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$ 2: 2010�å�S�Õ� ���³�µ�Â�Ü�É�¿�Ä�ë�”�«�“�A
$

���å�S�w�Õ� ���³�µ�Â�Ü�w�É�¿�Ä�ë�”�«�Ï
R�›
$ 2

�t�Ô�b�{ WIDE Cloud 	Í�w VM �x�z�¸�‘ (NAIST) �q

���á (�f�G ) �t
��”�`�z 1VM �–�t 1 �¬�é�”�Ì�ç IPv4/v6

�ž�Å�è�µ�›�Â�“�p�o�h�{

	H�R�Ó�å� �Õ�”�Ä�É�¿�Ä�ë�”�«�p�á�;�`�o�M�h sen-

tryd �x�z cisco2.dojima�q�w���› JGN2plus �&���p
€
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���b�”�\�q�p�z� �ï�»�”�É�¿�Ä�&���p WIDE Cloud 	Í

�w sentryc �•�‹�h
þ�8
ù�›�D�ó�q�`�h�{

� î � - �‰� ; �p �K � ” sentryc.asahi.co.jp �q �z WIDE

Cloud �w	ü�“
ü�Z�x�z koshien�U
�	ô�b�” JavaScript

�w�€	°
Œ�±�”�Ì�›	{�V�õ�Q�”�\�q�p�î�q�`�h�{ koshien

�³�æ�”�¶�x�Š�å�S�x 9 �F�p�á�;�`�h�w�p
¶�.�w 1/9 �c

�m�w�Ä�å�Ñ�Ÿ�¿�«�›	ü�“
ü�Z�’�•�”�{�^�’�t�z koshien

�³�æ�”�¶�w
Û�Y�t�(���U�K�”	Ô�ù�x
²�ˆ�w�é�”�Å�Ì�å

�ï�±�w�¢�£� �Ä�›�!�Ë�b�”�\�q�p�I�T�M�Ä�å�Ñ�Ÿ�¿�«

�Ð
T�U�D�ó�p�K�”�{

3.4 �Õ�ï�½�Ú�”�«

� î �M�w�á � ; 
 ² � t �z WIDE Cloud 	 Í �w VM �p�w

Apache�Õ�ï�½�Ú�”�«�›�æ�l�h�{ Hypervisor �x CPU �t

�‘�”�!�=�›�Ð�*�b�”�h�Š�z Intel Xeon �q AMD Opteron

�w�±�”�Ì�›�b�;�`�h�{ Hypervisor �w�Ï
R�›
¯ 1 �t�Ô�b�{

�‡�h�z VM �w GuestOS�q�`�o �\�•�‡�p�w�Õ� ���p

�w�á�;�î
w�w�K�” CentOS 5.5�q�z Hypervisor �q�‰�a

OS�p�K�” Ubuntu 10.04 �›� �ï�µ�Ä�”�ç�`�z OS�w�§

�M�t�‘�”
Q�ó�)�›
z�±�`�h�{�‡�h�z�>
Ý NIC �t�m�M

�o�z	j�>
Ý�=�Å�å� �Ì�›�b�;�b�” virtio �q�z Intel Pro

1000�w�¤�Û�á�è�”�³�ã�ï�p�K�” e1000�w
z�±�‹�æ�l

�h�{ VCPU �x 1�z�Â�“�p�o�h�Ý�Þ�æ�x 4GB�z�b�;�̀ �h

Apache �w�Ì�”�´�ã�ï�x 2.2.16 �p�z MPM �x event �›

�b�;�`�z mod sentry �›
Ê�ˆ���œ�p�K�”�{

�Õ�ï�½�Ú�”�«�x httperf �›�b�;�̀ �z mod sentry �t�‘�l

�o�h
þ�U���™�^�•�” URL �›�0	Å�q�`�h�{ sentryd �w��

�™�b�”�¯�ï�Â�ï�À�±� �¶�x 25KB �q�`�h�{


¯ 2: Apache�Õ�ï�½�Ú�”�«�A�L
�Ï
R �è�µ�Ù�ï�µ�è�”�Ä (s)

Intel+CentOS+virtio 2153

AMD+CentOS+virtio 1107

Intel+CentOS+e1000 1188

Intel+Ubuntu+virtio 1886


¯ 2 �t�Õ�ï�½�Ú�”�«�A�L�›�Ô�b�{�7�‹
Q�ó�U�ô�T�l

�h�w�x�z Intel Xeon �w�±�”�Ì	Í�p CentOS�q virtio �›

�b�;�`�h
Ê�ˆ�ù�˜�d�p�K�l�h�{ AMD �w�Í�Ñ�¥�”�Ú�ï

�µ�U	ó�|�s�M�w�x�z kvm amd �§�”�É�ç�Þ� �́á�”�ç�w�î


÷�w�ð�J�p�K�”�D�ó
Q�U�ô�M�{ virtio �U e1000�‘�“��

�M�w�x�z	j�>
Ý�=�t�‘�”�¤�Û�á�è�”�³�ã�ï�w�¦�”�Ì�”

