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Abstract. Congestioncontrol is critical for a multicasttransportprotocol to

be deployed and coexist fairly with currentunicasttransportprotocols,suchas
TCR We presentanew congestiorcontrolprotocolfor videomulticast:Routing-
basedvideoMulticastCongestiorControl(RVMCC), whichcombatsongestion
from a new direction:enrichingabstraction®f the routing layer RVMCC over-

comesmostof the disadwantagesf currentend-to-endmulti-layer video mul-

ticastcongestiorcontrol schemessuchasunstablethroughputand unfair shar

ing of bandwidthwith othersessiong9] [10]. Thesedisadwantagesareinherent
for end-to-endmulti-layer video multicastcongestioncontrol schemesand ex-

tremelyhardfor themto dealwith [10]. RVMCC notonly achiezesgoodstability

of throughputbut alsoapproachetax-Min fairnesscloselyat bottlenecksThe
formeris necessaryor ensuringthe viewing quality of transmittedvideo, while

the latter is necessaryor the deployment of multicastin the currentinternet.
Furthermore unlike existing network-assistedsideo multicastcongestioncon-
trol schemesRVMCC doesnot requirethe changeof the queuing,scheduling,
or forwardingstructureof the currentinternet. RVMCC can be integratedwith

minimum assistancérom network by enrichingthe abstraction®f the routing

layer.

1 Intr oduction And Previous Work

Whena video sourceneedsto transporta pieceof video to multiple recevers, it can

setup a unicastsessiorwith eachrecever and sendonecopy of eachpaclet to each
of them at eachtransmissionA more economicway to accomplishthis is to setup

one multicastsessionwith all receversand senda single copy of eachpaclet to the

first hop router at eachtransmissionand then multicastrouterson the multicasttree

duplicateeachpaclketwhenthe pacletreachegorks of the multicasttree.Althoughthe

advantage®of multicastare obvious, the deploymentof multicastlagsfar behind.One

hurdlefor the deploymentis the lack of a maturemulticastcongestiorcontrolscheme.
Congestiormustbe avoided at any branchof the multicasttree,but at the sametime

eachrecever shouldreceie dataat the highestrate affordableto the pathleadingto

it. This goalis hardto achieve becausef the heterogeneityf receiversandof links

leadingto them.For example,if avideomulticastsourceneedgo sene threerecevers
atthe sametime, andthe bandwidthof theaccesdinks of thethreereceversis 64Kb/s,

128Kb/and256Kb/s,respectiely, which rateshouldthe video sourcechooseto sene

theserecevers?



Onesmartway to solve this heterogeneityroblemwasfirst suggestedn [1] [13]
andelaboratedn or reportedin [2] [3] [4] [5] [6]. The basicideais to encodevideo
into several numberof layersand multicasteachlayerto a differentmulticastgroup.
Thereceversthenadaptto congestiorby addinganddroppinglayers(i.e. joining and
leaving multicastgroups)In thelastexample videosourcecanbeencodednto 4 layers
with a rate of 64Kb/s per layer. So the threereceiversin our examplecan subscribe
to 1, 2 and4 layers,respectiely, andthenevery recever is satisfied. Whenavailable
bandwidthchangesthey just needto add or drop layersto adaptto it. A transport
protocol basedon this ideawas proposedn [7]: Recever-driven LayeredMulticast
(RLM). Anothersimilar protocolthatshavs morepotentialfor inter-sessiorfairnesss
Recever drivenLayeredCongestiorcontrol (RLC) [8].

Although theseprotocolsrepresentn indisputableadvancein congestiorcontrol
for videomulticast,they have severalinherentshortcomingg9] [10]. Threemainones
areslow cornvergence,inter-sessiorunfairnessandunstabldayersandthroughput As
pointedout in [10], without changingthe foundationsof theseprotocols,theseprob-
lemsarehardto solve. One mostimportantfoundationof theseprotocolsis the join
experiment:addinglayersto explore for available bandwidth.Becauseof the delay of
multicastgraftingandpruning,failed experimentscomewith a high priceto pay:a pe-
riod of congestionBut if they aretoo conserative in addinga layer, bandwidthwill
be underutilizedor grabbedby othersessionsSoit is very hardfor themto achieve a
balanceamongbandwidthutilization, stability of layersandfairnessbetweersessions.
Although the schemein [11] solvesthe join-experimentproblempartly, it hassome
seriousdisadwantagesDynamiclayeringis hard,if notimpossibleto realizefor video
source.Routing overheadis heary becauseof continuousjoining-groupand leaving-
groupactionsof recevers.Furthermoreit still hasfairnesgproblemwith TCP

