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Abstract

The differentiated services (DS) paradigm has
emepgedasa scalableapproacho provide QoSfor

unicastcommunicationin the Internet. Utilizing

the DS to provide QoS for multicastposesseveral
challengesbecauseof the multi-point aspect,dy-
namic group membership,and heterogeneouse-
ceiver resourcaequirement®f multicast. Existing
proposaldo accomplishthis goal eitherrequireex-

tra per paclket overheador changingmulticastrout-
ing tables. This paperproposesan alternatearchi-
tecturecalled M-DS (multicast-DS),utilizing two
inter-operablelimited branchingtechniquesgedge-
routerbranching andlimited-coe branching, asap-
propriatewithin eachDS domain.M-DS preseres
the DS scalability doesnot incur ary per paclet
overheaddueto extra headersn datapaclets,and
routespacletsusingthe IP multicastrouting tables
thatarealreadysetup in individual domains albeit
by enhancingthe router functionality We evalu-
ate the performance(signalingoverheadand extra
bandwidthrequired)andshaw thatit is practicalto

includeit in the currentDS framework.

1 Intr oduction

Multicast communication accomplishes one-to-
mary and mary-to-mary delivery of datain an In-
ternetervironment. It is scalableand ef cient be-
causet outperformsunicastevenfor a smallnum-
berof recevers. A recentstudy[1] shovsthateven
when there are 20-40 recevers, multicast can be
60-70%moreef cient thanunicastin the Internet.
The differentiatedServicegDS) architecturd?] is
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a scalablemethodfor implementingservicediffer-
entiationfor unicastcommunicatiorin the Internet.
Dynamic join/leave of multiple potentially het-
erogeneougeceiers posesunique challengesin
providing supportfor multi-point multicastcommu-
nicationin a DS network. This is becausevhen
new recevers join the multicast group, branches
may get addedto the existing multicasttree with-
out prior resourceaallocationandthis canadwersely
affectthe unicastandmulticasttraf c for whichre-
sourceshave previously beenresened.
Thispapemproposes scalablearchitecturecalled
M-DS, to provide QoSfor multicastcommunication
utilizing the DS framework. The architectureuses
one of two limited branchingtechniquesnamely
edge-router branching andlimited-coe branding.
For eachof the techniqueswe focus on de ning
two signalingprotocols;onefor resourceallocation
on membershigliscovery andanotherfor resource
deallocatioron membershigierminationon subnet-
works. The signalingfor resourceallocationcon-
gures statein appropriateroutersto be useddur
ing multicastdatatransmission. After this phase,
datacan begin to o w for multicastwith QoS, as
it would bein the caseof DS for unicast. The sig-
naling for resourcedeallocatiorresetsthe con gu-
ration changesmadeby the signalingfor resource
allocation. All the four signaling protocolshave
low messageoverhead. For both the techniques,
0 wsareaggrgatedfor scalability justasin theDS
framework for unicast. Also, both the techniques
usethe multicaststatealreadysetup in individual
domainsfor routing pacletsandinter-operatewith
eachother Not changingmulticasttablesalsofa-
cilitatesthe co-existenceof IP multicastwithoutthe
QoS requirements. Thesetechniqueshave no per
paclet overheadduring datatransmissiorin terms



of extra headersn individual datapaclets. For de-
tails on the changesrequiredin the routersto ac-
commodateheseechnique$n aDSframenork, re-
ferto [3].

2 RelatedWork and Challenges

A DS domainis comprisedof boundarynodesand
core nodes Boundarynodesinterconnecthe DS
domainto other DS or non-DS capabledomains
while core nodesonly connectto other core or
boundarynodeswithin the sameDS domain. Traf-
¢ entersaDSdomainataningressnodeandleaves
atanegressnode.

