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/RJLVWLFV

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

❚ +RPHZRUN����GXH�)ULGD\�������ZLOO�EH
DYDLODEOH�RQ�ZHE�VLWH�ODWHU�WRGD\�
❙ +RPHZRUN���GXH�WRGD\��FRXQWV�IRU
HQUROOPHQW��

❙ +RPHZRUN���GXH�0RQGD\������



7KH�,QWHUQHW�DURXQG�����



7KH�,QWHUQHW�LQ�����
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3RLQW��1$3�
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5RXWLQJ

❚ 7KH�,QWHUQHW�LV�D�QHWZRUN�RI�KHWHURJHQHRXV
QHWZRUNV�
❙ XVLQJ�GLIIHUHQW�WHFKQRORJLHV�

❙ EHORQJLQJ�WR�GLIIHUHQW�DGPLQLVWUDWLYH�DXWKRULWLHV�

❚ *RDO�RI�URXWLQJ��LQWHUFRQQHFW�DOO�WKHVH�QHWZRUNV�

❚ 5RXWHUV��VZLWFKHV��EULGJHV�

❚ 5RXWLQJ�SURWRFROV�



5RXWLQJ�UHTXLUHPHQWV

❚ 6FDODELOLW\�

❚ 5REXVWQHVV�WR�QHWZRUN�FKDQJHV��OLQN�IDLOXUHV�
IXOO�EXIIHUV��HWF��

❚ (IILFLHQF\���JRRG��URXWHV�

❚ 6HFXULW\��DGPLQLVWUDWLRQ�LVVXHV�



,QWHUQHW�URXWLQJ��KLHUDUFKLFDO

❚ 5RXWHUV�RQO\�NQRZ�DERXW�QHWZRUNV��QRW�KRVWV�

❚ 5RXWLQJ�WDEOH�

❚ 1HWZRUN�DGGUHVVHV� �SDLUV��,3�DGGUHVV��PDVN�
❙ (�J���������������������������������

❙ &DQ�HQFRGH�FODVV�EDVHG��VXEQHWWLQJ��VXSHUQHWWLQJ�

Destination
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Next hop
IP address
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Net2
Net3

Router 1
Router 2
Router 3



,QWHUQHW�URXWLQJ��KLHUDUFKLFDO

❚ &ODVV�EDVHG�
❙ FODVV�$��H�J���QHWZRUN���KDV�SDLU���������������������

❙ FODVV�%��H�J���QHWZRUN����������������������������������

❙ FODVV�&��H�J���QHW��������������������������������������

❚ 6XEQHWWLQJ�
❙ (�J���%HUNHOH\�FODVV�%�DGGUHVV���������DQG�((&6�VXEQHW
DGGUHVV�������������������������������������

❚ 6XSHUQHWWLQJ�
❙ 6XSHUQHW�RI����FODVV�&�QHWZRUNV���������������KDV�SDLU�
����������������������������



,QWHUQHW�URXWLQJ��KLHUDUFKLFDO

❚ :KHQ�D�SDFNHW�ZLWK�GHVWLQDWLRQ�,3�DGGUHVV�;
DUULYHV�DW�WKH�URXWHU�
❙ WKH�URXWHU�JRHV�RYHU�WKH�HQWULHV�LQ�LWV�URXWLQJ�WDEOH

