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The	
  Objec+ve	
  of	
  Rou+ng	
  

•  To	
  ensure	
  that	
  every	
  packet	
  gets	
  delivered	
  
– To	
  ensure	
  that	
  every	
  packet	
  gets	
  delivered	
  in	
  the	
  
shortest	
  possible	
  +me	
  

•  This	
  implies	
  that	
  every	
  router	
  needs	
  to	
  
understand	
  the	
  rela+ve	
  direc+on	
  of	
  all	
  
possible	
  des+na+ons	
  

•  So	
  every	
  router	
  needs	
  to	
  know	
  the	
  current	
  
rela+ve	
  loca+on	
  of	
  all	
  possible	
  des+na+ons	
  

•  This	
  is	
  the	
  task	
  of	
  the	
  rou+ng	
  system	
  



Rou+ng	
  Architecture	
  

•  The	
  Internet	
  uses	
  a	
  decoupled	
  rou+ng	
  
architecture	
  
– A	
  rou+ng	
  protocol	
  is	
  designed	
  to	
  pass	
  forwarding	
  
informa+on	
  between	
  routers.	
  It	
  does	
  not	
  perform	
  
the	
  forwarding	
  func+on	
  itself	
  

– Different	
  networks	
  may	
  (and	
  do)	
  use	
  different	
  
rou+ng	
  protocols	
  

– Rou+ng	
  protocols	
  change	
  over	
  +me	
  
•  But	
  need	
  not	
  change	
  all	
  at	
  once	
  



Rou+ng	
  Protocols	
  

•  Rou+ng	
  protocols	
  are	
  “self	
  discovery”	
  
distributed	
  protocols	
  
– Two	
  flavours	
  of	
  algorithm:	
  

•  Distance	
  vector	
  (rumours)	
  
–  I	
  tell	
  you	
  everything	
  I	
  know	
  
–  You	
  tell	
  me	
  everything	
  you	
  know	
  
–  Repeat	
  un+l	
  nothing	
  more	
  to	
  day!	
  

•  Link	
  State	
  (map	
  drawing)	
  
–  I	
  tell	
  everyone	
  about	
  my	
  links	
  (link	
  state	
  messages)	
  
–  I	
  listen	
  to	
  all	
  link	
  state	
  messages	
  
–  I	
  compute	
  a	
  op+mal	
  path	
  map	
  of	
  the	
  network	
  



Rou+ng	
  Architecture	
  
•  The	
  Internet	
  uses	
  a	
  two	
  level	
  rou+ng	
  
hierarchy:	
  
–  Interior	
  Rou+ng	
  Protocols,	
  used	
  by	
  each	
  network	
  
to	
  determine	
  how	
  to	
  reach	
  all	
  des+na+ons	
  that	
  
line	
  within	
  the	
  network	
  

–  Interior	
  Rou+ng	
  protocols	
  maintain	
  the	
  current	
  
topology	
  of	
  the	
  network	
  



Rou+ng	
  Architecture	
  
•  The	
  Internet	
  uses	
  a	
  two	
  level	
  rou+ng	
  
hierarchy:	
  
– Exterior	
  Rou+ng	
  Protocol,	
  used	
  to	
  link	
  each	
  
component	
  network	
  together	
  into	
  a	
  single	
  whole	
  

– Exterior	
  protocols	
  assume	
  that	
  each	
  network	
  is	
  
fully	
  interconnected	
  internally	
  



Exterior	
  Rou+ng:	
  BGP	
  

•  BGP	
  is	
  a	
  large	
  set	
  of	
  bilateral	
  (1:1)	
  rou+ng	
  
sessions	
  
– A	
  tells	
  B	
  all	
  the	
  des+na+ons	
  (prefixes)	
  that	
  A	
  is	
  
capable	
  of	
  reaching	
  

– B	
  tells	
  A	
  all	
  the	
  des+na+ons	
  that	
  B	
  is	
  capable	
  of	
  
reaching	
  

A	
   B	
  

10.0.0.0/24	
  
10.1.0.0/16	
  
10.2.0.0/18	
  

192.2.200.0/24	
  



BGP	
  decisions	
  

•  BGP	
  is	
  an	
  “offer	
  and	
  accept”	
  protocol	
  
– A	
  network	
  “offers”	
  to	
  a	
  neighboring	
  network	
  prefixes	
  
that	
  it	
  is	
  prepared	
  to	
  act	
  as	
  a	
  forwarder	
  

–  The	
  network	
  need	
  not	
  offer	
  all	
  its	
  prefixes	
  to	
  a	
  rou+ng	
  
neighbour	
  
•  It	
  may	
  have	
  internal	
  rou+ng	
  policies	
  to	
  moderate	
  what	
  it	
  is	
  
prepared	
  to	
  offer	
  

–  The	
  neighboring	
  network	
  is	
  not	
  obliged	
  to	
  accept	
  the	
  
offer	
  
•  It	
  may	
  have	
  beRer	
  offers	
  from	
  other	
  rou+ng	
  peers	
  that	
  show	
  
a	
  preferred	
  path	
  

•  It	
  may	
  have	
  policies	
  about	
  redistribu+on	
  of	
  prefixes	
  that	
  
determine	
  what	
  is	
  offered	
  and	
  what	
  is	
  accepted	
  



A	
  view	
  of	
  a	
  Rou+ng	
  Table	
  
show ip bgp 

BGP table version is 0, local router ID is 203.133.248.2 

Status codes: s suppressed, d damped, h history, * valid, > best, i - internal, 

              r RIB-failure, S Stale, R Removed 

Origin codes: i - IGP, e - EGP, ? - incomplete 

 

   Network          Next Hop            Metric LocPrf Weight Path 

*  1.0.0.0/24       202.12.28.1                            0 4777 15169 i 

*>                  203.119.76.3                           0 4608 15169 i 

*  1.0.4.0/22       202.12.28.1                            0 4777 2516 6453 7545 7545 7545 56203 i 

*>                  203.119.76.3                           0 4608 1221 2764 24130 7545 7545 56203 i 

*> 1.0.16.0/23      202.12.28.1                            0 4777 2519 i 

*                   203.119.76.3                           0 4608 1221 4637 3356 2516 2519 i 

*> 1.0.18.0/23      202.12.28.1                            0 4777 2519 i 

*                   203.119.76.3                           0 4608 1221 4637 3356 2516 2519 i 

*> 1.0.20.0/23      202.12.28.1                            0 4777 2519 i 

*                   203.119.76.3                           0 4608 1221 4637 3356 2516 2519 i 

*> 1.0.22.0/23      202.12.28.1                            0 4777 2519 i 

*                   203.119.76.3                           0 4608 1221 4637 3356 2516 2519 i 

*> 1.0.24.0/23      202.12.28.1                            0 4777 2519 i 

*                   203.119.76.3                           0 4608 1221 4637 3356 2516 2519 i 

*> 1.0.26.0/23      202.12.28.1                            0 4777 2519 i 

 



Rou+ng	
  Proper+es	
  

•  Rou+ng	
  is	
  designed	
  to	
  be	
  robust	
  
– Within	
  a	
  richly	
  connected	
  topology	
  the	
  interior	
  rou+ng	
  
protocol	
  is	
  designed	
  to	
  “self	
  heal”	
  in	
  the	
  even	
  of	
  breakage	
  

– Within	
  the	
  exterior	
  network,	
  connec+vity	
  will	
  also	
  “self	
  
heal”	
  if	
  there	
  are	
  alterna+ve	
  paths	
  that	
  route	
  around	
  the	
  
break	
  

•  Rou+ng	
  is	
  efficient	
  
–  Interior	
  rou+ng	
  can	
  be	
  tuned	
  to	
  converge	
  in	
  milliseconds	
  
–  Exterior	
  rou+ng	
  will	
  converge	
  across	
  the	
  span	
  of	
  the	
  
Internet	
  within	
  70	
  seconds	
  on	
  average	
  following	
  a	
  change	
  
in	
  local	
  connec+vity	
  



Rou+ng	
  Policies	
  

•  Exterior	
  rou+ng	
  systems	
  are	
  ogen	
  used	
  to	
  
express	
  a	
  number	
  of	
  objec+ves:	
  
– Business	
  requirements	
  (e.g.:	
  customer,	
  peer,	
  
upstream)	
  

– Traffic	
  Engineering	
  requirements	
  (e.g.:	
  traffic	
  flow	
  
balancing)	
  

– Robustness	
  requirements	
  (e.g.:	
  alternate	
  
connec+on	
  arrangements	
  and	
  automated	
  failover)	
  



Rou+ng	
  Insights	
  
•  Rou+ng	
  is	
  essen+ally	
  a	
  view	
  of	
  “all	
  of	
  the	
  network”	
  at	
  once,	
  

and	
  as	
  such	
  it	
  provides	
  a	
  number	
  of	
  useful	
  insights	
  into	
  the	
  
connected	
  network	
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  Big	
  Picture	
  of	
  the	
  v4	
  Rou+ng	
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Rou+ng	
  Issues	
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Hot	
  topics	
  in	
  Rou+ng	
  

Security	
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•  Scaling	
  



Open	
  Rou+ng	
  Standards	
  

•  Interior	
  Rou+ng	
  Protocols	
  
– Open	
  Shortest	
  Path	
  First	
  (OSPF)	
  
–  Intermediate	
  System	
  –	
  Intermediate	
  System	
  (IS-­‐IS)	
  

•  Exterior	
  Rou+ng	
  Protocols	
  
– Border	
  Gateway	
  Protocol	
  (BGP)	
  