�Ô�¿�Å�_�n�w�®�L�t�‘�”�‹�w�p�K�”�{

Linux �§�”�É�ç�w�Ì�”�´�ã�ï�U�y�M�t�‹�T�T�˜�’�c

CentOS (Linux 2.6.18) �U Ubuntu (Linux 2.6.32) �‘

�“���M�g���x�z�»� �Ú�Â�“���ˆ���´�s�r�w�§�”�É�ç�w


ƒ���t�I�¼�b�”�q�ß�Q�’�•�”�{

3.5 �á�;�C��

�Õ� ���³�µ�Â�Ü�w�á�;�x�z�‰�™�w 8 �D 7 �Ô�T�’�æ�˜

�•�h�{ WIDE Cloud �p�x�z�¸�‘�q���á�t�f�•�g�• 4 �F

�c�m�w VM �›	j
‹�`�h�{�>	‰
“�p�w�Ä�å�Ñ�Ÿ�¿�«�x�Õ

� ���³�µ�Â�Ü
¶�.�p 650Mbps�›�G�å�`�h�{�‡�h�z�7

�G�Ä�å�Ñ�Ÿ�¿�«�x	j�>	‰�p 800Mbps�›�G�å�`�o�M�”�{

3.5.1 �î
“�d�Ö

WIDE Cloud 	Í�w VM �w�î
“�d�Ö�x�Õ� �� 2 �Ô�è�H

3 �¼�ù�T�’�‰�•�^�•�z koshien�w�O�j 1 �F�w JavaScript

�w�€	°
Œ�›�¸�‘�w VM �•�!�Ë�b�”�\�q�p�Ä�å�Ñ�Ÿ�¿�«

�U
ü�„�^�•�”�\�q�›�¬�Ý�`�h�{ VM �w TCP �·�¿�³�ã

�ï
:�w�!�=�›
$ 3 �t�Ô�b�{ 14:30 
Ç�Ù�T�’�·�¿�³�ã�ï


:�U
ÿ�C�`�o�M�”�w�U�˜�T�”�{


$ 3: sentryc 
~�8�Ì�w TCP �·�¿�³�ã�ï
:�w�!�=


5�Ì�z VM �w�å�C�z�_	†�›�æ�l�h�U�›�t�ð�J�x�Á�X�z

�G�q 8 �Ô�è�x	j
‹�`�h 8VM �›
¶�o�d�Ö�`�h�{�\�w�Ô

�w�¸�‘�w Hypervisor �t�S�Z�”�É�¿�Ä�ë�”�«�Ä�å�Ñ�Ÿ

�¿�«�›
$ 4 �t�Ô�b�{ 4VM �w�ù�-�q�s�l�o�S�“�z�7�G

80Mbps�z���á�q�ù�˜�d�o�ÿ 150Mbps�z�ÿ 8000TCP

�·�¿�³�ã�ï�q�s�l�h�{

3.5.2 �æ�Ì�”�µ�Ó�é�©�³�‹�Ö

koshien�q sentryc �w
¥
Ç�Z�t�S�Z�”�^�’�t�I�T�M

�¢�£� �Ä�Ð
T�•�z AMD �w Hypervisor �w�b�;�z�¬�é�”
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¯ 1: Hypervisor �w�Ï
R
vm1.naist vm2.naist

CPU Xeon L5520 (2.26GHz) x2 Opteron 2387 (2.8GHz) x2

Memory 36GB DDR3 64GB DDR2

OS Ubuntu 10.04 amd64

Hypervisor KVM 84


$ 4: 4VM �ù�-�É�¿�Ä�ë�”�«�Ä�å�Ñ�Ÿ�¿�«

�Ì�ç IPv6 �ž�Å�è�µ�w�ˆ�›�Ë�m VM �w�å�C�s�r�›�è�$

�t�z�æ�Ì�”�µ�Ó�é�©�³�›�‹�Ö�`�h�{�æ�Ì�”�µ�Ó�é�©�³

�U�Ø�Ä�ç�É�¿�«�t�s�’�s�M�‘�O�z�î�-�‰�;�›�b�;�`�h�{


¯ 3 �t�æ�Ì�”�µ�Ó�é�©�³�w�±�”�Ì�Ï
R�›�Ô�b�{


¯ 3: �æ�Ì�”�µ�Ó�é�©�³�w�±�”�Ì�Ï
R
CPU Xeon X5570 (2.8GHz) x2

Memory 24GB DDR3

Network 10 Gigabit

OS CentOS 5.5

Rev.Proxy Apache 2.2.16 (event MPM)

