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Abstract Network traffic conveying large content such as YouTube video steadily increasing in recent years now

represents a very high proportion of the entire traffic flowing across the Internet. In addition, it is observed that

such traffic transferring video streams includes high redundancy, since many users often access the same popular

content at the same time. In this study, in order to eliminate redundancy near the edge of the network, using the

traffic traces captured at a campus network gateway, we analyze YouTube access logs and replay the traffic under

the following three scenarios of In-Network caching (enabling packet cache on routers and switches), (1) packet

cache enabled at a campus gateway, (2) packet cache deployed at the very edge of the campus network, and (3)

packet cache embedded in every router within the campus network. We evaluate how we can eliminate redundancy

from the traffic flowing into the edge network through these three types of In-Network caching and show that we

can reduce duplicate not only from in-coming traffic but also from the traffic within the campus network.
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$ 3 	Oó�ž�«�·�µ�‡�p�w�&�a�Ì��

�‰�7�w�| Zink �’ �t �‘ �” �©�ß�ï �Í �µ�É�¿�Ä�ë�”�«�t �S�Z�”

YouTube �Ä�å�Ñ�Ÿ�¿�«�w�Ð�*�q�|�E�8�Í	��ˆ�w�³�Û�á�è�”

�³�ã�ï�w�w�Ð�*�U�K�” [6]�}t�’�x�|�\�w�Ð�*�›�i�t�|�Ä�å�Ñ�Ÿ�¿

�«�w�ù
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$ 4 �‰�°�Ï�Ã�¦�¯�ï�Â�ï�À�•�w�ž�«�·�µÃ�S

�M�Ü�w�©�ß�¿�³�á�t�‘�“ YouTube �Ï�Ã�¦�¯�ï�Â�ï�À�w�E�8�

Í	��ˆ�w���Š�›�æ�M�|�³�Û�á�è�”�³�ã�ï�t�‘�”°�A�›�æ�l�h�}

�ç�”�»	Í�p�w�Í��¿�Ä	r�g�›�b�;�b�”�|	Ñ�Õ�_�n�w�Z�€�p

�x�| Yucheng �’�w CONIC [8] �t�S�M�o�|	Ñ�Õ�_�n�q�ô���ž�«

�·�µ�w�h�Š�w�¯�ï�Â�ï�À�¦�²�w�©�ß�¿�³�á�³�µ�Â�Ü�w���Š�U

�K�”�}t�’�x�|�ç�”�»�t�x�©�ß�¿�³�á�w� �ï�Ã�¿�«�µ	Ø�C�w�ˆ

�›�Ë�h�d�|�©�ß�¿�³�á�›�¤�ï�Å�³�µ�Â�Ü�t��”�b�”�\�q�p�|�µ

��”�å�Ï�æ�Â�Ÿ�w�ô�M�©�ß�¿�³�á�³�µ�Â�Ü�w���Š�›�æ�l�h�}�‰

�Ì�t�|�Ä�è�”�µ�Ã�”�»�›�;�M�h�³�Û�á�è�”�³�ã�ï�›�æ�O�\�q

�p�| HTTP �è	ô�w 25-50%�w�Ä�å�Ñ�Ÿ�¿�«�_�n�®�L�›�î�q�`�h�}

�ç�”�»	Í�w�Í��¿�Ä�©�ß�¿�³�á�›�î�q�^�d�”�Z�€�p�x�| Ashok

�’�w SmartRE [9] �U�K�”�}�\�•�x�| ISP �w�É�¿�Ä�ë�”�«�t�S�M

�o�| IP �è�Õ�ç�p�w	Ñ�Õ�_�n�›�è�$�q�`�o�M�”�}�‡�h�|�ç�”�»

	Í�t�©�ß�¿�³�á�›�Ë�h�d�”�Z�€�q�`�o�| Jae �’�w Net-Serv [7]

�t�S�Z�”�| Active Netwroking �p�w MicroCDN �w���Š�U�K�”�}

t�’�x�| JAVA �>
Ý�Ú�³�ï	Í�p�Þ�´�á�”�ç�2�‰�U�D�ó�s Active

Netwroking �w�°�«�q�`�o�|�ç�”�»	Í�t�¯�ï�Â�ï�À���™	��U�¦

�ï�Ã�Ú�ï�Å�p�‹�D�ó�s CDN �p�K�” MicroCDN �w���Š�s�r

�U�K�”�}

�Š�æ���p�f�‘�x�|�¤�¿�´�É�¿�Ä�ë�”�«�S�M�o�|ó
:�ò	t�w�ç�”

�»	Í�t�©�ß�¿�³�á�›�Ë�h�d�” In-Network �©�ß�¿�³�á�w	��O�w��

�Š�›�æ�O�}�\�•�x�¤�¿�´�É�¿�Ä�ë�”�«�p�w IP �è�Õ�ç�p�w	Ñ�Õ�_

�n�›�è�$�q�`�o�S�“�|�¯�ï�Â�ï�À�•�w�ž�«�·�µ�&�Ï�›�!�Ë�d�c�|

�Í��¿�Ä�©�ß�¿�³�á�›�;�M�o	Ñ�Õ�_�n�›�î�q�b�”�}�Š	��O�p�x�|

CDN �• P2P �Õ�”�µ�w�©�ß�¿�³�á�q�Ÿ�s�“�|�¤�¿�´�É�¿�Ä�ë�”

