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Abstract
The differentiated services (DS) paradigm has
emergedasa scalableapproachto provide QoSfor
unicastcommunicationin the Internet. Utilizing
the DS to provide QoSfor multicastposesseveral
challengesbecauseof the multi-point aspect,dy-
namic group membership,and heterogeneousre-
ceiver resourcerequirementsof multicast.Existing
proposalsto accomplishthis goaleitherrequireex-
tra perpacket overheador changingmulticastrout-
ing tables. This paperproposesan alternatearchi-
tecturecalled M-DS (multicast-DS),utilizing two
inter-operablelimited branchingtechniques,edge-
routerbranchingandlimited-corebranching, asap-
propriatewithin eachDS domain.M-DS preserves
the DS scalability, doesnot incur any per packet
overheaddueto extra headersin datapackets,and
routespacketsusingthe IP multicastrouting tables
thatarealreadysetup in individual domains,albeit
by enhancingthe router functionality. We evalu-
ate the performance(signalingoverheadandextra
bandwidthrequired)andshow that it is practicalto
includeit in thecurrentDS framework.

1 Intr oduction
Multicast communication accomplishesone-to-
many andmany-to-many delivery of datain an In-
ternetenvironment. It is scalableandef�cient be-
causeit outperformsunicasteven for a smallnum-
berof receivers.A recentstudy[1] shows thateven
when there are 20-40 receivers, multicast can be
60-70%moreef�cient thanunicastin the Internet.
ThedifferentiatedServices(DS) architecture[2] is
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a scalablemethodfor implementingservicediffer-
entiationfor unicastcommunicationin theInternet.

Dynamic join/leave of multiple potentially het-
erogeneousreceivers posesunique challengesin
providing supportfor multi-pointmulticastcommu-
nication in a DS network. This is becausewhen
new receivers join the multicast group, branches
may get addedto the existing multicasttreewith-
out prior resourceallocationandthis canadversely
affect theunicastandmulticasttraf�c for which re-
sourceshavepreviouslybeenreserved.

Thispaperproposesascalablearchitecturecalled
M-DS, to provideQoSfor multicastcommunication
utilizing the DS framework. The architectureuses
one of two limited branchingtechniques,namely,
edge-router branching andlimited-core branching.
For eachof the techniques,we focus on de�ning
two signalingprotocols;onefor resourceallocation
on membershipdiscovery andanotherfor resource
deallocationonmembershipterminationonsubnet-
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 be in thecaseof DS for unicast.Thesig-
naling for resourcedeallocationresetsthecon�gu-
ration changesmadeby the signalingfor resource
allocation. All the four signaling protocolshave
low messageoverhead. For both the techniques,
�o wsareaggregatedfor scalability, justasin theDS
framework for unicast. Also, both the techniques
usethe multicaststatealreadysetup in individual
domainsfor routing packetsandinter-operatewith
eachother. Not changingmulticasttablesalso fa-
cilitatestheco-existenceof IP multicastwithout the
QoS requirements.Thesetechniqueshave no per
packet overheadduring datatransmissionin terms



of extra headersin individual datapackets. For de-
tails on the changesrequiredin the routersto ac-
commodatethesetechniquesin aDSframework, re-
fer to [3].

2 RelatedWork and Challenges

A DS domainis comprisedof boundarynodesand
core nodes. Boundarynodesinterconnectthe DS
domain to other DS or non-DS capabledomains
while core nodesonly connect to other core or
boundarynodeswithin thesameDS domain.Traf-
�c entersaDSdomainataningressnodeandleaves
atanegressnode.

The DS framework usesa six bit DS �eld from
the IP headerto de�ne DS codepoints.All pack-
ets with the samecodepointthat crossa link in a
particulardirectionform a behavior aggregate.The
DS boundarynodesat the customeregressset the
appropriatecodepointin eachpacket in accordance
with thecustomers'servicelevel agreement(SLA)
andthepacket joins thecorrectbehavior aggregate.
From this point on, subsequentboundaryor core
nodesin variousDS domainshave no information
abouta particularcustomer's �o w, they only deal
with behavior aggregates. This contributessigni�-
cantlyto thescalabilityof thearchitecture.