The DS framework usesa six bit DS eld from
the IP headerto de ne DS codepoints. All pack-
etswith the samecodepointthat crossa link in a
particulardirectionform a behaior aggreate. The
DS boundarynodesat the customeregresssetthe
appropriatecodepointn eachpacletin accordance
with the customers'servicelevel agreemen{SLA)
andthe paclet joins the correctbehaior aggrajate.
From this point on, subsequenboundaryor core
nodesin variousDS domainshave no information
abouta particularcustomers o w, they only deal
with behaior aggreyates. This contributessigni -
cantlyto the scalabilityof thearchitecture.

The DS frameawork is speci ed with unicastin
mind. Recently therehasbeensomework in the
directionof utilizing the DS framawvork for provid-
ing servicedifferentiationfor multicast. Blessand
Wehrle [4] proposeto extend the multicast rout-
ing tablesto includecodepointgo provide QoSfor
multicastin the DS framework. Striegel and Man-
imaran[5] have proposedan encapsulation-based
approachcalled DSMCastfor providing multicast
supportin a DS domain. Their approachconsists
of addinga DSMCastheaderto eachpaclet at the
edgeof the DS domainby theingressrouter Upon
receving sucha paclet, a corerouterwill inspect
the pacletto determinewhich interfacesthe paclet
should be replicatedon basedon the information
containedin the DSMCastheader This solution
keepsthe corerouterssimplebut incursbandwidth
overheadfor every datapaclet, dependenbn the
numberof recevers. Our approachM-DS, is scal-
ablebothin termsof numberof multicastgroupsas
well in termsof numberof recevers.

Providing quality of service (QoS) for multi-
castcommunicatiorusingthe DS framework poses
uniquechallenges.Multicast sourceggenerallydo
notknow theidentity of recevers. Thesourcesends
out one copy of the dataand the IP layer multi-
castroutersmalke duplicate copieswhere needed
in the network to reachall recevers of the group.
Also, group membershipin multicastis dynamic
andthereceversareheterogeneou®utof thesds-
suesheterogeneitys notastumblingblockbecause
at the application layer, recevers with different
resourcerequirementscan join different multicast
groups[6], so within a particularmulticastgroup,
theresourcaequirementarehomogeneous-ow-
ever, dynamicgroupmembershipnalkesit challeng-
ing to provide QoSfor multicastcommunication.

The DS architecturgfor unicastcannot be used
asis to accomplishQoS for multicastwithout af-
fectingothertrafc adwersely The mainreasorfor
thisis becausecalabilityin the DS architectureor
unicastis achiered by distinguishingbetweenthe
functionality of coreandboundaryroutersin each
domainandby trafc aggreation. Exceptfor the
routersnearthe source,all routersalong the way
dealonly with behaior aggreatesin the DS archi-
tecture. In multicast,howvever, nenv memberamay
join a multicastgroupdynamicallyandasa result,
severalroutersin thecoreof thenetwork maydupli-
catepacletsto reachthenew recevers.Keepingthe
core routerssimple to presere the DS scalability
wouldimply coreroutersassigrthe samecodepoint
to the duplicatedpaclets as to the original pack-
ets. As aresult,new branchecangetaddedto the
existing multicasttreewithout prior resourcereser
vation. This problemis termedasnon-reservation
subtee (NRS)problemin [4]. NRS canpotentially
leadto violation of SLAs betweertheDS peersand
hencecompromise®oSfor oneor moreclasse®f
trafc.

3 ComponentsAnd Assumptions

An exampleof the variousentitiesof the M-DS ar
chitectureis shavn in gure 1. It shawvs two DS
domains,with the multicastsourceattachedo do-
main D S1 andreceversR1 and R2 on the same
subnetwrk attachedto domainD S2 throughthe
designatedouter(DR). Eachdomainhasboundary
and corerouters. The gure alsoshavs the band-



width brokersBB 1, and BB 2, for domainsD S1
andD S2 respectiely. The DRsinitiate the signal-
ing with the BB of their domainupon eachmulti-
castgroup membershipdiscorery and termination
on their respectre subnetworks. The bandwidth
brokers(BB) handleresourceallocationanddeallo-
cationrequestsn their domainby contactingtheir
peers.

BRi Boundary Router
CRi  Core Router Ri
Dsi Differentiated Services Domain pr

BBi  Bandwidth Broker
Receiver
Designated Routel

Figurel: Component®f theM-DS Architecture

The architecturemakes the following assump-
tions aboutthe infrastructure. First, eachDS do-
mainhasstaticunicastSLAs for aggreatesof o ws
with its peerdomainsfor eachof its ingressand
egressrouter pairs. Admission requestsfor both
unicastand multicastare handleddynamically by
the BB of eachdomainby contactingthe BB in the
peerdomain.Theseassumptionareconsistentvith
thoseof the QBoneBB work group[7]. Second,
eachBB is con gured as as a BGP-4 router and
has TCP connectionsfor communicationwith all
its peerBBs andthe DRs of its domainsfor com-
municationduring signaling. It alsohasaccesgo
unicastmulticastrouting information. Third, each
BB hasa datarepositorycontainingrouter con g-
urationsandpolicy information. It needghis to be
ableto make decisiondo allocateanddeallocatee-
sources.Fourth, beforesourcesstartsendingdata,
they registerwith the BB of theirdomainwhichcan
thenpropagtethisinformationto peerBBs. In this
manney the BBs know aboutthe active multicast
sources. Fifth, we assumehatall receversknow
what QoSto askfor. The resourcerequestcanbe
carriedin amannersimilarto the oneprescribedy
theRSVPspeci cation[10].

This is essentiallysimilar to how MSDP [8] requiresthe
RPs[9] in eachdomainto ad\ertiseactive sources.

4 Edge-RouterBranching

We now describethe details of the edge-router
branchingtechnique(refer to [3] for a formal de-
scription of the technique). It usesexisting uni-
castSLAs and exploits multicastscalability at do-
main granularitybecausét allows branchingto oc-
cur only at the ingressand egressrouters. If there
areary branchingpointsin the coreof thedomains,
they aremoved to the ingressof the domain. This
keepsall the complity con nedto the edgeof the
network andhencethe corenodesarekeptscalable
asin the caseof DS for unicast.

4.1 Signaling Protocolfor Admission

Signalingis initiated by the DRs of the domains
uponamulticastgroupdiscovery ontheirrespectre
subnetvarks. To begin with, the DR sendsa mes-
sageto the BB of its group,giving it its own IP ad-
dresstheQoSrequirementandthemulticastgroup
addressG. Subsequentlythis BB may contactits
peerBB andsoon. Noticethatfor eachsubsequent
receverjoining the samesubnetvork senedby this
DR, no actionneedgo betakenaslong asthe QoS
requirementaindG arethesame.

The BB extractsthe QoSinformationandG and
then nds outif theresourcedor this requesthave
alreadybeenallocatedin its domain. Becauseif
they are,no new resourcesireto beallocated.The
BB needstwo piecesof informationto make that
decision.

1. Appropriateentriesfrom the currentresouce
allocationtable This table containsresource
allocationinformationfor eachpair of ingress
andegressoutersin thedomainalongwith the
multicastgroupsthey sene. It also contains
the numberof different subnetverks (identi-

ed by the IP addressef the DRs) each
ingress-gresgouterpairsenes,directlyorin-
directly. Keepingthe numberof the subnet-
works sened correspondingo eachingress-
egressrouterpairshelpsthe BB know whento
deallocatgheresourcesn its domain. Entries
in this tableare lled after makinga decision
thatresourcexanbegranted.To nd outthe
appropriateentry theBB rst nds outthepair
of ingressand egressroutersin its domainin
the pathfrom themulticastsourcefor groupG



to the DR. It doesthatusingthe routinginfor-
mationthatit hasaccesso asa BGP-4routet

2. If thebranching pointfor G liesin its domain.
While the signaling protocol is in progress,
multicaststateis being setup in the domain
using the IP multicastprotocolin usein that
domain.The coreroutersin every domainthat
determinghatthey aregoingto bethebranch-
ing pointfor groupG communicatehis infor-
mationto their BB by sendingthe correspond-
ing multicastforwardingtableentry The BB
setsa timer to get this information from the
branchingpoint router(s)in its domain. If the
timer expires without the BB gettinga reply,
it assumeshatno branchingpoint existsin its
domain.

Basedntheaboveinformation,threecasesrise
for the ingress-gressrouter pair neededo satisfy
thisrequestasoutlinedin gure 2. For examplesof
eachof thesecasesreferto [3].

BB Contacted b
Peer BB/DR

Find :
Ingress/egress Routg
Branching Point

=

S

CRAT Entry
Case 1
Allocation Yes Return, Datg
Exists Between Transmission
Ingress& ;
Egresg Begins
Case 2
) Allocate Resource
Blrgngg:rgg"l??ol SignalPeerBB
Toward Source

Case 3
Allocate ResourcesFrom
Commonlngress,Signal
Ingress RouterReturn
DataTransmissiorBegins

CRAT -> Current Resource Allocation Table

Figure 2: SignalingStepsin Edge-RouteBranch-
ing TechniqueuponMembershiiscovery

4.1.1 Casel: Allocation Exists

This casearisesif the BB nds an entry in the
currentresourceallocationtablewith therequested

QoScorrespondingo theingressandegressrouters
neededo sere the new requestor groupG. This
implies that adequateesourceshave alreadybeen
allocated.Nothing needgo be doneotherthanup-
dating the numberof subnetvorks sened by this
ingress-gressrouterpair in thecurrentresourceal-
locationtableandthe BB repliesin the pathto the
DR af rmatively andsignalingis terminated. The
new recevers are graftedto the existing multicast
treeandsincemulticaststateis alreadysetup, they
canstartgettingdata.

4.1.2 Case2: No Branching Point

The secondcasearisesif no resourceshave been
allocatedfor G in this domainwith the requested
QoS.In this case,the BB doesnot nd ary entry
with therequestedoSin thecurrentresourceallo-
cationtablecorrespondingo theingressandegress
routersneededo sene the new request. Also, no
branchingpoint router repliesto the BB. The BB
makes a decisionto grantresourcesn the form of
anSLA betweentheingress-gressouterpairbased
on policy information and SLA availability. Ref-
erencg3] providesdetailson the propertiesof the
SLAs.

If the resourcesregranted,the BB updateshe
currentresourceallocationtablefor the latestband-
width allocationcorrespondingo theingress-gress
router pair involved and setsthe subnetwrk count
for the correspondingntry to one. The signaling
doesnot terminateherefor this caseand the BB
signalsthe upstreanpeerBB. Uponreceiptof the
messagethe peerBB runsthe sameprotocolasthis
BB.

4.1.3 Case3: Branching Needed

The third casearisesif one or more core routers
sendthe correspondingnulticastforwardingtable
entryto the BB of theirdomain,informing thatthey
would be the branchingpoint for group G. This
implies that the multicasttree passegshroughthis
domainbut branchingis requiredto graft the new
receversto the existing multicasttree. If the allo-
catedresourcesare adequatefor the new QoS re-
quest,new receverscanbe graftedto the existing
tree. The edge-routebranchingtechniquedoesnot
allow ary branchingpointin the middle of ary do-
main, henceto be able to graft new receversto



groupG, anadditionalSLA from theingressrouter
to thenew egresss usedif oneis available.

Since all SLAs are unicast SLAs, to be able
to usethe new SLA, the BB movesall branching
points from its core to the ingressof the domain
and enhanceghe role of the ingressrouterto act
asabranchingpointin additionto beinganingress
router This techniqguemakesthe corerouterfunc-
tionality very scalablejust asin the DS for unicast
communicatiorbut doingsoamountgo introducing
somechangesn routing. The BB extractsthe new
routing informationusingthe multicastforwarding
table entry sentto it by the core branchingpoint
router(s)andcorveys the appropriateouting infor-
mationto theingressrouter Thedetailson how the
ingressrouter performsrouting during datatrans-
missionandhow corebranchingpoint router(s)use
their existing multicastrouting stateare explained
in [3]. Thereis no per packet bandwidthoverhead
during datatransmissiorand somechangesrere-
quiredto be madeto routerfunctionality.

After moving the branchingpoint to theingress,
the BB createsa new entry for this ingress-gress
router pair in the currentresourceallocationtable
and setsthe subnetverk countfor the correspond-
ing entryto one. To completethe signaling,the BB
signalsaf rmati vely in the pathtowardthe DR and
datatransmissiorbeginsfor the new receverssince
multicaststateis alreadysetup.

At ary pointin thepathto thesourcejf resources
are denied,signalingreturnsfrom that BB all the
way backto the DR, freeingall the resourcesand
cancelingall con guration changesand table up-
dates.MostIP multicastroutingprotocolsarebased
on soft stateprotocolsandif datatransmissiordoes
not begin, routing statevanishesautomaticallydue
to lack of a refresh. For additional state mainte-
nanceconsiderationgieferto [3].

4.2 Signaling Protocolfor Departure

The protocol for the casewhenresourceseedto
be deallocatedor multicastgroup G is very sim-
ilar to that of the casewhenthey needto be allo-
cated;only allocationof resourcedecomedeallo-
cations. As in the caseof allocationof resources,
theDRs rst contactthe BB. The BB usestherout-
ing informationit hasto look up the ingress-gress
routerpair servingthisreceverin its domain.There

are two possiblescenarios. First is that the sub-
network countcorrespondingo the ingress-gress
routerpair is one. This meansthis wasthe lastre-
ceiver group sened from this branchof multicast
tree. Seconds thatthe subnetverk countis greater
thanone,implying thattherearemorereceverson
subnetvarks in this domainor other domainsthat
arebeingsened by this ingress-gressrouter pair.
In the rst case,the resourcescan be deallocated
and the correspondingentry from the currentre-
sourceallocationtable can be removed. Also, the
changesmadeto the functionality of the ingress
routerof thisdomainareundoneandpeerBB in the
pathtoward the sourceis signaledto carry out the
leave protocolaswell. In the secondcase the sub-
network countis decrementedyy one becausee-
sourcegannot bedeallocatedetandtheadequate
changesaremadeto the functionality of theingress
router For thesecondcasethesignalingcanreturn
from this point backto the DR con rming thatthe
lastrecever's leave from groupG is complete.

5 Limited-Cor e Branching

The edge-routebranchingtechniquesimpli es the
coreof thedomainbut introducesextra paclethops
duringdatatransmissionA goodtrade-of between
making all core routersthat are branchingpoints
comple versusincurring extra paclet hopsis to
limit the numberof coreroutersthat would be al-
lowedto bebranchingpointrouters.Thisis themo-
tivationbehindlimited core branding.

For the edge-routebranchingtechniquewe as-
sumedthat SLAs in adomainexistedonly between
ingressand egressrouter pairs, for the purposesf
the limited-core branchingtechnique,we assume
that additional SLAs have beende ned from cer
tain specialcore routers to someegresspointsin
additionto the usualunicastSLAs. Thesespecial
coreroutersarethe only onesthat canbe usedas
branchingpoints in the domain. We do not ad-
dresgheissueof optimalplacemenstratey of spe-
cial corerouters,optimal numberof suchrouters,
andwhetherspeciakorerouterscanbedynamically
changedvhenreceverpopulationchangesThatre-
mainsanissueof futureinvestication.

The restis a simple extensionof threecaseswe
describedfor edge-routetbranching. The manner
in which the rst two caseshamelywhenno re-



sourceallocationsexist andwhenexactresourceal-
locationsexist andno branchings neededaredealt
with asbefore. The only differenceis in the way
the third caseis handled. For every nev member
shipdiscovery, if theBB nds outthatoneor more
branchingpoint(s) exist in its domain, before en-
hancingthefunctionalityof theingressouterto du-
plicatepacletsto reachall downstreanrecevers, it
rst nds outif thereis a specialcoreroutercon-
gured in its domainthatis allowed to sene asa
branchingpoint. If thereis, thenfor the pathsubse-
guentto thatcorerouterin thatdomain,thatcore's
functionalityis enhancedo be similar to thatof the
ingressrouterin edge-routebranching.Only when
thecon guredlimit ontheallowedbranchingpoint
routersin the core of the domainis exhaustedhat
theingressrouter's functionalityis enhancedo du-
plicatepacletsin additionto performthe DS speci-
ed functions.

Limited-corebranchingeapgshebene tsof min-
imized paclet hopsduring datatransmissiorwhile
keepingthetechniguescalableby limiting thenum-
ber of specialcoreroutersallowed at the costof a
slightincreasdn compleity, which is controllable
by individual domains.Any domaincanoptto us-
ing limited-core branchingindependentlyof other
domainsand can con gure as mary specialcore
routersasit choosesThisis becauséoththeedge-
router branchingand limited-core branchingtech-
niguesinter-operate.

6 Performance

Theprimaryoverhead®ftheM-DS architecturare
in the form of signalingandincreasedaclet hops
for themulticastpathsfor somerecevers. Themain
resultsof evaluatingtheseoverheadsanbesumma-
rized asfollows. First, the total signalingoverhead
permembershigliscorery andterminationon sub-
networksunderbothtechniquess similarfor all the
topologiedested It variesbetweerB:75and7 mes-
sagesper recever join (detailsin [3]) andis small
comparedio the averageper secondrouting over-

headof 23 messages/secoparBGP-4router[11].

Second,the simplicity of the edge-routebranch-
ing techniguecomesat the costof extra bandwidth
consumptionin terms of paclet hopsduring data
transmission.The effectis morepronouncedvhen
recevers are clusteredtogether Third, the mini-

mal controllableadditionalcomplity of limited-
core branchingtechniquecomparedo edge-router
branchingsaves the extra bandwidthconsumption
comparedo edge-routebranchingby about40%

WeusedGT-ITM [12] to generatearioustopolo-
giescomprisingof 744, 2646 and6384nodesach.
Comparedo thesizeof thelnternet theseoplogies
seemsmall, but we believe that our simulationson
thesetoplogiesproduceresultsthat prove the fea-
sibility of deploymentof both the techniques.The
reasorfor thisis thefollowing. Signalingoverhead
dependnthenumberof domaingn thetopologies,
not the numberof nodes. In choosingthe number
of domainsin thetopologieswe usedthe resultsof
a simpletraceroutexperimentwe performedusing
randomdestinationsacrossthe globe. Our results
indicatedthat most paclets crossbetween3 and 5
domainsbetweensourceand destination. All our
topologieshave theseproperties.The detailsabout
the numberof transit, stub, and total domainsin
thesetopologiesarein [3].

We implementedh customsimulatorin C to con-
ductthesimulations It implementdDijkstra's short-
estpathalgorithmfor multicastrouting.

6.1 Bandwidth Overhead

The graphsin gure 3 shawv the percentagesxtra
paclethops(comparedo thetotalhopsusingshort-
est path multicast routing) for various topologies
for edge-routebranching. The recevers are stati-
cally placedrandomlyandin clusters. The graph
for clusteredplacemenibf receversis not smooth
becauseahe extra hopsare closely tied to the ac-
tual placementof recevers. We ran the testson
varioustopologiesfor ary given numberof nodes,
with similar results. The overheadis lessfor ran-
domplacemenbf recevers,aboutl0%extrapaclet
hopscomparedo total hopsfor 140recevers;com-
paredto about40% whenthe samenumberof re-
ceiversareclustered.This is expectedbecausean-
dom placemenbf receversdoesnot lend itself to
savingsin paclet hopsbecausef lack of common-
ality in the pathto therecevers. The overheaddoes
notincreasesubstantiallypeyond a certainpercent-
agewhenmorereceversareaddedto the clustered
placement.This is evidentfrom the factthatin go-
ing from 140 to 450 clusteredrecevers, the over-
headonly goesfrom 40%to 50% This seemdog-



ical becauseaddingmorereceversto the samedo-
main after a point would not increasethe overhead
further

Random Placement of Receivers

Figure 3: PercentageExtra Hops for Various
Topologiesfor Edge-RouteBranching

The graphsin gure 4 showv the percentagex-
tra paclet hops for randomand clusteredplace-
mentof recevversfor limited-corebranching. The
plots showv three cases,when 1, 2, and 4 actual
branchingpoints are con gured as specialrouters
in eachdomainfor the topologywith 6384 nodes.
For clusteredplacemenbf recevers,con guring 4
branchingpointsasspecialroutersin eachdomain
bringsdown the percentagef extra hopsto about
30% of actualpaclet hopsundermulticastrouting,
whichis about40%saving comparedo edge-router
branchingtechnique. Also, note that con guring
morebranchingpointsasspeciakoutersfor random
placemenbf receiversdoesnotmake adifferencean
thesavings. Thisimpliesthatdecisionaboutcon g-
uring branchingpoint depend®n the placemenbf
recevers.

6.2 Signaling Overhead

To estimatethe signaling overhead,the graphsin
gure 5 shav thenumberof signalingmessagefor
whenthe receversjoin dynamically They show it

6384 Nodes, Random Receivers

0 20 0 60 80 100 120 140
number of receivers
6384 Nodes, Clustered Receivers

Figure 4. PercentageExtra Hops for Various
Allowed Branching Points in Each Domain for
Limited-CoreBranching

for randomandclusteredplacementf receversfor

all threetopologiesfor edge-routebranching.The
meantime betweenthe arrival of receversin the
groupfor theseplotsis 60 minutesandthedistribu-

tion of recevers' time in groupis uniform. Since
signalingis atthe domainlevel, andall the simula-
tion topologieshave a similar numberof domains,
the signalingmessageverheads almostindepen-
dentof the numberof nodesin the topology As

expected,the signaling overheadis more for ran-
dom placemenif receversthanfor the clustered
placementThemessageverheador 140clustered
placementeceversis about50% lesscomparedo

similar numberof randomlyplacedrecevers. This

is so becausdor clusteredrecevers, the signaling
doesnot have to go all the way to the senderbe-
causeof thepresencef otherrecevers.

We experimentedwith exponential distribution
aswell with the meantime in grouprangingfrom
2 minutesto 2 hours, the resultswere almostthe
same.Sincethe protocolsinvolve a similar amount
of signalingoverheador bothjoin andleave of each
recever, the correspondingplots for the overhead
when recevers leave were identical. The signal-



f receivers

Figure5: SignalingMessage$or Recever Joinfor
VariousTopologies

ing in the caseof limited-core branchinginvolves
only asmary additionalmessageasthe numberof
branchingpointsin eachdomain.Hencethe signal-
ing overheador it is expectedto be similar to that
in the caseof edge-routebranching.

The above resultson the signalingareconsera-
tive becausewe assumeonly a maximum of one
recever per subnetwork. In reality, becausef the
mannerin which IGMP works, signalingwould be
carriedoutoncefor everymembershipnitiation and
terminationon a subnetvark. For all otherrecevers
onthe samesubnetverk, thereis no signalingover-
head.

7 Conclusions

This paperproposesM-DS, a scalablearchitecture
that consistsof two inter-operabletechniquesfor
providing supportfor multicastcommunicationin
a DS network. Both the techniquesedge-router
branding and limited-coe brandiing de ne two
signalingprotocolseachto berunuponmembership
discovery andterminationon subnetvarks.
Thesetechniqueskeepthe core of the network
simple and are scalablelike the DS framework.
They donotinvolve ary perpaclet bandwidthover-

headduringdatatransmissionThisis becausehey

donotintroduceary extraheadersn thedatapack-
ets. The architectureallows eachdomainto run

its individual IP multicastprotocol. Both the tech-
niques use the IP multicast routing state already
setupin individual domaingfor forwardingpaclets
duringactualdatatransmissionlncorporatinghese
techniquesn the DS framework requiresthat the
functionality of all theroutersbe enhancedBut for

actualdatatransmissionpnly a few routerswould

needto usethis enhancedunctionality
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