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ABSTRACT

Abundart content,datatype and diversemembers’interestsnat-
urally leadto preferenceheterogaeity within a multicastsession
requiring frequentcommurication within subgrou of members
sharingcommoninterests/requirementsn this paper we propcse
a topology-sesitive subgroupcommunication(TSC) mechanism
to suppat efficient subgraip commuricationsin large-scalemulti-
castapplications. Our mechanismakes an end-to-en approach
which can completely eliminate additional creationof multicast
groups. Our TSC mechanisnexploits the spatiallocality of mem-
berswithin agivensubgroy, andenablesnemberdo autoromously
build a TSCforwardingstructureconsistingof multiple unicastand
scopedmulticastconnections. Through simulations,we obsere
thatTSCmechaismsperformwell for diversedensitiesanddistri-
butionsof nodesin a subgraip.

Categoriesand Subject Descriptors

C.2[Computer SystemsOrganization]: ComputerCommunica-
tion Networks

General Terms
Performance

Keywords

Multicast, Subgroup Topology-sensitve

1. INTRODUCTION

Dueto its bandwidthefficiengy, IP Multicastis thepreferreddata
delivery methodfor large-scalénteractize applicationssuchasdis-
tributedinteractie simulationgDIS), videoconferering toolsand
multi-player games. Although the membersin suchapplications
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join amulticastsessiorfor somecommongoal, abundantcontent,
datatype and heterogerity in members’interestsnaturally lead
to prefeena hetepgeneitywithin session$l3], requiringfrequent
commuricationwithin subgoupsof membersharingcommonin-
terests/requirementsA multicastsessionsharedby all members
(referredto asthe globalmulticastsessionxanbe usedto support
subgroy communicéion. However, this may leadto inefficiency,
i.e.,paclets aredeliveredto theentiretree,which resultsin wasted
bandwidthand CPU processingpower to transmitand handleun-
necessarpaclets. Thisis referredto asthe exposue problem.The
exposure problemcanbe completelyeliminatedif datais only for-
wardedalongatreeinducedby the memberof eachsubgoup,as
required. This canbe achieved by creatinga nev multicastses-
sion for eachsubgoup. However, this requiresroutersto store
multicastforwarding stateinformation for eachsubgroup which
can causea significantscalability problemasthe numberof sub-
groupsincrease$10, 12]. Thus,mechaimsmsto handlepreference
heterogerity shouldconsiderthe both exposureproblemandthe
scalabilityof multicastforwardingstateproblem.Mostexisting ap-
proachs to the preferenceneterog@neity problemfocuson devel-
oping clusteringframeworks, i.e., given a limited numberof mul-
ticastsessionsdeterminehow to bestclustermultiple subgoups
into multicastsessiondasedon a preferencamatrix [13] or play-
ers’ positionsin avirtual cell [6].

@

Figure 1: An example of TSC forwarding structure

In this paperwe propcseatopology-sensitve subgroyp commu-
nication (TSC) mechanisnto supportefficient subgrogp commu-
nicationin large-scalanulticastapplications Our TSCmechaism
allows memberdn a subgraip to autonomaisly build a TSC for-
warding structureconsistingof multiple unicastand scop& mul-



ticastconrections. For example,considera distribution treefor a
multicastsessionG, in Figure 1(a). All endnodes are members
of G andthe black end nodesare membersof a subgrog, S. In
our schemewhen a wishesto sendpacletsto othermembersin
S, paclets will be deliveredasfollows: (1) a — b via unicast;
(2) b — c via unicast;and, (3) c — {d, e, f} via multicasting
with a TTL scopeof 2 asshavn in Figure 1(a). We assumethat
the multicasttree for G is a bidirectionalsharedone! Note that
in the example,the useof unicastcan suppresghe exposure and
theuseof scopedmulticastcanreduceduplicate paclets traversing
the samelink. Our apprachdoesnot requirethe creationof new
multicastsessionswhich cancompletelyeliminateary additional
multicastforwarding stateexcept thoseof the global session. It
triesto minimizethe exposureby exploiting spatiallocality among
memberswithin a given subgraip.