The DS framework is speci�ed with unicastin
mind. Recently, therehasbeensomework in the
directionof utilizing theDS framework for provid-
ing servicedifferentiationfor multicast. Blessand
Wehrle [4] proposeto extend the multicast rout-
ing tablesto includecodepointsto provide QoSfor
multicastin the DS framework. Striegel andMan-
imaran [5] have proposedan encapsulation-based
approachcalled DSMCastfor providing multicast
supportin a DS domain. Their approachconsists
of addinga DSMCastheaderto eachpacket at the
edgeof theDS domainby theingressrouter. Upon
receiving sucha packet, a core routerwill inspect
thepacket to determinewhich interfacesthepacket
shouldbe replicatedon basedon the information
containedin the DSMCastheader. This solution
keepsthecorerouterssimplebut incursbandwidth
overheadfor every datapacket, dependenton the
numberof receivers. Our approach,M-DS, is scal-
ablebothin termsof numberof multicastgroups,as
well in termsof numberof receivers.

Providing quality of service (QoS) for multi-
castcommunicationusingtheDS framework poses
uniquechallenges.Multicast sourcesgenerallydo
notknow theidentityof receivers.Thesourcesends
out one copy of the data and the IP layer multi-
cast routersmake duplicatecopieswhere needed
in the network to reachall receiversof the group.
Also, group membershipin multicast is dynamic
andthereceiversareheterogeneous.Outof theseis-
sues,heterogeneityis notastumblingblockbecause
at the application layer, receivers with different
resourcerequirementscan join different multicast
groups[6], so within a particularmulticastgroup,
theresourcerequirementsarehomogeneous.How-
ever, dynamicgroupmembershipmakesit challeng-
ing to provideQoSfor multicastcommunication.

The DS architecturefor unicastcannot be used
as is to accomplishQoS for multicastwithout af-
fectingothertraf�c adversely. Themainreasonfor
this is becausescalabilityin theDS architecturefor
unicastis achieved by distinguishingbetweenthe
functionality of coreandboundaryroutersin each
domainandby traf�c aggregation. Exceptfor the
routersnear the source,all routersalong the way
dealonly with behavior aggregatesin theDS archi-
tecture. In multicast,however, new membersmay
join a multicastgroupdynamicallyandasa result,
severalroutersin thecoreof thenetwork maydupli-
catepacketsto reachthenew receivers.Keepingthe
core routerssimple to preserve the DS scalability
would imply coreroutersassignthesamecodepoint
to the duplicatedpackets as to the original pack-
ets. As a result,new branchescangetaddedto the
existing multicasttreewithout prior resourcereser-
vation. This problemis termedasnon-reservation
subtree(NRS)problemin [4]. NRScanpotentially
leadto violationof SLAsbetweentheDSpeersand
hencecompromisesQoSfor oneor moreclassesof
traf�c.

3 ComponentsAnd Assumptions

An exampleof thevariousentitiesof theM-DS ar-
chitectureis shown in �gure 1. It shows two DS
domains,with the multicastsourceattachedto do-
main DS1 and receivers R1 and R2 on the same
subnetwork attachedto domainDS2 through the
designatedrouter(DR). Eachdomainhasboundary
andcorerouters. The �gure alsoshows the band-



width brokersB B 1, andB B 2, for domainsDS1
andDS2 respectively. TheDRsinitiate thesignal-
ing with the BB of their domainuponeachmulti-
castgroup membershipdiscovery and termination
on their respective subnetworks. The bandwidth
brokers(BB) handleresourceallocationanddeallo-
cationrequestsin their domainby contactingtheir
peers.
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Figure1: Componentsof theM-DS Architecture