With all of thesedisadwantagesof end-to-endvideo multicastcongestioncontrol
schemessomeresearcherare exploring anotherdirectionto dealwith this problem:
requestingassistancdérom network by changingqueuing,schedulingor forwarding
structuresof the network [12] [14]. Although the approachin [14] canimprove the
stability of video quality; it still hasproblemsin achiering fairnesswith TCP sessions,
sinceit doesnot touchthe foundationof RLM. Althoughthe schemen [12] could get
goodresults thereareseveraldisadwantagesaspointedout by theauthor First, routers
needstatef dovnstreammeighboringouters.Secondit requiresclass-basedetwork
service.Thelastis thatthe schedulingpolicy is comple.

In thispapemwe presenanew videomulticastcongestiorcontrolprotocol:Routing-
basedvideoMulticastCongestiorControl(RVMCC), which dealswith thevideomul-
ticastcongestiorcontrolproblemfrom anew perspectie. Insteadf changinghequeu-
ing, schedulingor forwarding structureof the currentinternet, RYMCC enrichesthe
abstraction®f theroutinglayerto dealwith congestionSincerouting protocolsreside
in routers,it is easyfor themto obtainthe statesof the network andthe traffic. They
also canrespondfastif necessaryin addition, sincerouting decisionsdirectly apply
to flows, the control responses quick. So RVMCC corvergesquickly. Furthermore,
RVMCC achievesnot only goodstability of throughputout alsoapproache#Max-Min
fairnes<losely Thisis becaus&®vMCC cangetmuchmoreknowledgeaboutthestates



of thenetwork (suchasqueuestatus)andaboutthe going-ontraffic (suchasthenumber
of sessiongompetingfor the bandwidthat a bottleneck)thanend-to-endschemeslo.

The restof the paperis organizedasfollows. We introduceRVMCC in detailsin
Section2. In Section3, we shav detailedsimulationresultsof the protocol. Summary
appearsn Sectiond.

2 The RVMCC Protocol

Let usconsiderttransmittinga pieceof videoto somereceversacrosghe Internetwith
the RVMCC protocolactive in routers.The sourceencodeghe video datainto several
layersandstripsthemacrossseveralmulticastgroups(we call all layersfrom thesame
sourceaVideoMulticast(VM) session)Receversof theVM sessiorsubscribéo some
of theselayersto receve video dataat appropriaterate. Meanwhile,if congestioroc-
cursat alink whereVM sessionare passingthrough,RVMCC startsto obsenre that
link. Specifically RYMCC sampleghe traffic to getthe knawledgeaboutthe number
of VM andTCP sessionpassinghroughthelink; the rateof eachVM sessioris also
estimatedRVMCC decideswhetheror not to block a layer of a VM sessiorpassing
throughthelink accordingto thetotal bandwidththatall VM sessionpassinghrough
thelink areusing.If the VM sessionsare using unfair shareof bandwidth,RVvMCC
blocksalayerof the VM sessiorthatis usingthe mostbandwidthamongthe VM ses-
sions.At thesamdime, RVMCC keepsobservinghequeuestatusof thelink. Whenthe
free-bandwidthtstateof thelink is obsered, RVMCC channelsa layerof the VM ses-
sionthatis usingtheleastbandwidthamongthe VM sessionsin this processrecevers
addanddroplayersto cooperate.

Beforewe discusshe detailsof the RVMCC protocolbelow, we give somedefini-
tions to facilitate our description. We baseour definition on a link thatVM and TCP
sessionsirepassinghrough.

— C: thebandwidthof thelink

— M: thenumberof VM sessiongassinghroughthelink

— N: thenumberof TCP sessionpassinghroughthe link

— B: thetotal bandwidthusedby all VM sessiongassinghroughthelink

— link-equal-share: C/ (M+N)

— VM-equal-share: B/ M

— VM-share-ratio: VM-equal-sharé link-equal-share= (B / M) * ((M+N) / C)
— VM-total-link-equal-share: M * link-equal-share= M * C/ (M+N)

2.1 Layer Definition and Layer Priority in RVMCC

In avideomulticastsessiondifferentlayersareusuallywith differentsignificanceThe
lowerthelayer, thehigherits priority. In RVMCC, this priority informationis embedded
in themulticastaddresshata layerof a sessioruses.Thelower theaddressthe higher
its priority. But this rule only appliesto layersof thesameVM sessionnotto layersof
differentVM sessions.

Eachtime a VM sessionappliesfor multicastaddressest shouldbe assigneca
block of continuousaddressesThenthe VM sessionassignslower addresseso its
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lower layersandhigheraddresseo its higherlayers.FurthermoregachVM session
is assigneda VM sessiomumberby the sourcehost. This sessiomumberis usedto
distinguishtwo different sessiongnitiated from the samehost. The sessionnumber
needsonly to be uniquein the sourcehostbut not globally unique.Thelayerswith the
samesourceaddres@ndVM sessiomumberareassignedifferentprioritiesaccording
to their multicastaddressewhenRVMCC needdo block or channek layer.

2.2 Solving Congestionand Claiming Bandwidth

Insteadof usinglayeraddandlayerdrop asin end-to-endvideo multicastcongestion
control schemesRVMCC useslayerblock andlayerchannelto solve congestiorand
to claim bandwidth respectrely. Layerblock is the modificationof the multicastrout-
ing tableto preventa layer from enteringa congestedink, while layerchannelis the
modificationof theroutingtableto allow alayerto enteralink. In layerblock, routing
statessuchasthe sourceaddres®f the layer, the multicastaddres®of thelayerandthe
link atwhichthelayeris blocked,aresaszedandareusedaterfor layerchannelThose
routing statescanonly bedeletedby unsubscriptioractionsof recevers.

In fact,for efficient network resourcautilization, therouterthatjust blockedalayer
shouldforwardtheblockinginformationupstreamSothe upstreanroutersthatdo not
needto forward that layer to otherbranchesxceptthe congestedne may alsoblock
thatlayer. In this way, no layerwill reacharouterwhereno dovnstreanrecever will
receve thelayer Whentherouterthatblockedlayersjustnow need€o channeklayer,
it alsohasto sendchannelingnformationupstreamo graftthemulticastbranchieading
toit. With thismechanismalthoughbandwidthwill beefficiently usedn datatransmis-
sion,aconsiderablamountof communicatiorandcooperatiorwill berequiredamong
routers.

In RVMCC, blockinginformationis notforwardedupstreaminsteadyeceversac-
tively participatein the adjustmenof sessiorrateto simplify the network assistance
andto relieve routersof excessve communicationand processingourden.Every re-
ceiver unsubscribeto all but the lowestemptylayerof its sessionAn emptylayeris a
layersubscribedo by arecever but receving no databecaus®f beingblockedsome-
wherein the network. At the sametime, whenthe emptylayeris channelecanddata
arrivesattheemptylayer, receversmustsubscribeo anothedayerto prepardor anew
emptylayer, if morelayersareavailablefor subscription.

With this simplified mechanismalthoughoneredundantayer may arrive at some
upstreanroutersabove a bottleneck network andprocessingverheads considerably
lowered.Furthermorewith this mechanismdatawill arrive at receversfasterwhen
congestiordisappearssincegrafting above the bottleneckis not neededanymore.Es-
peciallyfor videomulticast,thisis a greatadwantage.

2.3 Achieving Fairnessand Stability

Intra-sessiorfairnesss successfullyachieredin a VM sessionThe numberof layers
thatarecevercanreceveis notdecidedby its own actionsor by otherrecevers’actions
but only by the bottleneckon the pathleadingto it from the multicastsource.This is
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not true for mostcurrentend-to-endmulti-layer multicastcongestiorcontrolschemes,
althoughthey adoptdifferentmethodgrying to achieve this goal.

Inter-sessionfairnessis a tough topic for all transportprotocol design.Even for
matureunicastransporfprotocols suchasTCP fairnesss notalwaysachieredbetween
their own sessionsWhentwo TCP sessionsharingthe samebottleneckarewith much
differentRTTs, their shareof thebottleneckhandwidthcanbefarfrom equal RvMCC
approacheshe Max-Min fairnessclosely and shavs the following characteristicsn
intersessiorfairness(1) With besteffort, every sessiorns assignedhelink-equal-share
bandwidth;(2) With besteffort, sparebandwidthfrom ary sessions sharedy all other
sessions(3) No sessiornis stanedfor bandwidth. Thedesigndetailsfor achieving these
goalsaredescribedelon.