The paperis organizedasfollows. In Section2 we discusshow
to constructand maintaina TSC forwarding structure.In Section
3, we evaluateand comparethe proposedTSC mechanismwith
otherschemesdn variouservironmerts. We discusgelatedwork in
Sectiond andconcludein Section5.

2. TSCFORWARDING STRUCTURE

GivenGandS={a, b, c, d, e, f} asshavnin Figurel(a),Fig-
ure 1(b) depictsanexampleof a TSCforwardingstructureexhibit-
ing anoverlay structureamongmembersn subgroupS. The solid
and dashedines represenunicastand TTL scopedmulticastre-
spectvely. Subgroyp membersn a TSCschemeareclassifiedinto
two types: normal or headmembers.A normalmemberis asso-
ciatedwith a headmember Headmembersdended by a setHs,
commurcatewith eachothervia unicastconnetionsin a TSCfor-
warding structure. The role of the headmemberss two-fold: 1)
they participatein construting a unicastoverlay structure,and?2)
they performscopedmulticastforwardingto their associatedor
mal members. We definean island as a set of nodesconsisting
of aheadandits normalnodes. Notethatit is possibleto have one
membeiislandwherethereareno normalnodesassociateavith the
headnode For example,Hs = {a, b, c} and{a} ,{b}, {c, d, e f}
areislandsin Figurel1(b).

Note that if thereare only one-membeislandsin a TSC for-
warding structure,this completely eliminatesthe memberexpo-
sure problem. However, this will introduceperformane penal-
ties, i.e., duplicatepaclets on the samephysicallinks. The use
of TTL scopednulticastmay reducesuchbandvidth wastesn the
casewheresubgoup membersreclusteredvith eachother Thus,
our goalis to build a TSC forwarding structurewhich minimizes
wastedbandvidth while limiting theexposureof non-sulyroupmem-
bersgivenamulticastsessiorG andsubgraip preference$or each
memberin G. Building TSC structuresnvolvestwo stages:con-
structingislandsandthenconnectingslands.

2.1 Constructing islands

10ur mechaism tamets mary-to-mary large-scalemulticastap-
plications where each membercan be a senderand/or recever.
For suchapplicationsiit is generallyagreedthat sharedmulticast
routing protocolsare more efficient than sourcebasedones. Even
though PIM-SM, widely deployed for sharedmulticastrouting,
takes a unidirectionalforwarding mechanismye argue that bidi-
rectionalforwardingmechanismaremoreefficient. Thelargerthe
multicastsessiorand the more the demaml for local commurica-
tion, thelargertheoverheal incurredby usingaunidirectionaltree.
Reflectingtheseobsenations, the long term inter-domainrouting
solution,BorderGatavay Multicast Protocol(BGMP)9] currently
unde development,constructdidirectionalsharedrees.

LetthesetN(a,t) bethe setof neighborf a, i.e., nodeswithin
aTTL distanceof t of anodea € G, excluding a itself. Note that
if a performsa scopedmulticastwith a TTL scopeof t, paclets
will bedeliveredto all thenodesin N(a,t). Let Ng(a,t) denotethe
setof subgraip Smembersn N(a,t), i.e.,{n|n € SNN(a,t)}. For
example,in Figurel,N(c,2) = {d,e, f,g} andNg(c,2) = {d,e, f}.
For a € Sanda givent, the exposue ratio Bs(a,t), is definedas
follows:?