The architecturemakes the following assump-
tions aboutthe infrastructure. First, eachDS do-
mainhasstaticunicastSLAsfor aggregatesof �o ws
with its peerdomainsfor eachof its ingressand
egressrouter pairs. Admission requestsfor both
unicastand multicastare handleddynamicallyby
theBB of eachdomainby contactingtheBB in the
peerdomain.Theseassumptionsareconsistentwith
thoseof the QBoneBB work group [7]. Second,
eachBB is con�gured as as a BGP-4 router and
hasTCP connectionsfor communicationwith all
its peerBBs andthe DRs of its domainsfor com-
municationduring signaling. It alsohasaccessto
unicastmulticastrouting information. Third, each
BB hasa datarepositorycontainingroutercon�g-
urationsandpolicy information. It needsthis to be
ableto makedecisionsto allocateanddeallocatere-
sources.Fourth, beforesourcesstartsendingdata,
they registerwith theBB of theirdomain,whichcan
thenpropagatethis informationto peerBBs. In this
manner, the BBs know about the active multicast
sources.1 Fifth, we assumethat all receiversknow
what QoSto askfor. The resourcerequestcanbe
carriedin amannersimilar to theoneprescribedby
theRSVPspeci�cation[10].

1This is essentiallysimilar to how MSDP [8] requiresthe
RPs[9] in eachdomainto advertiseactivesources.

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 andexploits multicastscalabilityat do-
maingranularitybecauseit allows branchingto oc-
cur only at the ingressandegressrouters. If there
areany branchingpointsin thecoreof thedomains,
they aremoved to the ingressof the domain. This
keepsall thecomplexity con�ned to theedgeof the
network andhencethecorenodesarekeptscalable
asin thecaseof DS for unicast.

4.1 SignalingProtocol for Admission

Signaling is initiated by the DRs of the domains
uponamulticastgroupdiscoveryontheirrespective
subnetworks. To begin with, the DR sendsa mes-
sageto theBB of its group,giving it its own IP ad-
dress,theQoSrequirementsandthemulticastgroup
addressG. Subsequently, this BB may contactits
peerBB andsoon. Noticethatfor eachsubsequent
receiver joining thesamesubnetwork servedby this
DR, no actionneedsto betakenaslong astheQoS
requirementsandG arethesame.

TheBB extractstheQoSinformationandG and
then�nds out if the resourcesfor this requesthave
alreadybeenallocatedin its domain. Becauseif
they are,no new resourcesareto beallocated.The
BB needstwo piecesof information to make that
decision.

1. Appropriateentriesfrom the current resource
allocation table. This tablecontainsresource
allocationinformationfor eachpair of ingress
andegressroutersin thedomainalongwith the
multicastgroupsthey serve. It also contains
the numberof different subnetworks (identi-
�ed by the IP addressesof the DRs) each
ingress-egressrouterpairserves,directlyor in-
directly. Keepingthe numberof the subnet-
works served correspondingto eachingress-
egressrouterpairshelpstheBB know whento
deallocatetheresourcesin its domain.Entries
in this tableare�lled after makinga decision
that resourcescanbe granted.To �nd out the
appropriateentry, theBB �rst �nds outthepair
of ingressandegressroutersin its domainin
thepathfrom themulticastsourcefor groupG



to theDR. It doesthatusingtheroutinginfor-
mationthatit hasaccessto asaBGP-4router.

2. If thebranchingpoint for G lies in its domain.
While the signaling protocol is in progress,
multicaststateis being set up in the domain
using the IP multicastprotocol in usein that
domain.Thecoreroutersin every domainthat
determinethatthey aregoingto bethebranch-
ing point for groupG communicatethis infor-
mationto their BB by sendingthecorrespond-
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 getting a reply,
it assumesthatno branchingpoint exists in its
domain.

