
&RPPXQLFDWLRQ�1HWZRUNV�
7HFKQRORJ\�	�3URWRFROV

/HFWXUH���

6HSWHPEHU���

Stavros Tripakis (stavros@eecs)



5RXWLQJ�PHWULFV

❚ +RZ�DUH�OLQN�ZHLJKWV�GHWHUPLQHG�"
❙ 6LPSOH��ZHLJKW���WR�DOO�OLQNV��FRVW�RI�SDWK� �KRS�FRXQW��

❙ /LQN�ODWHQF\��TXHXLQJ���SURSDJDWLRQ�GHOD\V��

❙ /LQN�FDSDFLW\��ELW�UDWH��

❙ /LQN�UHOLDELOLW\��SDFNHW�ORVV�SUREDELOLW\��

❚ 5RXWLQJ�SURWRFROV�PLJKW�XVH�PXOWLSOH�PHWULFV�DQG
FRPSXWH�PXOWLSOH�URXWLQJ�WDEOHV�IRU�GLIIHUHQW�WUDIILF
UHTXLUHPHQWV��263)�GRHV�WKLV��

❚ 3UREOHP��OLQN�VWDWH�FKDQJHV�G\QDPLFDOO\�



5RXWLQJ�PHWULFV��H[DPSOH�RI
URXWLQJ�RVFLOODWLRQV

❚ 5RXWLQJ�DIIHFWV�OLQN�ORDG�

❚ /LQN�ORDG�DIIHFWV�OLQN�ZHLJKW��ODWHQF\��DYDLODEOH
FDSDFLW\��HWF��



5RXWLQJ�PHWULFV

❚ 7R�DYRLG�VXFK�RVFLOODWLRQV�
❙ ³1RUPDOL]H´�GLIIHUHQW�URXWLQJ�PHWULFV�

❙ 7DNH�LQWR�DFFRXQW�OLQN�W\SH��H�J���VDWHOOLWH��WHUUHVWULDO��

❙ 6PRRWKHQ�WKH�YDULDWLRQ�RI�PHWULF�LQ�WLPH�

❚ �$IWHU�PDQ\�H[SHULPHQWV��³5HYLVHG�$53$1(7�URXWLQJ
PHWULF´�WDNHV�VXFK�SRLQWV�LQWR�DFFRXQW�

link weight

link load

9.6 kbps satellite
9.6 kbps terrestrial
56 kbps satellite
56 kbps terrestrial

225

30

140

90

60

25% 50% 75% 100%



,QWHUGRPDLQ�URXWLQJ

❚ $W�WKH�,3��QHWZRUN��OHYHO�

❚ 1HWZRUN��VHW�RI�$6�FRQQHFWHG�E\�ERUGHU�JDWHZD\V
�URXWHUV�FRQQHFWLQJ�RQH�$6�WR�DQRWKHU��

❚ $6�FODVVLILFDWLRQ�
❙ VWXE�$6��VLQJOH�FRQQHFWLRQ�WR�DQRWKHU�$6��ORFDO�WUDIILF�

❙ PXOWLKRPHG�$6��PXOWLSOH�FRQQHFWLRQV��ORFDO�WUDIILF�

❙ WUDQVLW�$6��PXOWLSOH�FRQQHFWLRQV��WUDQVLW�WUDIILF�

❚ 2QH�ERUGHU�JDWHZD\�IURP�HDFK�$6�LV�WKH�%*3
VSHDNHU�



,QWHUGRPDLQ�URXWLQJ

Backbone AS
(transit)

Berkeley
(stub)

ISP AS
(multihomed)

border gateway

"normal" router

BGP speaker



,QWHUGRPDLQ�URXWLQJ��%*3

❚ %*3��ERUGHU�JDWHZD\�SURWRFRO��LV�H[HFXWHG�DPRQJ
%*3�VSHDNHUV�

❚ %*3�VSHDNHUV�WKHQ�GLVWULEXWH�URXWLQJ�LQIRUPDWLRQ�WR
RWKHU�ERUGHU�JDWHZD\V�LQVLGH�WKHLU�$6�

❚ :K\�QRW�H[HFXWH�263)�LQVWHDG�RI�%*3�"
❙ 7RR�PDQ\�$6V�����������IORRGLQJ�EHFRPHV�WRR�H[SHQVLYH�

❙ $GPLQLVWUDWLYH�UHDVRQV��VHFXULW\��HFRQRPLFV��FI��VWXE�YV�
WUDQVLW�$6V��

❙ 0HWULFV�QRW�DOZD\V�FRQVLVWHQW�DPRQJ�$6V�



,QWHUGRPDLQ�URXWLQJ��%*3

❚ %*3�VSHDNHUV�DGYHUWLVH�SUHIHUUHG�SDWKV��URXWHV��

❚ %*3�LV�GLVWULEXWHG��HDFK�VSHDNHU�KDV�LWV�RZQ�YLHZ
RI�WKH�QHWZRUN��PLJKW�EH�LQFRQVLVWHQW�Z�U�W��WKH
YLHZ�RI�RWKHU�VSHDNHUV��

❚ 7R�DYRLG�ORRSV��DGYHUWLVH�FRPSOHWH�SDWKV��H�J��
$6�;�VD\V��³0\�SUHIHUUHG�SDWK�WR�$6�=�LV

����;��<��:��=�´�

❚ :KHQ�<�KHDUV�WKLV��LW�NQRZV�LW�VKRXOGQ¶W�JR�WKURXJK
;�WR�JHW�WR�=�



%*3��H[DPSOH



%*3��DQRWKHU�H[DPSOH

Note: Paths to D advertised
from Y and U to X 
at time 3 are inconsistent. 



,3��,QWHUQHW�3URWRFRO�

❚ 1HWZRUN�OD\HU�SURWRFRO��XQUHOLDEOH�HQG�WR�HQG
GHOLYHU\�RI�SDFNHWV��GDWDJUDPV��RI�XS�WR���
NE\WHV�

❚ (QG�WR�HQG��VRXUFH�DQG�GHVWLQDWLRQ�PLJKW�QRW�EH
GLUHFWO\�FRQQHFWHG��URXWLQJ�LQYROYHG�

❚ 8QUHOLDEOH��SDFNHWV�PLJKW�EH�ORVW��FRUUXSWHG�DW�WKH
SK\VLFDO�OHYHO�RU�GURSSHG�EHFDXVH�RI�IXOO�EXIIHUV�
RU�QRW�EH�GHOLYHUHG�VXFFHVVIXOO\��GHVWLQDWLRQ
XQUHDFKDEOH��ORRSV���,&03�LQIRUPV�WKH�VRXUFH�LQ
WKH�ODWWHU�FDVH�



,3�KHDGHU�IRUPDW



,3�IUDJPHQWDWLRQ�UHDVVHPEO\

❚ 'LIIHUHQW�OLQN�OD\HUV�KDYH�GLIIHUHQW�0D[LPXP
7UDQVIHU�8QLWV��078V���PD[LPXP�VL]H�RI�SDFNHW
WKH\�FDQ�WUDQVPLW�

❚ :KHQ�6L]H�GDWDJUDP��!�078�WKH�GDWDJUDP�QHHGV
WR�EH�VSOLW�LQ�PDQ\�SLHFHV��IUDJPHQWDWLRQ�

❚ 7KH�SLHFHV�DUH�MRLQHG�WRJHWKHU�WR�IRUP�WKH�RULJLQDO
GDWDJUDP�DW�WKH�GHVWLQDWLRQ��UHDVVHPEO\�

❚ $�GDWDJUDP�PD\�EH�IUDJPHQWHG�PXOWLSOH�WLPHV
DORQJ�LWV�URXWH�WR�WKH�GHVWLQDWLRQ�



,3�IUDJPHQWDWLRQ�UHDVVHPEO\

❚ ,'��XVHG�WR�LGHQWLI\�WKH�GDWDJUDP��DOO�IUDJPHQWV
RI�WKH�VDPH�GDWDJUDP�KDYH�VDPH�,'��

❚ 2IIVHW�XVHG�WR�PDUN�WKH��VWDUWLQJ�SRVLWLRQ��RI�WKH
IUDJPHQW�IURP�WKH�EHJLQQLQJ�RI�WKH�GDWDJUDP
�LQ�QXPEHU�RI�E\WHV��



,3�IUDJPHQWDWLRQ�UHDVVHPEO\

❚ ([DPSOH�

ID# : X
Offset: 0

ID# : Xdata: L bytes

MTU ≈ L/3data: bytes
0 - L/3

original datagram

ID# : X
Offset: 2L/3

data: bytes
2L/3 - L

ID# : X
Offset: L/3

data: bytes
L/3 - 2L/3

fragment 1

fragment 2

fragment 3



0RGHUQ�LQWHUQHWZRUNLQJ

❚ 0RELOLW\�
❙ 3OXJ�DQG�SOD\��DOORZLQJ�KRVWV�WR�G\QDPLFDOO\�WHPSRUDULO\
FRQQHFW�WR�WKH�,QWHUQHW��LQ�D�SDUWLFXODU�GRPDLQ��'\QDPLF
+RVW�&RQILJXUDWLRQ�3URWRFRO��'+&3��

❙ $OORZLQJ�KRVWV�WR�PRYH�EHWZHHQ�PXOWLSOH�GRPDLQV�
0RELOH�,3�

❚ 0XOWLFDVWLQJ��VHQGLQJ�SDFNHWV�WR�PXOWLSOH�KRVWV�
❙ 6LPSOH��LQHIILFLHQW��VROXWLRQV��IORRGLQJ��PXOWLSOH
WUDQVPLVVLRQV�

❙ 6SDQQLQJ�WUHH��0XOWLFDVW�263)��3,0��HWF�


