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1 � !
5 ¿

Bonding �°Ä�@´l Donald Becker � beowulf Ö¶ù��8§lSØ�� 2.0 m
©uÐå5�"l§Ñy�§ù�°Ä®²u)
�
CÄ§�@� Linux SØ
Ú beowulf Õ:þ�óäéuy3�SØ��5`§ÑØ�^
"

éuù�°Ä#���§éu�@��SØ�Ö¶Ú^r�móä��#§�U
ù�©Ù�¡�ó�?n"

1 � !
S C

2.1 éSØ?È�|± bonding °Ä

éu�#��� bonding °Ä§¦^SØ 2.4.12 ½�#���(ÄK\I�éSØ
�Ö¶)

¦^·-‘make menuconfig /xconfig/config‘1§¿3“Network device support”À
�e§ÀJ“Bonding driver support”"�Ðò°Ä��¤SØ�¬�ª§Ï��kù�
â�±��¬°ÄD4ëê¿���õu��� bonding ��"

��?ÈÚSCSØÚSØ�¬"

1 n !
��ÚSC^r�móä

ù���� bonding °ÄI��# ifenslave §S"�@�SØ��Ú beowulf �
8¤|±�óäòØ2k��ó�"SØ�� 2.4.12 Ú�����ò�¹�#��
� ifenslave.c u Documentation/network 8¹¥"éu�@�SØ��§���©Ù�
¡�'�ó�"
5¿!!! XJ\$1 RedHat 7.1 ½Ù�u1���§\I�5¿§Ï�/usr/include/linux
ù�8¹Ø2�½´ /usr/src/linux/include/linux ù�8¹�ó�"3ù«�¹e§X
J\?È ifenslave òw«¤õ§�\� bond òØó�"3?È�¦^ -l À�ò(�\
¦^:

1ùp�menuconfig,xconfig,config n�¿���À�ëê§ù´3?ÈSØ�ÀJØÓ��ª5ÀJ
?È�ª"
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/usr/src/linux/include/linux/if bonding.h ù�©�§
Ø´^:
/usr/include/linux 8¹e�©�"

�
SC ifenslave.c§Ue¡��ª5ö�µ

#gcc -Wall -Wstrict-prototypes -O -I/usr/src/linux/include \

> ifenslave.c -o ifenslave

#cp ifenslave /sbin/ifenslave

1 o !
��\�XÚ

'u�¬�ëê§���e¡�Ù!"\ò3/etc/conf.modules (½ /etc/modules.conf)©
�¥��\\e¡��1µ

alias bond0 bonding

¦^IO�uÙ��Eâ5½Â bond0 �ä��"X§3�c� RedHat uÙ�
�§3 /etc/sysconfig/network-scripts 8¹eïá XeSNµ

DEVICE=bond0

NETMASK=255.255.255.0

NETWORK=192.168.1.0

BROADCAST=192.168.1.255

ONBOOT=yes

BOOTPROTO=none

USERCTL=no

(5¿§òþ¡� 192.168.1 �¤·A\�ä��)
¤k�áuù� trunk ���òk�� SLAVE Ú MASTER ½Â"~X§3 RedHat ¥§

XJ\F"^ eth0 Ú eth1 (½Ù§��ä��)�� bonding �� bond0 ��Ü©§��
©�( ifcfg-eth0, ifcfg-eth1,�)òXe¤«µ

DEVICE=eth0

USERCTL=no

ONBOOT=yes

MASTER=bond0

SLAVE=yes

BOOTPROTO=none
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(3 eth1 ��©�¥§¿�^ MASTER=bond1 5��1�� bonding ��)
­é\��äXÚ½==^+nóä­#éÄ bonding ��(XJ#Nù��)§Ä

K§­éXÚ"( éu RedHat u1��§\�±¦^ ‘ifup bond0‘

½ ‘/etc/rc.d/init.d/network restart‘)
XJ\¦^�u1��¥+nóäØ|±��©�¥� master/slave J«§\I

�Ue¡��ª5�� bonding ��µ

#/sbin/ifconfig bond0 192.168.1.1 up

#/sbin/ifenslave bond0 eth0

#/sbin/ifenslave bond0 eth1

(3 ifconfig ·-¥^\� IP /�5O�\¤¦^��ä/�§±9�r�f�ùè)
\�±Mï����5�1ù
·-§¿ò§�3Ü·� rc 8¹¥"
XJ\�½¤k��ä��3 bonding ��C1c�SC§\�±¦^k^�

�¬+nóäõUµ3\� modules.conf ©�¥§w��'&E§¿�Î bond0§
modprobe òkSC¤k��ä��µ

probeall band0 eth0 eth1 bonding

�5¿Ø�ù�1��¡Ú^ bond0 g®§ÄK§modprobe ò3Ã>8�Ì�¥k
�"

1 Ê !
�¬ëê

e¡��¬ëê�±�D4� bonding ��µ

mode=

�±����´ 0 (Ì�üÑ2,ù´%@��)Ú 1 (-¹�°üÑ),Ú 2 (XOR)"XI�õ
&E§�w1 9 Ü©Ú HA �!"

miimon=

¦^�ê��� MII ó´iÀªÇ(ü � ms)"%@�� 0 �¿�XØ¦^ó´iÀõ
U"XJ\�^ó´iÀõU§100 ´��éÐ��"XI�õ�&E§�w HA �'
��!"

downdelay=

2round robin policy
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¦^���ê�§ó´ò3± ms �ü ��ê�����§ò�uyó´��"ù�
�7I´ miimon ���ê"%@�´ 0 §XI�õ&E§�w HA �'��!"

updelay=

3 “link up”G��uy��ê�� ms �m�§5¦ù�ó´�~ó�"ù��A
´ miimon ��ê"%@�´ 0 §XI�õ��'&E§�w HA �!�SN"

arp_interval=

¦^�ê��� arp iÀ�ªÇ(ü ms)"%@�� 0 ¿�XØ¦^ arp iÀõU"�
w HA �!±¼��õ�&E"ù����=3 active backup �ªek�"

arp_ip_target=

� arp interval > 0 ��� IP /��¦^"ù��û½ arp ux�8I�ó´�èxG
�"^ddd.ddd.ddd.ddd �ª5�½ù��"

XJ\I���A� bonding ��§ù�°ÄI�SCõg"X§éuü���§
\3 /etc/conf.modules 7IXe¤«µ

alias bond0 bonding

alias bond1 bonding

options bond0 miimon=100

options bond1 -o bonding1 miimon=100

1 8 !
ÿÁ��

\�±¦^ ifconfig 5ÿÁ\���©�ÚDÑüÑ"X§éuÌ�üÑ§\ò�
�Xe�&Eµ

[root]# /sbin/ifconfig

bond0 Link encap:Ethernet HWaddr 00:C0:F0:1F:37:B4

inet addr:XXX.XXX.XXX.YYY Bcast:XXX.XXX.XXX.255 Mask:255.255.252.0

UP BROADCAST RUNNING MASTER MULTICAST MTU:1500 Metric:1

RX packets:7224794 errors:0 dropped:0 overruns:0 frame:0

TX packets:3286647 errors:1 dropped:0 overruns:1 carrier:0

collisions:0 txqueuelen:0

eth0 Link encap:Ethernet HWaddr 00:C0:F0:1F:37:B4

inet addr:XXX.XXX.XXX.YYY Bcast:XXX.XXX.XXX.255 Mask:255.255.252.0

�È:o ¸ 1 6 � ��:1.0.0
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UP BROADCAST RUNNING SLAVE MULTICAST MTU:1500 Metric:1

RX packets:3573025 errors:0 dropped:0 overruns:0 frame:0

TX packets:1643167 errors:1 dropped:0 overruns:1 carrier:0

collisions:0 txqueuelen:100

Interrupt:10 Base address:0x1080

eth1 Link encap:Ethernet HWaddr 00:C0:F0:1F:37:B4

inet addr:XXX.XXX.XXX.YYY Bcast:XXX.XXX.XXX.255 Mask:255.255.252.0

UP BROADCAST RUNNING SLAVE MULTICAST MTU:1500 Metric:1

RX packets:3651769 errors:0 dropped:0 overruns:0 frame:0

TX packets:1643480 errors:0 dropped:0 overruns:0 carrier:0

collisions:0 txqueuelen:100

Interrupt:9 Base address:0x1400

1 Ô !
¯K)�

1. ù��¬3 SMP eS�íº

´�§3Î� 2.0.xx SØ��¥§bonding Ö¶éu SMP ²�´ØS��"#�
SØlm©�O�§éu SMP 5`Ò´S��"

2. �o��kUÚù��¬�å¦^º

?Û�±��kÑ�±(\$��±·ÜØÓ��k5¢yù��¬�õU,—~
X§�� Intel EtherExpress PRO/100 Ú�� 3com 3c905b)\$��±òØÓ
� Gigabit ±��k�½3�à"

3. ·�±kõ� bonding ��?