mod proxy balancer

mod proxy balancer�w�·�¿�Â�Ÿ�ï�¬�›
$ 5 �t�Ô�b�{

�\�\�t�Ô�`�o�M�”�w�x�z guest1�S�‘�| guest2�› Intel

Xeon�w Hypervisor 	Í�z guest3�S�‘�| guest4�› AMD

Opteron �w Hypervisor 	Í�t
��”�`�h	Ý�6�p�z
Û�Y�›

�É�s�t�T�Z�h�M	Ô�ù�w
ƒ���p�K�”�{

�G�q 14 �Ô�è�H 1 �¼�ù�t�S�M�o�z�Ä�å�Ò�ç�t�_
ã�˜

�•�h�‹�w�w�z�æ�Ì�”�µ�Ó�é�©�³�w�ˆ�p 166Mbps�z�Õ� 

���³�µ�Â�Ü
¶�.�p�ÿ 800Mbps�›�G�å�`�h�{

3.5.3 �Ä�å�Ò�ç


¶ VM �d�Ö�™�z�G�q 11 �Ô�è�w�Ð�”�«�Ì���3�t VM

�• Hypervisor �w� �t�U�¶�`�X�q�=�b�”�ð�J�U
C
\�`

�h�{�ð�J
C
\�Ì�w Hypervisor �w CPU �–�;�p�w�¬�å�Ñ

�›
$ Þg:cloud:koshien-sentryc-trouble�t�Ô�b�{ 30
ü��

�w���z���¹�Ú�³�ï�T�’ snmp �Ã�”�»�U	��˜�p�V�o�M�s

�M�7� �U�˜�T�”�{ CPU �–�;�p�•�Ý�Þ�æ�–�;�”�z�É�¿�Ä

�ë�”�«�Ä�å�Ñ�Ÿ�¿�«�x�‡�i�„�'�j�t�s�l�o�M�s�M�w�p�z

�¤ VM �T�’
C�æ�^�•�”�É�¿�Ä�ë�”�«�Â�“���ˆ�w	r�g�t

�‘�l�o Hypervisor �w	r�g�U
¡
-�`�z�Í�­�¿�Ä�t� �t�p

�V�s�X�s�l�h�D�ó
Q�U�ß�Q�’�•�”�{


$ 6: VM � �t�q�=�Ì�w Hypervisor �w CPU �–�;�p

�^�’�t�æ�Ì�”�µ�Ó�é�©�³�‹�Ö�™�t�‹� �t�q�=�z�h
þ

�U�M�¤�p
~�•�”�s�r�w�ð�J�U
C
\�`�h�{�\�j�’�x�z�¸

�‘�t
ƒ�”�`�h�æ�Ì�”�µ�Ó�é�©�³�w�Ì�¿�«�¤�ï�Å�t���á

�w VM �›
��”�`�h�w�U�j�¼�p�z�Ì�¿�«�¤�ï�Å�›�¸�‘�w

VM �w�ˆ�t�`�h�q�\�–�r	«�`�h�{

�‡�h�z Ubuntu 10.04 �w net-snmp �t�ð�J�U�K�“�z

80Mbps�Ž	Í�w�Ä�å�Ñ�Ÿ�¿�«�› snmp�p	��˜�p�V�s�M�q

�M�O�ð�J�•�z Internet Explorer �t�S�M�o sentryc �w
~

�8�U�O�‡�X�M�T�s�M�ð�J�s�r�U�K�”�\�q�‹
ü�T�l�h�{
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$ 5: mod proxy balancer�w�Ï
R�Ñ�•� �ç (�« )

<Proxy balancer://cluster>

BalancerMember http://guest1.naist.wide.ad.jp/sentry-handler loadfactor=10

BalancerMember http://guest2.naist.wide.ad.jp/sentry-handler loadfactor=10

BalancerMember http://guest3.naist.wide.ad.jp/sentry-handler loadfactor=2

BalancerMember http://guest4.naist.wide.ad.jp/sentry-handler loadfactor=2

</Proxy>

3.6 �ß�o�q�]�J

���s�w�î�g�x�z�8���v���w�G�F�Û
�	ô�,
k�q�`�o�«

�å�¢�Å�›�b�;�b�”�q�M�O�¼�ˆ�p�K�“�z�S�S�‰�v�‘�·�s

�A�L�›�˜�”�\�q�U�p�V�h�q�ß�Q�o�M�”�{�›�t�z�b�å�S

�x
ó
:�s�æ�O
ž�A�U�K�l�h�Í�å�Í�å�ž�Ç�Ý�w�Ë	ý���´

�w�Ð
T�U���å�S�x 1 �S�i�Z�p�A�œ�i�h�Š�z�«�å�¢�Å�›

�b�;�b�”�\�q�p�«�å� �ž�ï�Ä�•�w
�	ô�«�¦�æ�Â�Ÿ�›�²

	Í�p�V�h�q�A�æ�n�Z�’�•�”�{

�á�;�Ø�p�x�z�U	Â
Æ�
�s�:�U�M�X�m�T�„�_�^�•�h�{

�Õ�ï�½�Ú�”�«�„�r�î
“�p�x
Q�ó�U	Z�s�M�:�z�‰�°�ë�”

�«�é�”�Å��	O�=�t�‘�”
Q�ó�¼�=�z�æ�Ì�”�µ�Ó�é�©�³�w

�Ï
R�O�s�r�p�K�”�{

���™�z�\�•�’�w�Ä�å�Ò�ç�w�j�¼�€�Ì�•�z�î
“�t�‘�“

�Ù�M�Õ�ï�½�Ú�”�«	��O�z VM �w�½�á�”�Ç�ï�¬�t�m�M�o

�U�|�›�æ�O
ž�A�U�K�”�{

�‡�h�z�«�å� �ž�ï�Ä�w�¹�”�µ�ž�Å�è�µ�• AS �t�‘�l

�o
�	ô�i�w VM �›�!�Ë�b�”�z�m�‡�“�«�å�¢�Å�› CDN

�w�°	��q�`�o�b�;�b�”�M�O�t�m�M�o�‹�U�|�›�æ�M�h�M�{

4 �å� �Ò�Ú� �¬�è�”�³�ã�ï
Q�ó
°�A

4.1 
�� 

Xen �• KVM �s�r�w�>
Ý�=�U	[�w�{�q�m�t�®�µ�Ä

OS �›���­�^�d�c�t�Ë� �Í�”�Ì� �²���›� �ˆ�^�d�”�U

	[�p�K�”�å� �Ò�Ú� �¬�è�”�³�ã�ï�U�K�”�{�å� �Ò�Ú� 

�¬�è�”�³�ã�ï�x LAN �º�p�æ�˜�•�”�\�q�›
Ý���`
ƒ�-�^

�•�o�M�”�U	[�p�K�”�{�Š�-���p�x�z�å� �Ò�Ú� �¬�è�”