ool ,if [N(at)] =0,
Bs(at) = W , otherwise

Beforeproceedhg, we briefly describehow eachmembercancom-
pute an exposureratio for a given TTL scope. Let Ly be a setof
subgroyswhich amembera wishesto join. Eachmembera e G,
periodicallymulticastsasubgoup advertisemetpacletcontaining
La with afixed TTL distancek. Theneachmembercanmaintain
a TTL-neighborprofile storingtuplesof all neighbaing members
andtheir subgrow lists alongwith TTL distanceupto k. 3 Figure
2 shawvs an examge of the TTL-neighborprofile of memberc in
Figure1 whenk is 5. With the TTL-neighborprofile, eachnode
caneasilyobtainexposureratiosup to TTL scopesf k. Notethat
the scopek valueshouldbelarge enowgh to createan efficientand
largeisland,but alsoshouldbe smallenowgh notto incurtoo much
traffic.
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Figure2: TTL-neighbor profile of cin Figure 1

Notethattheexposueratiofis(a,t) canindicatewhetherascoped
multicastperformedby a with a TTL scopeof t is efficient or not.
Thatis, whenthe exposureratio is low, scopedmulticastcanbe
consideredanefficientdelivery method.

Sincewe ervisagethata headnodeforwardspacletsto its nor
mal nodesvia a TTL scopedmulticastfor subgrop commurca-
tion, anisland canbe specifiedby a headnodeandan associated
TTL scope.Notethat constructingslandsrequires(1) eachmem-
berin Sto decideits role betweenheadandnormal, (2) a normal
nodeto decideits headnode,and(3) aheadnode he Hs, to decide
its TTL scope,calledradius rs(h). Note thatthereis animpor
tanttrade-of in selectingtheradius.If it is too large,theremaybe
a high exposue, andif it is too small, we undertilize the useof
scopedmulticasts.To make a trade-of, we introducean exposue
thresholde to control the degreeof exposure.Thus,the goalis to
male theradiusaslargeaspossiblefor a givenallowableexposue
threshold.Sinceeachnode,a € S, initially consides itselfto bea
headcandidategachnodecompuesits radiusasshavn in Figure
3.

2A\ B represent# minusB, i.e.,elementdrom A thatarenotin B.
|A| denotedhe cardinalityof a setA.

3Distance information between memberscan be obtained by
sendersnsertinginitial TTL valuein paclets. This enablesa re-
ceiver nodeto computeits TTL(path)distancefrom the sende by
simply subtractinghevaluein TTL field from initial TTL value.




1: LetT = {t|Bs(a,t) <&,0<t <k} where0<Le<1
2: if |T| =0then

3: rg(a)=0andps(a,0)=1

4: else

5. tm=maxtite T}

6: if there exists tn € T such that Ng(ath — 1) #
NS(aytn) :NS(a,tn + 1): e = NS(a:tm - l): NS(a:tm)
then

7: rs(a)=tn

8: else

9: rs(a) =tm

10:  endif

11: endif

Figure 3: Radius selectionalgorithm

If thereareno TTL scopevalueswith exposureratiosthatareless
thane for anodea (line 2), a setsits radiusandexposureratio to O
and1 respectiely (line 3). Line 5 indicateshateachnodechocses
aslarge a radiusas possiblegiven an exposure threshold Line 6
and7 try to reducethe radiusif thereare unnecesarybandvidth
wastes.For example,considertwo casesvherea nodec chocses
its radiusas 2 or 4 respectiely in Figurel (a). Eventhoughthe
expoaure ratios of both casesare the same,with the selectionof
alargerradiusi.e, 4, pacletswill traversemorelinks thanwith a
radiusof 2. Thatis, the goal of theradiusselectionalgorithmis to
minimize bandvidth wastewhile satisfyingthe exposurethreshold
constraint.Figure4 shavs an exampleof the radiusdecisionrule
for nodec in Figurel whereanexposurethresholdg, is 0.4. In this
example ty, andt, are4 and2 respectiely.

