
QoS-Aware Multicast ProtocolUsing BoundedFlooding (QMBF) Technique

Zhi Li andPrasantMohapatra
Department of Computer Science

University of Californiaat Davis

Davis, CA, 95616

Abstract— Many multicast applications, such as video-on-
demand and tele-educationhave quality of service(QoS) require-
ment fr om the underlying network. Recently, many QoS-based
multicast protocols have been proposed to meet these require-
ments. However, few of them can achieve high successratios. In
this paper, we proposea new QoS-basedmulticast protocol, QoS-
aware Multicast Protocol using Bounded Flooding (QMBF) tech-
nique. Every network nodehas local network cell topology infor-
mation as well asQoSstate information. The QMBF utili zesthis
information to increasethe chanceof finding the feasiblebranch.
It baseson two methodsto find a feasiblebranch: Computing out
partial feasiblebranchesusinglocal network cell information (col-
lectedfr om boundedflooding messages)and multiple path search-
ing. The designof QMBF allows it to operateon top of any unicast
routing protocol or cooperatewith a QoS-basedunicast routing
protocol.

I . INTRODUCTION

Severalmulticastingrouting protocols havebeenproposedin
theliteraturewith varying performance, cost,andimplementa-
tion [6][10]. However, mostof the proposedmulticastproto-
colsareQoS-oblivious. They only usetheavailablebest-effort
unicastroutingprotocol to find pathsfrom thesenderto there-
ceivers without considering the members’ QoSrequirements.
On the otherhand, it is known that mostof the multicastap-
plicationsare inherently QoS-sensitive. They usually have a
requirementfor QoSmeasure, suchasdelay, bandwidth, loss
characteristics,etc. In order to provide satisfactoryQoSto the
applications,differentmechanismshavebeenproposed,suchas
RSVP (resource reservation protocol), differentiatedservices,
MPLS,etc[12]. Thegoalof QoS-basedmulticastrouting is to
searchandconstruct amulticasttreethatnotonly coversall the
group membersbut alsomeetstheirQoSrequirements.

Thebasicrequirementsof QoS-basedmulticastrouting are:
1) Scalabilityto largegroups;2) Support for dynamicmember-
ship; 3) Support for receiver-initiated, heterogeneousreserva-
tions [7]. It is known that QoS-basedmulticast routing sat-
isfying heterogeneous QoS requirementsis NP-hard[9], be-
causeof which, most QoS-basedmulticast routing protocols
utilize heuristic methodsin thefeasiblebranch (QoS-satisfying
branch) searchingprocess.

QoS-aware Multicast Protocol using bounded flooding
(QMBF) technique combinesthe meritsof source-basedrout-
ingandtheQoS-awarerouting [2] in thefeasiblebranchsearch-
ingprocess.Every nodebroadcastsits localQoSstateandleast-
costunicastreaching information(derivedfrom unicastrouting
information)wheneitherof themchangesoversomethreshold.
Thisbroadcastinformationis valid for someboundedhops.Ev-
ery node cangather its neighbors’ broadcastmessageandhave
knowledgeof local network cell’s topology, routing informa-

tion aswell asQoSstates.Whena multicastjoin request mes-
sagearrivesat onenode,it takestwo stepsto finish the local
partial branch search.First, if someedgenodesof local net-
work cell have least-costpathstoward the target router, it can
compute feasiblepathstoward theseedgenodes and forward
therequestto themalongthefeasiblepath.If thisstepfails,the
nodewill compute feasiblepathstowardall theedgenodesand
forward the request to all the edgerouters along the feasible
paths. Using this mechanism the routing protocol cangreatly
increasethe robustnessandaccuracy of finding QoS-satisfied
paths.

This paperis organizedas follows. SectionII presents the
relatedwork. SectionIII introducesthe basicideaof QMBF.
SectionIV describesthe details of the QoS-aware multicast
protocol. The protocol analysisandsimulationarepresented
in SectionV. Finally, we draw theconclusionin SectionVI.

I I . RELATED WORK
Several QoS-basedmulticastprotocolshave beenproposed:

[2]-[4]. Someof theseprotocolsusemultiple branch search-
ing methodto increasethe probability of successfulsearch,
like [1][3][5]. Their branchsearching processesarebasedon
least-cost,whichmaynotalwayssatisfytheQoSrequirements.
Chenet al have integratedQoS-awarenessideainto thebranch
searching process[2], wherethe feasiblebranch searchingis
basedon unidirectionalbroadcastingif the least-costpathcan
not satisfytheQoSrequirements.In spanning-joins [1], a new
memberbroadcastsjoin requestin its neighborhoodsto find on-
treerouters. Thereply messagewill collecttheQoSproperties
along its traveling path,which is oneof the candidate paths.
Whenthenew memberreceivesmultiple replymessages,it se-
lectsthe bestcandidatepathasa multicasttreebranch to join
thegroup.