�³�ã�ï�›�Õ�‘�m�¿�3�¬�<�p�æ�l�h�M�w�•�ˆ�›�-���`
°

�A�›�æ�O�{

4.2 �'
‹�î�g

Xen �t�S�M�o�Ý�Þ�æ�w���•�M�t�‘�l�o�å� �Ò�Ú� �¬

�è�”�³�ã�ï�w�•�̂ �U�r�w�‘�O�t�!�̃ �”�w�T�›�î�g�b�”�t

�p�h�l�o�'
‹�î�g�›�æ�l�h�{���F�w ThinkPad X61 �t

Fedora 14�q Xen4.0.1�›� �ï�µ�Ä�”�ç�` Gigabit Eth-

ernet �µ� �¿�½�t
€���`�z memtest+86 �w CD � �Ý�”�´

�›�Ò�”�Ä�Ã�Ÿ�µ�«�q�b�”�>
Ý�Ú�³�ï�›�^
R�` 128MB�w

�Ý�Þ�æ�›�Â�“�p�o�h�{�Ý�Þ�æ�t�³�”�­�ï�³�ß�ç�t	{�V

���ˆ�›�æ�O Test 0 �q�å�ï�¼�Ü�t	{�V���ˆ�›�æ�O Test4

�›�f�•�g�•�î�æ�`�s�U�’�å� �Ò�Ú� �¬�è�”�³�ã�ï�›�æ

�l�h�{

Test0�z Test4 �t�S�Z�”�Ý�Þ�æ�8
ù�w�¤� �Â�è�”�³�ã

�ï�t�S�Z�”�8
ù�^�•�h�Ö�”�´�q���•�h�Ö�”�´�q�µ�©�¿

�Ó�^�•�h�Ö�”�´�w
:�›�f�•�g�•
$ 4.2(a)(b) �t�Ô�b�{

Test0 �p�x
ã�M�ˆ�Š�p�8
ù�Ö�”�´
:�q���•�h�Ö�”�´
:

�w�)�U	)���` 13 �s�è�p� �Â�è�”�³�ã�ï�›	4�ƒ�`�o�M

�”�w�t�0�`�z Test4 �p�x�Ö�”�´�w�8
ù�U�Ö�”�´�w���•

�M�t�å�M�m�M�o�M�s�M�h�Š	)���d�c�z 30�s�è�p�§
M�$

�t	4�ƒ�^�•�o�M�”�{�f�•�g�•�w�Ý�Þ�æ�w�8
ù���S�q��

�•���S�›
$ 4.2(c)(d) �t�Ô�b�{�å�ï�¼�Ü	{�V���ˆ�›�æ�O

Test4 �p�x�³�”�­�ï�³�ß�ç�s Test0 �t
z�‚�o���É�ÿ��


��w���S�p�Ö�”�´�U���•�o�M�”�w�U�˜�T�”�{�³�”�­�ï

�³�ß�ç�s	{�V���ˆ�p�K�•�y�‰�a�Ö�”�´�t�?�S�‹	{�V��

�ˆ�U�æ�˜�•�”�w�p�Ö�”�´�w���•�M�x���•�T�t�s�”�{�°

�M�p�å�ï�¼�Ü�p	{�V���‰	Ô�ù�x�Ö�”�´�w�°�U	t�p�‹	{

�V���ˆ�U�æ�˜�•�•�y�Ö�”�´�x���•�h�q
Q�…�^�•�”�h�Š

�Ö�”�´�w���•�M�x�9�`�X�s�”�T�’�p�K�”�{

Xen �p�x�Ý�Þ�æ�w�8
ù���S�x 500Mbps�t
M�v�̂ �•�o

�M�”�s�r�z Xen �w�Ý�Þ�æ�8
ù�w� �Â�è�”�³�ã�ï�t����

�b�”�¤	��w�‹�x�¹�”�µ�¯�”�Å�t�Ë�”�Å�¯�”�Å�^�•�z�&

�g�$�s�‹�t�,�n�M�o�M�”�q�ß�Q�’�•�”�h�Š�z���¥�t� 

�a�o�7�&�s�‹�›�_�m�Z�”�\�q�t�‘�l�o�Ú� �¬�è�”�³�ã

�ï�›�ô���=�b�”�(�•�U�K�”�{
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�	�B�
 �	�C�


�	�D�
 �	�E�



$ 7: �å� �Ò�Ú� �¬�è�”�³�ã�ï�'
‹�î�g�w�A�L

4.3 
Q�ó
°�A

�î�M�w
Q�ó
°�A�›�æ�O�t�K�h�l�o�z JGN2plus �w�s


¢�›�b�;�`
Q�ó
°�A�›�æ�l�o�M�”�{�;�+�w�Ï
R�x Dell

PowerEdge R410�› 3 �F�;�M�h�{ Xeon 2.27GHz�›�Ë

�m�Ú�³�ï 2 �F�t Debian lenny �q Xen3.2.1 �›� �ï�µ

�Ä�”�ç�`�z Xenon 1.87GHz�w�Ú�³�ï�t Ubuntu10.04

�›� �ï�µ�Ä�”�ç�`�| NFS �±�”�Ì�q�`�o�Ï�™�`�h�{�É�¿

�Ä�ë�”�«�w�Ï
R�›
$ 4.3 �t�Ô�b�{�É�¿�Ä�ë�”�«�x NFS

�p�µ�Ä�è�”�´�›�ž���`�o�M�” LAN �x�b�‚�o 1G �›�–

�;�`�z JGN2plus �w�s
¢�p�x�3�¬�x 10G�w�s
¢�z Xen

�w�±�”�Ì�p�x 1G �w NIC �›�–�;�`�o�M�”�{
ñ�,�p�w
‚

�“�&�`�p�x RTT �U 40ms�z�,
k�·�ï�»�”�p�w
‚�“�&�̀

�p�x RTT �U 0.2ms�p�K�”�{

�î�g�w	�	q�x�<�G�›�'���`�o�M�”�{

¥ Xen A, Xen B ���p�å� �Ò�Ú� �¬�è�”�³�ã�ï�›

�æ�O�{

¥ �å� �Ò�Ú� �¬�è�”�³�ã�ï�t�T�T�l�h�Ì���z� �Â�è�”

�³�ã�ï�w�s
:�›�-���`�z
ù	ô�Í�­�¿�Ä�› dump �b

�”�{

¥ �
 �z�� �w 	� 	q �› �® �µ �Ä OS � w � Ý � Þ � æ

�¢ 128MB,256MB,512MB,1GB,2GB,4GB,8GB�£�z


‚�“�&�`�•�:�¢�,
k�·�ï�»�”�z JGN 
ñ�,�£�z�Ý�Þ

�æ�w���`�é�ù�¢���`�o�M�s�M	Ý�6�z�×�^�Ý�Þ�æ��

�`�Ó�é�¬�å�Ü�I�ˆ�Ì�z memtest86+�£�›�b�‚�o�w


Ê�ˆ�ù�˜�d�p���“�&�`�æ�O�{

������������������������������

������

������

������

�7�-�"�/���#��������������������������

�7�-�"�/���"��������������������������

��������

��������

���� ����

���� ����
�9�F�O���"

�9�F�O���#

�/�'�4���4�F�S�W�F�S

	Ø�C�,
k�·�ï�»�” �+�(�/ 
ñ�,
�-���T�X �-���T�X


$ 8: Xen �t�S�Z�”�å� �Ò�Ú� �¬�è�”�³�ã�ï�î�g�Ì�w

�É�¿�Ä�ë�”�«�Ï
R

�q�O�x JGN2plus �w�s
¢�›�;�M
:�s�-���›�æ�M�z�Š

�-���t�‰�Z�h�½�á�”�Ç�ï�¬�›�æ�l�o�M�”�{�'
‹�-���p

�x TCP �w�¢�Ÿ�ï�Å�¢�±� �¶�U�Ø�Ä�ç�É�¿�«�q�s�“�3

�¬�›	G
ü�t�–�;	Z�R�o�M�s�T�l�h�h�Š�z�Š�-���p�x�Ã

�Ñ�¥�ç�Ä�w�¢�Ÿ�ï�Å�¢�±� �¶�›�7�G�‹�t
ƒ���b�”�{

�Ý�Þ�æ�›���b�M�w�Ó�é�¬�å�Ü�t���`�o�‹�z�q�O�x

128MB �w�Ñ�•� �ç�›�;�™�`�z UNIX �³�µ�Â�Ü�¯�”�ç

�p�K�” mmap() �›�;�M�o�f�•�›�Ý�Þ�æ	Í�t allocate�`

�h	Í�p�å�ï�¼�Ü�s�•�”�t�å�ï�¼�Ü�s�‹�›	{�V���‰�Ó�é

�¬�å�Ü�›�–�l�o�M�”�{�h�i�`�z sleep()�•�å�ï�¼�Ü�‹
\


R�Ì�w�¦�”�Ì�Ô�¿�Å�U�j�¼�p�o�•�Ì���K�h�“�w�Ý�Þ�æ

�w���•�é�ù�U
Y�¬�p�x�s�M�\�q�U�˜�T�l�h�h�Š�z rdtsc

�›�;�M�h�Ó�é�¬�å�Ü�t�!�Ë�æ�l�o�M�”�{�Ž	Í�w�½�á�”

�Ç�ï�¬�›�‹�q�t���™�z�Š�-���›�æ�O�{

5 �«�å�¢�Å�á�;�t�S�Z�”�É�¿�Ä�ë�”

�«�D
V
Q�w�A�{�Ä�ò

�Ù�å�w�>
Ý�=�U	[�w�²	Í�t�‘�“�z�7�‘�s� �ï�»�”�É�¿

�Ä�±�”�Ï�µ�›�z�M�˜�•�”�«�å�¢�Å���¥�t�S�M�o���™�b

�”�\�q�U�D�ó�t�s�l�o�V�h�{�>
Ý�=�U	[�w�{�q�m�t�z

�>
Ý�-�‰�;�›�Ë� �Í�”�Ì� �²�”���p� �ˆ�^�d�”�z�Ú� 

�¬�è�”�³�ã�ï�;�ó�U�K�”�U�z�\�w�U	[�x�‰�°�æ�ï�«�t


€���^�•�h�Ë� �Í�”�Ì� �²�”���p�w� �ˆ�t�v���^�•�o

�S�“�z� �ï�»�”�É�¿�Ä	Í�w�Ú�™�w	Ô	t�t�K�”�Ë� �Í�”