�«�t�S�Z�”	Ñ�Õ�_�n�›�¯�ï�Â�ï�À���™	��•�¤�ï�Å�â�”�²�p�x�s

�X�|�É�¿�Ä�ë�”�«� �ï�Ñ�å���™	��U
y�Ú�›�Ë�l�o�2�‰�b�”�Þ�Ã

�ç�›���Š�b�”�}�‡�h�f�‘�x�|�E�8�Í	��ˆ�p�K�”�Š	��O�t�‘�”

	Ñ�Õ�_�n�w�U�|�›�|�K�”�©�ß�ï�Í�µ�É�¿�Ä�ë�”�«�w YouTube

�ž�«�·�µ�é�¬�›�;�M�o�æ�O�}

3. �� �Š �M �Ü

�f�‘�U���Š�b�” In-Network �©�ß�¿�³�á�w	��O�p�x�|
$ 5 �t�Ô

�b�‘�O�t�|�Ú�™�w 1 �0�w�ç�”�»���p�Í��¿�Ä�›�y	V�`�o�8
ù�›

�æ�O�M�Ü�›�>�;�b�”�}�K�”�Í��¿�Ä�U�è�a�b�”�&�Ï	Í�w�ç�”�»

�t�|�f�w�Í��¿�Ä�t�0�b�”�©�ß�¿�³�á�Ã�”�»���O�b�”	Ô�ù�t�|
ù
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$ 5 In-Network �©�ß�¿�³�á�M�Ü

�è	×�|�¤�¿�´�É�¿�Ä�ë�”�«�t�S�Z�”�©�ß�¿�³�á�x�|
$ 6-(1) �w

�•�”�t
ì�p�b�”�®�”�Ä�¢�£� �t
ƒ�”�^�•�”�T�|�K�”�M�x�|
$

6-(2) �w�•�”�t
ì�p�b�”�¤�ï�Å�â�”�²�t�0�`�o�7�Ù�c�w�¤�¿�´

�t��”�^�•�”�}�°�M�|���Š�M�Ü�p�K�” In-Network �©�ß�¿�³�á�p

�x�|
$ 6-(3) �t�Ô�b�‘�O�t�|�É�¿�Ä�ë�”�«	Í�w�x�‘�w�ç�”�»�U

�©�ß�¿�³�á�›�Ë�m�Ä�t�‘�“�|�©�ß�¿�³�á�•�”�wü�„��”�U�D�ó�p

�K�“�|�©�ß�¿�³�á�›�&
~�t��”�b�”�\�q�t�‘�“�|�®�p�w�‘�M	O

ó�Ä�å�Ñ�Ÿ�¿�«�w�_�n�w�î�q�›�è�¦�b�}

���s�w�U�|�p�x�| In-Network �©�ß�¿�³�á�w�•�”�›�}�®�”�Ä�¢�£

� �ç�”�» (��”�µ 1)�|�¤�¿�´�É�¿�Ä�ë�”�«�7�Žæ�ç�”�» (��”

�µ 2)�|
¶�o�w�¤�¿�´�É�¿�Ä�ë�”�«�ç�”�» (��”�µ 3) �q�`�h	Ô�ù

�t�S�Z�”�| YouTube �›�;�M�h	Oó�Ä�å�Ñ�Ÿ�¿�«�_�n�®�L�w���;


Q�›�U	Â�`�| In-Network �©�ß�¿�³�á�Ó�é�Ä�¯�ç�w�î
÷�q�©�ß�¿

�³�á�•�”�w��”�w�U�|�›�æ�O�\�q�›�è�$�q�b�”�}

�Š�Z�€�p�x�|�©�ß�¿�³�á�t In-Network �©�ß�¿�³�á�M�Ü�›�;�M

�”�} In-Network �p�w�©�ß�¿�³�á �M�Ü�p�x�|�Ú�™�w 1 �0�w�©�ß�¿

�³�á�;�ó�›�Ë�l�h �ç�”�»���p�|
ù	ô
Œ�ç�”�»�U�©�ß�¿�³�á�›�Ë�l

�o�M�”	Ô�ù�|�¤�Í��¿�Ä�›
ù	ô���p�y	V�›�î�æ�`�|	!	ô���ç�”