Basedontheaboveinformation,threecasesarise
for the ingress-egressrouterpair neededto satisfy
thisrequest,asoutlinedin �gure 2. For examplesof
eachof thesecases,referto [3].
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ing TechniqueuponMembershipDiscovery

4.1.1 Case1: Allocation Exists

This casearisesif the BB �nds an entry in the
currentresourceallocationtablewith therequested

QoScorrespondingto theingressandegressrouters
neededto serve thenew requestfor groupG. This
implies that adequateresourceshave alreadybeen
allocated.Nothingneedsto bedoneotherthanup-
dating the numberof subnetworks served by this
ingress-egressrouterpair in thecurrentresourceal-
locationtableandtheBB repliesin thepathto the
DR af�rmati vely andsignalingis terminated.The
new receiversaregraftedto 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 any entry
with therequestedQoSin thecurrentresourceallo-
cationtablecorrespondingto theingressandegress
routersneededto serve the new request.Also, no
branchingpoint router repliesto the BB. The BB
makesa decisionto grantresourcesin the form of
anSLA betweentheingress-egressrouterpairbased
on policy information and SLA availability. Ref-
erence[3] providesdetailson the propertiesof the
SLAs.

If the resourcesaregranted,the BB updatesthe
currentresourceallocationtablefor thelatestband-
width allocationcorrespondingto theingress-egress
routerpair involved andsetsthe subnetwork count
for the correspondingentry to one. The signaling
doesnot terminatehere for this caseand the BB
signalsthe upstreampeerBB. Upon receiptof the
message,thepeerBB runsthesameprotocolasthis
BB.

4.1.3 Case3: Branching Needed

The third casearisesif one or more core routers
sendthe correspondingmulticastforwarding table
entryto theBB of theirdomain,informingthatthey
would be the branchingpoint for group G. This
implies that the multicast tree passesthroughthis
domainbut branchingis requiredto graft the new
receiversto the existing multicasttree. If the allo-
catedresourcesare adequatefor the new QoS re-
quest,new receiverscanbe graftedto the existing
tree.Theedge-routerbranchingtechniquedoesnot
allow any branchingpoint in themiddleof any do-
main, henceto be able to graft new receivers to



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

Since all SLAs are unicast SLAs, to be able
to usethe new SLA, the BB moves all branching
points from its core to the ingressof the domain
and enhancesthe role of the ingressrouter to act
asa branchingpoint in additionto beinganingress
router. This techniquemakesthe corerouterfunc-
tionality very scalable,just asin theDS for unicast
communicationbut doingsoamountsto introducing
somechangesin routing. TheBB extractsthenew
routing informationusingthemulticastforwarding
table entry sent to it by the core branchingpoint
router(s)andconveys theappropriateroutinginfor-
mationto theingressrouter. Thedetailson how the
ingressrouter performsrouting during datatrans-
missionandhow corebranchingpoint router(s)use
their existing multicastrouting stateareexplained
in [3]. Thereis no per packet bandwidthoverhead
during datatransmissionandsomechangesarere-
quiredto bemadeto routerfunctionality.

After moving thebranchingpoint to the ingress,
the BB createsa new entry for this ingress-egress
router pair in the currentresourceallocationtable
andsetsthe subnetwork count for the correspond-
ing entryto one.To completethesignaling,theBB
signalsaf�rmati vely in thepathtowardtheDR and
datatransmissionbeginsfor thenew receiverssince
multicaststateis alreadysetup.

At any point in thepathto thesource,if resources
are denied,signalingreturnsfrom that BB all the
way back to the DR, freeingall the resourcesand
cancelingall con�guration changesand table up-
dates.Most IP multicastroutingprotocolsarebased
onsoft stateprotocolsandif datatransmissiondoes
not begin, routingstatevanishesautomaticallydue
to lack of a refresh. For additionalstatemainte-
nanceconsiderations,referto [3].