�Ì� �²�”�•�w� �ˆ�x�ß�Q�’�•�o�M�s�M�{�Š	·�p�x�z� 

�ï�»�”�É�¿�Ä�›�&���`�h�Ÿ�s�”�æ�ï�«�•�w� �ˆ�w
ž�A

7




Q�q�z�f�•�›�î�q�b�”�á�;�U	[�Š�t�t�t�b�”�\�q�p�z

�«�å�¢�Å�á�;�t�S�Z�”�É�¿�Ä�ë�”�«�D
V
Q�›�ß�Q�”�{

�s�S�z�Š�ž� �Ã�ž�x� �ï�»�”�É�¿�Ä�Å�å�Ñ�Ä�q�`�o�‡

�q�Š�o�K�“ [1]�z IETF Clouds BoF �t�o�^�æ�^�•�h�‹

�w�p�K�”�{

5.1 
�� 

�Š	·�p�x�Ã�”�»�·�ï�»�”���S�‘�|�«�å�¢�Å�±�”�Ï�µ

���p�w�É�¿�Ä�ë�”�«�D
V
Q�t���b�”�A�{�q	��O�›�‡�q

�Š�”�{�>
Ý�=�U	[�w
C�2�x�z� �ï�»�”�É�¿�Ä�±�”�Ï�µ

�t�!�=�›�‹�h�’�`�h�{ PaaS (Platform as a Service)�q

�‘�y�•�”�U	[�x�z�>
Ý�=�^�•�h�-�‰�;�t�‘�l�o�Ï
R�^

�•�h�,
k�w	Í�t� �ï�»�”�É�¿�Ä�±�”�Ï�µ�›�Ï�™�b�”�{

�q	Ý�w PaaS�x�o�°�Ã�”�»�·�ï�»�”�p�o�°�á�æ	��.

�t�‘�l�o�Ï�™�^�•�o�M�”�U�z�\�•�›
ü�„�`�z�^�’�t�x


ó
:�w�Ä�À	����p�È���^�d�h�M�q�M�O�A�{�x�¦�G�`�m

�m�K�”�{�\�O�b�”�\�q�t�‘�l�o�z PaaS�›�Ï
R�b�”�°


æ�w�;�+�K�”�M�x�Ã�”�»�·�ï�»�”�t	Ë�•�U
C
\�`�h	Ô

�ù�p�‹�z���w�Ã�”�»�·�ï�»�”�•�>
Ý�-�‰�;�›� �ˆ�^�d

�”�s�b�”�\�q�t�‘�“�z�±�”�Ï�µ�w�'���D�ó
Q�U�²	Í�b

�”�h�Š�p�K�”�{

�±�”�Ï�µ�›���­�K�”�M�x�è�¹�›�)�Q�”�\�q�Á�X�z�>


Ý�-�‰�;�›�Ã�”�»�·�ï�»�”���z�«�å�¢�Å�±�”�Ï�µ���p

� �ˆ�^�d�”�h�Š�t�‹�z�É�¿�Ä�ë�”�«�D
V
Q�U	[�U
ž�A

�q�s�”�{

5.2 �É�¿�Ä�ë�”�«�D
V
Q�A�{

�Ž�<�t�z�>
Ý�-�‰�;�›�Ã�”�»�·�ï�»�”���•�«�å�¢�Å

�±�”�Ï�µ���p� �ˆ�^�d�”�h�Š�w�É�¿�Ä�ë�”�«�D
V
Q�t

���b�”�A�{�Ä�ò�›�•�[�”�{

¥ �Ã�”�»�·�ï�»�”�•�«�å�¢�Å�±�”�Ï�µ�›�‡�h�U�”

�â�”�²�”�±�”�Ï�µ�É�¿�Ä�ë�”�« : �¤�‘�w�â�”�²�”

�t�x�z���w�â�”�²�”�q�ï	¬�`�s�M�{���w�±�”�Ï�µ

�É�¿�Ä�ë�”�«�U���™�^�•�s�Z�•�y�s�’�s�M�{�\�•

�x�«�å�¢�Å�±�”�Ï�µ���›�‡�h�U�”	Ô�ù�p�‹	��’�•

�s�Z�•�y�s�’�s�M�{�è	×�z�\�O�M�l�h�É�¿�Ä�ë�”

�«�x VLAN �• VPN �±�”�Ï�µ�›�;�M�o�î�q�^�•�”

�U�z�›�t�Ÿ�s�”�±�”�Ï�µ�Ä�À	��t�‘�l�o�á�æ�^�•

�”�Ã�”�»�·�ï�»�”���•�«�å�¢�Å�±�”�Ï�µ���w�È��

�›�ß�Q�”�q�q�î�$�p�x�s�M�{ VLAN �x�è� �à�” 2

�w�U	[�p�K�“�z�Ã�”�»�·�ï�»�”���›�Ú�A�p�V�”�s


¢�›�Ë�l�o�M�”
ž�A�U�K�”�{ VPN �x VLAN �‘�“

�‹	J�È�s�Ï
R�U�D�ó�i�U�z�«�å�¢�Å�±�”�Ï�µ�w��

�g	��.�U�Ÿ�s�”	Ô�ù�z�0�›�t�x
ì�“
€���p�V�s�M�{

¥ �â�”�²�”�±�”�Ï�µ�É�¿�Ä�ë�”�«�w�ô�D�;
Q : VLAN

�• VPN �›�;�M�”	Ô�ù�z�f�•�U� �ï�»�”�É�¿�Ä�•

�w�o�°	Ë�•�:�t�s�’�s�M�‘�O�t�b�”
ž�A�U�K�”�{

�Ã�”�»�·�ï�»�”���z�«�å�¢�Å�±�”�Ï�µ���p�w�É�¿

�Ä�ë�”�«�D
V
Q�›�ß�Q�”�q�V�z�â�”�²�”�±�”�Ï�µ

�É�¿�Ä�ë�”�«�w�ô�D�;
Q�›���™�p�V�s�Z�•�y�s�’