A weightvectorof a, ws(a), is definedasa 3-tuple including
the exposure ratio, radiusandnodelD, i.e., < Bs(a,rs(a)), rs(a),
ID(a) >. An IP addressanbe usedasanID of anode Theele-
mentsof theweightvectorareorderedn alexicograghicalmanner
Thatis, a weightvectorfor a node a is lessthanthatof a nodeb,
wg(a)<ws(b), if
1) Bs(a,rs(a)) < Bs(b,rs(b)) or
2) Bs(a,rs(a)) = Bs(b, rs(b)) andrs(a) < rs(b) or
3)Bs(a, rs(a)) = Bs(b, rs(b)) andrs(a) = rs(b) andI D(a) < 1D(b).
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Figure 4: Radius selectionof cin Figure 1

Onceeachmember a, hasa weightvector the choiceof a head
nodeis basedon the weight associateavith eachnode: the lower
the weight of a node,the higherits priority to assumethe role of
head. This ideais similar to the algorithmfor organizingmobile
nodes into clustersproposedin [3]. Eachnode,a, ad\ertisesits
weightvectoronly to N(a,rs(a)), i.e., performsa scopel multicast
with scoperg(a). After gatheringneighlors’ weightvectors,each
nodenominateghe onewith thelowestweightvectorto beits head
andnotifiesits headof its decision.Onceanode,a, is electedby at
leastonenormalmember a becomesa headmember Note thata

1: C={ne Hg|d(n,r) < d(h,r)} whered(h,r) denotesT TL dis-
tancebetweerh andr.
. if |C| #Othen
D = amgmind(n,h)
neC
p(h) = agminID(n)
neD
else
C={neHg|d(n,r)=d(h,r)}.
p(h) = argminID(n)
neC

© Nou A~ Wk

. endif

Figure5: Parent head node selectionalgorithm

nodecannominatdtselfif thereis no othernodewith lowerweight
vector* Also note that this algorithm may generateoverlapping
islands.

2.2 Connectingislands

Onceeachmemberdecidesits role, the headmembersHs, are
responsibldor connectingislands,i.e., building an overlay struc-
ture consistingof unicastconrectionsamongheadnodes. This
problemis similar to recentresearchbeing conductedon appli-
cation level multicasting[2, 4, 7]. Our solutionis to build filial
relationshipsamongheadmembershasedon TTL distanceinfor-
mation. Eachheadmemberfinds its parentheadmember If a
headnodenominatestself asaparentnode,it becomesroothead
nodefor thesubgoup,S. This stratay, i.e.,finding its own parent,
guarantesthatevery headmemberparticipatesn constructinghe
overlay structure.

Supposea refeencenode,r € G, periodicdly sendsreference
paclets to the entire sessior?. Whenreceiiing referencepaclets,
eachmembercanobtainthe distancebetweeritself andthenoder.
Thisdistancenformationis usedto build parent-clid relationships
amongheadmembersn the session.The parentnode p(h) of a
nodeh € Heg, is selectedbasedon the following rules: Choosethe
onewith thecloserdistanceo r thanthatof itself. If multiple nodes
satisfythis condition,thenchoosethe nodewhich is the closestto
itself. If thereareagainmultiple nodes, thenchoo® the onewith
thelowestID. Figure5 and6 presenthedetailedalgorithmandan
exampleof the parentselectionprocesgespectiely. In Figure6,
the numberin parentlesisis the ID of the node. Note thatnodec
would selectits parentin Step4 of Figure5 while nodesa, bwould
selecttheir parentson Step7.

Figure 6: An exampleof parent selectionalgorithm

The only requiredinformationin the above algorithmare TTL
distancemmongheadmembersThus,eachheadmemberh € Hs,

4This includesthe casewherea nodeis so far avay from other
nodesthatothernodes'weightvectorsareunavailable.

5Notethatthereferencenodeis not depemienton ary subgrop.



putstwo additionalpiecesof informationin its subgroy adwertise-
mentpaclets: 1) d(h,r) and2) thefactthatit is aheadnode.How-

ever, in the casewhereits parentheadnodemay be furtherthank

(the scopeof subgroy adwertisementpaclkets) hopsaway, an ex-

pandng ring search[5] canbe usedto find the parentheadnode.
Onceeachnode,h, sendsa parent nominationpaclet, thenits par

entnode p(h), senddacka parentconfirmationpaclet, whichsets
up afilial relationship.