4.2 SignalingProtocol for Departure

The protocol for the casewhen resourcesneedto
be deallocatedfor multicastgroup G is very sim-
ilar to that of the casewhen they needto be allo-
cated;only allocationof resourcesbecomedeallo-
cations. As in the caseof allocationof resources,
theDRs�rst contacttheBB. TheBB usestherout-
ing informationit hasto look up the ingress-egress
routerpairservingthisreceiver in its domain.There

are two possiblescenarios. First is that the sub-
network countcorrespondingto the ingress-egress
routerpair is one. This meansthis wasthe last re-
ceiver group served from this branchof multicast
tree.Secondis thatthesubnetwork countis greater
thanone,implying that therearemorereceiverson
subnetworks in this domainor other domainsthat
arebeingserved by this ingress-egressrouterpair.
In the �rst case,the resourcescan be deallocated
and the correspondingentry from the current re-
sourceallocationtablecanbe removed. Also, the
changesmadeto the functionality of the ingress
routerof thisdomainareundoneandpeerBB in the
pathtoward the sourceis signaledto carry out the
leave protocolaswell. In thesecondcase,thesub-
network count is decrementedby one becausere-
sourcescannotbedeallocatedyet andtheadequate
changesaremadeto thefunctionalityof theingress
router. For thesecondcase,thesignalingcanreturn
from this point backto the DR con�rming that the
lastreceiver's leave from groupG is complete.

5 Limited-Cor eBranching
Theedge-routerbranchingtechniquesimpli�es the
coreof thedomainbut introducesextrapackethops
duringdatatransmission.A goodtrade-off between
making all core routersthat are branchingpoints
complex versusincurring extra packet hops is to
limit the numberof coreroutersthat would be al-
lowedto bebranchingpoint routers.This is themo-
tivationbehindlimitedcorebranching.

For theedge-routerbranchingtechnique,we as-
sumedthatSLAs in a domainexistedonly between
ingressandegressrouterpairs,for the purposesof
the limited-core branchingtechnique,we assume
that additionalSLAs have beende�ned from cer-
tain specialcore routers to someegresspoints in
addition to the usualunicastSLAs. Thesespecial
core routersare the only onesthat canbe usedas
branchingpoints in the domain. We do not ad-
dresstheissueof optimalplacementstrategy of spe-
cial core routers,optimal numberof suchrouters,
andwhetherspecialcorerouterscanbedynamically
changedwhenreceiverpopulationchanges.Thatre-
mainsanissueof futureinvestigation.

The restis a simpleextensionof threecaseswe
describedfor edge-routerbranching. The manner
in which the �rst two cases,namelywhen no re-



sourceallocationsexist andwhenexactresourceal-
locationsexist andnobranchingis needed,aredealt
with asbefore. The only differenceis in the way
the third caseis handled. For every new member-
shipdiscovery, if theBB �nds out thatoneor more
branchingpoint(s) exist in its domain,beforeen-
hancingthefunctionalityof theingressrouterto du-
plicatepacketsto reachall downstreamreceivers,it
�rst �nds out if thereis a specialcoreroutercon-
�gured in its domainthat is allowed to serve asa
branchingpoint. If thereis, thenfor thepathsubse-
quentto thatcorerouterin thatdomain,thatcore's
functionalityis enhancedto besimilar to thatof the
ingressrouterin edge-routerbranching.Only when
thecon�guredlimit on theallowedbranchingpoint
routersin the coreof the domainis exhaustedthat
theingressrouter's functionalityis enhancedto du-
plicatepacketsin additionto performtheDS speci-
�ed functions.

Limited-corebranchingreapsthebene�tsof min-
imized packet hopsduringdatatransmissionwhile
keepingthetechniquescalableby limiting thenum-
ber of specialcoreroutersallowed at the costof a
slight increasein complexity, which is controllable
by individual domains.Any domaincanopt to us-
ing limited-corebranchingindependentlyof other
domainsand can con�gure as many specialcore
routersasit chooses.This is becauseboththeedge-
router branchingand limited-corebranchingtech-
niquesinter-operate.