��Ï�´\SC�z��¬"��w�¬ëê�!5��ù��Y"

4. ·�±^õ�� slaves ��?

ù�ûu Linux |±��ä���ê8§±9\�Åì�õ�±����k�ê
þ"

5. ��� slave ó´kK�§u)�o¯�º
XJ\�±��k|± MII G�iÀ¿� MII iÀ3ù���þ�ïá(�w�¬
ëê`²),ùpvk���(J"ùpu1� bonding °Ä��XÛ�� MII &E
ÚïáUì�¬� slaves 5¦U½��Ùó´G�"�wHA±���õ�&E"

�È:o ¸ 1 7 � ��:1.0.0



Linux ±�� Bonding {0 7 ¯K)�

éuØ|±MIIG��±��k§½XJ\F"�y�®�uxÚ�Â§\�±
�� arp interval Ú arp in target§XJ�3�A��mãSvkuxÚ�Â§�
� arp �¦�ux�8I/�5�)uxÚ�ÂDÑ"XJ3ù��mã�§Q
vk¤õux���¹§�vk¤õ�Â��w§e�� slave òU^SC¤¹�
� slave "
XJ mii monitor Ú arp interval ü�Ñvk���§bonding ��òØ¬éÐ��
½ù
G�"ù
��òUYux�§¿�k
�ò¬¿�"­DÑòÚå�
X��¯K§¿E¤�X��5Ueü(3ù«�¹e§ü� slave ¥�����
�§òk 50% ��¿�§éu TCP Ú UDP �Æ5`ò¬Ñy�X��¯K )

6. bonding �±^up��5�8íº

´�§XJ\^MIIiÀ¿�\¤k�kÑ|±MIIó´G��w§�wHA�!
±���õ�&E"

7. �o����Å/XÚ�±¦^bonding º

3Ì��ªe§�¬�Ó|± trunking ���Åó�"

• Cisco 5500 X���Å(�w EtherChannel ���'�Eâ|±)

• SunTrunking ^�

• Alteon AceDirector ��ÅWebOS (¦^Trunks)

• BayStack ��Å( trunks7L�²(��� )"Stackable �ª (450)�±^5
éØÓ�Ônü��ØÓà�?1��"

• �,�kLinux�bondingõU

3 Active-backup �ªe§§òó�u?Û������ª3"

8. bonding��l=p��MAC/�?

XJvkÏL ifconfig ·-²(���§bonding��� MAC /�l1�� slave �
�?��"�� MAC /�òDx�¤k� slave v�¦^§¿��¦^ù� MAC /
���($��1�� slave ���£Ø�§ù� MAC /���¦^) bonding �
�­#��½Ê�¦^"

XJ\�UC bonding ��� MAC /�§\�±¦^ ifconfig ·-5��:

# ifconfig bond0 hw ether 00:11:22:33:44:55

MAC /���±ÏL¦ bonding ��-¹Ê^�§3UC bonding ��� slave �
�(½¦��^S)��ª5�U"

3Layer-II switches

�È:o ¸ 1 8 � ��:1.0.0
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# ifconfig bod0 down ; modprobe -r bonding

# ifconfig bond0 (ù� ���äëê) up

# ifconfig bond0 eth ...

éLù��{§ògÄò1�� slave ��� MAC /�\� bonding ��¥"

X � ¡ E slave � � � MAC / � § \ I � ò slave � � l bonding � � © l
(‘ifenslave -d bond0 eth0‘),�����Ê^G�(‘ifconfig eth0 down‘),�
1�k°Ä�¬(‘rmmod 3c59x‘,X)¿�­#\1°Ä�¬±l��� eeprom �
���� MAC /�"XJ bonding ��dA�l���Ó�¤§\I�'4¤�
l��",	���)û�ª´ÏL3XÚéÄ��é MAC /�(dmesg or tail
/var/log/messages)Ú¦^ÃÄ�ª^ ifconfig 5�U:

# ifconfig eth0 down

# ifconfig eth0 hw ether 00:20:40:60:80:A0

9. �±¦^�o��DÑüÑº

Round robin,´Äu\1�k���^S§êâÑÑ��´Äue���^�l
��"ù�
½8�/���Ã'"

XOR,Äu( 
M�/� XOR 8�M�/� ) % slave cnt .ù��±é�Ó�8�
M�/�¦^Ó��l�k��"
Active-backup üÑ(����k���=k���k��3�½���Dx
êâ"Active-backup üÑÌ�^up^�)û�Y¥¦^ü�hubs(�w HA �
!)"