First, RYMCC ensureshatVM sessiongettheinstantaneou¥M-total-link-equal-
shareWhencongestioroccursatalink, if thetotalbandwidthcurrentlyusedby all VM
sessiongassingthroughthelink is lessthanthe VM-total-link-equal-shareRVMCC
will notblocklayers.This hassomemeaningof class-basedervice But for variablebit
rate(VBR) video sourcesthis doesnot ensurethe long-runVM-total-link-equal-share
becauséayersmay beblockedduringtheir peak-ratgeriod.

Secondwhenblockingis necessarytheVM sessiorwith thehighestshareof band-
width amongall VM sessionpassinghroughthelink is selectedo block alayer On
the other hand,when channelingis necessarythe VM sessionwith the lowestshare
of bandwidthamongall VM sessionpassinghroughthelink is selectedo channela
layer.

Third, whenanew VM sessiorarrivesandcongestioroccurs thelink-equal-share
is recalculatedlf VM sessionareusingmorebandwidththanthe nev VM-total-link-
equal-sharesomelayersof themareblocked.

Fourth,whena new TCP sessiorarrives, RVMCC blockslayersfor it only if the
VM-share-ratids largerthanathresholdor thereis no TCPsessiorpassinghroughthe
link. Whenthe VM-share-ratiois lessthanthe threshold the new TCP sessiorhasto
grabbandwidthfrom othercurrentTCP sessionsBut whena newv TCP sessiorarrives
andthe thresholdis reachedthe VM-total-link-equal-sharés recalculatedand some
bandwidthis releasedf VM sessionsare using more bandwidththanthe VM-total-
link-equal-shareThis procedurecanstabilizeVM traffic while notstarne TCP sessions
atary time. SinceTCP sessiongnay comeandgo frequently to respondo every new
TCPsessiommay causeaunstablevM traffic.

Fifth, whenaVM sessiodeaves,theremainingVM sessionslaimsomebandwidth
from it to achieve the new VM-total-link-equal-shareln this process,TCP sessions
alsogetsomebandwidth.This is necessaryor fairnesssincea departingM session
usuallyreleases significantamountof bandwidth.

Thelast,whena TCPsessiorleaves,RVMCC only claimssomebandwidthfrom it
if the VM-share-ratiois lessthana threshold Otherwise the bandwidthsparedby the
departingTCP sessioris claimedby other TCP sessionsThe consideratioris alsofor
the stability of VM traffic, sinceTCP sessiongnay comeandgo frequently
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2.4 Further Designfor Stability

Whenlossesareobseredat a link, RVMCC doesnot block layersinstantlyif thereis
no new sessiongvenif thetotal bandwidthbeingusedby all VM sessiongs greater
thanthe VM-total-link-equal-shareOnly if thelossegersistfor sometime longerthan
athreshold,doesRVMCC startto block layers.This procedureurther stabilizesVM
traffic.

Becaus®f the Additive IncreaseandMultiplicative Decreas€AIMD) flow control
schememplementedwith TCR, TCP traffic usually shavs sawv-tooth like fluctuation
and may causetemporarylight congestionSo the above procedurecanfilter out this
kind of temporarybut possiblyfrequentlight congestion.

Oneimportantpoint is that, unlike end-to-endvideo multicastcongestiorcontrol
schemesRVMCC can afford the time to judge temporarycongestiorbecausét can
solve the congestiomuickly if the congestiorturnsout to be serious.For end-to-end
schemesgelayedresponséo seriouscongestiorcomeswith a high priceto pay.

2.5 Network Cost

Althoughthe RVMCC protocoldoesnotrequireary changeof the structureof the cur
rentInternet,thereis somenetwork costin its operationmainly the estimationof the
numberof sessionsandthe ratesof VM sessiongassingthrougha congestedink.
But becausehe estimationis only startedat alink whencongestioroccursat thatlink
during a multicastsessionthe total costfor a multicastsessiormay not be high. Fur
thermorewe believe the costis worthwhile. First, it hasnotbeenshavn thatanend-to-
endmulti-layer video multicastcongestiorcontrol schemecan coexist with TCP with
somekind of fairness,althoughresearchhasbeengoing on for sometime. Second,
otherexisting network-assistedchemeseedconsiderablehangeof the currentinter-
net.Finally, therateestimationof multicastsessionst congestedinks canpreventthe
aluseof currentinternetresourcesintentionally or accidently by multicastapplica-
tions. If the costdoesbecomea concernfor backboneouters they canignoretherate
estimationof eachmulticastsessioninsteadthey selectsessionso block or channek
layeronly accordingo thetotal numberof layersthateachsessiorhas.Thenbackbone
routersarerelieved of excessie burden.This will not affect the schemesignificantly
becausdt hasbeenshavn thatlossesn MBonemainly occuron local networks[15].

3 Simulation Results

In this sectionwe presentthe simulationresults.We are mainly interestedn observ-
ing the corvergence,fairnessand stability characteristicof RVMCC. Two kinds of
VM sourcesareused:ConstanBBit Rate(CBR) sourcesand VariableBit Rate(VBR)
sourcesThe VBR sourceshave exponentiallydistributed burst-timesandidle-times.
Onesource(VBR1) hasan averageburst time of 200msand an averageidle time of
100ms,while boththe averagebursttime andthe averageidle time of the othersource
(VBR2) are 200ms.Eachsourcehas5 layersand the averagerate of eachlayer is
200Kb/s.The throughputshowvn in our figuresis averagedover onesecondsoit does
not representheinstantaneousateof a session.
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3.1 Network Topologyand Parametersin Our Simulations

The topology usedin our simulationsis shovn in Fig.1. Therearetwo concatenated
bottlenecksn this topology The first one hasa bandwidthof 2.4Mb/s,a capacityof
12 layers,while the secondone hasa bandwidthof 1.2Mb/s,a capacityof 6 layers.
ReceversRmlandRmz2arewith the VM sessiorl. Rm1is underthefirst bottleneck,
while Rm2is underthe secondbottleneck VM sessior2 alsohastwo recevers,Rm3
andRm4.Rm3is underthefirst bottleneckwhile Rm4is underthe secondottleneck.
Rt is the recever of the TCP sessiorandlocatedunderthe secondbottleneck.So all
threesessionsvill competefor bandwidthat both bottlenecksf all of themarealive.
But RmlandRm3areonly affectedby thefirst bottleneckwhile Rm2,Rm4andRt are

undertheinfluenceof bothbottlenecks.
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Bimulation tool: ME2

Fig. 1. SimulationTopology

3.2 Simulation Scenarios

ScenarioOne: Two CompetingVM Sessionsin thisscenariotheinteractionbetween
two VM sessionss tested Thefirst VM sessiorstartsattime 0 andstopsatthe 1200th
secondwhile thesecondvM sessiorstartsatthe 100thsecondandstopsat the 1100th
secondTheresultsareshovn in Fig.2,Fig.3andFig.4
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Fig. 2. Numberof Layers:Two CompetingCBR VM Sessions

Thefirstthingwe canseein thesefiguresis thatfairnesss goodatbothbottlenecks,
evenif thetwo VM sessionstartatdifferenttimes.In theCBR caseR1andR3 sharing
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thefirst bottleneckget 5 layerseach,while R2 and R4 sharingthe secondbottleneck
get3layerseach Althoughthefirst bottleneckcansustainl2 CBR layers(2.4M / 200k
=12),eachVM sourcehasonly 5 layers,soR1 andR3 only get5 layerseach.At the

secondbottleneck,1.2Mb/sis sharedequally by two VM sessionsso R2 and R4 get
3 layerseach.In the VBR case the situationis a little complicated With the VBR1

source,the bandwidth-sharingpatternis almostthe sameas that with CBR source,
exceptthatR2 andR4 only get2 insteadof 3 layerseach With the VBR2 source poth

R1 andR3 get4 layers,but R2 and R4 get differentnumbersof layers:1 layerand2

layers,respectiely.

Thereasorthatin the VBR2 casethereis onelayerdifferencebetweerthetwo VM
sessionatthesecondottlenecks thatthe secondottleneckcanonly sustain3 VBR2
layers(we will discusswvhy bottlenecksustainadifferentnumberof layerswith differ-
entVBR sourcedater). The 3-layercapacitycannotbesharecequallybetweerthetwo
VM sessionssooneVM sessiorgets?2 layerswhile the othergetsl layer Generally
the granularityof the fairnessn multi-layer multicastcongestiorcontrolis onelayer
Whena bottleneckcanonly sustaina numberof layersthatcannot beassigneaqually
amongthe sessiongassingthroughit, onelayer differencebetweensomesessionss
inevitable.We know end-to-endnulti-layervideomulticastcongestiorcontrolschemes
shaw seriousunfairnesshetweencompetingmulticastsessiong9] [10]. Usually, later
arriverscannotgrabaright shareof bandwidth.In theRVMCC casealthoughVM ses-
sion1 andVM sessior? startat differenttimes,they getaright shareof the bandwidth
atbothbottlenecks.

The secondhing we obsered is thatthe numberof layersat eachbottleneckhas
goodstability in all casesThe numberof layersis almostconstantin the CBR case,
exceptthelayeradjustmenfor the comingor thegoingVM sessionin the VBR case,
althoughthereis somelayer adjustmentt eachbottleneckthe layer adjustmenonly
occursin oneVM sessiorateachbottleneckTheothersessiorstill hasa stablenumber
of layers.Furthermoreijn the sessionwith layeradjustmenthe adjustments rareand
only goesin onedirectionfrom a basiclevel. At R1in Fig3, theadjustments from the
basiclevel of 5 layersto 4 layersandthengoesbackto the basiclevel of 5, while at
R4,theadjustments from the basiclevel of 2 layersto 3 layersandthengoesback.In
RVMCC, highervarianceof traffic only causeslessnumberof layerssustainedy the
bottleneckbut notanunstablenumberof layers.This canbe obsenedin Fig.4.

The third thing we canconcludefrom thesefiguresis that highervarianceof VM
sourceausuallyrenderdower throughputat bottlenecksWith the VBR1 source only
4 layersaresustainedy the secondottleneck put it sustain® CBR layers.With the
VBR2 source,which hasa highervariancethanthe VBR1 source,only 3 layersare
sustainecht the secondbottleneckandthe first bottleneckalsoonly sustains8 layers.
This is dueto the varying-ratecharacteristiof VBR sourcesWithout enoughband-
width resenedfor a VBR sourceat a bottleneck at its peakratethe VBR sourcemay
causeheary lossesand consequentayerblocking at the bottleneck.The higher the
variance,the more the bandwidthneededo be resened for the peakrate. So higher
varianceusuallycausegower throughputA lower numberof layersfor VBR sources
with higherratevarianceis alsonecessaryor maintainingfairnesswith TCP sessions,
sincefrequentiossesmaythrottle TCPtraffic.
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Lastly, thecorvergencds clearin all casesWith anincomingsessioror anoutgoing
sessionpthersessiongespondappropriatelyto releaseor claim bandwidth.This can
beobseredin all figures.
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Fig. 4. Numberof Layers:Two CompetingBR2 VM Sessions

ScenarioTwo: A TCP SessionJoining Existing VM Sessionsin this scenariohow
VM sessionsespondo anen TCPsessions obsened.A TCPsessiorstarts100sec-
ondslater after two VM sessionsstarted.The simulationresultsare shovn in Fig.5,
Fig.6, Fig.7 andFig.8. In thesefigures,we canseethatthe goodstability and corver
gencecharacteristicebsenedin scenarial arestill preseredin this scenarioWe will
focusonthefairnesdssuein thefollowing text.

In the CBR case,in Fig.5we canseethatR1 andR3 get5 layerseachat the first
bottleneckput thelink-equal-sharatthefirst bottleneckis 800Kb/s(2.4Mb/samong3
sessions)which meandessthan5 layersfor eachsessionThis canbe explainedif we
have alook at the secondbottleneck Still in Fig.5, we seethatR2 andR4 get2 layers
eachatthesecondottleneckwhichis justthelink-equal-sharghere(6-layercapacity
for 3 sessions)Sothe TCP sessioralsogetsa shareof 2 layers(400Kb/s)atthe second
bottleneck.Becauseof the restrictionat the secondbottleneck,the TCP sessioncan
only consumeat most400Kb/sat the first bottleneck.This meansthat 2Mb/s out of
2.4Mb/sis left for thetwo VM sessionst the first bottleneckIf Max-Min fairnesss
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TCP with CBR VM: Throughput
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Fig. 6. TCP ThroughputTCP SessiorJoiningCBR VM Sessions

approachedhetwo VM sessionshouldget 1Mb/s eachat thefirst bottleneck This is
justwhatshavn in Fig.5.But in Fig.6 we canfind thatthe TCP sessioronly achie/es
anaveragethroughputmuchlessthan400Kb/s.Thereasoris that TCPtraffic is alsoa
kind of VBR traffic.

In the VBR case,in Fig.7 we seethat at the secondbottleneckthe two VM ses-
sionshave a one-layerdifference.This is becuasahe VM-total-link-equal-sharehere
(400Kb/sx 2 = 800Kb/s)canonly sustain3 VBR1 layersdueto the varying rate of
thelayers.In Fig.8, the TCP sessiorachiezesan averagethroughputalmostthe same
asthatin Fig.6. Sothereis still about2Mb/s bandwidthleft for thetwo VM sessions
at the first bottleneckbecauseof the restrictionat the secondbottleneckfor the TCP
sessionBecausehetwo VM sessionsiave VBR1 sourcesgachof themonly achieves
athroughpubf 4 layersthere.
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TCE with VEBR VM: Throughput
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Fig. 8. TCP ThroughputTCP SessiorJoiningVBR1 VM Sessions

In summaryin this scenarioof TCP joining VM sessionsYM sessionstill have
stablenumbersof layersand the corvergenceis still stableand clear Furthermore,
Max-Min fairnesss closelyapproacheat bottlenecks.

Scenario Three: VM Sessionsloining the Existing TCP Session In this scenario,
VM sessiongoining anexisting TCP sessions tested VM sessiorll andVM sessior?
start100 seconddater afterthe TCP sessiorstarted.The simulationresultsareshovn
in Fig.9,Fig.10,Fig.11andFig.12.

In fact,this scenarids very similar to thelastone,exceptthatthe VM sessionstart
laterinsteadof earlierthanthe TCP sessionlf we comparefiguresfrom 9 through12
with figuresfrom 5 through8, respectiely, we canfind thatwhenall threesessionsire
alive the bandwidth-sharingpatternsare almostthe samein eachpair of figures.For
example,we canhave alook atFig.5andFig.9.In Fig.5,bothVM sessionglet5 layers
at thefirst bottleneckalmostall the time. At the secondbottleneck they get 3 layers
eachbeforethe TCPsessiorarrivesatthe100thsecondAfter thatthey bothget2 layers
each.In Fig.9, afterthetwo VM sessiondecomealive at the 100thsecondthey get5
layerseachatthefirst bottleneckandget? layerseachatthe secondottleneck Soafter
the 100th secondwhich is the point that all 3 sessiondecomealive, the bandwidth-
sharingpatternin Fig.5is almostthe sameasthatin Fig.9. The samething happengor
otherpairsof figures.

In summaryin this scenarioMax-Min fairnessis still closelyapproachedt both
bottlenecksalthoughthe two VM sessiondecomealive later thanthe TCP session.
Both VM sessionstill have good stability in numberof layers.Furthermorecorver
genceis still steadyandclear

4 Summary

The RVMCC protocolattacksthe multi-layervideo multicastcongestiorcontrol prob-
lem from a new direction:enrichingthe abstraction®f theroutinglayer It overcomes
mostof theinherentdisadwantage®f end-to-endnulti-layervideomulticastcongestion
controlschemessuchasunfairnessn sharingbandwidthandinstability in throughput.
It alsoavoidsthe compleity of mostnetwork-assistedongestiorcontrolschemesNo
structurechangeof queuing,schedulingor forwarding of the currentinternetis nec-
essaryfor implementingthis protocol. RVMCC is also scalablebecausehereis no
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communicatioroverheador RYMCC protocol.Controlactionsin a routeror recever
areindependentf thosein otherroutersandrecevers.In end-to-endmulticastcon-
gestioncontrolschemesgommunicatioroverheador necessargependencef actions
amongreceversusuallyrestrictstheir scalability All of thesecharacteristicgjive the
RVMCC protocolthe strengthto be a good candidatefor a standardizednulti-layer
videomulticastcongestiorcontrol protocol.
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