6 Performance
Theprimaryoverheadsof theM-DS architectureare
in the form of signalingandincreasedpacket hops
for themulticastpathsfor somereceivers.Themain
resultsof evaluatingtheseoverheadscanbesumma-
rizedasfollows. First, the total signalingoverhead
permembershipdiscovery andterminationon sub-
networksunderbothtechniquesis similar for all the
topologiestested.It variesbetween3:75and7 mes-
sagesper receiver join (detailsin [3]) andis small
comparedto the averageper secondrouting over-
headof 23messages/secondperBGP-4router[11].
Second,the simplicity of the edge-routerbranch-
ing techniquecomesat thecostof extra bandwidth
consumptionin termsof packet hopsduring data
transmission.Theeffect is morepronouncedwhen
receivers are clusteredtogether. Third, the mini-

mal controllableadditionalcomplexity of limited-
corebranchingtechniquecomparedto edge-router
branchingsaves the extra bandwidthconsumption
comparedto edge-routerbranchingby about40%.

WeusedGT-ITM [12] togeneratevarioustopolo-
giescomprisingof 744, 2646, and6384nodeseach.
Comparedto thesizeof theInternet,thesetoplogies
seemsmall,but we believe thatour simulationson
thesetoplogiesproduceresultsthat prove the fea-
sibility of deploymentof both the techniques.The
reasonfor this is thefollowing. Signalingoverhead
dependonthenumberof domainsin thetopologies,
not the numberof nodes. In choosingthe number
of domainsin thetopologies,we usedtheresultsof
a simpletracerouteexperimentwe performedusing
randomdestinationsacrossthe globe. Our results
indicatedthat mostpacketscrossbetween3 and5
domainsbetweensourceand destination. All our
topologieshave theseproperties.Thedetailsabout
the numberof transit, stub, and total domainsin
thesetopologiesarein [3].

Weimplementedacustomsimulatorin C to con-
ductthesimulations.It implementsDijkstra'sshort-
estpathalgorithmfor multicastrouting.

6.1 Bandwidth Overhead

The graphsin �gure 3 show the percentageextra
packethops(comparedto thetotalhopsusingshort-
est path multicast routing) for various topologies
for edge-routerbranching. The receiversarestati-
cally placedrandomlyand in clusters. The graph
for clusteredplacementof receivers is not smooth
becausethe extra hopsare closely tied to the ac-
tual placementof receivers. We ran the testson
varioustopologiesfor any given numberof nodes,
with similar results. The overheadis lessfor ran-
domplacementof receivers,about10%extrapacket
hopscomparedto totalhopsfor 140receivers;com-
paredto about40% whenthe samenumberof re-
ceiversareclustered.This is expectedbecauseran-
dom placementof receiversdoesnot lend itself to
savingsin packet hopsbecauseof lack of common-
ality in thepathto thereceivers.Theoverheaddoes
not increasesubstantiallybeyonda certainpercent-
agewhenmorereceiversareaddedto theclustered
placement.This is evident from thefact that in go-
ing from 140 to 450 clusteredreceivers, the over-
headonly goesfrom 40%to 50%. This seemslog-



ical becauseaddingmorereceiversto thesamedo-
mainaftera point would not increasetheoverhead
further.
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Figure 3: PercentageExtra Hops for Various
Topologiesfor Edge-RouterBranching

The graphsin �gure 4 show the percentageex-
tra packet hops for random and clusteredplace-
mentof receivers for limited-corebranching. The
plots show three cases,when 1, 2, and 4 actual
branchingpoints are con�gured as specialrouters
in eachdomainfor the topologywith 6384nodes.
For clusteredplacementof receivers,con�guring 4
branchingpointsasspecialroutersin eachdomain
bringsdown the percentageof extra hopsto about
30%of actualpacket hopsundermulticastrouting,
whichis about40%saving comparedto edge-router
branchingtechnique. Also, note that con�guring
morebranchingpointsasspecialroutersfor random
placementof receiversdoesnotmakeadifferencein
thesavings.Thisimpliesthatdecisionaboutcon�g-
uring branchingpoint dependson theplacementof
receivers.