2.3 Forwarding and maintenance of a TSC
mechansm

While eachnodeg a € S, setsup a relationshipamongmembers
in S, it needsto build a routing table, Ts(a) for subgraip S com-
munication A normalnodesimply maintainsan entry for its head
node A headnodestorests radiusandentriesof nodesvhichhave
filial relationshipsj.e., oneparentandits children,if ary. Thera-
diusentryin the routing tablerepresents scopedmulticastin the
G sessionwith the TTL scopeof the radius. Thenthe following
two rulessuffice for subgroy Scommunication(1) if anode,a, is
asourcenode broadcat paclets over entriesin Tg(a) and(2) if a
nodeis arelaynode broactastpacletsover entriesin Ts(a) except
theonefrom which paclets arereceved.

Note thatduring the multicastsessionthe interestsof members
may changeand memberamay leave or join the global multicast
session.Suchdynamicsare handledby periodic subgoup adwer-
tisementpaclets injectedby eachmember A changeof interest
or membershipwill producedifferentTTL-neighborprofile, lead-
ing to a changein the weightvectors. If a normalnodewishesto
change its headnode it notifiesthe previous headnodeof its inten-
tion, sothattheheadwhich nolongerhasany normalmembersgan
becone anormalmember Whena headnodeleavesor becomes
normalnode,it notifiesits parentandchildrenof the event, sothat
they updatetheir routing tablesandfind other parents. Consider
the casewhere nodesabruptly fail or the network is partitioned,
whereinexplicit notificationis impossible. In this case,periodic
subgraip adwertisemen paclets indicatethe livenesof members,
thusour mechanisncandynamicallyadag to the situation. How-
ever, sincethereis ascopdimit to subgraip advertisemenpaclets
(k in Section2.1), parentandchild nodeswhosedistances farther
thank, needto periodicallyexchangeacknowledgmenpaclets.

3. EVALUATION

We conduct simulationsto studyvariousissuesandtrade-ofs in
applying the proposedTSC mechanisnin multicastapplications.
Ourgoalis to investigaten which ervironmentsit is advantageous
to apply the proposedmechanism.For comparise, we examine
the performanceof the following schemedor subgroyp communi-
cation.

e Global Multicast: This represets a schemehat simply usesthe
original global multicastgroupG for subgrogp communicatios.

e Unicast-Only: Thisschemeonstructsinicastoverlaytreesamong
subgraip members. Thoughthere have beennumerousoverlay
schemegresentedwe useour methodsfor constructingoverlay
structures Thatis, this schemecanbe considerechsa TSC mech-
anismwith 0 exposure ratio.

e TSCe: Thisrepresentsur propcssedschemewith ane exposue
threshold.

3.1 Performance Metrics

To evaluateour TSCmechanismwe usethe following metrics.
e Costratio: Let usdefinethe costof a subgroyp communicéion
usingschemef by Cs(S), the total numter of links traversedby
paclets generatedo distribute a unit amoun of datafor S sub-

group communication® For example, in the casewhere a new
multicastsessionis created,the costof subgrogp S commurca-
tion, denotedby Chan(S), is simply the numbe of links in thetree
inducedby subgroyp members.SinceCyen(S) canbe considered
optimal, we definea costratio y; astheratio of C¢(S) to Chen(S),
i.e.,yi =Ct(S)/Cnen(S). A valuecloseto 1 for thecostratiometric
representan efficient useof bandwidth.