�»�p�Í��¿�Ä�wî�i�›�æ�O�\�q�p�|�¤�¿�´�É�¿�Ä�ë�”�«�t�S�Z

�”�Ä�å�Ñ�Ÿ�¿�« �w�_�n�›�î�q�b�”�} In-Network �©�ß�¿�³�á�t�0

� �`�h�ç�”�»�x�|	Oó�Ä�å�Ñ�Ÿ�¿�«�UC
\�b�”�q�|
ù	ô�&�Ï	Í

�t�©�ß�¿�³�á�›�Ë�m�Ê�”�Å�U���O�b�”�T�wQ�…�›�æ�O�}�&�Ï	Í

�t�©�ß�¿�³�á�U���O�`�h	Ô�ù�|�ç�”�»�x�Í��¿�Ä�w�y	V�›�æ�M�|


ù	ô
Œ�t�0�`�o�7�Ù�c�w�©�ß�¿�³�á�›�Ë�m�ç�”�»�‡�p�y	V�^�•

�h�Í��¿�Ä�w�8
ù�›�æ�O�}

�h�i�`�| In-Network �©�ß�¿�³�á�w	Ô�ù�|�Í��¿�Ä�y	V���q�Í

��¿�Ä�2�‰���w�7�ÿ 2 �F�w�ç�”�»�Už�A�p�K�”�}�f�w�h�Š�|�¤�¿

�´�É�¿�Ä�ë�”�«�•�w�v�Ö�Ä�å�Ñ�Ÿ�¿�«�w�_�n�›�æ�O�h�Š�t�x�|


$ 6 �t�Ô�b�‘�O�t�|�¯�ï�Â�ï�À�±�”�Ì�Ù�c�|�‹�`�X�x�|�¤�¿�´

�É�¿�Ä�ë�”�«�U
€���^�•�o�M�”	Í�•�É�¿�Ä�ë�”�«�w�¥�„�ç�”�»

�t�S�M�o�| 1 �F�w�y	V���p�K�” In-Network �ç�”�»�U���O�`�o

�M�”�q�>���b�”�}

In-Network �©�ß�¿�³�á�w�•�”�›�|�®�”�Ä�¢�£� �ç�”�»�q�`

�h	Ô�ù (��”�µ 1)�|�®�”�Ä�¢�£� �w In-Network �©�ß�¿�³�á�x�|

�f�w�¤�¿�´�É�¿�Ä�ë�”�«�t���O�b�”�¤�ï�Å�â�”�²�w
¶�o�w�è

	ô�›�©�ß�¿�³�á�b�”�\�q�U�D�ó�p�K�”�}�`�T�`�|�©�ß�¿�³�á�•

�”�›�®�”�Ä�¢�£� �ç�”�»�q�`�h	Ô�ù (��”�µ 1)�|�¤�¿�´�É�¿�Ä

�ë�”�«�ºæ�w�Ä�å�Ñ�Ÿ�¿�«�›�_�n�b�”�\�q�xÆ�D�ó�p�K�”�}�\

�•�x�|�¤�ï�Å�â�”�²�q�®�”�Ä�¢�£� �ç�”�»�t��”�^�•�h�©�ß�¿

�³�á�w���t�x���w�©�ß�¿�³�á�U���O�`�s�M�h�Š�p�K�”�}�‡�h�|

In-Network �©�ß�¿�³�á�w�•�”�›�|�¤�ï�Å�â�”�²�w�7�Ù�c�|�b�s

�˜�j�|�¤�¿�´�É�¿�Ä�ë�”�«�7�Žæ�ç�”�»�q�`�h	Ô�ù (��”�µ 2)�|

�É�¿�Ä�ë�”�«�ºæ�w�Ä�å�Ñ�Ÿ�¿�«�_�n�U�D�ó�t�s�”�°�M�|�f�•

�g�•�w�©�ß�¿�³�á�p�x�|�f�w�ç�”�»�›�&���b�”�Ä�å�Ñ�Ÿ�¿�«�›

C
\�^�d�”�¤�ï�Å�â�”�²�w
:�U	—�s�X�s�“�|�©�ß�¿�³�á�›�®�p

�‘�X�-�Ë�p�V�s�M�}
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$ 6 �©�ß�¿�³�á�M�Ü�wz�±

4. �³�Û�á�è�”�³�ã�ï

4. 1 �“ �A

�Š	·�p�x�|�f�‘�w���Š	��O�p�K�”�|�É�¿�Ä�ë�”�«	Í�w�x�‘�w

�ç�”�»�U�©�ß�¿�³�á�›�Ë�m�| In-Network �©�ß�¿�³�á�M�Ü�w�©�ß�¿

�³�á�•�”�t�‘�”�Ä�å�Ñ�Ÿ�¿�«�_�n�®�L�w�U�|�›�æ�O�}�f�‘�x�|�Ä

�å�Ñ�Ÿ�¿�«�_�n�®�L�w�U�|�w�h�Š�| YouTube �Ä�å�Ñ�Ÿ�¿�«�›�0

	Å�q�`�h�Ñ�é�”�o�•�w�³�Û�á�è�”�³�ã�ï�›�æ�O�}�\�w�Ñ�é�”�o

�•�w�³�Û�á�è�”�³�ã�ï�p�x�| YouTube �w�Ï�Ã�¦�¯�ï�Â�ï�À�•

�w�ž�«�·�µ�›�|�Ï�Ã�¦ ID �q�r
þ�S�t�‘�l�o�Ý���^�•�h�Ñ�é�”

�q�`�|�f�w HTTP �Ä�å�Ñ�Ÿ�¿�«�±� �¶�›�i�t�`�h�©�ß�¿�³�á�®

�L�t�‘�”�Ä�å�Ñ�Ÿ�¿�«�_�n�p�w�U	Â�›�æ�O�} In-Network �©�ß�¿

�³�á�M�Ü�w�©�ß�¿�³�á�•�”�t�‘�”	Oó�Ä�å�Ñ�Ÿ�¿�«�w�_�n�®�L

�w�U�|�›�æ�O�h�Š�|�©�ß�¿�³�á�w�•�”�U�|�®�”�Ä�¢�£� �ç�”�»

