
1

&6(�((�����±�/HFWXUH��

D av id  W eth era ll

d jw @ cs .w ash ing ton.ed u

djw // CSE/EE 461, Winter 2000  L8.2

/DVW�7LPH

• F ocus
– H ow  d o w e calculate  ro utes  for  p acke ts?

• R ou ting  A lgorithm s
– D istan ce V e ctor rou tin g (R IP )

– Link  S ta te  rou ting  (O S P F)

– C ost M etric s
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• F ocus
– H ow  d o w e m ak e rou ting  scale?

• T opics
– IP  A dd ress in g (A R P , D H C P , C ID R ,

su bn ets)
– In ter-d om ain rou ting  (E G P , B G P )
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• R ou ting  burden g ro w s w ith  s ize  o f a n  in ternetw ork
– S ize of rou ting  ta bles
– V o lu m e o r ro utin g m e ssag es
– A m o un t o f ro utin g co m pu ta tion

• R IP /O S PF  do no t sca le  to  the  size  o f the  In ternet

• W e  m us t app ly  fu rther techn iques :
– C are fu l ad dre ss a llo cation
– U se of h iera rchy
– R ou te  a gg reg ation
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• R eflec t location  in  top o lo gy; u sed  for sca lab le  ro uting
– U nlike  “f la t” E th ern et ad dre sses

• In te rfaces  on sam e  netw ork  sh are  pre fix
– P re fix  ad m in is tra tive ly  assign ed  (IA N A  or IS P )

– A d dre sse s g lo ba lly  u niqu e

• R ou ting  on ly ad vertises  ent ire  netw orks
– Lo ca l de livery  w ith in a s ing le  “n etw ork ” d oe sn ’t in vo lve  ro ute r

– (w il l m ake  “ne tw ork ” p rec ise  later o n)
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• 32  bits  w ritten  in “do tte d qu ad ” no ta tion , e .g ., 18 .31 .0 .1 35

Class A

Class B

Class C
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• 128  b its w ritte n  in  16 b it he xad ecim al ch unks

• Still h ie rarch ica l, jus t m ore leve ls

SubscriberIDProviderIDRegistryID001 InterfaceIDSubnetID

djw // CSE/EE 461, Winter 2000  L8.9

Network number Host number

Class B address

Subnet mask (255.255.255.0)

Subnetted address

111111111111111111111111 00000000

Network number Host IDSubnet ID

6XEQHWWLQJ

• Sp lit up  on e
netw ork nu m ber
in to  m u ltip le
phys ica l n e tw orks

• In te rna l s tructu re
isn ’t p ropa gated

• H elps  a llocatio n
efficiency
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Subnet mask: 255.255.255.128
Subnet number: 128.96.34.0

128.96.34.15
128.96.34.1

H1

R1

128.96.34.130 Subnet mask: 255.255.255.128
Subnet number: 128.96.34.128

128.96.34.129
128.96.34.139

R2
H2

128.96.33.1
128.96.33.14

Subnet mask: 255.255.255.0
Subnet number: 128.96.33.0

H3
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• O ld fa sh ione d w ay : sysadm in configured ea ch m ach in e

• D ynam ic H ost C o nfig ura tio n  P ro to co l (D H C P)
– O ne  D H C P  se rver w ith the  b oo ts tra p info

• H ost ad dre ss, g atew ay  a dd ress , su bn et m ask, …
• F in d it us ing  bro ad cast

– A d dre sse s m a y be  lea se d; re ne w  p eriod ica lly

• “State less ” A utoconfigura tion  ( in  IPv6)
– G et rid  o f se rver –  re use  E the rne t ad dre sse s fo r low er p ortio n of

ad dress (un iq ue ne ss) an d lea rn h igh er po rtio n fro m  rou te rs
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• O n a s ing le  lin k, n eed E thernet a ddresses  to  send  a
fram e …  sou rce is a  g iven, b ut w hat about des tina tion ?

– R eq uires m a pp ing  fro m  IP  to M A C  ad dre sse s

• AR P  is  a  d yna m ic  app ro ach  to  le arn  m ap pin g
– N od e A  sen ds b roa dca st q ue ry fo r IP  ad dress X

– N od e B  w ith  IP  a dd ress X  re plies  w ith its  M A C  ad dre ss M

– A  ca che s (X , M ); o ld in fo rm a tion  is  tim ed  ou t (~1 5 m in s)

– A lso: B  cach es A ’s M A C  a nd  IP  ad dresse s, o th er n od es refre sh
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• T o send a  m essag e …  com m o n ca se d oesn ’t req u ire
AR P

time

A B

Who-is X?