¢ Globalmemberexposueratio: Let E¢(S) beasetof membersn
G exposal while applying aschemef for subgoupcommunication
amonga setof users. The global memberexposue ratio, Bs, is

definedas “lzé(?gﬁ Thehigherthevalueof 3¢, themoremembers

areexposed

3.2 Methodologies

We measurahetwo above metricsby varyingthefollowing ele-
ments.

o Topolagies: We userealmulticasttreesgatheredn [1]. Notethat
unicastpacletswill follow the samepathtaken by multicastpack-
etsin our simulationervironment, which may not be the casein
realworld. However, asshavn in [1] thereis a topologicalclose-
nessbetweenunicastpathsand multicastpaths. Thus,we believe
thatthe performanceesultsarevalid.

e Subgpup density: We vary densityof subgoup memberdrom
sparseto mid-rangeto dense.

e Subgoupmembeship distribution: Wefollow thesamemethod-
ology asproposedn [12] to modeltopologicalcorrelationwithin
a subgroy, i.e., aswith random,affinity/disaffinity or distributed
clusters Affinity modeemulatesubgroupistributionswith mem-
bersthattendto clustertogetherandthedisafinity modeis for the
subgroy memberistribution thattendsto be spreadout.

We createa subgraip S with m nodesfor affinity anddisafin-
ity modesasfollows: initially S hasno membersandwe choose
subgroyp membersone by one from the global sessionG until
|S| = m. The first nodeis randomlyselected For kth node se-
lection, we assigna probability p; = —g to eachnoden; € G\ S

whereg; = mlnd(n,,n,)and(x |scalculatedsuchthat S p=1

n€G\S
Then,werandomlyselectasubgroupmemberamongc {nn €
G\ S pi > p} wherep is arandomvalue from O to 17 Weuse
0 = 15and6 = —15for affinity anddisafinity respectiely.

In the distributed clustersmode, a few clustersare randomly
scatteredn the tree and eachclusteris modeledaccordng to the
affinity mode. We modeleda numberof clustersthatwaslinearly
increasingasa densityof subgroy increases.e.,0.3xdensty+ 2.
e Scopeof subgoup advertisemenpadket: We vary scopeof sub-
groupadwertisemenpaclet to investigatdts impacton the perfor
manceof our TSCmechanism.

3.3 Results

Sinceour resultsfor the varioustopologesin [1] shav similar
trends,we only presentesultsfor the real multicasttreeshavn in
Figure7. It consistof 2359nodesand1487endnodes(merhers).

Thefollowing figuresshaw the costratioand memberexposue
ratio resultsvarying subgroupdensitiesfor the variousnodedis-
tributions. We set7 asthe TTL scopefor subgroy adwertisement
paclets. In eachfigure,we presenperformancenetricsfor global
multicast,unicast-only TSC-0.2andTSC-0.6schemesEachpoint
in the figuresrepresentsan averageover 100 different subgroup

8For simplicity, we assumehata link costis symmetricand unit
cost.However, the costcanbe generalizedvith inclusionof asym-
metricandvariablelink costs.

7If |C| = 0, thenchoasedifferentp value.



Figure 7: A global multicast tr eetopology

distributionsfor givendistributionmodeanddensity We do notin-
cludethe memberexposure ratio of the unicast-onlyschemesince
it is alwaysO0.

Figure8 shavstheresultsfor randomnodedistributions. We ob-
senethatthecostratio of globalmulticastscheméheavily depend
on the densityof subgroys: the larger the densityof a subgroup
is, the lower costratio of global multicastis; above 20% density
globalmulticastbeatall theotherschemen termsof thecostratio.
However, the memberexposureratio of global multicastscheme
is higherthan other schemedor all densities. Also note that the
memberexposureratio of global multicastis constantregardless
of subgroyp members'distributions. For low densityregimes,we
obsenre that unicast-onlyand TSC schemeshawv similar results.
This is becausenembersarerandanly distributedandthe density
is low, TSC generate®ne-memkr islandsin mostcases.As sub-
group densityincreasesTSC outperformsunicast-onlyby using
scopedmulticast. TSC-0.6achievesbettercostratio thanTSC0.2
asdensityincreasesinceTSC-0.6schemeaggressiely formsnon-
one memberislands. However, bettercostratio performances at
the experse of more memberexposture ratio asshavn in Figure8
(b).