�t
ƒ�”�^�•�h�©�ß�¿�³�á (��”�µ 1)�|�¤�¿�´�É�¿�Ä�ë�”�«�w�7

�Žæ�ç�”�»�t
ƒ�”�^�•�h�©�ß�¿�³�á (��”�µ 2)�|
¶�o�w�¤�¿�´
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�É�¿�Ä�ë�”�«�ç�”�»�t
ƒ�”�^�•�h�©�ß�¿�³�á (��”�µ 3)�|�\�•

�’ 3 �m�w��”�µ�t�S�Z�”�Ä�å�Ñ�Ÿ�¿�«�_�n�®�L�wz�±�›�æ�l�h�}

In-Network �©�ß�¿�³�á�t�S�Z�”�|�\�w 3 �m�w�©�ß�¿�³�á�•�”�t

�S�M�o�|�&�Ï	Í�›�è�a�b�”
¶�o�w�Ï�Ã�¦�Ä�å�Ñ�Ÿ�¿�«�t�0�`�o

�w�©�ß�¿�³�á�›�æ�O�}�‡�h�|�©�ß�¿�³�á�w�”�V�õ�Q�ž�ç�°�æ�¶�Ü

�x LRU (Least Recently Used) �q�`�h�}

�Ž	Í�w	Ú�E�›�~�‡�Q�o�| (a)In-Network �©�ß�¿�³�á�w 3 �m�©�ß�¿

�³�á�•�”�t�S�M�o�|�©�ß�¿�³�á�±� �¶�›�!�=�^�d�h	Ô�ù�| (b) �‰

�7�t 3 �m�w�©�ß�¿�³�á�•�”�t�S�M�o�|�¤�¿�´�É�¿�Ä�ë�”�«
¶�.

�w�©�ß�¿�³�á�±� �¶�w
ï�”�›�s�`�X�`�h	Ô�ù�|�q�M�O 2 �m�w	Ú

�E�w�<�p�³�Û�á�è�”�³�ã�ï�›�æ�M�|�Ä�å�Ñ�Ÿ�¿�«�_�n�”�wz�±

�›�æ�O�}�Ž	Í�w 2 �ò�è�t�I�“�³�Û�á�è�”�³�ã�ï�›�æ�O�}

4. 2 �Ä�å�Ñ�Ÿ�¿�«�Ã�”�»

�³�Û�á�è�”�³�ã�ï�t�;�M�”�Ä�å�Ñ�Ÿ�¿�«�Ã�”�»�x�|�\�•�‡�p

�w�Ð�* [5] �p�Ì�’�T�t�`�h�|�K�”�©�ß�ï�Í�µ�É�¿�Ä�ë�”�«�t�S

�Z�” YouTube �w�Ä�å�Ñ�Ÿ�¿�«�›�–�;�`�h�}�Ä�å�Ñ�Ÿ�¿�«�Ã�”�»

�t�x�| 2010-12-15 14:40:10 JST �T�’ 2010-12-16 13:45:18 JST

�w�8���t�˜�’�•�h�©�ß�Ó�½�ß�Ã�”�»�T�’�| HTTP �è	ô�›	��“	Z

�`�h�Ã�”�»�›�;�M�h�}

�\�w HTTP �è	ô�t�x 4,452GB �w�Ä�å�Ñ�Ÿ�¿�«�U���‡�•�o�S

�“�| YouTube �w�Ï�Ã�¦�Ä�å�Ñ�Ÿ�¿�«�U 503GB ���O�b�”�}�³�Û�á

�è�”�³�ã�ï�t�x�|�\�w YouTube �Ä�å�Ñ�Ÿ�¿�« 503GB �w�O�j�|

�æ�«�¤�µ�Ä�U
R��`�|�Ï�Ã�¦�w�M�¤�T�’�w�¡�ˆ���ˆ�›�æ�l�o�M

�s�M�|�‡�h���3�z�¤�t�‘�” Range �Ñ� �”�ç�Å [10] �›�;�M�h�ž�«

�·�µ�›���‡�s�M 465GB�| 1,963 �«�å� �ž�ï�Ä �¢�« 1�£�t�‘�” 33,118

�Ñ�é�”�w�Ä�å�Ñ�Ÿ�¿�«�Ã�”�»�›�;�M�h�}
$ 7 �t�³�Û�á�è�”�³�ã

�ï�p�b�;�b�”�Ä�å�Ñ�Ÿ�¿�«�Ã�”�»�t�S�Z�”�|�¤�«�å� �ž�ï�Ä�–

�w�Ä�å�Ñ�Ÿ�¿�«�”�›�Ô�b�} x �à�t�¤�«�å� �ž�ï�Ä�–�w�Ä�å�Ñ�Ÿ�¿

�«�”�| y �à�t CCDF �›�Ô�b�}
$�T�’�| 90%�w�«�å� �ž�ï�Ä�x

512MB ���S�`�T�Ï�Ã�¦�Ä�å�Ñ�Ÿ�¿�«�›C
\�^�d�o�S�’�c�|�‡

�h�| 50%�w�â�”�²�x�h�l�h 44MB ���S�`�T�Ï�Ã�¦�Ä�å�Ñ�Ÿ�¿�«

�›C
\�^�d�o�M�s�M�}

10-4

10-3

10-2

10-1

100

10-4 10-3 10-2 10-1 100 101 102 103 104 105

C
C

D
F

23 hour traffic arriving at each IP

23 hour traffic arriving at each IP


$ 7 �«�å� �ž�ï�Ä�–�w�Ä�å�Ñ�Ÿ�¿�«�”

