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/DVW�7LPH

• W e  fin ished u p the N e tw ork layer
– In tern etw orks (IP )

– R ou ting  (D V /R IP , LS /O S P F )
– S ca la ble ad dre ssing /ro uting  (B G P , C ID R )

– R ou te rs
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• W e  beg in  on  the T ransport la yer

• F ocus
– H ow  d o w e sen d inform a tio n re lia bly?

• T opics
– T he  Tra ns po rt la ye r

– A ckn ow led ge m en ts a nd
re tra nsm iss ion s (A R Q )

– E n d-to-E nd  a rgm en t (E 2 E )
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• Bu ilds on the serv ices o f the  N e tw ork layer

• C om m unica tion  betw ee n processes  runn ing on  hos ts
– N am ing /A dd ressing

• Stron ger guaran tees  o f m e ssage d e live ry
– R elia bil ity
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T C P

• G uarantee d de livery
• In -order de livery

• Sing le  de livery

• Arb itra rily long m essage s

• Synchron iza tion

• F low  con tro l

• M ultip le  proce sses

IP

• Los t pa ckets
• R eo rde re d packe ts

• D up lica te  packets

• L im ited s ize  packets
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• U D P
– D atag ram  a bstrac tion  b etw ee n pro ces ses

– W ith  e rror de tectio n

• T C P
– B yte stre am  a bstra ction  b etw ee n pro ce sses

– W ith  re liab il ity

– P lus co ng estio n co ntro l ( la te r!)
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• P a ckets ca n be  c orru pted  o r lo st. H o w  d o w e  ad d re lia bili ty?

• A ckn ow led gm e nts (A C K s) an d retran sm iss io ns  a fte r a  tim eo ut

• A R Q  is  ge ne ric  na m e  for p rotoco ls b ase d on  th is  s trate gy
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• In  th e  ca se o f AC K  loss  (o r po or cho ice  o f tim eo ut) the
rece iver ca n ’t d is ting u ish  th is  m essag e from  the  nex t

– N um b er pa cke ts ; he re, a s in gle b it w il l d o
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6WRS�DQG�:DLW

• O nly  one  outs tand ing
packet a t a  tim e

• Also  ca lled  a lte rnating
b it p ro toco l
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/LPLWDWLRQ�RI�6WRS�DQG�:DLW

• Lou sy  perform an ce if w ire  tim e  <<  prop. de lay
– H ow  b ad ? Y o u do  th e m a th

• W a nt to  u til ize  a ll ava ila b le  bandw id th
– N ee d to  kee p m o re da ta  “ in  fligh t”

– H ow  m uch ? B a nd w idth-d elay p rod uct

• Lea ds to  S lid ing  W in dow  P ro toco l
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6OLGLQJ�:LQGRZ�±�6HQGHU

• W indo w  boun ds o uts tand ing da ta
– Im plie s ne ed  for b uffe rin g a t se nd er

• “Las t” A C K a pp lies  to  in -order data
• Se nder m a in ta ins  tim ers to o

– G o-B ack-N : o ne  tim er, sen d all u na ckno w led ge d on  tim eo ut
– S e le ctive  R ep ea t: t im e r p er p acke t, rese nd  as ne ed ed

≤ Window Size

“Last” ACK Last Sent

… …Sender:
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6OLGLQJ�:LQGRZ�±�5HFHLYHU

• R eceiver bu ffe rs too :
– da ta m a y a rrive  ou t-o f-ord er

– or  fas te r th an  ca n b e con sum ed  (flo w  co ntro l)

• R eceiver A C K cho ices :
– Ind iv idu al, C um u la tive (T C P ), S e le ctive  (ne w e r T C P ), N eg ative

≤ Receive Window

“Last” Received Largest Accepted

… …Receiver:
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• Slid ing  w in dow  is a  m echan ism

• It suppo rts  m ultip le  func tion s:

• R elia b le  de livery

• In -order de livery

• F low  con tro l
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• W e ’ve  be en ta lking  a bout th e  T ra nsp ort  layer but …

• AR Q  is used by som e  link layers
– A ckn ow led ge m en ts in 80 2.11

• Error dete ction /corre ction  codes  boo st re liab ility
– E the rne t C R C , IP  he ad er ch eck sum , etc.

• W h ere is  the  “r ig h t”  p la ce in  th e  pro toco l stack?
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• Ke y de sign princip le  app lied  in  the  In ternet

• R elia b ility  is ne eded end-to-end  and can ’t be  rep laced
by  lo w er layer m echan ism s . So pu t it e nd-to-end; use
low er m echan ism s to  im pro ve perform ance as  nee ded.

• T C P prov ides  re liab le  de livery
– C he cksum s p ac ket da ta  a s w e ll

• Low er layers keep  the ir res id ua l e rror ra te  is  low
– C R C  e no ug h for E the rne t; w ire les s l in ks m ore  pro blem a tic
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• T ra nsp ort layer a llow s processes  to  com m unicate  w ith
s tro nger gua ra ntees , e .g ., re lia b ility

• Ba sic re lia b ility  is  p rov id ed by  AR Q  m echan ism s
– S top -an d-W a it th rou gh  S lid ing  W ind ow

• En d-to-End p rinc ip le  gu ide s p lacem en t o f fun ctions

• C om ing  N ext:  C onne ctions  and C onges tion  C on tro l

• R ea d Keshav  12.4  and C h 13, e sp. 1 3.4