The QoS sensitive multicast Internet protocol (QoSMIC)
usesa “manager router” to constructsharedmulticast trees
[3]. The new routerhastwo waysto find an on-treerouterto
join a multicastgroup: local searchandmulticast-treesearch.
The local searchperiod is the sameasthe spanning-joins. In
multicast-treesearchperiod, thehostroutersendsajoin request
to the manager. The manager selectssomeon-treeroutersas
candidaterouters,which will unicast bid messagestowards the
host router. After receiving the bid messages,the host router
selectsthebestpathto connectto themulticasttree.

TheQoS-aware multicastroutingprotocol (QMRP)[2] con-
structsa sharedtreeby unicastinga requestmessagefrom the
hostroutertowardthecorerouter (or sourcerouter). If a router
in the unicastpathdoesnot satisfythe QoSrequirements,the
requestmessageis replicatedandsentout to all otherneigh-
bors of therouter. It introducestheideaof QoS-awarenessinto



the pathselectionperiod, which increasesthe ability of find-
ing a feasiblebranch. However, it requires temporal statein
the network routers for eachjoin request. It is only applica-
ble for applications with non-additive QoSrequirementssuch
asbandwidth andbuffer space,andcannot beusedfor additive
requirementssuchasdelayor packet loss.

Our protocol sharesthe samemerit as QMRP, using dis-
tributedQoS-aware mechanismto searchfor a feasiblebranch.
We alsousethe M-hops boundedbroadcastingmechanism to
make thefeasiblebranch searching processmorefocused.Us-
ing this mechanism,every routerhasthe knowledgeof local
network cell information, which can increasethe chance of
finding feasiblebranches. Anotheradvantageis that the pro-
tocol alsosupports additive QoSpropertieswithout involving
thebacktrack processandkeepingtemporarystates.

I I I . QMBF:BASICS

A. BoundedFlooding andFeasibleBranch
Whena new member wantsto join a multicastgroup, QoS-

basedmulticastrouting protocolsshould havetheability to find
a feasiblebranch that meetsthe new members’ QoSrequire-
ment. Source-basedQoSrouting canfind all thepossiblefea-
siblebranchesbecauseeverynodehastheknowledgeof global
network topology and QoS stateinformation. However, the
scalabilityproblem preventsit from wide implementation.

In QMBF, we useM-hop boundedflooding to increasethe
chanceof finding feasiblepaths.Theprotocol is basedon cur-
rentleast-costbasedrouting architecture. Weassumethatevery
nodehasthe QoSstateinformation of itself and its outgoing
links (local QoSstateinformation), which includes the avail-
ablebandwidth,averagedelay, etc.M-hopboundedflooding re-
quiresevery nodeto periodically broadcastsits local QoSstate
informationandunicast reachable information(whichnodesit
canreachthrough eachof its neighbornodes,computedfrom
unicastrouting information) for at most for M hops(we can
choosedifferent valueof M basedon network sizeandstatus
asdiscussedlater).Fromthesemessages,everyroutercanhave
a view of partial local network topology andQoSstateinfor-
mationaswell asthereachable information.We call this small
domain of thenetwork as local networkcell (LNC). Thenode
itself is the centerof its LNC whoseradiusis M hops. Using
this information,every nodecanaccuratelyandquickly direct
theQoS-basedmulticastroutingrequest.
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Fig.1. Illustration of boundedflooding
Let usconsider theexample shown in Figure1 which shows

theLNC of nodeA afterit getsneighbors’ broadcastmessages
(M=2 in this topology). We termX, C, E, G, W andZ asedge
nodes, whicharethelastvalid hopnodesof A’sbroadcastmes-
sages.All theedgenodes’reachable informationconstitutethe
LNC’sleast-costrouting information.Whenajoin requestmes-
sagearrivesatA, A cancheckwhichof theedgenodeshavethe

least-costpaththatleadsA to thetargetrouter. Supposethese-
lectednode is E. Then,A canlocatea feasiblepathfrom itself
to E basedon its LNC knowledge. The kind of feasiblepath
from a nodeto its LNC edgenodeis calleda partial feasible
branch (PFB)duringthefeasiblebranchsearching process.