4. 3 	Oó�Ä�å�Ñ�Ÿ�¿�«

YouTube �Ä�å�Ñ�Ÿ�¿�«�›�–�;�`�o�w�Ä�å�Ñ�Ÿ�¿�«�_�n�®�L�›

�¢�« 1�£�•�ç�”�»�w NAT �;�ó�›�b�;�`�o 1 �m�w IP �tó
:�w�¤�ï�Å�â�”�²�U
€��

�`�o�M�”	Ô�ù�x 1 �m�w�¬�é�”�Ì�ç IP �t�m�V 1 �«�å� �ž�ï�Ä�q
:�Q�o�M�”

�U	Â�b�”�t�K�h�“�|	Oó�Ä�å�Ñ�Ÿ�¿�«�›���[�b�”�} YouTube �t

�ž�«�·�µ�b�”�M�t
\�a�”�Ä�å�Ñ�Ÿ�¿�«�t�x�G�V�Xü�Z�o 2 	��¨

�U���O�b�”�} 1 �m�x�è	× Web �±� �Ä�q�`�o�ž�«�·�µ�^�•�”�Ï

�Ã�¦�U�’�Š�\�‡�•�o�M�” Web �Ö�”�´�q�`�o�w�Ä�å�Ñ�Ÿ�¿�«�p

�K�“�|�‹�O 1 �m�x CDN �t�‘�l�o�	ô�^�•�”�Ï�Ã�¦�Š�.�q�w�è

	ô�t�‘�l�o
\�a�”�Ä�å�Ñ�Ÿ�¿�«�p�K�”�}

�‡�h�| YouTube �t�x 1 �m�w�Ï�Ã�¦�t�0�`�oó
:�w�r
þ�S�U

���O�`�|�r
þ�S�t�‘�l�o�Ä�å�Ñ�Ÿ�¿�«�w�º�0�x�Ÿ�s�l�o�M�”�}�f

�w�h�Š�|	Oó�Ä�å�Ñ�Ÿ�¿�«�x CDN �t�‘�l�o�	ô�^�•�o�M�”�Ï

�Ã�¦�Š�.�•�w�ž�«�·�µ�t�;�M�’�•�” HTTP �æ�«�¤�µ�Ä�t���‡

�•�”�|�Ï�Ã�¦�›�Ý���b�” ”id”�q�|�r
þ�S�›�Ý���b�” ”itag”�w 2

�m�›�;�M�o	Oó�›Q�…�b�”�}

4. 4 �É�¿�Ä�ë�”�«�Ï
R

4. 2 
…�p
†�Ì�`�h�Ã�”�»�›�;�M�Ñ�é�”�o�•�w�³�Û�á�è�”�³�ã

�ï�›�æ�O�h�Š�|�K�”�©�ß�ï�Í�µ�É�¿�Ä�ë�”�«�w�Ï
R�›�>���b�”�}

1,963 �«�å� �ž�ï�Ä�›���b�”�|�K�”�©�ß�ï�Í�µ�É�¿�Ä�ë�”�«�w�³

�Û�á�è�”�³�ã�ï�›�æ�O�t�K�h�“�|�É�¿�Ä�ë�”�«�w
€�������Už

�A�q�s�”�}�`�T�`�|�É�¿�Ä�ë�”�«�t�0�`�o traceroute �›�î�æ�`

�h�q�\�–�|�Gæü�w�«�å� �ž�ï�Ä�x�|�©�ß�ï�Í�µ�É�¿�Ä�ë�”�«

�ºæ�w�Ì�¿�«�Ø�”�ï�ç�”�»�t�‘�l�o traceroute �U	��…�^�•�|�Ž

æ�T�’�w�É�¿�Ä�ë�”�«�Ï���ú�r�U���É�p�K�l�h�}�f�w�h�Š�|��

�s�x Class B �w�ž�Å�è�µ�í���› 3 �m�Ë�m�©�ß�ï�Í�µ�É�¿�Ä�ë�”

�«�t�S�M�o�| prefix 8�| 256 �F�c�m	B�ÿ�^�•�o�M�”�q�>���`�h

�É�¿�Ä�ë�”�«�t�S�M�o�w�³�Û�á�è�”�³�ã�ï�›�æ�l�h�}�‡�h�|�³

�Û�á�è�”�³�ã�ï�t�–�;�b�”�Ä�å�Ñ�Ÿ�¿�«�Ã�”�»�t���‡�•�” IP �w

�ˆ�T�’�³�Û�á�è�”�³�ã�ï�;�w�É�¿�Ä�ë�”�«�›�Ï
R�b�”�h�Š�| 256

�F�c�m	B�ÿ�^�•�o�M�”�q�>���`�h	Ô�ù�|�®�”�Ä�¢�£� �q�¤�¿�´

�Ê�”�Å�t���O�b�” 1,963 �F�›	†�M�h�&���ç�”�»�U 329 �F���O

�b�”�\�q�q�s�”�}���™�|�q�î�w�Ä�Ù�é�´�”�›�;�M�h�³�Û�á�è�”