6.2 SignalingOverhead

To estimatethe signalingoverhead,the graphsin
�gure 5 show thenumberof signalingmessagesfor
whenthe receiversjoin dynamically. They show it
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Figure 4: PercentageExtra Hops for Various
Allowed Branching Points in Each Domain for
Limited-CoreBranching

for randomandclusteredplacementof receiversfor
all threetopologiesfor edge-routerbranching.The
meantime betweenthe arrival of receivers in the
groupfor theseplotsis 60minutesandthedistribu-
tion of receivers' time in group is uniform. Since
signalingis at thedomainlevel, andall thesimula-
tion topologieshave a similar numberof domains,
the signalingmessageoverheadis almostindepen-
dent of the numberof nodesin the topology. As
expected,the signalingoverheadis more for ran-
dom placementof receivers than for the clustered
placement.Themessageoverheadfor 140clustered
placementreceiversis about50%lesscomparedto
similar numberof randomlyplacedreceivers. This
is so becausefor clusteredreceivers, the signaling
doesnot have to go all the way to the senderbe-
causeof thepresenceof otherreceivers.

We experimentedwith exponentialdistribution
aswell with the meantime in grouprangingfrom
2 minutesto 2 hours, the resultswere almost the
same.Sincetheprotocolsinvolve a similar amount
of signalingoverheadfor bothjoin andleaveof each
receiver, the correspondingplots for the overhead
when receivers leave were identical. The signal-



0 20 40 60 80 100 120 140
0

100

200

300

400

500

600

700

800

900

1000

number of receivers

si
gn

al
in

g 
m

sg
s

Uniform Distribution, Meantime 60 min, Random Receivers, Join Msgs

6384 nodes
2646 nodes
744 nodes 

0 50 100 150 200 250 300 350 400 450
0

200

400

600

800

1000

1200

1400

number of receivers

si
gn

al
in

g 
m

sg
s

Uniform Distribution, Meantime 60 min, Clustered Receivers, Join Msgs

6384 nodes
2646 nodes
744 nodes 

Figure5: SignalingMessagesfor Receiver Joinfor
VariousTopologies

ing in the caseof limited-corebranchinginvolves
only asmany additionalmessagesasthenumberof
branchingpointsin eachdomain.Hencethesignal-
ing overheadfor it is expectedto besimilar to that
in thecaseof edge-routerbranching.

Theabove resultson thesignalingareconserva-
tive becausewe assumeonly a maximumof one
receiver per subnetwork. In reality, becauseof the
mannerin which IGMP works,signalingwould be
carriedoutoncefor everymembershipinitiationand
terminationonasubnetwork. For all otherreceivers
on thesamesubnetwork, thereis no signalingover-
head.

7 Conclusions
This paperproposesM-DS, a scalablearchitecture
that consistsof two inter-operabletechniquesfor
providing supportfor multicastcommunicationin
a DS network. Both the techniques,edge-router
branching and limited-core branching de�ne two
signalingprotocolseachto berunuponmembership
discoveryandterminationonsubnetworks.

Thesetechniqueskeepthe core of the network
simple and are scalablelike the DS framework.
They donot involveany perpacketbandwidthover-

headduringdatatransmission.This is becausethey
donot introduceany extraheadersin thedatapack-
ets. The architectureallows eachdomain to run
its individual IP multicastprotocol. Both the tech-
niquesuse the IP multicast routing statealready
setup in individualdomainsfor forwardingpackets
duringactualdatatransmission.Incorporatingthese
techniquesin the DS framework requiresthat the
functionalityof all theroutersbeenhanced.But for
actualdatatransmission,only a few routerswould
needto usethisenhancedfunctionality.
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