Figure9 shawvsthe performanceesultsfor subgrougwith nodes
placedbasedntheaffinity distribution. Notethatsincein theaffin-
ity mode,membersarespatially clusteredogethey a global multi-
castschemecausesan excessve costratio, e.g.,y= 23 at 5% den-
sity. The costratio of TSC mechanismnis almosttwo timeslower
thanunicast-onlyschemefor the rangeof densities. TSC-0.2and
TSC-0.6have almostthe samecostratio resultssincemembersare
clusteredso that the exposure thresholdvalue is not a major fac-
tor for creatingislandsary more. Also notethat TSC mechaiisms
achieve fairly low memberexposureratios.

Figurel0depictstheresultsfor thedisafinity distribution mode.
Both costratio and memberexposureratio resultsshav similar
trendsto thosefor the randomcaseexceptthatin the mid-range
of densitiesthe costratio of TSC mechanismss slightly higher
thanthat of the unicast-oty scheme.This canbe explainedsince
membersare spreadout from eachotherin a disafinity mode,the
effort to form islandsin a TSC mechanismeadsto morelink ex-
posureby scopedmulticasts.However, for high densitiesthe cost
ratio eventuallybenefitsTSC mechanisms.

Figurell shavstheperformanceesultsfor thedistributedclus-
tersdistribution mode. We obsene that the resultsare similar to
theaffinity mode.
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Figure 8: Random mode

Figuresl12,13, 14 and 15 shav the performane resultsfor ran-
dom,affinity, diaffinity anddistributedclustergespectiely varying
thescope(k) of subgoupadwertisemenpaclets,i.e.,.k=2,4,7,10
with TSC-0.6scheme.Note thatthe scopek providesa hardlimit
for theradiusof islands,i.e.,theradiuscannd belargerthank. We
obsered that all four distribution modesshawv similar resultsfor
varying scope®f subgoupadwertisemenpaclet asfollows. First,
asthe scopebecomes smaller memberexposureratio decreases.
Thisis intuitive sincea smallerscopedoesnot allow largeislands,
which canreducememberexposue. At the extremecasewhere
k = 0, the memberexposure ratio is 0. Secondk = 4 is the best
choicefor the costratio metricfor all distribution modes.Though
smallerscopegjeneratesmallermemberexposureratio, it may un-
derutilize scopedmulticastto reducethe costratio. Also, if TTL
scopesaretoo large, they generatehigh costratiosdueto largeis-
lands. Thus, an intermediatescopevalue can prodice the lowest
scopevalue,whichis k = 4 for our simulationresults.Third, even
a smallscopecangenere pretty low costratio for all distribution
modes.For example k = 2 achievesslightly highercostratio com-
paredto k = 4. This resultdemonstrateshat most benefitfrom
scopedmulticastcanbe achiezed with even small scopes.This is
an encouagingresultsincethe overheadfor control messagefor
TSC mechanisncan be significantly reducedby using subgroup
adwertisemenpacletswith smallscopes.

Throughthe simulationstudies we obsened that differentsub-
groupmembershiglistributionsandvaryingsubgraip densitieshear-
ily influencethe performane of theschemegor subgroyp commu-
nication. As expeded, the TSC mechanisnmbenefitsgreatly from
clusteredistributions(affinity anddistributedclusteranodes).The
TSCmechanisnalsoachiesesfairly stablecostratios(from 1.5to
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Figure9: Affinity mode

4) irrespectie of variationsin densityor distribution modes.This
featuremaybehelpfulin the situationwheretheinformationabout
the densityanddistribution characteristiof subgroug is unavail-

able.Also notethatonecanmale atrade-of betweerthecostratio
andmemberexposureratio by varying exposurethresholds.