I-am X

<Message>
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• N etw o rk  com prised o f m an y
Au tonom ous  System s (AS es )
or dom ain s

• T o sca le , use h ierarch y:
separa te  in ter-dom ain  and
in tra -d om ain  routing

• Also  ca lled  in terio r vs e xterio r
gate w ay  pro toco ls  (IG P /EG P)

– IGP  =  R IP , O S P F

– E G P  =  E G P , B GP
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• B o rde r route rs sum m a riz e an d
ad ve rtise intern al ro ute s to
ex te rna l ne ig hb ors  a nd  v ice -
ve rsa

• B o rde r route rs app ly  p olicy

• In tern al rou te rs  can  u se n otio n
of de fau lt ro ute s

• C ore  is  “de fa ult-fre e ”; rou te rs
m u st h ave  a  rou te  to  a ll
ne tw o rks in  th e w o rld

R1

Autonomous system 1
R2

R3

Autonomous system 2
R4

R5 R6

AS1

AS2

Border router

Border router
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NSFNET backboneStanford

BARRNET
regional

Berkeley
PARC

NCAR

UA

UNM

Westnet
regional

UNL KU

ISU

MidNet
regional…

([WHULRU�*DWHZD\�3URWRFRO��(*3�

• F irs t m ajor in te r-dom ain  ro utin g  pro toco l

• C on stra ined In ternet to  tree  struc ture ; no  long er in  u se
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• EG P u sed  in  the  In te rn et backb one to day

• F eatures :
– P a th  vector  ro utin g
– A p plica tion  of p olicy

– O pe rate s o ver re liab le  tran sp ort (T C P )

– W ork s w ith  C ID R
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• Sim ila r to  d is tance vector,
exce pt se nd en tire  pa ths

– e.g .  32 1 he ars  [7,1 2,44 ]

– stron ge r avo id an ce of lo op s
– su pp orts  po lic ie s (la te r)

• M od ulo  po licy, shorter pa ths
are  chosen in  pre feren ce to
longer on es

• R ea cha b ility  on ly –  no  m etrics
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• C ho ice o f rou te s m a y d epend  on ow n er, cos t, A U P, …
– B u sin ess  co ns ide ration s

• Loca l po licy d ic ta tes  w hat rou te  w ill be  chosen an d w hat
routes  w ill be  ad vertised !

– e.g ., X  do esn ’t pro v id e trans it fo r B , or A  prefers n ot to  u se X

A BX
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• Ea rly E xit / H ot P ota to
– “ if it ’s  n ot fo r y ou , ba il”

• C om bin atio n  o f be st loca l
po lic ies n ot g loba lly  bes t

• Side-e ffe ct: a sym m etry B

A
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• M ost routing  p ro toco ls  opera te  ove r U D P /IP

• BG P u ses  T C P
– T C P  h an dles e rror co ntro l; re acts  to  c on ge stion
– A llo w s for in cre m en ta l up da tes

• Issue : D ata  vs. C ontro l p la ne
– S h ou ld n ’t ro utin g m es sag es b e h igh er priority  tha n d ata?
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• C ID R  =  C lassless In te r-D om ain  R outing

• Ag gregate  advert ised ne tw ork route s
– e.g ., IS P  h as  c lass  C  ad dre sses 1 92 .4 .1 6 thro ug h 1 92 .4 .3 1

– R ea lly  l ike  on e la rge r 2 0 b it a dd res s c las s …
– A d vertise as su ch (n etw o rk nu m be r, p refix  len gth)

– R ed uce s s ize  o f ro utin g tab le s

• Bu t IP  fo rw ard ing is m ore invo lved
– B a sed  on  L on ge st M a tc hing  P refix  op era tio n
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Border gateway
(advertises path to
11000000000001)

Regional network

Corporation X
(11000000000001000001)

Corporation Y
(11000000000001000000)
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• X a nd Y  ro utes  can  be ag gregated
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• Scalab le  routing  is requ ires  tha t w e  m in im ize :
– S ize of rou ting  ta bles

– E xch an ge  of rou ting  m e ssa ge s

• Scalab le  routing  is b ase d on:
– C are fu l ad dre ss a llo cation

– U se of h iera rchy  a nd  ro ute  a gg reg atio n

• In te rne t is  a  co llec tio n  o f A utonom ous  Syste m s (A Ses )
– P o licy do m in ates ro utin g at the  A S  leve l


