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/DVW�7LPH

• M ore o n the T ransport La yer

• F ocus
– H ow  d o w e con ne ct p roc esse s?

• T opics
– N am ing  p roc esse s

– C on ne ction  setup  / te ardo w n

– F lo w  co ntro l
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7KLV�7LPH

• Even m ore on th e T ra nsp ort Layer

• F ocus
– H ow  d o w e sha re b an dw id th ?

• T opics
– C on ge stion  con tro l

– F airne ss

– E stim atin g rou nd  trip  tim e s (R T T s)

Physical

Data Link
Network

Transport

Session

Presentation

Application

djw // CSE/EE 461, Winter 2000  L12.4

%DQGZLGWK�$OORFDWLRQ

• H ow  fa st shou ld  th e  W e b se rver se nd pa ckets?

• T w o b ig  issues  to  so lve !

• C on ges tion
– se nd in g to o fast w ill  c aus e pa cke ts  to be  los t in  th e ne tw o rk

• F airne ss
– diffe ren t u sers sh ou ld  g et th eir fa ir sh are  o f the  b an dw id th

• O ften treate d toge ther (e .g . T C P) bu t need n ’t b e
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• B u ffe r in ten de d to ab so rb bu rsts  w he n inp ut ra te >  ou tp ut
• B u t if se nding  rate is  p ers is ten tly  >  d rain ra te , q ue ue  b uild s
• D rop pe d pa cke ts  re pre sen t w asted  w o rk; g oo dp ut <  throu gh put
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Packets dropped here
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• E a ch flo w  from  a so urce  to  a  de stina tion  sho uld ge t a n eq ua l sh are
of the  b ottlen ec k l in k …  de pe nd s o n p aths an d o th er traffic
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%DQGZLGWK�$OORFDWLRQ�$SSURDFKHV

• O pen versu s c losed loo p
– O pe n: rese rve a llow ed  tra ffic  w ith n etw o rk; a void co ng estio n

– C lo sed : u se ne tw o rk fe ed ba ck to  a djust sen ding  rate

• H os t-based versus  netw ork  suppo rt
– W ho  is  resp on sib le fo r ad ju sting /e nfo rc in g a llo cation s

• W indo w  ve rsus  ra te  based
– H ow  is  a llo catio n ex pre ssed ? “W in do w ” d eterm in e rate ind ire ctly

• Se e Ke sha v 13 .3  and  13.4  fo r m ore deta ils.
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• R eserva tion s do n ’t w ork  w e ll w ith  s ta tistica l m u lti-p lex ing
un less you can charac terize  your tra ffic w e ll.

• Ad jus ting  based o n netw ork  fee dback lead s to  d ro ps

• N etw o rk -based a llo cation  n eede d to  prevent chea ting

• H os t-based reduces  im ple m enta tion  com ple xity

• W indo w  schem es a re  m ore conservative  than ra te  ones
– T he y “stop ”  m o re q uick ly  in th e a bse nce  o f A C K s
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'HVLJQ�&KRLFHV

• T C P/In ternet prov ide s “bes t-e ffo rt”  se rv ice
– N etw o rk fe ed ba ck, h os t co ntro ls  v ia  w in do w .

– N o stron g no tion s of fa irn ess

• A d iffe ren t w orld  in  w h ich  there  a re  Q O S (qua lity o f
serv ice) gu ara ntees

– R ate-b ase d re serva tio ns na tura l cho ice  fo r s om e  a pp s

– N etw o rk in volvem en t typ ically  ne ed ed  to  p ro v id e a gu ara nte e

• F orm er tend s to  be s im p ler to  b u ild , la tte r o ffe rs  greater
serv ice  to  app lica tions  but is m ore co m plex.
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• P o w e r =  throug hp ut / d elay

• A t lo w  lo ad , thro ug hp ut go es
up  an d de la y rem a in s sm all

• A t m od era te  lo ad , de la y is
in cre asing  (q ue ue s) bu t
thro ug hp ut do esn ’t g row  m uc h

• A t h igh  loa d, m uch  los s a nd
de la y in crea se s g rea tly  du e to
re tra nsm iss ion s
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(YDOXDWLQJ�)DLUQHVV

• H ow  d o w e com p ute  the  fa irne ss  o f an  a llocatio n?
– If a ll f lo w s h ave  a n e qu al sh are  at a  rou te r it ’s “fa ir”

– B u t w ha t if som e flow s do n ’t w an t tha t m u ch

– H ow  d o w e cha rac te rize  ho w  un fa ir u ne qu al a lloca tion s are ?

