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switch1 = {attach(alloc(switch), alloc(NIC),alloc(NIC), alloc(NIC))}
host1 = attach(alloc(host), alloc(NIC))

plug(cable1, NIC(switch1) plug(cable2, NIC(switch1)) plug(cable3, NIC(switch1))

host2 = attach(alloc(host), alloc(NIC))
host3 = attach(alloc(host), alloc(NIC))

plug(cable1, NIC(host1)) plug(cable2, NIC(host2)) plug(cable3, NIC(host3))

cable3 = alloc(cable)
cable2 = alloc(cable)cable1 = alloc(cable)

��������

�KJ���9L+��!+	(�+��2I4.'�!��/M��N!/1&O�P��+	�

3. VBET DESIGN AND IMPLEMENTATIONcK�3���
�*�j�����������$�X8�4L�L()�������������w=)d
eWf � ��'
���������<���>��.����! 
_	��`)�*#
��.*���0/�8
�����!.C�!#	��.����K/�8&���	'����	�%�������*A���#	��.����K/�8W�!�<4
��.*.
���?�����<�*��(
.����������,�!-
�����$�U'
���,�!�*.���8	�*�
��.��"')�*�
�?=@�������"�!.wu3v:8)=)�������	��.X�	���04
����5@���	�)8)���F��.�.
 2���!��(
�������Zk".��3�%/)�%�����R���	'^���������
�����6�����$.*�!�������jO

3.1 Design GoalsdL�����*')���U���!�%/J')��(	.���/)�������F���	'E=>�������D���*.����K/N 2�!�1�s4Z�*'
�H�,�!�	�$�
�� �	���04
����5^�!�"'U')���%�����*#
�
����'^��`)(:����������������8@���	�3')�������$�1���>��.��i�� 
=)d
eWfQ�!.������*�
��.��"')�
�

�'& �+�)�$����¥ � �Z�����r���2� � �l� fw�$(:��.*����/^_"��`)��#	��.����K/^���Z'
�������,�!#	.��� 2�!��$�
-0')���F���	'M�������!�����$�J�! 6�!��#
�����,�D��/E�
���K4L����5I���$(:��.*���$������8
����(:�����*��.�.�/����
�W���	���j���$��(:������'9 a������#	�������W�	���04
����5Z���$(:��.���-
�$�����9���
�+�7�!�T�����	�)8\�%�,�!��8:�!���%4Z�����,�
-b���"�!#	.���'HhjPT�<O"f
�	�����
���	�$�
.*'G#:���
�S(	��/)��������.\.��������i���G���	�9�)�
�?#:���L�� �(
��/
�������!.
�	���04
����5F�����	�
���������$�
�i a���i�����,�1�
���K4L����5^'
��=@�����$O

�43 � � � � ¡@�,� � � �*¨ � ���l� � �l� e;=>����/t�	�@'
�?�*�t���	�S��`)(:�������������,�!.���@=)�������	�����������
�$�	.*'?#:�V a�
�����	�+�&���	�%���$����A��!#	.��
 2�!�L�+`
(:�+��-
�*�����@���S4Z�����J')��[\���������^�	���04
����5M������=@�������G���	'N���� C�K4
�!���$8
���	�,�����<'
��[\�������@�6���+��=)�����^')�*�����*(
.��*�
���<���"'7���$�)���*�
�7��.��$�!-
�������
����OWv)�
(	(:�!���& a���Z���
�%���$����A��!�������G���
�$�	.*'�#:�i(
���D=@�C')��'
�	���^���	.�/N a���U���"'@-0�%/)�%��������8L#	�)�U�!.����I a���G�	���04
�!��5@-b.���=>��.
���������������6pl���
�+�U���V���$�)�������,q+O

�E  � � � � ���l� � �l� c0�	�%������'M�! 3������.����	�t���	�U�@�
�?#:���?�� �(
��/
�������!.������=>�����W���S���	�V�����%��#:��'\8�=)d
e&fI 2�����
�����L���S���	�Z�����!.C�!#	��.����K/
4Z�����^������(:�����L���<���	�T�@�	�?#:�+�L�! �=@�������	��.:�F�!�+�
�*�
���
���^�$�	�
(	��/)���*����.�=)d
eWf ������=>����O<yL�)���������3=@�������	��.��F�!�+�
�*�
�������+�)-
�	�*���	����8!���	�,�<��� ,3YG���!���T{ �!�
���"'3���	�&�������$���	��.)�3Y1h7{�|��!�r8