�³�ã�ï�x	•�R�w�]�J�p�K�”�}

5. �³�Û�á�è�”�³�ã�ï°�A

�Š	·�p�x�| 4. 	·�w�³�Û�á�è�”�³�ã�ï�A�L�›°�A�b�”�}�f�‘�x�|

Class B �w�ž�Å�è�µ�í���t���O�b�” IP �U�|
$ 8 �t�Ô�b�q�S�“�|

256 �F�c�m	B�ÿ�^�•�o�M�”�q�>���`�|�³�Û�á�è�”�³�ã�ï�p�w�Ä�å

�Ñ�Ÿ�¿�«�_�n�p�w�U	Â�›�æ�O�}�³�Û�è�”�³�ã�ï�t�S�M�o�|�¤�ç�”

�»�w�7�G�©�ß�¿�³�á�±� �¶�x 0.0625GB �T�’ 0.125GB, 0.25GB

�q 2 ����ˆ�p 1024GB �‡�p�!�=�^�d�”�}���s�w�³�Û�á�è�”�³�ã

�ï�p�x�|�Í��¿�Ä�o�•�p�x�s�X�|�Ñ�é�”�o�•�p�w�³�Û�è�”�³�ã

�ï�›�æ�O�|�m�‡�“�|�©�ß�¿�³�á�w���g�x�Í��¿�Ä�è�Õ�ç�–�p�x

�s�X�|�¤�Ï�Ã�¦�¯�ï�Â�ï�À�–�t�æ�O�}�f�w�h�Š�|�Ï�Ã�¦�¯�ï�Â

�ï�À�w�±� �¶�U�ç�”�»�w�7�G�©�ß�¿�³�á�‘�“�G�V�M	Ô�ù�|�f�w

�¯�ï�Â�ï�À�x�©�ß�¿�³�á�0	Å�q�s�’�s�M�}

�\�•�’�w�³�Û�è�”�³�ã�ï	Ú�E�t�S�M�o�| (a) 
…5. 1 �©�ß�¿�³�á

�±� �¶�t�0�”
M�v�›�;�M�s�M	Ô�ù�| (b) 
…5. 2 �©�ß�¿�³�á�±� 

�¶�w
ï�”�›�s�`�X�`�h	Ô�ù�w�³�Û�è�”�³�ã�ï�›�æ�l�h�}

5. 1 �©�ß�¿�³�á�±� �¶�t�0�”
ï�è
M�v�›
ƒ�Z�s�M	Ô�ù


$ 9 �t�¤�¿�´�É�¿�Ä�ë�”�«�•�w�v�Ö�Ä�å�Ñ�Ÿ�¿�«�w�_�n�p�›

�Ô�b�} x �à�t�¤�Ê�”�Å�w�©�ß�¿�³�á�±� �¶�| y �à�t�©�ß�¿�³�á

�s�`�w�v�Ö�Ä�å�Ñ�Ÿ�¿�«�qz�±�`�h�q�V�w�Ä�å�Ñ�Ÿ�¿�«�_�n�p
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$ 8 256 �F�c�m	B�ÿ�^�•�o�M�”�q�>���`�h�³�Û�è�”�³�ã�ï�w�h�Š�w

�É�¿�Ä�ë�”�«�Ï
R

�›�Ô�b�}�©�ß�¿�³�á�±� �¶�t
M�v�›
ƒ�Z�s�M
²���w�‹�q�p�x�|

In-Network �©�ß�¿�³�á�w�•�”�›
¶�o�w�¤�¿�´�É�¿�Ä�ë�”�«�ç�”

�»�q�`�h	Ô�ù (��”�µ 3) �U�|�¤�¿�´�É�¿�Ä�ë�”�«�•�w�v�Ö�Ä�å

�Ñ�Ÿ�¿�«�_�n�®�L�w�7�G�q�s�”�|�©�ß�¿�³�á�•�”�›�®�”�Ä�¢�£

� �ç�”�»�t
ƒ�”�`�h	Ô�ù (��”�µ 1) �w�_�n�p�q�‰�p�w 33.0%
�¢�« 2�£�w�_�n�®�L�›�Ô�b�}�‡�h�|�©�ß�¿�³�á�±� �¶�t
M�v�›
ƒ�Z

�s�M	Ú�E�<�p�x�| In-Network �©�ß�¿�³�á�w�•�”�›
¶�o�w�¤�¿�´

�É�¿�Ä�ë�”�«�ç�”�»	Ô�ù (��”�µ 3) �U�|�©�ß�¿�³�á�•�”�U�¤�¿

�´�É�¿�Ä�ë�”�«�7�Žæ�w�ç�”�»�t
ƒ�”�`�h	Ô�ù (��”�µ 2) �U

20.7%�w�_�n�p�tz�‚�| 1.6 ����S�w�_�n�®�L�›�Ô�`�o�M�”�}

!"
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"
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"
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"
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!"#%+2345"./01"
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$ 10 �t�¤�¿�´�É�¿�Ä�ë�”�«�ºæ�w�Ä�å�Ñ�Ÿ�¿�«�_�n�p�›�Ô

