Modelling the Effect of a Rate-Smoothing Component on TCP Congestion Control Behavior

Kang Li
Oregon Graduate Institute
kangli@cse.ogi.edu

TCP congestiorcontrolis the de-facto standardor transmissiorover the Internet,andit canbe
viewed as a nonlinearfeedbackcontrol systemthat dynamically adjustsits transmissionrate
accordingto network congestiorstate.A significantamountof researchwork hasbeendoneon
this system.For example,Jainand Chiu have proved that multiple TCPscorverge to fair band-
width-shareby analyzingT CP’s additive-increasendmultiplicative-decreas@AIMD) algorithm.
Padhye, et al., have derived equationsfor TCP’s averagethroughputassumingthat the TCP’s
feedback delay (round-trip-time) and patloss rate are kmon.

Ratesmoothinghasbeenintroducednto TCPin several contexts. Pacingwithin eachround-trip-
time wasproposedo improve TCP’s performancedy Partridge,et al. Parallelto the TCP pacing
work, several TCP-friendly congestioncontrol mechanismshave been designedto provide
smoothedatefor streamingmultimedia.They control the transmissiorrate accordingto TCP’s
throughputequationsor carefully choosethe AIMD algorithm’s parametersTheseworks have
shavn sophisticatedbandwidthsharingbehaiors. For example,Aggarwal, et al. shaved some
counterintuitive resultsof TCP pacing,andotherexperimentson a tail-drop queueshaow thata
TCP-friendly flow (accordingto the throughputequation)doesnt necessarilysharebandwidth
equally with other TCP flws.

The focusof our work is to understandhe effect of rate smoothingon TCP congestiorcontrol
behaior. We view both TCP pacingand TCP-friendly congestiorcontrol asforms of TCP rate
smoothing.We have built a particularrate smootherthat keepsaveragethroughputequalto the
throughputof standardl CP andcanadjustinter-paclet intervals independentlyf TCP’s round-
trip-time, enablingusto studythe behaior of varioussmoothingstrateies.We have alsodevel-
oped a feedback control model for TCP congestion control in the presence of rate smoothing.

In thisdemo,we will describehow our ratesmoothemorks,andwe will demonstrateur models
of ratesmoothermndTCP congestiorcontrolin Matlab Simulink. We believe smoothingchanges
thedynamicbehaior of bandwidthsharingamongTCPs,whichis relatedto thelossdistributions
amongcompetingflows. To investigatethis smoothingmpact,we constructa phaseplot to shav
thesystems dynamicbehaior. A phaseplot visualizeghetrajectoryof a systems statealongthe
time. The statevariablesthat we chooseto representhe systemstateinclude the transmission
rates of all competing TCPs and the ratahuffer fill-levels.

To this end, our simulationsshav that bandwidthsharingbehaior is closelyrelatedto the loss
distribution at variouspoints on the phaseplot. Whenwe assumea unified paclet lossdistribu-
tion, the systemtrajectorycornvergesto equalbandwidth-shareyut the shapevariesasthe param-
etersof the rate smoothervary. However, with a lossdistribution relatedto the competingflow
rates,the systemtrajectoryis not guaranteedo reachequalbandwidth-shareWe planto study
how the system state trajectory is related to patdsses as the xiestep of our research.