❙ IRU�HDFK�HQWU\���<��0����=���LW�FKHFNV�ZKHWKHU�
;�∧�0� �<

❙ LI�VR��WKHQ�<�LV�WKH��VXE��VXSHU���QHWZRUN�ZKHUH�;
EHORQJV��DQG�WKH�SDFNHW�LV�IRUZDUGHG�WR�=�

❚ :KDW�LI�PXOWLSOH�HQWULHV�PDWFK�"
❙ 3LFN�WKH�RQH�ZLWK�WKH�ORQJHVW�PDWFK�



,QWHUQHW�URXWLQJ��KLHUDUFKLFDO

❚ $XWRQRPRXV�V\VWHP��$6���D�VHW�RI�QHWZRUNV
VXEMHFW�WR�D�FRPPRQ�DXWKRULW\��(�J��
❙ %HUNHOH\�FDPSXV�QHWZRUN�

❙ &RPSDQ\�QHWZRUN�

❙ 5HJLRQDO�QHWZRUN���������,63�QHWZRUN��WRGD\��

❙ 16)1(7�EDFNERQH���������RQH�RI�WKH�FRUSRUDWLRQ
EDFNERQHV��WRGD\��



$�VPDOO�,QWHUQHW��$6V
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 1  cnr239net.EECS.Berkeley.EDU (128.32.239.1)  0.737 ms  0.503 ms  0.405 ms
 2  fast4-0-0.inr-110-cory.Berkeley.EDU (169.229.1.41)  0.871 ms  0.796 ms  0.752 ms
 3  f4-0.inr-107-eva.Berkeley.EDU (128.32.120.107)  1.49 ms  1.56 ms  1.8 ms
 4  f8-0.inr-666-eva.Berkeley.EDU (128.32.2.2)  2.63 ms  2.70 ms  2.3 ms
 5  fast0-0-0.inr-002-eva.Berkeley.EDU (128.32.0.82)  1.70 ms  2.8 ms  1.57 ms
 6  pos0-2.inr-000-eva.Berkeley.EDU (128.32.0.73)  2.24 ms  1.45 ms  1.59 ms
 7  c2-berk-gsr.calren2.net (128.32.0.90)  1.93 ms  1.58 ms  1.57 ms
 8  Abilene-BERK.POS.calren2.net (198.32.249.42)  5.19 ms  4.71 ms  5.37 ms
 9  denv-scrm.abilene.ucaid.edu (198.32.8.2)  26.9 ms  27.2 ms  26.3 ms
10  kscy-denv.abilene.ucaid.edu (198.32.8.14)  36.6 ms  36.8 ms  37.0 ms
11  ipls-kscy.abilene.ucaid.edu (198.32.8.6)  45.6 ms  47.2 ms  46.4 ms
12  chicago-atm40.1.opentransit.net (193.251.128.169)  151 ms  51.0 ms  50.5 ms
13  bagnolet1-atm30.5.opentransit.net (193.55.152.77)  153 ms  153 ms  152 ms
14  bagnolet2-fddi000.opentransit.net (193.55.152.178)  153 ms  153 ms  153 ms
15  rbs2.renater.ft.net (195.220.180.30)  156 ms  154 ms  153 ms
16  stamand1.renater.ft.net (195.220.180.17)  154 ms  154 ms  154 ms
17  grenoble.renater.ft.net (195.220.180.6)  166 ms  166 ms  166 ms
18  194.199.224.113 (194.199.224.113)  180 ms  207 ms  216 ms
19  194.199.224.122 (194.199.224.122)  210 ms  179 ms  168 ms
20  aramis.grenet.fr (193.54.184.1)  170 ms  167 ms  167 ms
21  r-ujf.grenet.fr (193.54.185.124)  170 ms  168 ms  168 ms
22  bio-gate.ujf-grenoble.fr (193.54.238.9)  169 ms  169 ms  170 ms
23  ormelune.imag.fr (129.88.43.35)  171 ms  *  172 ms

traceroute to ormelune.imag.fr (129.88.43.35): 1-30 hops, 38 byte packets



,QWHUQHW�URXWLQJ�
KLHUDUFKLFDO

❚ ,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�



3DFNHW�IRUZDUGLQJ�LQ�/$1V

❚ $W�QRGH�$��JLYHQ�GHVWLQDWLRQ�,3�DGGUHVV�%��LV�%

GLUHFWO\�FRQQHFWHG�WR�$�"

❙ ,V�%�LQ�WKH�VDPH�/$1�DV�$��H�J���(WKHUQHW��)'',��RU�LV

WKHUH�D�SRLQW�WR�SRLQW�OLQN�EHWZHHQ�$�DQG�%�"

❙ ,I�\HV��ZKDW�LV�WKH�/$1�OLQN�LQWHUIDFH�DGGUHVV�"

❙ ,I�QRW��VHQG�WR��GHIDXOW��URXWHU�

❚ $GGUHVV�5HVROXWLRQ�3URWRFRO��$53��



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
...



3DFNHW�IRUZDUGLQJ�LQ�/$1V

❚ $53�WDEOH��RU�FDFKH��

❚ 1RWHV�
❙ /$1�KDV�WR�VXSSRUW�EURDGFDVWLQJ��VSHFLDO�EURDGFDVW
DGGUHVV�XVHG��

❙ 3RLQW�WR�SRLQW�OLQN�DGGUHVVHV�VWDWLFDOO\�FRQILJXUHG�

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



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:



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

❚ 6SDQQLQJ�WUHH�DOJRULWKP�
❙ &HQWUDOL]HG��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�


