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/RJLVWLFV

❚ :HE�VLWH�
❙ ZZZ�FV�EHUNHOH\�HGX�aDPF�HHFV���

❚ +RPHZRUN����GXH�)ULGD\�������LV
DYDLODEOH�RQ�ZHE�VLWH�
❙ +RPHZRUN���GXH�WRGD\�

❚ %RRN�W\SR��6XEQHWWLQJ��SJ�����	�ILJ�������
UHSODFH����'�⊗�0�����E\�����'�⊗�1�



,QWHUQHW�URXWLQJ��VXPPDU\�RI
SUHYLRXV�OHFWXUH

❚ *RDO�RI�URXWLQJ��LQWHUFRQQHFW�D�ODUJH�QXPEHU�RI
KHWHURJHQHRXV�QHWZRUNV�

❚ 0DMRU�FRQFHUQV��VFDODELOLW\��UREXVWQHVV�

❚ +LHUDUFKLFDO�URXWLQJ�

AS (routing domain)



❚ ,QWUDGRPDLQ�URXWLQJ���URXWLQJ�LQVLGH�DQ�$6�
❙ 3DFNHW�IRUZDUGLQJ�LQ�/$1V�

❙ 'LVWDQFH�YHFWRU�URXWLQJ��%HOOPDQ�)RUG
V�VKRUWHVW�SDWK
DOJRULWKP��5,3�SURWRFRO��

❙ /LQN�VWDWH�URXWLQJ��'LMNVWUD
V�VKRUWHVW�SDWK�DOJRULWKP�
263)�SURWRFRO��

❚ ,QWHUGRPDLQ�URXWLQJ���URXWLQJ�DFURVV�PDQ\�$6V�
❙ (*3�DQG�%*3�

,QWHUQHW�URXWLQJ��VXPPDU\�RI
SUHYLRXV�OHFWXUH



3DFNHW�IRUZDUGLQJ�LQ�/$1V

❚ $53�WDEOH��RU�FDFKH��

❚ %DVLF�RSHUDWLRQV�
❙ ,I�$�GRHVQ
W�KDYH�DQ�HQWU\�IRU�%��LW�EURDGFDVWV
PHVVDJH��%��DUH�\RX�RQ�P\�/$1"�,I�\HV��JLYH�PH�\RXU
LQWHUIDFH�DGGUHVV��

❙ ,I�%�LV�LQ�WKH�/$1��LW�UHSOLHV��DQG�$�DGGV�DQ�HQWU\�LQ�LWV
$53�FDFKH�

IP address LAN address

C x, Ethernet
D y, Ethernet
E z, FDDI
...



6ZLWFKHG�(WKHUQHWV

❚ ,Q�D�VLQJOH�(WKHUQHW�WZR�KRVWV�FDQQRW�WUDQVPLW
VLPXOWDQHRXVO\��FROOLVLRQV��

❚ $�VZLWFK�FDQ�EUHDN�XS�DQ�(WKHUQHW�LQWR�PDQ\
(WKHUQHWV��DOORZLQJ�D�QXPEHU�RI�VLPXOWDQHRXV
WUDQVPLVVLRQV�



3DFNHW�IRUZDUGLQJ�LQ
VZLWFKHG�(WKHUQHWV

❚ 6ZLWFK�KDV�WDEOH�ZLWK�HQWULHV���(WK�DGGU���3RUW�

❚ :KHQ�UHFHLYLQJ�SDFNHW��V��G�_�GDWD��DW�LQSXW�SRUW
(WK���WKH�VZLWFK�ORRNV�XS�LWV�WDEOH�IRU�G�
❙ ,I��G��(WK���LV�WKHUH��GR�QRWKLQJ�

❙ ,I��G��(WK���LV�WKHUH��IRUZDUG�SDFNHW�WR�SRUW���

❙ ,I�G�LV�QRW�WKHUH��IRUZDUG�SDFNHW�WR�DOO�SRUWV�EXW���

❚ +RZ�LV�WKH�WDEOH�XSGDWHG"
❙ 8SRQ�UHFHLYLQJ��V��G�_�GDWD��RQ�(WK���DGG��V��(WK���

❙ 5HPRYH�ROG�HQWULHV��WLPHRXW��



3DFNHW�IRUZDUGLQJ�LQ
VZLWFKHG�(WKHUQHWV



3DFNHW�IRUZDUGLQJ�LQ
VZLWFKHG�(WKHUQHWV

❚ :K\�QRW�FRPSOHWHO\�UHSODFH�WKH�KXE�RI�DQ
(WKHUQHW�E\�D�VZLWFK�"
❙ &RVW�

❙ 1XPEHU�RI�LQSXW�RXWSXW�SRUWV�



3DFNHW�IRUZDUGLQJ�LQ
VZLWFKHG�(WKHUQHWV��ORRSV



3DFNHW�IRUZDUGLQJ�LQ
VZLWFKHG�(WKHUQHWV��ORRSV

❚ 1HWZRUNV�ZLWK�ORRSV�GHVLUDEOH�IRU�UHOLDELOLW\�

❚ +RZHYHU��ORRSV�VKRXOG�EH�DYRLGHG�LQ�IRUZDUGLQJ�
❙ 5HFRUG�DOO�IRUZDUGHG�SDFNHWV��GR�QRW�UH�IRUZDUG
DOUHDG\�IRUZDUGHG�SDFNHW��3UREOHP��WRR�PXFK
ERRNNHHSLQJ�

❙ 7HPSRUDULO\�GLVDEOH�VRPH�RI�WKH�OLQNV�WR�EUHDN�WKH
ORRS��IRUP�VSDQQLQJ�WUHH��QHWZRUN�ZLWKRXW�ORRSV�
ZKHUH�DOO�KRVWV�DUH�FRQQHFWHG��



3DFNHW�IRUZDUGLQJ�LQ
VZLWFKHG�(WKHUQHWV��ORRSV



3DFNHW�IRUZDUGLQJ�LQ
VZLWFKHG�(WKHUQHWV��ORRSV

❚ 1HWZRUN�UHSUHVHQWHG�DV�D�JUDSK�
❙ 1RGHV�RI�WKH�JUDSK�DUH�(WKHUQHWV�RU�VZLWFKHV�

❙ (GJH�PHDQV�D�VZLWFK�LV�FRQQHFWHG�WR�DQ�(WKHUQHW�

❚ 6SDQQLQJ�WUHH��D�VXE�JUDSK�FRQQHFWLQJ�DOO�QRGHV
�DFWXDOO\�DOO�³HWKHUQHW´�QRGHV��

❚ 0LQLPXP�VSDQQLQJ�WUHH��D�VSDQQLQJ�WUHH�ZLWK
PLQLPXP�QXPEHU�RI�HGJHV�

Minimum spanning-tree algorithm:



6ZLWFKHG�(WKHUQHW�DV�D�JUDSK
IRU�VSDQQLQJ�WUHH�DOJRULWKP



6SDQQLQJ�WUHH�DOJRULWKP�
H[DPSOH

a b

cd

e
5

2

3

1

1
1

4

3

Nodes covered     Cost of tree

a                       0

a, e                    1

a, e, b                   3

a, e, b, c               4

a, e, b, c, d                5

• Choose an initial node as a root.
• Repeat until all nodes are added to the tree:

• add the node which least increases the cost of the tree.



6SDQQLQJ�WUHH�DOJRULWKP

❚ &HQWUDOL]HG��3ULP
V���2�P�ORJ�P���FRPSOH[LW\�
ZKHUH�P�LV�QXPEHU�RI�HGJHV�LQ�WKH�JUDSK�

❚ 'LVWULEXWHG�DOJRULWKP��QRQ�WULYLDO��,(((������
VWDQGDUG��
❙ +DV�WR�EH�LPSOHPHQWHG�DPRQJ�VZLWFKHV�

❙ 6ZLWFKHV�DUH��EOLQG���WKH\�RQO\�FRPPXQLFDWH�E\
PHVVDJHV�

❙ 6WHSV�LQ�WKH�DOJRULWKP�WR�EH��DJUHHG�XSRQ��E\�DOO
VZLWFKHV��H�J��HOHFWLRQ�RI�URRW�VZLWFK�

❙ )LQDO�GLVWULEXWHG�NQRZOHGJH�KDV�WR�EH�FRQVLVWHQW�



6ZLWFKHV�DQG�URXWHUV
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,QWUDGRPDLQ�URXWLQJ

❚ 1HWZRUN��URXWLQJ�GRPDLQ��YLHZHG�DV�D
ZHLJKWHG�JUDSK��ZKHUH�
❙ QRGHV�DUH�URXWHUV�

❙ DQ�HGJH��5���5���PHDQV�URXWHUV�5��DQG�5��DUH
FRQQHFWHG�SK\VLFDOO\��H�J���E\�SRLQW�WR�SRLQW�OLQN��RU
RQ�WKH�VDPH�/$1��

❙ WKH�ZHLJKW�RI�DQ�HGJH�FRUUHVSRQGV�WR�D�PHWULF
�ODWHQF\��FDSDFLW\��ORVV�SUREDELOLW\��



'LVWDQFH�YHFWRU�URXWLQJ
�%HOOPDQ�)RUG
V�VKRUWHVW�SDWK�

❚ 8VHG�LQ��ROG��5,3��URXWLQJ�LQIRUPDWLRQ�SURWRFRO��
%6'�SXEOLF�GLVWULEXWLRQ�RI�7&3�,3�

❚ %HOOPDQ�)RUG�DOJRULWKP��JLYHQ�D�ZHLJKWHG�JUDSK
DQG�D�GHVWLQDWLRQ�QRGH�'��ILQG�WKH�VKRUWHVW�SDWK
IURP�HDFK�QRGH�LQ�WKH�JUDSK�WR�'�

❚ 5RXWHUV�H[FKDQJH�GLVWDQFH�YHFWRUV�WR
QHLJKERU�URXWHUV��H�J����5�����5�����5�����

❚ 8SGDWH�URXWLQJ�WDEOH�EDVHG�RQ�UHFHLYHG�GLVWDQFH
YHFWRUV�



'LVWDQFH�YHFWRU�URXWLQJ�
SUREOHPV

❚ &RQYHUJHQFH�LV�VORZ�

❚ /RRSV�FDQ�EH�IRUPHG��GXH�WR�URXWLQJ�WDEOH
LQFRQVLVWHQF\��SDFNHWV�EHLQJ�IRUZDUGHG�IURP
URXWHU�WR�URXWHU�DQG�QHYHU�UHDFK�WKH�GHVWLQDWLRQ�

❚ /RRSV�PLJKW�ODVW�IRU�D�ORQJ�WLPH�
❙ XQWLO�FRQYHUJHQFH��RU

❙ FRXQW�WR�LQILQLW\�SUREOHP�



/LQN�VWDWH�URXWLQJ
�'LMNVWUD
V�VKRUWHVW�SDWK�

❚ 8VHG�LQ��FXUUHQW��263)��RSHQ�VKRUWHVW�SDWK�ILUVW�
SURWRFRO��E\�,(7)�

❚ 'LMNVWUD
V�DOJRULWKP��JLYHQ�D�ZHLJKWHG�JUDSK�DQG�D
VRXUFH�QRGH�$��ILQG�WKH�VKRUWHVW�SDWK�IURP�$�WR��HDFK
RWKHU�QRGH�LQ�WKH�JUDSK�

❚ 5RXWHUV�VHQG�OLQN�VWDWH�SDFNHWV��5��5������WR�DOO�RWKHU
URXWHUV�LQ�WKH�VDPH�URXWLQJ�GRPDLQ��IORRGLQJ��

❚ (DFK�URXWHU�OHDUQV�WKH�FXUUHQW�VWDWH�RI�WKH�ZKROH�QHWZRUN
DQG�UXQV�'LMNVWUD¶V�DOJRULWKP�WR�EXLOG�LWV�RZQ�URXWLQJ
WDEOHV�



/LQN�VWDWH�URXWLQJ��ORRSV

...

A

B

D
• Links A-D and B-D fail simultaneously.
• A updates its route to D through B and
  sends LSP to B, saying A-D is down.
• B updates its route to D through A and
  sends LSP to A, saying B-D is down.
• Until the LSPs are received, there is a
  loop between A and B for packets to D.
• Loop is transient: disappears when one
  of the LSPs is received.



/LQN�VWDWH�YV��GLVWDQFH�YHFWRU

❚ ([SHULHQFH�KDV�VKRZQ�263)�WR�EH�EHWWHU�WKDQ�5,3
LQ�VWDELOLW\��UREXVWQHVV�WR�QHWZRUN�FKDQJHV��
❙ GLVWDQFH�YHFWRU�FRQYHUJHV�YHU\�VORZO\��ORRSV�FDQ�ODVW�IRU
ORQJ�SHULRGV�RI�WLPH�

❙ OLQN�VWDWH�FRQYHUJHV�YHU\�TXLFNO\��ORRSV�DUH�WUDQVLHQW�

❚ 5,3�LV�GLVWULEXWHG��ZKHUHDV�263)�LV�FHQWUDOL]HG
�IORRGLQJ��
❙ 263)�FUHDWHV�PRUH�URXWLQJ�WUDIILF��IORRGLQJ��


