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/DVW�7LPH

• In trodu ction  to  the  N etw ork  laye r
– In tern etw orks

– D atag ram  a nd  v irtua l c ircu it serv ice s
– In tern et P roto col (IP ) p acke t form at

• T he N e tw ork laye r
– P ro vid es e nd -to -en d d ata de livery  b etw ee n

ne tw o rks, s olv es the  p rob le m  of ro uting

– Issue s of scale an d h etero ge ne ity
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7KLV�7LPH

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

• R ou ting  A lgorithm s
– In trod uc to ry  m ateria l

– 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 orw ard in g is  the  pro ce ss  that ea ch rou ter goes  throug h
for every p acket to  sen d it o n  its  w ay

– Invo lve s lo cal d ec is ion s

• R ou ting  is  the  process th at a ll rou te rs  go th ro ugh to
ca lcu la te  the  ro utin g  tab les

– Invo lve s g lob al d ecis io ns
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• M an y rout ing  schem e s ha ve b een p ro posed/exp lored …

• D istr ib u ted o r centra lized

• H op -by -hop o r source-based

• D ete rm in istic or s tochas tic

• Sing le  or m u lti-p a th

• Sta tic  or dynam ic rou te  se lec tion

• In te rne t is  to  the  le ft  J
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• H ow  to  ch oose bes t path ?
– D efin in g “be st” is  s lipp ery

• H ow  to  sca le  to  m illio ns  o f users?
– M inim ize  con tro l m e ssag es  a nd  ro uting  tab le  s ize

• H ow  to  adap t to  fa ilu res  or change s?
– N od e an d link fa i lu res, p lus m e ssag e loss

– W e w il l use  d is tribu te d a lg orith m s
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• U s ing  g lo ba l kno w led ge is cha lle ng ing
– H ard  to co llect

– C an  b e ou t-of-da te

– N ee ds to sum m arize in  a lo cally-re le va nt w a y

• Incons is tenc ie s in  loca l/g loba l know ledge  ca n ca use
– Lo op s (b lack  h oles)

– O scilla tio ns, esp . w he n ad ap ting  to  loa d
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• R ou ting  is  essent ia lly  a  prob lem  in  g ra ph the ory
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• Assum e:
– E a ch ro uter kn ow s o nly  ad dre ss/cost of ne ig hb ors

• G oal:
– C alculate ro utin g ta ble o f ne xt h op  in fo rm ation  for e ach

de stin atio n a t ea ch  ro uter

• Idea :
– T ell ne ig hb ors  a bo ut le arn ed  d is tan ce s to  a ll d estina tion s
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• Ea ch rou ter m ain ta ins a  ve ctor o f cos ts to  a ll
des tina tions  as w e ll as  ro utin g  tab le

– In itia l ize  n eigh bo rs w ith  kno w n  cost, o th ers w ith  infin ity

• Pe riod ica lly send cop y o f d is tance vecto r to  ne ighbo rs
– O n re cep tion  o f a  v ector, if ne ig hb ors pa th to  a de stina tio n p lus

ne ig hb or co st is  be tter, th en  sw itc h to  be tter p ath

• up da te cos t in  vector  a nd  n ext ho p in  rou ting  ta ble

• Assum ing no cha nges , w ill con verge to  sh ortest p a ths
– B u t w ha t ha pp en s if th ere  a re ch an ge s?
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• R ea che d in  a  sing le  ite ra tio n  …  s im p le  e xam ple
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• O ne scen ario : S uppo se  link b etw een  F a nd G  fa ils
– F  no tices fa ilu re, sets  its  cost to  G  to in fin ity  a nd  te lls  A

– A  se ts  its  co st to G  to  infin ity  to o, s in ce it le arn ed  it fro m  F

– A  le arn s rou te  fro m  C  w ith cos t 2 a nd  a do pts it
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• Sim ple  exam p le
– C osts in  n od es a re to  rea ch Intern et

• N ow  lin k b etw een  B  and  In ternet fa ils …

&RXQW�7R�,QILQLW\�3UREOHP

InternetA/2 B/1

djw // CSE/EE 461, Winter 2000  L7.15

&RXQW�7R�,QILQLW\�3UREOHP

• B n ears o f a  route  to  the  In ternet v ia  A  w ith  co st 2

• So  B  sw itches  to  the  “b etter”  (b u t w rong!) rou te

update

InternetA/2 B/3 XXX
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&RXQW�7R�,QILQLW\�3UREOHP

• A h ears from  B  an d in creases  its  co st

update

InternetA/4 B/3 XXX
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• B h ears from  A  an d (surprise) increa ses  its  cost

• C ycle  continues  and  w e “cou nt to  in fin ity ”

• Pa ckets  cau ght in  the  c rossfire  loo p betw e en A  and B

update

InternetA/4 B/5 XXX
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• So lves  trivia l cou nt-to -in fin ity p rob lem

• R ou ter never advertises th e  co st o f a  des tin a tio n  back  to
to  its n ext  hop –  tha t’s w he re  it learned  it from !

• Po ison reverse: g o even fu rthe r –  advertise  back  in fin ity

• H ow e ver, D V  pro toco ls  s til l sub jec t to  the  sam e  prob lem
w ith  m ore com p lica te d topo log ies

– M a ny en ha nc em e nts sug ge sted
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• D V pro toco l w ith  ho p co unt as  m e tric
– In fin ity  value  is  16  h op s; l im its  n etw ork s ize
– Inc lud es sp lit ho riz on  w ith p oison  re ve rse

• R ou ters send vec tors e very  30 seco nds
– W ith  trig ge red  up da te s fo r l in k  fa ilure s
– T im e -o ut in 18 0 se con ds  to d etect fa ilure s

• R IP v1 spec ified  in  R F C 10 58
– w w w .ietf.o rg/rfc /rfc1 05 8.tx t

• R IP v2 (ad ds a uthent ica tio n  e tc .) in  R F C 13 88
– w w w .ietf.o rg/rfc /rfc1 38 8.tx t
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• Sa m e assum ptions /goa ls , bu t d iffe rent idea :
– T ell a l l ro uters the  to po lo gy an d ha ve  e ach  com p ute  b est pa th s
– T w o  ph ase s:

• T op olog y d issem ina tio n (floo ding )
• S h ortes t-p ath ca lcu la tion  (D ijkstra ’s a lgo rithm )

• W h y?
– In  D V , ro uters h ide  th eir com p utation , m a kin g it d iff ic u lt to de cid e

w ha t to use  w h en  the re  a re ch an ge s
– W ith  L S , fas te r c on verg en ce a nd  h op efully  b ette r s ta bili ty
– It is  m o re co m plex  tho ug h
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• Ea ch rou ter m ain ta ins link s ta te  d ataba se a nd
period ica lly  sends  link  sta te  packe ts (LS Ps) to  ne ighbo r

– C on ta in  [ro uter, ne ig hb ors, costs ]

• Ea ch rou ter fo rw ards L SPs  no t a lrea dy in  its da tabase on
a ll p orts exce pt w here  rece ived

– E a ch L S P  w ill  trav el o ver the  s am e  lin k at m ost on ce in  ea ch
direc tion

• F loo d in g is  fas t, and  ca n be m ade re liab le  w ith
ackn ow le dgm e nts

)ORRGLQJ
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([DPSOH

• LS P ge nera ted b y X  a t T =0

• N od es b eco m e ye llow  a s the y rece ive  it

X A

C B D

X A

C B D

X A

C B D

X A
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• W h en link /router fa ils  ne ed to  rem ove  o ld  data  …  H ow ?
– LS P s carry  se qu en ce  n um b ers  to d eterm ine  ne w  da ta

– S e nd  a  ne w  LS P  w ith  co st in fin ity  to s ig na l a  l in k  d ow n

• W h at hap pens  w hen  a  router fa ils  an d re sta rts?
– W ha t se qu en ce n um b er sh ou ld  it u se?  D on ’t w a nt da ta  ign ored .

– O ne  o ption : ag e L S P s an d se nd  w ith  “co st 0 ” to  p urg e

• R ou te r c an  l is ten  at s ta rtup to le arn rig ht seq ue nce  n um be r

• W h at hap pens  if the  ne tw ork is pa rtitioned a nd he a ls?
– D iffe ren t L S  da ta ba ses  m u st b e syn chro nize d

– A  ve rs io n nu m be r is  us ed !
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• G ra ph a lgorith m  for s ing le-source  sho rte st pa th

S Ç {}
Q Ç <all nodes keyed by distance>
While Q != {}

u Ç extract-min(Q)
S Ç S plus {u}
for each node v adjacent to u

“relax” the cost of v

Ç u is done
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• M ost w ide ly-used L ink  S ta te  pro toco l today

• Ba sic lin k s ta te  a lgorithm s  p lus m any  features :
– A u th en tica tion  o f ro utin g m e ssa ge s
– E xtra  h ie rarch y: p artition  into ro utin g are as

– Lo ad  ba la nc ing : m u ltip le  e qu al cost rou te s
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• H ow  shou ld  w e ch oose co st?
– T o g et h ig h ba nd w id th , lo w  d elay o r low  los s?
– D o th ey  d ep en d on  th e lo ad ?

• Sta tic  M etrics
– H op cou nt is  ea sy bu t trea ts  O C 3 (15 5 M b ps) a nd  T 1  (1 .5  M bp s)
– C an  tw ea k re sult w ith  m a nu ally  a ss ig ne d co sts

• D ynam ic M etrics
– D ep en d on  loa d; try  to a void ho ts po ts  (co ng estion)
– B u t ca n le ad  to  o scilla tio ns (da m p in g ne ed ed )
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• Ba sed  on load a nd link

• Va ria tion  lim ited  (3 :1 )
and  ch ange d am pe d

• C ap acity d om inates  a t
low  lo ad; w e o n ly  try to
m ove tra ffic if h igh  load
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• R ou ting  use s g loba l know ledge ; fo rw ard in g is loca l

• M an y d iffe ren t a lg orithm s ad dress  the  rou ting  prob lem
– W e h ave  loo ked  at D V  (R IP )  a nd  L S  (O S P F )

• C ha llenges :
– H an dling  fa ilure s/cha ng es

– S ca ling  to  m ill io ns o f us ers

– D efin in g “be st” p ath s