Compared to QMRP’s methodof broadcastingthe request
message(turning into multiple path searching), QMBF also
usestheknowledgeof LNC to searchfor feasiblepaths.This
mechanism makesthe request messagealwaystravels alonga
M-hop pathtowardthe target router, which canquickly locate
onefeasiblebranchandgreatlyincreasethesuccessratio.

B. Overview of QMBF
When a new memberwishesto join a multicastgroup, it

sendsaJOINmessagetowardthetargetrouter(sourcerouteror
corerouter). ThisJOINmessagecarriestheuser’sQoSrequire-
ment,target address,group addressandthe accumulatedQoS
informationof the path it hastraversed. Whenonenodere-
ceivestheJOIN message,it first checks whetherthereareedge
nodeswith least-costpathstowardthetargetrouter. Next, it will
usetheLNC informationto find feasiblepaths(PFBs)from it-
self to theedgenodes.Then, thenodeduplicatesandforwards
the JOIN messagetoward theseedgenodesandreservesQoS
resourcealongthePFBs.If thereis nosuchfeasiblepathor no
suchedgenode, the current node will compute feasiblepaths
from itself to all theedgerouters. Then,it duplicatestheJOIN
messageandsendsthemto all theseedgenodes. Theprocess
is repeateduntil a JOIN messagearrivesat oneon-treerouter
satisfyingtheQoSrequirement.
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Fig.2.Exampleof qoS-satisfiedbranch searching

Figure2depictsanexample of feasiblebranchsearchingpro-
cess(thethick linesarethetrackof JOINmessageshavepassed,
M=2): Whena new member’s join requestmessagearrives at
A along the pathX-Y-A, A first begins the first stepof PFB
searching. It computesthefeasiblepaths(PFBs)from itself to
edgenodes which have the least-costtoward the target router.
Supposeit findsE with least-costpathtowardthetargetrouter.
It thencomputesa feasiblepath from A to E usingLNC in-
formation,andsendstheJOIN messageandreservesresource
alongthe path:A-F-G-E.Whenthe requestmessagearrivesat
E, it will repeatthe sameprocess andfinds another PFB: E-
J-L. WhenL getstheJOIN message,it fails in thefirst stepof
PFBsearch:noedgerouterhasleast-costpathtowardthetarget
router or no feasiblepathfrom thecurrent node to theseedge
nodes(PFBs).At this time L will begin thesecondstepof PFB
search:it computesfeasiblepathsto theedgenodes(except the
incoming edgenodeE). Then, it duplicates andforwards the
JOINmessagesalongthePFBs.



From the above example, we can seethat becauseQMBF
utilizes the edgenodes’least-costinformation andthe M-hop
boundedfloodingmethod,mostpartof thebranchis aroundthe
the least-costpath. This ensureshigh successratio of branch
searching.

IV. DETAIL DESCRIPTION

A. NetworkFunctions
QMBF is basedon thecurrent network infrastructure,where

thenetwork nodesareconnectedby duplex, asymmetric links.
We assumethenetwork couldprovide thefollowing functions:
1) eachnodescanrealizetheavailablelocal QoSstate(suchas
theavailablebandwidth, delayor otherQoSparametervalue);
2) Theleast-costrouting protocol runsatevery nodes;3) Every
on-treenodeknowstheQoSpropertyfrom themulticastsource
to itself (mQoS); 4) Theboundedfloodingfunctionsrun at ev-
ery network nodes.5). Every nodecanusesomemechanism
to get thetargetaddress(multicast sourceor corerouter ’s ad-
dress)of onemulticastgroup, suchasSDP(SessionDirectory
Protocol)[11].

Therearefour typesof messagesinvolvedin QMBF:
1) JOIN (taddr, gaddr, rQoS,aQoS,FPB): The join request

messageis originated by thea member andsenttowardthetar-
get routerrequestingto find a feasiblebranch which canlink
the new memberto the multicastgroup treemeetingthe QoS
requirements. It includesthe multicasttarget address(tadrr),
group address(gaddr), required QoS(rQoS),accumulatedQoS
property (aQoS,theQoSproperty from thecurrent nodeto the
new member), andavailablePFB(which is computedbasedon
theboundedflooding messages).

2) CONFIRM (gaddr, rQoS,mQoS):It is originatedby one
on-tree router. It will travels along the newly-found feasi-
ble branchtoward the new member. It means that the fea-
sible branch searching processhasbeenfinished,confirming
this branchandreserved resource. The messageincludes the
group address(gaddr),theaccumulatedQoSfrom themulticast
sourcenodeto thesenderof themessage(mQoS),etc.

3) UNACK (gaddr, rQoS):it is sentby onerouteralongthe
reverse directionof the according JOIN messagehaspassed.
It meansthat thebranchsearchingis fail, removing themulti-
castroutinginformationandreleasingthereservedresource. It
includes groupaddress,requestedQoS(rQoS).

4) PRUNE (gaddr): it is sentby oneenduseror router, re-
moving unnecessarybranches.

Themulticasttreeis recordedby themulticastentriesresid-
ing at the nodesof the multicasttree. Eachentry of which is
denotedasM

n
G, in, out,mQoS,fix, rQoS,numo ,whereM.G is

theaddressof themulticastgroup,M.in is theparentof themul-
ticasttree,M.out is thesetof child nodes,M.mQoS is theQoS
property for this entryfrom thesourceto it (whenthis entryis
confirmed)or the required QoSfrom thesource to thecurrent
nodeto meetthenew member’sQoSrequirement(whentheen-
try is unconfirmed),M.fix denoteswhethertheentryhasbeen
confirmed.Otherwise,M.num is thenumberof JOINmessages
havebeensentout from thenode for therQoS.

B. Join-RequestProcess
When the JOIN messagearrives at a node, the nodefirst

checkswhetherit alreadyhasmulticastroutinginformationfor
this group. If it hastheinformationandthemQoSproperty of

thisgroup plustheaQoSmeetsthenew member’sQoSrequire-
ment(rQoS), it will addthe incoming interfaceto this group’s
receivers’ list. Then, it sendsCONFIRM messagetoward the
new member. Otherwise,it will checkwhetherthereis some
availablePFPinformation within the JOIN message.If avail-
able,it will reserve theQoSresourceandaddanentryto mul-
ticast routing table: gaddr, JOIN messagesenderid, unfixed,
mQoS(the requiredQoSproperty from thesourcethecurrent
node meetingthenew member’s requirement,which equalsto
rQoSminus aQoS),num=1. It thenupdatesthe aQoSof the
messageandthenforwards it alongthePFBto thenext node.If
nosuchpathinformationwithin themessage,thenode will be-
gin the“PFB computing” processusingtheLNC information.

In thefirst step,it finds theedgenodeswhich hasthe least-
costpath(notvia thenodesin thisLNC) informationtowardthe
target router. Then,it computesthefeasiblepaths (PFBs)from
itself to theseedge nodes. If thenext hopnodeof the feasible
pathsis not the incoming node(thenode which hadsentJOIN
messageto the current node), the current node will duplicate
theJOIN message,updatethePFB informationandaQoSand
sendtheJOIN messagealongthesepaths.At thesametime, it
alsowill reservetheQoSresourceandupdatemulticastrouting
table: gaddr, messagesenderlist, unpinnedmark, QoS,mQoS
(the required QoSproperty from the sourcethe current node
meetingthenew member’s requirement),num.

If thecurrent nodecannotfind anodemeeting theabove re-
quirementduring thefirst stepof “PFB computing process”,it
will begin thesecondstep,whereit computesthefeasiblepaths
from itself to all theedgenodes.If thenext hopof thefeasible
pathsis not thesameasthe incoming node,it will thendupli-
catetheJOIN message,updatethePFBinformationandaQoS
andsendthe JOIN messagesalongthesepaths. At the same
time, it alsowill reserve theQoSresourceandaddanentry to
multicastrouting table: gaddr, JOIN messagesender, unfixed,
mQoS(the requiredQoSproperty from thesourcethecurrent
node meetingthe new member’s requirement),the number of
JOINmessagesthathavebeensentout.

If theroutercannotfind aPFBfrom its LNC informationaf-
tertheabovetwo steps,it meansthatthefeasiblebranchsearch-
ingprocessis fail, it thensendsanUNACK messagebackto the
messagesender.

Supposenodei receive a JOIN (taddr, gaddr, rQoS,aQoS,
FPB) messagefrom j, its functionalities areformalizedin Al-
gorithm 1.

C. Join-ResponseProcess
Whenonenodereceives anUNACK message,it first checks

how many JOIN messagesof this group with the rQoSit had
sentout. If therearesomeJOIN messagesthat have not been
confirmed,it decreasesthenumberof unconfirmedJOIN mes-
sage.If not, it removestheentryof themulticastgroup of this
rQoS.Then,it duplicatesthe UNACK messagesandsendsto
the child nodesof the multicastgroup (listed in the receivers’
list of according entry).