• Ja in ’s  fa irne ss  ind ex :

– F or n  flo w s  e ach  rece iv ing  a  fra ctio n fi  of th e ba nd w idth

– F airne ss =   (Σ fi) 
2  / (n  x  Σ fi

2 )

– A lw a ys be tw ee n 0  a nd  1 , 1  fo r e qu al a lloc atio ns

– If o nly  k  o ut o f n  flow s g et ba nd w idth, dro ps to k /n
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'HFLGLQJ�:KHQ�WR�5HWUDQVPLW

• H ow  d o yo u know  w he n a  pa cket has  be en lost?
– U ltim a tely  se nd er u ses tim e rs to  de c id e w h en  to  re tran sm it

• Bu t how  long sho u ld  the  tim er be?
– T oo  lon g: in effic ien t (larg e de la ys, p oo r u se  o f b an dw id th )
– T oo  sho rt: m ay  re tra ns m it un ne cessa rily  (cau sin g e xtra  tra ffic )

• R ight in terva l is th e  round trip  tim e (R T T) be tw een send er
and  re ce iver

– T his  varies g rea tly  in the  w ide  a rea  (p ath  len gth a nd  q ue uing )
– A  go od  retran sm iss io n tim e r is  im p orta nt fo r g oo d pe rform a nce
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&RQJHVWLRQ�&ROODSVH

• In  th e  lim it, early  re transm iss ion s lead to  co nges tio n
co llapse

– S e nd in g m o re pa ckets  in to th e n etw o rk w h en  it is  o ve rlo ad ed
ex ace rba te s th e p rob le m  o f co ng es tion

– N etw o rk s ta ys bu sy bu t ve ry li tt le  use fu l w ork is  b eing  d on e

• T his  ha ppene d in  re a l life  ~1987
– Le d to V a n Ja cob son ’s T C P  a lg orithm s, w h ich  fo rm  th e ba s is  o f

co ng estio n co ntro l in  the  In te rne t tod ay
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(VWLPDWLQJ�577V���������.HVKDY�

• Idea : Ada pt based o n rece nt pas t m e asu rem ents

• Sim ple  a lgorithm :
– F or e ach  p ack et, n ote tim e  s en t an d tim e  ack re ceived
– C om p ute R T T sa m ples a nd  a vera ge  rece nt sam p le s fo r tim eo ut

– E stim ated R T T  =  α x  E stim a te dR T T  +  (1  - α) x  S am pleR T T

– T his  is  an  exp on en tia l ly -w eigh ted  m o ving  a vera ge  (lo w  pa ss
fil te r) th at sm oo th es  the  sam p le s

– S e t tim e ou t to sm a ll m ultip le (2) o f the  e stim a te
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.DUQ�3DUWULGJH�$OJRULWKP

• Prob lem :
– R TT  for retra nsm itte d pa cke ts  a m bigu ou s

• So lu tion :
– D on ’t m ea sure  R T T  fo r re tra ns m itted  p ack ets

– D ou ble retran sm iss io n tim e r on  e ach  sub seq ue nt tim eo ut
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-DFREVRQ�.DUHOV�$OJRULWKP

• Prob lem :
– V a ria nce  in R T Ts  g ets  la rge  a s ne tw ork  g ets  lo ad ed
– S o  a n a vera ge  R T T  isn ’t a  g oo d p red ic tor w he n w e  ne ed  it m o st

• So lu tion : T rack varia nce  too.

– D iffe ren ce  =  S a m pleR T T  –  E stim a te dR T T
– E stim ated R T T  =  E stim a te dR T T  +  (δ x  D iffe ren ce)
– D eviatio n =  D e via tio n +  δ( |D iffe ren ce|- D e via tion )

– T im e ou t =  µ x E stim a te dR T T  +  φ x  D eviatio n
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.H\�&RQFHSWV

• C on ges tion
– Q ue ue s bu ild up  a nd  ove rflow  in s id e ne tw o rk
– T C P  a da pts sen ding  rate ba se d on  n etw ork fee db ack

• F airne ss
– W e w an t ev ery flo w  to ge t it ’s fa ir sha re
– In tern et ha s very lim ite d m e cha nism s fo r fa irn ess

• R etran sm iss io n T im e rs
– Im po rtan t for go od  p erfo rm an ce
– A d ap t b ase d on  rece nt sam p le s (m ea n an d va ria nce )