�b�}�¤�¿�´�É�¿�Ä�ë�”�«�t�S�Z�”�|�®�”�Ä�¢�£� �ç�”�»�‘�“�¤�¿

�´���w�|�ç�”�»�t
\�a�”�Ä�å�Ñ�Ÿ�¿�«�w�§�-�›�|�¤�¿�´�É�¿�Ä

�ë�”�«�ºæ�p�w�Ä�å�Ñ�Ÿ�¿�«�q�b�”�} x �à�t�¤�Ê�”�Å�w�©�ß�¿

�³�á�±� �¶�| y �à�t�©�ß�¿�³�á�s�`�w�v�Ö�Ä�å�Ñ�Ÿ�¿�«�qz�±�`

�o�w�Ä�å�Ñ�Ÿ�¿�«�_�n�p�›�Ô�b�} In-Network �©�ß�¿�³�á�•�”�›

�®�”�Ä�¢�£� �ç�”�»�q�`�h	Ô�ù (��”�µ 1)�|�p
µ�É�¿�Ä�ë�”�«

�ºæ�p�w�Ä�å�Ñ�Ÿ�¿�«�t�_�n�®�L�x�˜�’�•�s�M�}�©�ß�¿�³�á�±

�¢�« 2�£�•���s�w�³�Û�è�”�³�ã�ï�x�Ñ�é�”�o�•�p�æ�l�o�M�”�h�Š�|�Í��¿�Ä�w�¼�Ò�ç

�§�¢�ï�Ä�x	†�Ž�`�o�M�”�}�f�w�h�Š�|�_�n�D�ó�q�s�”	Ñ�Õ�s�Ä�å�Ñ�Ÿ�¿�«�w�Â�ù

�U�|�Ì��¿�Ä�w�¼�Ò�ç�§�¢�ï�Ä�›	†�Ž�`�o�M�s�M�Ž
²�w�Ð�*�A�L [5] �w 31.0%�‘

�“���X�s�l�o�M�”�}

� �¶�t
M�v�›
ƒ�Z�s�M	Ô�ù�|�É�¿�Ä�ë�”�«�ºæ�p�w�Ä�å�Ñ�Ÿ�¿

�«�x�|�©�ß�¿�³�á�•�”�›�¤�¿�´�7�Žæ�ç�”�»�q�`�h	Ô�ù (��”

�µ 2) �U 18.1%�w�_�n�®�L�|�©�ß�¿�³�á�•�”�›
¶�o�w�¤�¿�´�É�¿

�Ä�ë�”�«�ç�”�»�q�`�h	Ô�ù (��”�µ 3) �U 21.9%�w�_�n�®�L�U

�˜�’�•�”�}�©�ß�¿�³�á�•�”�›
¶�o�w�¤�¿�´�É�¿�Ä�ë�”�«�ç�”�»

�q�`�h	Ô�ù (��”�µ 3)�|�®�”�Ä�¢�£� �ç�”�»�q�¤�¿�´�7�Žæ�w

�ç�”�»�›	†�M�h�|
… 4. 4 �p�>���`�h�É�¿�Ä�ë�”�«�t�S�Z�”�|�&

���ç�”�» 329 �F�U�Ä�å�Ñ�Ÿ�¿�«�_�n�®�L�t���®�t�‡�V�|�©�ß�¿

�³�á�•�”�›�¤�¿�´�7�Žæ�ç�”�»�q�`�h	Ô�ù�qz�±�`�o�| 1.2 �

���S�w�_�n�®�L�›�Ô�`�o�M�”�}
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$ 10 �¤�¿�´�É�¿�Ä�ë�”�«�ºæ�p�w�Ä�å�Ñ�Ÿ�¿�«�_�n�p

¯ 1 �t�©�ß�¿�³�á�±� �¶�t�0�”
ï�è
M�v�›
ƒ�Z�s�M	Ô�ù�w�7

�G�_�n�p�›�Ô�b�}�\�•�‘�“�|�©�ß�¿�³�á�0�”�t
M�v�›
ƒ�Z�s�M	Ô

�ù�|
¶�o�w�¤�¿�´�É�¿�Ä�ë�”�«�ç�”�»�•�”�p�©�ß�¿�³�á�›�æ�O

In-Network �©�ß�¿�³�á�x (��”�µ 3)�|�©�ß�¿�³�á�•�”�›�|�®�”

�Ä�¢�£� �ç�”�»�q�`�h	Ô�ù (��”�µ 1)�|�¤�¿�´�É�¿�Ä�ë�”�«�7

�Žæ�ç�”�»�q�`�h	Ô�ù (��”�µ 2) �qz�‚�o�|�¤�¿�´�É�¿�Ä�ë�”

�«�º�Ž�ž�t�®�p�$�s�©�ß�¿�³�á
Q�ó�›C�4�b�”�q�t�Q�”�}

¯ 1 �©�ß�¿�³�á�±� �¶�t�0�”
ï�è
M�v�›
ƒ�Z�s�M	Ô�ù�w�_�n�p

In-Network
�©�ß�¿�³�á�•�”