Whena node receivesa CONFIRM message,it first checks
whetherthereis any entry of the samegroup hasbeencon-
firmedwith betterQoSproperty. It sendsbacka PRUNE mes-
sageto the incomingnode. Otherwise,it will set the fix field
of according routingentryas“TRUE”, updatetheparent node
andmQoSof this entry. Then,it will duplicatetheCONFIRM



Algorithm 1 Join-RequestProcess
if i is anon-treenodeof thegroupG
if (i is thesourceof thegroupor corerouter)
sendCONFIRM(G,rQoS)to j
exit

retrieve theentryM of thegroupG
if (M.mQoS+ aQoS p rQoS)
addj into theM.out
if (M.fix==TRUE)
sendCONFIRM(G,rQoS,mQoS)messageto j

exit
createanentryM
M.out = j
M.mQoS= rQoS- aQoS
M.fix = FAIL
if FPBincludesthenext hopinformation
M.in = next hop
updatetheaQOSfield of theJOINmessage
sendout theJOINmessageto thenext hop

else
retrievetheedgenodeswhosenext hopstowardtaddris notwithin

theLNC.
for eachof theseedgenodes:
computeafeasiblepathfrom i to theedgenodeaccordingto rQoS

usingLNC.
if (Thereis sucha pathandthenext hopof thefeasiblepath!= j)
updateaQoS,senttheJOIN messagealongthepath.
increasetheM.num

if (M.num== 0)
for all edgenodesof theLNC:
computeout a feasiblepathfrom i to theedgenodewhich meet

rQoSusingLNC.
if (Thereis sucha pathandthenext hopof thepath!= j)

updatethe aQoSfield of the messageandsentout the JOIN
alongthepath.

increasetheM.num
if (M.num== 0)
sendUNACK(G,rQoS)to j

message,updatethemQoSfield andsendsanCONFIRM mes-
sageto the childrennodesof the multicastgroup. It alsowill
checkwhetherthereexists the samegroup’s routing informa-
tion with lower QoSsupport thanthe confirmedone. If so, it
addsthechildrennodes of the routing entry to this entry. For
the unfixed entries,it alsoduplicatesthe CONFIRM message
andsendsCONFIRM messagesto thesechildrennodes. For
theconfirmeditems,it will sentPRUNE messagesto theirpar-
entnodes.

Supposenodei receivesa messagefrom j, the above Join-
Responseprocesscanbedepictedin Algorithm 2.

D. PruningProcess
Whenever anendrouter becomesthe leaf node of multicast

tree,it will sendsa PRUNE messageup themulticasttreeand
remove itself from themulticasttree. Whena node receivesa
PRUNE message,it will first updatethemulticastrouting infor-
mation.Then, it will checkwhetherthereexistsother children
nodes of themulticastgroup. If no, it will alsosenda PRUNE
messageto its parent node.

E. Optimizationof QMBF
To minimize the traffic overheadof the above QMBF algo-

rithm, we proposedthefollowing methodsto optimizeit.
1) In thefirst stepof the“PFB computingprocess,” whenone

JOIN messagearrivesat onenode,thenode perhapscanlocate
multipleedgenodeswhichhasleast-costpathtowardthetarget
routeror multiple PFBsto theseedgenodes. If this node sent

Algorit hm 2 Join-Responseprocess
If themessageis CONFIRM(gaddr, rQoS,aQoS):

retrievethemulticastentryM1,M2,M3...Mnof gaddr(assumingthat
M1.rQoS= rQoS)

if (exits Mk whereMk.fix = TRUE andMk.rQoS¿rQoS)
sendPRUNE(gaddr)to j
setM1.in = j
addM1.out to Mk.out
deleteM1
exits

setM1.fix = TRUE
for thoseMk(k-2..n)
if (Mk.rQoS q M1.rQoS)
if (Mk.fix != TRUE)
sentCONFIRM(gaddr, Mk.rQoS,aQoS)to Mk.out
sentPRUNE(gaddr)to M.in

addMk.out to M1.out
deleteMk

If themessageis UNACK(gaddr,rQoS):
retrieve themulticastentryM with gaddrandrQoS
updateM.num
if (M.num=0)
sentUNACK(gaddr,rQoS)to M.out
deleteM

out multiple copiesof JOIN messages,therewill bemore and
morebranchesalongtheJOIN paths.To controlthenumberof
branches,every time we only selectthe edgenodethat is the
nearestone to the least-costpath leadingthe current nodeto
target node.