Proceedings ot the ACM SIGCOMM 2003 Workshops 97 August 2003



System Call
Virtualization

Virtualized Resources

Memory

Network

Disk

Timer

CPU*

RTC Watchdog: SIGALRM/SIGVTALRM

Implementation Details

* Faults and traps are emulated by corresponding signals: Device interrupt (SIGIO), Timer(SIGALRM), Memory faults (SIGSEGV)

User/Kernel Mode : ptrace tracing on/off

Context Switch: one−to−one process mapping and memory/signal handling restoration

Physical Memory: mmapping a physical memory sized file

Kernel/Virtual Memory: mapping individual pages from the file

NIC: TUN/TAP devices, socket served by a routing daemon ...

Disk: VFS mechanisms with hostfs virtual file system
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1:  VM initiates a unix socket connection request to a specified unix socket daemon (control port)
2:  The request is acceptted by the unix socket daemon, and a new port is created
3.  VM establishes physical connection to virtual hub via VNIC
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!
router ospf
 redistribute connected
 network 192.168.1.0/24 area 0
!

OSPF configuration for ospf1
!
router ospf
 redistribute connected metric 10
 network 192.168.2.0/24 area 0
!

OSPF configuration for ospf3

!
router ospf
 redistribute connected
 network 192.168.1.0/24 area 0
 network 192.168.2.0/24 area 0
!

OSPF configuration for ospf2

������Router 2Router 1 Router 3
OSPFOSPFOSPF

eth0: 192.168.0.1/24 eth0: 192.168.2.2/24 eth1: 192.168.0.1/24

eth1: 192.168.2.1/24

eth1: 192.168.1.1/24

eth0: 192.168.1.2/24
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V(C�N�HD<?9�K�HD<tMA9�\�<lHDI+Nid6KAv?v?CJB�d0CJHiBD<?Z�k��(oL�(<?9-Z�CzBDMA@-HDCJB�Q W <?9"Z�@(BDN
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KAV"V�BDC�NiN�KANiNi<?>Y9-d0C�9uH�[�MAB�C3K�Z�I�BDMA@-HDCJB}K�BDC�NiI"M3\�9�<?9�:=<?>Y@(BDC�E(o

  H�HDI-CXg C�>A<?9"9"<?9->-G�BDMY@(HDCJB�Q S KA9�V�Q U K�BDCPg MuM�HDN�HiBhKA¡"¡ C�V�G�HDI"C�9
Q W <?N�N�HhK�BiHDC3V.o£¢/I"C�9�BDMY@(HD<t9->�HhK�g"v?C�N]K�BDCxN�HhKAg-<tv?<?��C3V�<t9�KAv?v
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r1 = attach(alloc(router), alloc(NIC), alloc(NIC))
r2 = attach(alloc(router), alloc(NIC), alloc(NIC))
r3 = attach(alloc(router), alloc(NIC), alloc(NIC))

link(NIC(r1,2), NIC(r2, 1))
link(NIC(r2,2), NIC(r3, 1))
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SwitchFirewall_1

Firewall_2 Firewall_4

Firewall_5

Server

Firewall_3

eth0: 192.168.1.1

eth0: 192.168.2.1

eth0: 192.168.3.1

eth1: 192.168.0.3
eth0: 192.168.4.1

eth1: 192.168.0.4eth1: 192.168.0.2

eth1: 192.168.0.1
eth1: 192.168.0.5

eth0: 192.168.5.1

eth0: 192.168.0.250
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server = attach(alloc(host), alloc(NIC))
fw1 = attach(alloc(firewall), alloc(NIC), ...)
fw2 = attach(alloc(firewall), alloc(NIC), ...)
fw3 = attach(alloc(firewall), alloc(NIC), ...)
fw4 = attach(alloc(firewall), alloc(NIC), ...)
fw5 = attach(alloc(firewall), alloc(NIC), ...)

link(alloc(switch), server, NIC(fw1, 1), NIC(fw2,1), NIC(fw3,1), NIC(fw4,1), NIC(fw5,1))
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Router
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Virtual Chord Ring Emulated Network Topology
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