�v�Ö
�Ä�å�Ñ�Ÿ�¿�«�w�_�n�p

�É�¿�Ä�ë�”�«�ºæ
�Ä�å�Ñ�Ÿ�¿�«�w�_�n�p

��”�µ 1:�®�”�Ä�¢�£�  33.0% 0%

��”�µ 2:�7�Žæ�ç�”�» 20.7% 18.1%

��”�µ 3:
¶�o�w�ç�”�» 33.0% 21.9%

5. 2 �©�ß�¿�³�á�±� �¶�w
ï�”�›�s�`�X�`�h	Ô�ù

¯ 2 �t�©�ß�¿�³�á�±� �¶�w
ï�è�›�s�`�X�`�h	Ô�ù�w�_�n�p�›

�Ô�b�} In-Network �©�ß�¿�³�á�w�•�”�›�®�”�Ä�¢�£� �ç�”�»�q�`

�h	Ô�ù (��”�µ 1) �w�7�G�©�ß�¿�³�á�-���±� �¶�U 291.5 GB �p

�K�”�\�q�T�’�|�¤�¿�´�É�¿�Ä�ë�”�«
¶�.�p�w�©�ß�¿�³�á�±� �¶�w


ï�”�U�s�`�X�s�”�‘�O�t�|�©�ß�¿�³�á�•�”�›�¤�¿�´�7�Žæ�ç�”

�»�w	Ô�ù (��”�µ 2)�|�f�•�g�•�w�ç�”�»�t 148.5 MB�|�©�ß�¿

�³�á�•�”�›
¶�o�w�¤�¿�´�É�¿�Ä�ë�”�«�ç�”�»�q�`�h	Ô�ù (��”�µ

3)�|�f�•�g�•�w�ç�”�»�t 127.1 MB �w�0�”�›�Â�p�o�| 256 �Ê�”

�Å�c�m	B�ÿ�^�•�o�M�”�É�¿�Ä�ë�”�«�›�>���`�|�³�Û�á�è�”�³�ã

�ï�›�æ�l�h�}
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¯ 2 �t�Ô�b�‘�O�t�|�©�ß�¿�³�á�•�”�U�®�”�Ä�¢�£� �ç�”�»�p�w

�©�ß�¿�³�á (��”�µ 1) �x�¤�¿�´�É�¿�Ä�ë�”�«�•�w�v�Ö�Ä�å�Ñ�Ÿ�¿

�«�t�0�`�o�®�L�$�p�K�”�U�|�¤�¿�´�É�¿�Ä�ë�”�«�ºæ�w�Ä�å

�Ñ�Ÿ�¿�«�_�n�t�x�®�L�U�˜�’�•�s�M�}�°�M�|�©�ß�¿�³�á�•�”�U

�¤�¿�´�7�Žæ�ç�”�»�w	Ô�ù (��”�µ 2)�|
¶�o�w�¤�¿�´�É�¿�Ä�ë�”

�«�ç�”�»�w	Ô�ù (��”�µ 3) �p�x�|�¤�¿�´�É�¿�Ä�ë�”�«�•�w�v�Ö

�Ä�å�Ñ�Ÿ�¿�«�|�¤�¿�´�É�¿�Ä�ë�”�«�ºæ�w�Ä�å�Ñ�Ÿ�¿�«�q�‹�t�®

�L�›C�4�`�o�M�”�U�|�©�ß�¿�³�á�±� �¶�w
ï�”�›�É�¿�Ä�ë�”�«


¶�.�p���Q�h	Ô�ù�|�v�Ö�Ä�å�Ñ�Ÿ�¿�«�w�_�n�p�x�®�”�Ä�¢�£� 

�ç�”�»�•�”�p�w�©�ß�¿�³�á�qz�‚�ÿ�X�s�”�}

¯ 2 �©�ß�¿�³�á�±� �¶�w
ï�è�›�s�`�X�`�h	Ô�ù�w�_�n�p

In-Network
�©�ß�¿�³�á�•�”

�v�Ö
�Ä�å�Ñ�Ÿ�¿�«�w�_�n�p

�É�¿�Ä�ë�”�«�ºæ
�Ä�å�Ñ�Ÿ�¿�«�w�_�n�p

��”�µ 1:�®�”�Ä�¢�£�  33.0% 0%

��”�µ 2:�7�Žæ�ç�”�» 12.1% 12.1%

��”�µ 3:
¶�o�w�ç�”�» 11.7% 11.6%

�‡�h�|�©�ß�¿�³�á�•�”�›�¤�¿�´�7�Žæ�w�ç�”�»�q�`�h	Ô�ù

(��”�µ 2) �q�|
¶�o�w�¤�¿�´�É�¿�Ä�ë�”�«�ç�”�»�q�`�h	Ô�ù

(��”�µ 3) �›z�±�b�”�}
… 5. 1 �w�A�L�q�x�o�t�|�v�Ö�Ä�å�Ñ�Ÿ�¿

�«�|�É�¿�Ä�ë�”�«�ºæ�w�Ä�å�Ñ�Ÿ�¿�«�w�†�M�w�_�n�p�t�S�M�o�|

�©�ß�¿�³�á�w�•�”�›�|
¶�o�w�¤�¿�´�É�¿�Ä�ë�”�«�ç�”�»�q�`�h
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In-Network �©�ß�¿�³�á�w�•�”�›�®�”�Ä�¢�£� �ç�”�»�q�`�h	Ô

�ù (��”�µ 1) �q�|
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