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D av id  W eth era ll
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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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• F ocus
– H ow  d o w e bu ild a ro uter?

• T opics
– F irs t an  aside  (IC M P )

– A  brief lo ok at Q ue uing  a nd  S w itch in g
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• W h at hap pens  w hen  th ings  go w rong ?
– N ee d a w ay to  te st/d eb ug  a  la rge , w id ely  d is tribu te d system

• IC M P  =  In terne t C ontro l M essa ge P ro to co l (R FC 792)
– C om p an io n to IP  –  re qu ire d  fu nc tion ality

• U sed for e rror and in form a tion  re portin g :
– E rro rs th at occu r du rin g IP  fo rw a rding

– Q ue rie s ab ou t the  sta tu s of th e ne tw ork
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source dest

ICMP IP packet

IP packet

Error during
forwarding!
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• D es tin a tio n  unrea cha b le
– “D estin ation ” ca n b e ho st, ne tw o rk, p ort o r pro to co l

• R ed irec t
– T o sh ortcut c irc u ito us ro utin g

• T TL  Exp ired
– U sed  b y th e “trace rou te ” pro gra m

• Echo req ues t/re p ly
– U sed  b y th e “p in g ” pro gra m

• IC M P  m essa ges  inc lude po rtion  o f IP  pa cket tha t
tr igg ered the  erro r ( if  app licab le) in  the ir p ayload
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• T he ge nera tion  o f e rror m e ssages  is  lim ited  to  avo id
cascade s …  e rror ca uses e rror tha t cau ses  error!

• D on ’t ge nera te  IC M P error in  respon se to :
– A n  IC M P  erro r

– B ro ad cas t/m u ltica st m e ssa ge s (l in k or IP  lev el)

– IP  he ad er th at is  co rrup t o r h as b og us so urce  a dd ress

– F rag m e nts, e xcep t the  firs t

• IC M P  m essa ges  are  o ften  ra te-lim ite d  too .
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• By  convention , d raw  inpu t ports o n le ft, ou tp ut on r igh t.
Bu t a  s ing le  p hys ica l port han d le s bo th  d ire ctions .

“Router”

(routing, IP
forwarding)

From
routers
or hosts

To
routers
or hosts
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Switching
Fabric

Routing
Processor

QueueData Link
and PHY

Queue

QueueData Link
and PHY

Data Link
and PHY

Queue Data Link
and PHY

Input Ports Output Ports“Switch”

Forwarding
this side

Scheduling
this side
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• Q ueuing can o ccur a t bo th  inp ut and  outpu t sta ges
– P a ckets are  d iscard ed  w h en  a  que ue  ove rflow s

• Bu t:
– If w e can  pro cess p acke ts  a t the  line ra te

– If sw itch ing  fa bric  is  at le ast N  tim e s th e line  ra te (N  p orts)

– T he n q ue ue  o verflo w  (loss)  w on ’t ha pp en  a t inp ut

• H ow e ver:
– T ha t ’s exp en sive …  so w e m ay  h ave  in pu t qu eu in g
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• T here ’s a  netw ork  w ith in  a  rou ter!

• Po ss ib ilities:
– S h are d m e m ory (im ag in e a P C  w ith  l in e ca rds)
– S h are d bu s (P C  w ith tran sfers be tw e en  l in e ca rds)

– In terc on nec tion  n etw ork

• In te rconne ction  n etw orks
– C rossb ar (im ag in e a m a trix)

– K n ocko ut S w itch, B an ya n, B atche r-B a nya n, …

djw // CSE/EE 461, Winter 2000  L9.12

+HDG�RI�/LQH�%ORFNLQJ

• C on seq ue nce  of inp ut qu eu in g w h en  th ere  is  con te ntion  for o utpu t
po rts

• O ran ge  pac ket is  b lock ed  b eh in d the  ye llow  he ad o f line  pa cket,
ev en  tho ug h it’s ou tp ut po rt is  free

– Lim its  crossba r utilization to  <  60%  with  uniform ly d is tribu ted tra f fic
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• W h at order do  w e se nt que ued p ackets?
– O rde r calle d a sch ed ulin g d isc ip line

• F IF O  sche du ling  (D rop  Ta il ro u ters)
– S im ple an d w id ely  u se d in  p rac tice

• W F Q  =  W e ighted F a ir Q ueu ing
– S o m e n otio n of “give ea ch  u ser the ir sh are ”

– M o re co m plex, m ay b e use d in  th e future

• W e  re turn  to  th is  top ic la ter: Q ua lity  o f Se rv ice  (Q O S )
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• IC M P  he lps  us te st/d ebug IP  netw orks

• R ou ter in te rna ls
– Q ue uing  (p ac ket lo ss)
– S w itch in g fa brics (pe rform a nce )

– S ch ed ulin g (Q O S )