2) In the secondstepof “PFB computing process”,QMBF
findsPFBsfor every edgenodes,duplicatestheJOIN message
andsendout alongthesepartialbranches.If this situationhap-
penstoo frequently, therewill bemoreandmorebranch nodes
causingexcessive overhead. We usethe concept “Maximum
BranchDegree” from [2] to control thetraffic, which will con-
trol thenumberof nodesthatpossiblebecome branch nodes.

3) BecauseQMBF is basedon boundedfloodingtechnique,
if theflooding messagestravelstoo many hops,it will alsobe-
comeburdenfor network. So,we use“boundedhops” to con-
trol thefloodingtraffic, which decidesfor how many hops the
flooding messageis valid.

Basedon above methods, we optimize QMBF into QMBF-
mn(m meanstheflooding hops,n meansmaximumbranchde-
gree). Wecanusingdifferentvalueof m andn tofit ourrequire-
mentunderdifferent network situation.

V. SIMULATION EXPERIMENT & RESULTS
In this section,we study and compare the performanceof

QMBF with otherQoS-basedmulticastprotocols. Four other
algorithms were simulated: single-path joining protocol, di-
rectedspanning-joins protocol, QMRP2, and QMRP3. For
QMBF, we simulatedsix schemes: QMBF-12, QMBF-13,
QMBF-22,QMBF-23,QMBF-32,andQMBF-33.

A. Simulator Environment
The simulationswere conducted on the Waxmannetwork

topologies[8].Weusethefollowing approachto randomly gen-
eratenetwork topology: network nodesarerandomly chosenin
a square( rtsur ) grid. A link exists betweenthe nodesu and
v with theprobability p(u,v) =a*exp(-d(u,v))/b* v w * r ), where
d(u,v) is geometric distancebetweenu andv, a andb arecon-
stantsthat arelessthan1. In the simulation,a andb areran-
domly chosenso that the average degree of nodesis between
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Fig.3. Successratio of QMBF-mn with two multicastgroup
size

4 and5. The networks have a fixed sizeof 100 nodesover a
100*100grid.

Basedonabove topology generationmethod, for eachsimu-
lation,a network topology, a multicasttree,anda new member
outof thetreearerandomlygenerated.Weusetwo typesof tree
size (including the internalnodes): 10 and40 nodes. A new
member hasa randomly generatedQoSrequirement.TheQoS
property of eachlink is alsorandomly generated.For eachsit-
uation(differentprotocols,multicastgroup sizes,link success
ratios(what percent of the links meetthe new user’s QoSre-
quirement.)),werunthesimulation200times.Wehavemainly
focusedonthesuccessratioasthemeasureof theperformance.

B. ResultsandAnalysis
Figure 3 depicts the successratio of different modes of

QMBF with the two differentsizeof multicastgroup. We can
seethatQMBF-mn’ssuccessratio increaseswith increasein m
andn. As m increases,thenodescanhavemuchchanceto find
PFBswhensomepartof theleast-costpathsdon’t meetthenew
member’s requirement.n decidesthechance theroutingactiv-
ity entersmultiplepathsearchingprocess,whichalsoincreases
thechanceof findinga feasiblebranch.

Figure4 comparesthesuccessratiosof all thesimulatedpro-
tocolswith the two different sizeof the multicastgroup. The
figureshows that the successratiosof QMBF-22andQMBF-
23 arebetterthanQMRP2,QMRP3,spanning-joins protocol,
andsingle-pathjoin protocol.

VI . SUMMARY
In thispaper, weproposeanew QoS-awaremulticastrouting

protocol calledQMBF. Basingon boundedflooding technique,
every network node canhave a LNC topology information as
well asQoSstateinformation.TheQMBF mainly utilizesthis
techniqueto increasethechanceof finding thefeasiblebranch.
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Fig.4. Successratio of differentmulticastprotocols with two
groupsize

It usestwo methods to find feasiblebranch: Computing PFB
usinglocal network cell information(collectedfrom bounded
flooding) andusingmultiple pathsearching. QMBF caneither
operateontopof any unicastrouting protocol or cooperatewith
QoS-basedunicastrouting protocol. Theprotocol requires no
intermediateroutersto keepthe temporal searching statesand
neednotfloodthewholenetwork tofind themulticastpath.The
simulationresultsshowsthatQMBF canachievebettersuccess
ratio thanotherQoS-basedmulticastrouting protocols.
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