1 l !
p��

¦^ bonding ��5¢yp���Y§\I�ò°Ä±�¬��ª?È�SØ¥§
Ï�8c�kù«�ª�±òëêD4�SØ¥§ÏLëê�±UC���õU"

p��5ÏL¦^ MII G��w��ª5¢y"\I��y\¤¦^�¤k�ä
��Ñ|± MII ó´G��w"3 Linux SØ 2.2.17 ��¥§¤k� 100Mbps oN��
�Ú yellowfin gigabit �k���|± MII ó´G��w"XJ\�XÚØ|± MII G
��w§��ó´�}ò�uy�

bonding���±k5Æ/ÏLu� MII G�M�ì5u�¤k�l�ä���G
�"u�L§��mm��±ÏL\1�¬��½ëê“miimon” (MII iÀ)"ù�ë

�È:o ¸ 1 9 � ��:1.0.0
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ê��´���ê§§�Lz�õ�Î¦45u��e MII �G�"ù���ÐØ��
Cu(1000/HZ)(10 ms 3i386)Ï�ù��ò~�XÚ��p5"100 msA´��Ün�
�"§�LXó´G�ò3�����100 msS�uy"~Xµ

# modprobe bonding miimon=100

½§3\XÚ� /etc/modules.conf ©�¥��Xeµ

alias bond0 bonding

options bond0 miimon=100

�cùpkü«üÑ�±^up���Y¥§¦^��ª�ûu´Äµ

1. ÌÅ�ë���üÌÅ�´ë���|± trunk õU���Åþ

2. ÌÅ�ë�õ���Åþ�´ë���Ø|± trunking õU���Åþ

8.1 HAA^uü��Å½ÌÅ —— K1²ï

ù´�{üÚ�N´e���ª"{ü����§��(ÌÅ½��Å)±¢yà8
A�à��DÑ(Trunk,EtherChannel,�)¿�� bonding ��"XJ bonding �¬\1
�¦^Ü·� MII À�§��ògÄó�"��\�±}ÁämÚ¡EØÓ�ó´§
¿3XÚF�¥�w°Ä&��¯�"�ÿÁ�,\�U3ék¯K���Åþ��
�¤k� trunk à�ÑÊ�ó��§��ÅIé��mâUÊ� trunk ��¹"ùØ
´ Linux �¯K§
(¢´��Å�¯K"(\�±ÏL­é��Å5(@¯KÑ3=
p)

«~1: V�DÑÌÅ�ÌÅ

ÌÅA ÌÅB

eth1

eth0 eth0

eth1

3z�ÌÅþµ

# modprobe bonding miimon=100

# ifconfig bond0 addr

# ifenslave bond0 eth0 eth1

«~2µV��ÌÅ���Å
4millisecond

�È:o ¸ 1 10 � ��:1.0.0
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ÌÅA ��Å

eth1

eth0 port1

port2

ÌÅAµ
# modprobe bonding miimon=100

# set up a trunk on port1

# ifconfig bond0 addr

# ifenslave bond0 eth0 eth1

��Åµ
# set up a trunk on port1

and port2

8.2 HA3ü�½õ���Åþ(½Ø|± trunking �ü��Å)

ù��ª�U¬���õ�¯K§ù´Ï�Äu±e�¯¢§ùpkõ�à�¿
�ÌÅ� MAC /��3��à���§ù�U¬¦��Å�)�Ø"

XJ\I���=�à�´?u¹�G�§¿�=�à�´?u�^G�§¦
^ ifconfig ·-"¤k��^à�Ñk NOARP IP��½"

�¦^ù��ª§�\1�¬�D4“mode=1”��¬"

# modprobe bonding miimon=100 mode=1

½§òe¡�1��\�/etc/modules.conf©�¥"

alias bond0 bonding

options bond0 miimon=100 mode=1

«~ 1: ¦^õÌÅÚõ��Å5e���“Ãü:��”)û�Y"