4. RELATED WORK

The scalability of stateassociatedavith multicastforwardingby
routershasbeenone of the significantissuesfor the wide deploy-
mentof IP multicast. Reductionof multicastforwarding stateat
routerscanbeachiezedthroughaggreyationor eliminationof non-
brancting approabes. In [10], multiple multicastforwarding en-
triesareaggreatedif entrieshave adjacengroupaddresgprefixes
and matchingincoming and outgoinginterfaces. The goal of dy-
namictunnelmulticast[11] and REUNITE [8] is to reducemulti-
caststatesby eliminating non-brancing point. Thatis, only fan-
out (branchirg) pointskeepstateinformation,whichis mostlyben-
eficialin asparseistribution of membersThe clusteringschemes
aim to efficiently clustermembersnto a limited numberof multi-
castsessiondasedn a preferencematrix[13] or players’position
in avirtual cell [6]. Note thatthe first two approacks (aggrga-
tion andnon-brarchingelimination)areattheroutinglevel, thatis,
trying to eliminatemulticastforwardingstateat eachrouter How-
ever, the clusteringschemesre at the applicationlevel, i.e., aim
at reducirg the numberof multicastgroupsusingapplicationspe-
cific information. Thus, the first two approabescan be applied
to ary single multicastgroup and the clusteringschemesare for
large-scalanulticastapplicationsrequiring lots of subgoup com-
munication whichis our aimin this paper

Notethatour TSCschemecompletelyeliminatescreationof ad-
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Figure 10: Disaffinity mode

ditional multicastgroupsandtakesa full end-to-endapproachfor
subgroy communication Unlike existing clusteringframenorks,
it doesnotrequirecorrelatednformationamongsubgroys,which
eliminategheneedfor acentralpointwheretheinformationis col-
lectedandgroupingdecisionsaremade.Our approachalsoshould
be contrastedvith a numberof recentapplication-le#el multicast
studiese.g.,[2, 4, 7]. First,thegoal of application-l@el multicast
is the replacementf IP multicastdue to a numberof challengs
suchasinfrastructuremodification,reliability, flow andcongestion
control. However, we usethe end-to-endapproactfor reductionof
multicastforwardingstatein large-scalamulticastapplications.In
our view IP multicastand application-leel multicastmay coexist
andIP multicastwill survive asanimportantdelivery mechaism
to sene large-sizedgroups. Second,our TSC mechanismis not
a simple adaptationof unicastoverlay solutionto the preference
heterogerity problem. It usesscope multicastby exploiting spa-
tial locality amongmembers.By varying the exposue threshold,
it canpositionitself in the middle of two extremepoints: a global
multicastandunicastoverlay solution.

5. CONCLUSIONS AND FUTURE WORK

In this pape, we designél and evaluaed a topology-sesitive
subgroy communicatiormechanisnto hande the preferencenet-
erogendy problemin large-scalamulticastapplications.Our TSC
mechanisniakesacompleteend-to-eil approactwhicheliminates
additional creationof multicastgroups. Dependingon the local
densityof subgroupmembersmembersn thesessiorself-configure
into islandsandforwardingstructuresWithin islands scopedmul-
ticastis usedto derive benefitfrom clusteredmembershipdistri-
bution andbetweenislands,unicastis usedto reduceunnecessary



—¥— global multicast
—% unicast-only
O tsc-0.2

H- tsc-0.6

2
<
k7]
3
10F
x” S
st EREREEE
@)
0 T e D
Qg .o ?
0 1 2 ) m 50 50 70 80
Density
(a) Costratio
1 T T
—- global multicast
0.9F O tsc-0.2

£1- tsc-0.6

°
Y

o
>

Member exposure ratio
o o
= o

o
@

02t & .
01 - 4
0 Q Q Q @ o g
0 10 20 30 40 50 60 70 8
Density

(b) Memberexposureratio

Figure 11: Distrib uted clustersmode

expoaure. Throughaut our simulations,we obsere that our TSC
mechaism performsin aconsistentvay over diversedensitiesand
distribution modesof thesubgraip. As futurework, onemightcon-
sidera dynanic applicationof differentschemegprovided onehas
on-lineinformationon subgroy densityanddistribution mode In
addition, otherinterestingtopicswould be finding a morerefined
headmemberselectionalgorithmto reducethe overlapamongis-
landsandissuescon@rningsignalingoverhead.
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