÿ#ý � þ%ù � ó�� �"� ÿ
Ç#z#> ÷Nÿ#ø + �Zi � *fiY�n7�ò��gþ�ó�ú<Ç#z#> ö#þ � þ|õ�ÿ#ü��É÷Jþ�ô#÷�� � ø�ó&� �"� úA÷Nÿ#ø{òÔþ|ÿ=õNó¨ø � þ�ò���ÿ � ø�ó�õÇö#þ � þ�ô=õ���ó � þ�óG��÷@ó�ô
ó&� �"� þ"�g* � ýZõ�ÿ#øcúcÇ#z#>Íö#þ � þ�å�|ÒÝ�|.�&�5æ�~{|ÒÛ�}K��Þcþ�ô#÷�� � øÉó&� �"� þ�úcùÈö=ó + �Zi � *�i;ö#þ � þgÜf}!|ÒÝ�|.�&�5æ�~{|ÒÛ�}K��Þ?þ�ô#÷�� � øWó&� �"� þ��
z�òÔø#ò�� � ýZó�òÔõ�ÿ#÷Nü�þ�ô#÷�� � ø�ó&� �"� þ�òÑÿ�
Nõ�ü�
 � þgüÔò���ô5ó�ü�� ûºõ�� � ýZõ�û��Èü ��F òVó��Nú"ùÈö=óº÷�� � ûºõ�� �8� lÁý�ò � ÿ\ó4�2ô � ÿ��È÷Ný�� � ó�þ
ó&�g÷�
 � üÑòÔÿ�� 
.��õ�û ÷iþ�õ�ö��yý � ó�õWó�ô � ýZõ�� � ý���õ�þ�þ�ù!�g÷NÿÈýgô � þ�õ�
�ó�ô � û�ö#üVó�òÔý�÷Nþ�óló&� �"� ���Àÿ ó�ô#òÑþ�ý�÷Nþ � ú<òÔÿÈþ�ó � ÷Nø õ�

õ�ÿ#ü��Wþ � ÿ#ø#òÔÿ!�Áó&�y÷ÐlÃý T ö��6U¿ó�õÇó�ô � ýZõ�� � úc�È÷Ný5� � ó�þ�ý�÷Nÿ ÷NüÔþ�õJù � þ � ÿ5ó T ø=õ%�2ÿ!U¿ó�ô � ó&� �"� ��ñ ô#òÔü � ÇHz2> ôÈ÷Nþ
þ�ò���ÿ#ò�3�ý�÷Nÿ\ó�ó � ýgô#ÿ#òÑý�÷Nü%û � �gòÔó�þ�÷Nÿ#ø òÔþlõ�ÿo�È÷���ó � ýyô#ÿ#òÔý�÷NüÑü��;�GòVó�ô + ��i � *fi úc
 � ����õ�ö#ó�òÔÿ��8
 � ÿ#ø=õ��yþ-�!�gõ%
7òÔø �
þ�ö��!�?õ���ó#
�õ��GÇ#z#>'�

¶(µ . ·"¸ . Å + ��i � *fi@[\O�Ø�]"òÔþ�û�öÈýgô û�õ�� � �GòÔø � ü��Éö#þ � ø ó�ô#÷Nÿ@Ç#z#>'�N��ó�òÔþ�þgòÔû�òÔüÔ÷��|ó�õ + �Zi ��L i òÔÿ{ó�ôÈ÷@ó
��õ�ö=ó�òÔÿ!�Ëø � ý�òÔþ�òÔõ�ÿ#þ*÷�� � ùÈ÷Nþ � øiõ�ÿ �GôÈ÷@ó � 
 � �|öÈÿ#ø � �gü��7òÔÿ��+ö#ÿ#òÑý�÷Nþ�ó$��õ�ö#ó�òÔÿ��ºó�÷@ùÈü �r��F òÑþ�ó�þ�úÈù�ö=óGó�ô � ó&� �"� ýZõ�ÿ �
þ�ó&�gö#ýZó�òÔõ�ÿæû � ýyô#÷Nÿ#òÔþ�û�òÔþ h ö#òVó � ø#ò\) � � � ÿ\ó"� + ��i � *fio� þËó&� �"� ýZõ�ÿ#þ�ó&�göÈýZó�òVõ�ÿæ÷Nü��Nõ��yòVó�ô#û;òÑþË÷NýZó�ö#÷NüÔü�� û�õ�� �
þ�òÔû�òÑüÔ÷���ó�õºó�ô#÷@óGö#þ � ø¿ù���Ç#z#>�ó�ô#÷NÿJó�õ�ó�ôÈ÷@óGö#þ � ø¿ù�� + ��i ��L iY�K��ÿ¿ó�ô � 
tõ�üÔüÔõ%�GòÔÿ!�+ø � þ�ý��gò��#ó�òÔõ�ÿÃõ�
�þ&�È÷��yþ �
ûºõ7ø � �!��õNó�õ7ýZõ�ücõ�� � �g÷@ó�òVõ�ÿcú�� � ö#þ �(+ �Zi � *fi ÷Nþ�õ�ö!� ��F ÷Nû��Èü � �
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û � þ�þ�÷�� � �ÙU¾iWzIä + û � þ�þ�÷�� � þ¨ø=õ¿ÿ=õNó¨ý�÷������
òÔÿ�
�õ��gû�÷@ó�òVõ�ÿÃ÷@ù?õ�ö=ó"û�ö#üVó�òÔý�÷Nþ�ó�����õ�ö���þ�úeò^� � �Vúeý�üÔ÷Nþgþ L ÷Nø#ø�� � þ�þ � þ"÷�� � ÿ � 
 � ��ý�÷����gò � øÁòÔÿÃ÷Nÿ�iWzIä + û � þ�þg÷�� � �
y � ý�÷NüÔü�ó�ôÈ÷@ó�û�ö#üÔó�òÔý�÷Nþ�ó�ó&� �"� þ�÷�� � ýZõ�ÿ#þ�ó&�gö#ýZó � ø'ö#þ�òÑÿ��W÷;� � 
 � �gþ � �È÷@ó�ô ùÈ÷Ný5� ó�õ{ó�ô � þ�õ�ö��gý � �o>Gô � � � 
�õ�� � ú
iMzIä + òÔÿ�
�õ��gû�÷@ó�òÔõ�ÿÁòÑþ�ö#þ � ø8�Gô � ÿJ÷aÑÀõ�òÔÿJû � þ�þ�÷�� � òÑþ�þ � ÿ\óH
.��õ�û�÷Nÿ y + õ��$� � ý � ò�
 � �*ó�õ��Ð÷��gøió�ô � þ�õ�ö!�gý � �
>*ô#òÔþ#ÑÀõ�òÔÿ û � þ�þ�÷�� � ÿ �"� ø#þ�ó�õ �7ÿ=õ%� ó�ô � ù � þ�ó(� � 
 � �gþ � �È÷@ó�ô ó�õ%��÷��gø�ó�ô � þ�õ�ö!�gý � ��iMzIä + �!�gõ%
7òÔø � þló�ôÈòÔþ
ÿ ��F ó � ô=õ���òÑÿ�
tõ��yû�÷@ó�òVõ�ÿ{ù � ó�� �"� ÿ ø=õ�û�÷NòÔÿÈþ"����
*÷NüÔü"ö#ÿ#òÔý�÷Nþ�ó�÷Nÿ#ø�û�ö#üÔó�òÔý�÷Nþ�óló�õ��?õ�üVõ���ò � þr� � � � ÷Nþgþ�ö#û � ø ó�õ
ù � ó�ô � þ�÷Nû � ú?ó�ô � � � 
 � �gþ � �È÷@ó�ô�ÑÀõ�òÑÿiýZõ�ö#üÔøWþ�òÔû��Èü���
tõ�üÔüÔõ%�8ó�ô � þg÷Nû � ÿ ��F ó
ô=õ��Éó�ôÈ÷@ó|÷Nÿ	�iö#ÿÈòÔý�÷Nþ�ó*ó&�g÷ÐlÁý
�"õ�öÈüÔø�
�õ�üÔüVõ��(�9iMzIä + ÷NüÔüÔõ%�Gþ"÷�ÿ � ó��"õ��5�Ë÷Nø#û�òÔÿÈòÔþ�ó&�g÷@ó�õ��<ó�õ+þ&� � ý�ò�
.�º÷�ø#ò\) � � � ÿ5ó�� � 
 � �yþ � ��÷@ó�ô�
�õ��"ó�ô � Ñ�õ�òÔÿ
prqJûÐô�ó^ôx÷��s�Òý��HôGõG� D ÷� � ÷Ùømù�ýOB�ô�ó#ø^ô�ó��H÷Ùò�ý»öÙý� 5ù�û�ô�ó^ô��t�f÷Ùó��{ø&úh� � ödø^÷Ùÿ�ó^ý5ø^ý"üZý»ö-uwv��]xE÷��y�Òý��Hô�ø^÷?�Hôr�Hõ0ö��Òýgó^ô�þ ô�óÒó^ô@��ø^ýEõG�

uwv��]x+zP�h�%ô�üZý»ò���ú��Òý��Hô�ø^û�÷àò!�#ø^û�õ�ø�{|uhv��}�{ø�õ0ò��!�nþ\ý5ó�~��!� �����
���
�Tuwv����
E<öÙö�ø^û%ó^ôZô:ø^ô�ó��y�Jó^ô�þ\ô�óNø^ý2ø^û�ôH�^õG�Hô�ÿ%ó^ý0ø^ý"üZý0öM�

O�V



Intra-Domain
Cloud

Intra-Domain
Cloud

Intra-Domain
Cloud

Intra-Domain
Cloud

Multicast-Capable
Border Router

(running MBGP)

Unicast-Only
Border Router

(running BGP only)

73ò���ö�� � `�³�X F ÷Nû4��ü � òÔÿ\ó � � � ø=õ�û�÷NòÔÿJû�ö#üVó�òÔý�÷Nþ�ó�ó�õ���õ�üÔõ������yö#ÿ#ÿ#òÔÿ!�gzIä + ÷Nÿ#ø	`põ��aiWzIä + �

ó�õ�
�õ�üÔüVõ%��ú#÷Nÿ#øY,~þ�ö=ù�þ ��h ö � ÿ\ó�ü��!/"÷�ø#ò\) � � � ÿ5óH
tõ��5�Ð÷��gø��È÷@ó�ô8�Gô � ÿJøÈ÷@ó�÷�òÔþ*þ � ÿ5ó"�
ñ ô#òÔü � iMzIä + òÔþ2ó�ô � 36�gþ�ó
þ�ó � ��ó�õ%��÷��gø;�!��õ�
eòÑø#òÔÿ��ËòÑÿ\ó � � � ø#õ�û�÷NòÔÿiû�ö#üVó�òÑý�÷Nþ�ó�úcòVó2÷NüVõ�ÿ � òÔþ
ÿ=õNó|÷ÃýZõ�û �

�Èü � ó � þ�õ�üÑö=ó�òVõ�ÿn�4iWzHä + òÔþ�ý�÷��È÷@ùÈü � õ�
�ø � ó � �gû�òÑÿ#òÔÿ��Áó�ô � ÿ ��F ólô=õ�� ó�õÉ÷Çô=õ�þ�ó�úBù�ö=ólòVólòÔþ¨ÿ=õNó�ý�÷��È÷@ùÈü � õ�

�!��õ�
eòÔøÈòÔÿ��¿û�ö#üÔó�òÔý�÷Nþ�ó¨ó&� �"� ýZõ�ÿÈþ�ó&�gö#ýZó�òVõ�ÿS
�ö#ÿÈýZó�òVõ�ÿ#þ"�4iÉõ�� � þ&� � ý�ò\3�ý�÷NüÑü��Nún�Gô#÷@ólòÔþló�ô � 
tõ��yû�÷@ólõ�
Ðó�ô � Ñ�õ�òÔÿ
û � þ�þ�÷�� � p ñãô � ÿ�þ�ô=õ�öÈüÔø�Ñ�õ�òÔÿ û � þ�þ�÷�� � þ�ù � þ � ÿ5ó�ú<÷Nÿ#ø�ô=õ%� õ�
�ó � ÿKp *7ö��!�?õ���ó'
�õ��+ó�ô#òÔþ-
�ö#ÿÈýZó�òVõ�ÿ#÷NüÔòVó��{òÔþ
ÿ=õNó(�!�gõ%
7òÔø � ø�ù��WiWzIä +s1 ÷Jó&�gö � òÔÿ5ó � � � ø=õ�ûË÷NòÔÿ{û�öÈüVó�òÔý�÷Nþ�ó'��õ�ö#ó�òÔÿ��8�!��õNó�õ7ýZõ�ü<òÔþ�ÿ �"� ø � øn��7Èö���ó�ô � �gû�õ�� � ú
ýZõ�ÿ�
 � ÿ5ó�òVõ�ÿ#÷Nü��GòÔþ�ø#õ�û þgö���� � þ�ó�þ¨ó�ô#÷@ó¨ó�ôÈòÔþx�!��õNó�õ7ýZõ�ü þ�ô=õ�ö#üÑøWÿ#õNólö#þ � ó�ô � ù!��õ�÷NøÈý�÷Nþ�ó � ÷Nÿ#ø � �!�yö#ÿ � û � ó�ô=õ7ø
õ�
Gó&� �"� ýZõ�ÿÈþ�ó&�gö#ýZó�òVõ�ÿN�o>*ô � ÿ � ÷�� � ó � �gû þ�õ�üÔö#ó�òVõ�ÿ�ù � òÑÿ��É÷Nø�
Nõ7ý�÷@ó � øæòÑþ�ó�õ öÈþ �8+ �Zi � *fi ú ó�õ � þ�ó�÷@ùÈüÑòÔþ�ô ÷
û�öÈüVó�òÔý�÷Nþ�ó�ó&� �"� ù � ó�� �"� ÿÉø=õ�û�÷NòÔÿÈþ�ýZõ�ÿ\ó�÷NòÔÿÈòÔÿ��4����õ�ö��Éû � û�ù � �gþ��
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>�õ þgö#û�û�÷��gò�k � ³�
@÷��gòVõ�ö#þ+òÔÿ5ó&�g÷ � ø=õ�û�÷NòÑÿo�gõ�ö=ó�òÔÿ��;�!��õNó�õ7ýZõ�üÔþ ��F òÔþ�ó�ú<ó�ô � � � òÔþ+÷;��õ�ö=ó ����F ýgô#÷Nÿ�� � �!��õNó�õ7ýZõ�ü
ó�õiþ�ö��6��õ��gó|û�ö#üVó�òÑý�÷Nþ�ó�úA÷Nÿ#ø + �Zi � *fi òÔþ|ó�õÉù � ö#þ � ø�ó�õÉýZõ�ÿÈÿ � ýZó(� � ý � ò�
 � �yþ�÷Nÿ#ø þ�õ�ö��gý � þ�÷Ný��gõ�þ�þ�ø=õ�ûË÷NòÔÿ