�s�M�{

5.3 �É�¿�Ä�ë�”�«�D
V
Q�Þ�Ã�ç

�\�\�p�x 2 	��¨�w�É�¿�ë�”�«�D
V
Q�Þ�Ã�ç�›�ß�Q�”�{

�{�q�m�x�×�µ�Ä�Õ�”�µ�w�Þ�Ã�ç�z�‹�O�{�q�m�x�É�¿�Ä

�ë�”�«�Õ�”�µ�w�Þ�Ã�ç�p�K�”�{

5.3.1 �×�µ�Ä�Õ�”�µ�D
V
Q�Þ�Ã�ç

�\�w�Þ�Ã�ç�p�x�z�¤�×�µ�Ä (�®�µ�Ä�-�‰�; ) �U�É�¿�Ä

�ë�”�«�D
V
Q�w�;�ó�›�Ë�m�{�¤�‘�w�×�µ�Ä�x�z�s�œ�’

�T�w�×�µ�Ä� �ˆ�è	ô�Ó�é�Ä�¯�ç�›
‹�Q�o�M�s�Z�•�y�s

�’�s�M�{�>
Ý�-�‰�;�U�z�K�”�Ë� �Í�”�Ì� �²�”�T�’�z

�Ÿ�s�”�É�¿�Ä�ë�”�«�t���b�”�Ë� �Í�”�Ì� �²�”�t�Ú� 

�¬�è�”�Ä�`�h	Ô�ù�z�>
Ý�-�‰�;�×
��U� �ˆ�è	ô�Ó�é�Ä

�¯�ç�›
C�ˆ�`�z�q�O
€���^�•�o�M�”�É�¿�Ä�ë�”�«���¥

�t� �a�o�&
~�t�×
��w�É�¿�Ä�ë�”�«���¥�›
T�Q�s�Z�•

�y�s�’�s�M�{

5.3.2 �É�¿�Ä�ë�”�«�Õ�”�µ�D
V
Q�Þ�Ã�ç

�\�w�Þ�Ã�ç�p�x�>
Ý�-�‰�;�U�b�;�̀ �o�M�”�É�¿�Ä�ë�”

�«���¥�U�z� �ˆ�w
²�™�p�!�=�`�s�M�\�q�U�-	Â�^�•�”�{

�>
Ý�-�‰�;�x�z�É�¿�Ä�ë�”�«���¥�w�!�=�t�>�U�m�T�s

�M�h�Š�z� �ˆ�w
²�™�p�s�t�T�ž�«�³�ã�ï�›�I�\�b
ž�A

�x�s�M�{�‰�a�É�¿�Ä�ë�”�«���¥�›���™�b�”�h�Š�z�«�å

�¢�Å�±�”�Ï�µ�,
k���x�z�Ÿ�s�”	Ô	t�t�‰�a�É�¿�Ä�ë�”

�«�›���™�b�”�;�ó�›�Ë�h�s�Z�•�y�s�’�s�M�{
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5.4 �î
÷	��O

�Š
…�p�x�É�¿�Ä�ë�”�«�D
V
Q�›�î
÷�b�”	��O�›�M�X

�m�T���Š�b�”�{ 5.4.1
…�p�x�¿�¬ VLAN �›�;�M�h	Ô�ù

�w�D
V
Q�w�î
÷�«�›�z 5.4.2
…�p�x�×�µ�Ä�Õ�”�µ�w�D
V


Q�U	[�q�`�o�z Mobile IPv6[2] �›�;�M�”�«�›�z 5.4.3
…

�p�x�É�¿�Ä�ë�”�«�Õ�”�µ�w�D
V
Q�U	[�q�`�o�z NEMO

BS[3] �›�;�M�”�«�›	º�p�b�”�{

5.4.1 �¿�¬ VLAN �t�‘�”�É�¿�Ä�ë�”�«�D
V
Q

�É�¿�Ä�ë�”�«�D
V
Q�›�î�q�b�”�{�q�m�w�M�O�q�̀ �o�z

�è� �à�” 2 �p�•�a�$�s�æ�ï�«�›�b�‚�o�w�«�å�¢�Å�±�”

�Ï�µ�t���™�b�”	��O�U�ß�Q�’�•�”�{�Ù�å�w�ô���¿�¬�p�w

�É�¿�Ä�ë�”�«�w
Q�ó�›�ß�Q�”�q�z�¿�¬�t�è� �à�” 2 �É�¿

�Ä�ë�”�«�›�2�‰�b�”�\�q�‹�q�î�$�q�s�l�o�V�o�M�”�{

�\�w	Ô�ù�z�Ë� �Í�”�Ì� �²�”�w�Ï
R�x�o	m�t�s�”�{

�b�‚�o�w�Ë� �Í�”�Ì� �²�”�x�z�¿�¬�t�2�‰�^�•�h�‰�°

�è� �à�” 2 �É�¿�Ä�ë�”�«�t
€���^�•�”�\�q�q�s�“�z�o

�°�Ã�”�»�·�ï�»�”�t�S�Z�”�Ë� �Í�”�Ì� �²�”�á�;�q�!