��ÅA ��ÅB

port3 port3

port8 port8

port7 port7ISL

port2 port1

host1

host2
eth0 eth1

eth0 eth1

�È:o ¸ 1 11 � ��:1.0.0
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3ù���¥§ùpk�� ISL— SÜ��ó´5(�±´�� trunk )§A�ÑÖ
ì(̇ host1,host2 �� )Ó�ë�z���Åþ§¿�k��½õ�à�ë�	Ü­
.(port3�)"3z����3z�ÌÅþ�Uk��l�ä��?u¹�G�§,

¤k�ó´�Ñ�iÀX(XÚ�±	ú�¹�G�ó´Ú�°ó´��)"

zgÌÅ�Ug®�¹���ä��G�§§|^#��ä�����5���
Ê�ó�"3ù�«~¥§ÌÅéu��Å�=uL�LÏ�m�K�Ø´�©¯
a"

XJ host1 Ú host2 kÓ��õU§¿�dÙ§�	ÜÌÅ^5�K1²ï§�Ð
ò host1 �¹��ÌÅ��ë������Å§Ó� host2 �ÌÅ�¹���ä��ë
��,	����Åþ"ù«�Yò3ü�ÌÅ��!ü�>C��!ü���Å�
���¹e�U�~ó�"����¹´����Å���§òk���Åì��Ø
��¯�Ù§���ÅM#Ù�L�"

«~ 2µ¦^õ±��kë�����Å5�����k��(3ùp��ÅØI
�|± trunking )

Host A Host B

eth1

eth0

port2

port1

On host A:

#modprobe bonding miimon=100 mode=1

#ifconfig bond0 addr

#ifenslave bond0 eth0 eth1

On the switch

#(optional) minimize the time

# for table expiration

zg�ÌÅUC§�¹��ä��G�§��¹�G�Ê��âå^��#��
ä��"3ù�«~¥§ÌÅÉ��ÅS=uLLÏ�m�î­K�"

8.3 ·A\��Å��m

XJ\���Ås¤
é���mé^�^�ª§§�UØF"3�c¹���
���á=-¹�^��"ù��U¬ò´�¬�m§�d�¬ëê“downdelay”(3Î
¦?§7L´ miimon ���ê)û½��mL�§ù�ó´â��Ê�"

3�q��¹�Uu)§���ÌÅ���Å­�û��¿��ó´�(X­�>
C��¹)

5Inter Switch Link

�È:o ¸ 1 12 � ��:1.0.0
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��AÏ�¹´��� bonding ����
¤k�ló´�§,� bonding °Äò
á=­^1��­#-¹��ä��"$�� updelay ëê��½��Xd"(XJ�
c�l�ä��3“updelay”G�§1����-¹G���ä��ò�á=é^")
� updelay ���Lp�§�±~�¥ä�m"

«~µ

# modprobe bonding miimon=100 mode=1 downdelay=2000 updelay=5000

# modprobe bonding miimon=100 mode=0 downdelay=0 updelay=5000

8.4 � �

Ì����´µ

=ó´G��iÀ"XJ��Å�,	�àÜ©�� ( X§ØU=uêâ
�§�ó´G�´ OK),ù�ó´Ø�Ê^",	��{5u����ó´
´3��K1­�ÌÅþé6\�êâ�Oê"ùéu��ÑÖ5`Ø�
^§�éucà��Åéó´õÂ�(X VRRP)�'�k^"½ö¦^èx
u�EÑÖ"¦^ arp interval/arp ip target ëê5é6\/6Ñ�Oê"

1 Ê !
]
Úó�

éu�c°Ä�muÕ:´:

http://www.sourceforge.net/projects/bonding/

Donald Becker �±��°Ä§SÚ diag §S3e¡�����µ

http://www.scyld.com/network/

\��±l www.scyld.com ù�Õ:þ��Nõ'u±��§NWay,MII,��&E"
éuù�°Ä#���§P��SØ�Ö¶Ú�#9^r�móä§�±�¯ Willy
Tarreau �Õ::

http://wtarreau.free.fr/pub/bonding/

http://www-miaif.lip6.fr/willy/pub/bonding/

XI���#� Linux SØmu&E§�\Î Linux SØe��L�Yµ

http://boudicca.tux.org/hypermail/linux-kernel/latest/

�È:o ¸ 1 13 � ��:1.0.0