ù?õ�ö#ÿ#ø#÷��gò � þ"�Wz�ö=ó�ú"ó�ô � � � òÔþ+þ�ó�òÔüÔü"õ�ÿ � 
~ö#ÿ#ýZó�òVõ�ÿ�û�òÔþ�þgòÔÿ�� 
.��õ�û9ó�ô � ÿ � ÷�� � ó � �yû þ�õ�üÔö=ó�òVõ�ÿN�;>Gô#òÔþr
�ö#ÿÈýZó�òVõ�ÿ
òÔþJÿ �"� ø � øÓ�2ô � ÿ ó&���7òÔÿ�� ó�õ.ýZõ�ÿ#ÿ � ýZóiþ��È÷��gþ � ûºõ7ø � ø=õ�û�÷NòÑÿ#þ¿ó�õ�� � ó�ô � ���sä|ò�
 � ÿ�ó�ô#÷@ó + �Zi � *fi òÑþ¿ó�ô �
õ�ÿ#ü��Çþ&��÷��gþ � û�õeø � �!��õNó�õ7ýZõ�ü3ó�ô#÷@ó
ôÈ÷Nþ2þ �"� ÿ�þ�ò���ÿ#ò\3�ý�÷Nÿ5ó2ø � ��üVõ%�7û � ÿ5ó�ú�ó�ô#òÑþ$
~ö#ÿ#ýZó�òVõ�ÿió � ÿ#ø#þ2ó�õ¿ù � ô � ÷�
7òÔü��
òÔÿfe�ö � ÿ#ý � ø+ù	� + �Zi � *fiY�	>*ô � �!��õNù�ü � û òÔþ ùÈ÷NþgòÔý�÷NüÔü���ô=õ%� ó�õ�òÔÿ�
�õ��gû ÷Nÿ�y + òÔÿ+õ�ÿ � ø=õ�û�÷NòÔÿ+ó�ôÈ÷@ó%ó�ô � � � ÷�� �
þ�õ�ö��gý � þ2òÔÿJõNó�ô � �|ø=õ�û�÷NòÑÿ#þ"��>Gô � ö#ÿ#ø � �gü��7òÔÿ��º÷Nþ�þ�ö#û��#ó�òVõ�ÿJô � � � òÔþ�ó�ô#÷@ó
÷�����õ�ö!�Éý�÷Nÿiÿ#õ%�Íô#÷�
 � û�ö#üÔó�ò��Èü �
y + þ"� D õ�� � 
 � �Lú#ó�ô � � � ÷NüÔòVó��ÃòÔþ"ó�ô#÷@ó�ó�ô � � � òÑþÐþ�ó�òÔüÔü#õ�ÿÈü���õ�ÿ � y + � � ��ø=õ�ûË÷NòÔÿcúeùÈö=ó�ÿ=õ%�>û�ö#üVó�ò���ü � ø=õ�û�÷NòÑÿ#þ
û�÷��{ù � òÔÿ�
Nõ�ü�
 � øn�8>*ô � ÷��!�6��õ�÷Nýgô ÷Nø=õ��#ó � ø òÔþ�üÑ÷���� � ü��{ûºõNó�ò�
@÷@ó � ø�ù	��ó�ô � � � �yý � ò�
 � ø ÿ �"� øÈþ�õ�
�ó�ô � �&* +
ýZõ�û�û�ö#ÿ#òVó����<�Àÿ(
~÷NýZó�úNó�ô � ø � ý�òÔþ�òVõ�ÿ�ó�õ2ô#÷%
 � û�ö#üVó�ò���ü � y + þN�g÷@ó�ô � �3ó�ô#÷Nÿ�÷Gþ�òÑÿ���ü � ��õeõNóAòÔþc�Gô#÷@ó3ø#ò\) � � � ÿ\ó�òÑ÷@ó � þ
ó�ô � ÿ � ÷�� � ó � �gû�þ�õ�üÔö#ó�òVõ�ÿ�
m�gõ�û õNó�ô � �$�6��õ��?õ�þ � øJþ�õ�üÔö=ó�òÔõ�ÿ#þ"�
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1��!��õNùÈü � û>÷��gòÔþ � þN�Gô � ÿ'����õ�ö!��û � û�ù � �yþB÷�� � þ��!� � ÷Nø¨õ�
 � �3û�ö#üVó�ò���ü � ø=õ�û�÷NòÔÿ#þ��c>*ô � � � òÔþBÿ=õGû � ýgô#÷Nÿ#òÑþ�û
ó�õlýZõ�ÿ#ÿ � ýZó ó�ô � 
@÷��gòVõ�ö#þ�òÔÿ5ó&�g÷ � ø=õ�ûË÷NòÔÿ+û�ö#üÔó�òÔý�÷Nþ�ó�ó&� �"� þ ó�õ�� � ó�ô � �%� ñãô#òÑü � ó&�y÷ÐlÃý2
m��õ�û ÷NüÑü5ó�ô � þ�õ�ö��gý � þ9
�õ��<÷
�È÷���ó�òÔý�öÈüÔ÷�������õ�ö����9|{~.ë�|m}��Hèf����~{|{æ�ÜfÞ\���'Ý�Û�Ú���|.}-�2òÔüÔü	� � ÷Nýgôºó�ô � ���gõ�ö��N� þ9� � ý � ò�
 � �gþ�ú\÷Nÿ	��þ�õ�ö��gý � þ�õ�ö=ó�þ�òÑø � ó�ô �
ø=õ�û�÷NòÔÿ��GòÔüÔüj� � û�÷NòÑÿJø#òÔþ.Ñ�õ�òÔÿ5ó"� ñãô	�JòÔþ�ó�ô#òÔþ�ó�ô � ý�÷Nþ � pWñ òVó�ô#òÔÿJ÷Ëø=õ�û�÷NòÔÿcúf� � ý � ò�
 � �gþGþ � ÿÈøgÑÀõ�òÑÿÇû � þ�þ�÷�� � þ
ó�õ%��÷��gø�õ�ÿ � y + ÷Nÿ#ø�þ�õ�ö��gý � þ|þ � ÿ#øW� � ��òÑþ�ó � �¨û � þ�þ�÷�� � þ¨ó�õ¿ó�ô � þ�÷Nû � y + � D õ%� � 
 � �±úAó�ô � � � òÔþ
ÿ=õ��Ð÷%� 
�õ��
÷Nÿ y + òÔÿJõ�ÿ � ø=õ�û�÷NòÔÿÇó�õ43�ÿ#øJõ�ö#óG÷@ù?õ�ö=ó*þ�õ�ö��gý � þ2òÔÿJõNó�ô � �
ø=õ�û�÷NòÔÿÈþ�ö#þ�òÔÿ���øÈò\) � � � ÿ\óIy + þ"�2>*ô � � � òÔþGÿ=õ
û � ýgôÈ÷Nÿ#òÔþ�û 
tõ��xy + þGó�õ¿ýZõ�û�û�ö#ÿ#òÔý�÷@ó � �GòVó�ô � ÷NýyôWõNó�ô � �x�Gô � ÿÇõ�ÿ � � � ý � ò�
 � þ|÷Ãþ�õ�ö��gý � � � ��òÔþ�ó � �|û � þ�þg÷�� � �
>*ô#òÔþ#�6��õNùÈü � û òÔþ*þgö#û�û�÷��gò�k � øJòÔÿ87�ò���ö�� � ���

Domain A Domain B

MBGP
connection

S

RP

R

R

R

S

Multicast Tree Link
Non-Tree Multicast Link

R

R

R
S S

S

RP

Sources register w/ the RP in their domain
Receivers send joins toward the RP in their domain

No way for receivers in Domain A
to receive traffic from sources in

Domain B and vice versa

73ò���ö�� � ��³�>*ô � �!��õNùÈü � û õ�
 ýZõ�ÿ#ÿ � ýZó�òÔÿ���þ�õ�ö��yý � þG÷Nÿ#ø�� � ý � ò�
 � �gþG÷Ný���õ�þgþ*ó��ÐõÃþ��È÷��gþ � ûºõ7ø � ø=õ�ûË÷NòÔÿ#þ"�

>*ô � ø � ý�òÔþ�òVõ�ÿ ó�õÉû�÷NòÔÿ5ó�÷NòÔÿ ÷Çþ � �È÷��g÷@ó � û�ö#üVó�òÔý�÷Nþ�ó�ó&� �"� ÷Nÿ#øoy + 
tõ�� � ÷Nýgô ø=õ�û�÷NòÑÿ òÔþlø��yò�
 � ÿ{ù��{ó�ô �
ÿ �"� øÃó�õ-� � ø#öÈý � ÷Nø#û�òÑÿ#òÔþ�ó&�g÷@ó�ò�
 � ø � � � ÿ#ø � ÿ#ý�ò � þ<ù � ó�� �"� ÿÁø=õ�û�÷NòÑÿ#þ"��>H�"õr�?õNó � ÿ\ó�òÔ÷Nü6�!��õNùÈü � û�þ<÷�� � ÷�
Nõ�òÔø � ø
òÔÿ¿ó�ô#òÔþ#��÷����

O��I��ó�òÔþ�ÿ=õNó�ÿ � ý � þ�þ�÷����v
�õ���ó��"õ�ø=õ�û�÷NòÔÿÈþló�õÉýZõ � ÷NøÈû�òÔÿ#òÔþ�ó � ��÷iþgòÔÿ���ü � þ&��÷��gþ � ûºõ7ø � ý�üVõ�ö#øn��y � ü � 
@÷Nÿ5ó
÷Nø#ûËòÔÿ#òÔþ�ó&�y÷@ó�ò�
 � 
�ö#ÿÈýZó�òVõ�ÿ#þºòÔÿ#ý�üÑö#ø � òÔø � ÿ5ó�ò�
m�7òÔÿ���ý�÷Nÿ#ø#òÑø#÷@ó � y + þº÷Nÿ#ø � þ�ó�÷@ùÈüÑòÔþ�ô#òÔÿ!�Éó�ô � ���gõ�ö�� � y +
û�÷��6�ÈòÔÿ����

V��I��ó�ù � ýZõ�û � þ:�?õ�þ�þ�òVù�ü � ó�õ
÷%
Nõ�òÔø�þ � ýZõ�ÿ#ø � ÷Nÿ#øló�ô#ò��gø � �È÷���ó��¨ø � � � ÿ#ø � ÿ#ý�ò � þ±úpòÔÿ-�Gô#òÔýyô�û�ö#üVó�òÔý�÷Nþ�óAø � üÔò�
 � ���

�õ��
þ�õ�ö��gý � þ
÷Nÿ#ø ���gõ�ö��ÈþGòÑÿÇõ�ÿ � õ��
û�õ�� � ø=õ�ûË÷NòÔÿ#þGòÑþGø � � � ÿ#ø � ÿ5ó*õ�ÿW÷Nÿ=õNó�ô � �¨ø=õ�û�÷NòÑÿ��Gô=õ�þ � õ�ÿ#ü��

~ö#ÿ#ýZó�òVõ�ÿÉòÔþ*ó�õ��!��õ�
eòÔø � ó�ô � y + � LG� � � ÿ#ø � ÿ#ý�ò � þ2ý�÷Nÿiõ7ý�ý�ö��G�Gô � ÿÇ÷NüÑü�þ�õ�ö��yý � þ2÷Nÿ#ø � � ý � ò�
 � �gþ
òÔÿió�ô �
y + � þ�ø=õ�û�÷NòÑÿÁü � ÷�
 � õ���ù � ýZõ�û � òÔÿÈ÷NýZó�ò�
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