�˜�“�U�s�M�{�>
Ý�-�‰�;�x�z�Ë� �Í�”�Ì� �²�”�w�Ò�æ�¿

�´�;�ó�t�‘�l�o�z�¿�¬�è� �à�” 2 �É�¿�Ä�ë�”�«�t
€��

�b�”�\�q�t�s�”�{

�>
Ý�-�‰�;�w�Ú� �¬�è�”�³�ã�ï�t���`�o�›�t�«�™�b

�”
ž�A�‹�s�M�{�b�‚�o�w�Ë� �Í�”�Ì� �²�”�U�‰�°�w�æ

�ï�«�t
€���`�o�M�”�w�p�z�7���w�Ú� �¬�è�”�³�ã�ï�U

	[�›�;�M�”�\�q�U�p�V�”�{

5.4.2 Mobile IP �Õ�”�µ�É�¿�Ä�ë�”�«�D
V
Q

�×�µ�Ä�Õ�”�µ�î
÷�p�x�z�b�‚�o�w�>
Ý�-�‰�;�U Mo-

bile IP �;�ó�›
‹�Q�o�M�”
ž�A�U�K�”�{�C�Q�o�z Mobile

IP �w�á�;�t
ž�A�s�×�”�Ü�¤�”� �́£�ï�Ä�‹�«�å�¢�Å�³�µ

�Â�Ü�w�°
æ�q�`�o�á�;�^�•�s�Z�•�y�s�’�s�M�{

�¤�‘�w�>
Ý�-�‰�;�x�Ë� �Í�”�Ì� �²�”�U���™�b�”�é�”

�§�ç�É�¿�Ä�ë�”�«�t
€���`�z Mobile IP �w	�	q�t	H�l

�o�×
��w�>
Ç�Z�ž�Å�è�µ�›�×�”�Ü�¤�”�´�£�ï�Ä�t�J�å

�b�”�{ Mobile IP �w�é�.�$�s�ˆ�^�t�m�M�o�x�z�\�\�p

�x�t�t�`�s�M�w�p�z	Ä�`�X�x RFC3775[2]�›�€	°�`�o

�„�`�M�{

�>
Ý�-�‰�;�U�Ú� �¬�è�”�Ä�̂ �•�”�q�z
€��
Œ�w�É�¿�Ä

�ë�”�«���¥�U�Ú� �¬�è�”�Ä�`�h
Œ�w�Ë� �Í�”�Ì� �²�”

�t�‘�l�o�!�=�b�”�{�>
Ý�-�‰�;�x�z�É�¿�Ä�ë�”�«�w�!

�=�› Mobile IP �;�ó�t�‘�l�o�U�Œ�`�z�&
~�t� �ˆ	r�g

�›�æ�˜�s�Z�•�y�s�’�s�M�{

Mobile IP �q�‰�7�z�Š�M�Ü�›�>�;�b�”	Ô�ù�x�×�”�Ü

�¤�”�´�£�ï�Ä�U�o�°	Ë�•�:�q�s�”�{�×�”�Ü�¤�”�´�£�ï

�Ä�w��	O�=�s�r�t�‘�”�ô�D�;
Q�w�á�;�x�z�Š��	{�w
c

�“�›�ý�Q�”�w�p�\�\�p�x�t�t�`�s�M�{

5.4.3 NEMO �Õ�”�µ�É�¿�Ä�ë�”�«�D
V
Q

NEMO �Õ�” �µ �w�É�¿�Ä�ë�” �« �D
V
Q�U	[ �p �x �z

RFC3963[3]�›�;�M�h�ç�”�»�w� �ˆ�è	ô�Ó�é�Ä�¯�ç�›

�Æ�;�b�”�{�«�å�¢�Å�á�;	��x�z RFC3963�t	j�Œ�`�h

� �ˆ�ç�”�»�›
ó
:�á�;�`�z�f�•�g�•�w� �ˆ�ç�”�»�t�{

���Ó�è�Ñ�Ÿ�¿�«�µ (Mobile Network PreÞx, MNP) �›

�Â�“�p�o�o�S�X�{� �ˆ�ç�”�»�x�z�«�å�¢�Å�±�”�Ï�µ�w

�â�”�²�”�T�’�x�j���Å�^�•�o�S�“�z�â�”�²�”�x�•�a�$

�t�{���Ó�è�Ñ�Ÿ�¿�«�µ�›�b�;�b�”�{

� �ˆ�ç�”�»�×
��‹�>
Ý�-�‰�;�q�`�o�î�q�`�z�Ú� �¬

�è�”�Ä�w�M�t�x�z� �ˆ�ç�”�»�q�f�w�{���Ó�è�Ñ�Ÿ�¿�«

�µ�t
€���`�o�M�”�â�”�²�”�w�>
Ý�-�‰�;�U�‰�Ì�t�‰�a

�Ë� �Í�”�Ì� �²�”�•� �ˆ�b�”�{� �ˆ�`�h�™�z� �ˆ�ç�”

�»�U
€���b�”�Ë� �Í�”�Ì� �²�”�w�É�¿�Ä�ë�”�«�x�z�Ž


²�w�É�¿�Ä�ë�”�«�q�x�Ÿ�s�”�U�z NEMO BS �w	�	q�›
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