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Abstract— Many multicast applications, such as video-on-
demand and tele-educationhave quality of sewice(QoS)require-
ment from the underlying network. Recently many QoS-based
multicast protocols have been proposedto meet these require-
ments. However, few of them can achieve high succesgatios. In
this paper, we proposea new QoS-basedmulticast protocol, QoS-
aware Multicast Protocol using Bounded Flooding (QMBF) tech-
nique. Every network nodehaslocal network cell topology infor-
mation aswell as QoS stateinformation. 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 bounded flooding messagesand multiple path search-
ing. The designof QMBF allowsit to operateon top of any unicast
routing protocol or cooperatewith a QoS-basedunicast routing
protocol.

. INTRODUCTION

Severalmulticastingrouting protocds have beenpropasedin
theliteraturewith varying perfamance cost,andimplementa-
tion [6][10]. However, mostof the proppsedmulticastproto-
colsareQoS-oblvious. They only usethe availablebest-efort
unicastrouting pratocol to find pathsfrom the sendeto there-
ceivers without consideing the membes’ QoS requirements.
On the otherhand it is known that mostof the multicastap-
plicationsare inherertly QoS-sensitie. They usually have a
requilrmentfor QoS measue, suchasdelay bandwidh, loss
charactestics, etc. In order to provide satishctoryQoSto the
applications,differentmechamsmshave beerpropsed suchas
RSVP (resouce resenation protcacol), differentiatedservices,
MPLS, etc[12]. Thegoalof QoS-basednulticastrouting is to
searchandconstriect a multicasttreethatnotonly coversall the
groy membersut alsomeetstheir QoSrequiements.

The basicrequiranentsof QoS-kasedmulticastrouting are:
1) Scalabilityto large groups;2) Supprt for dynamicmember
ship; 3) Supprt for receverinitiated, heterogneousesena-
tions [7]. It is known that QoS-lasedmulticastrouting sat-
isfying hetergeneais QoS reqgurementsis NP-hard[9], be-
causeof which, most QoS-baed multicastrouting protacols
utilize heurstic methalsin thefeasiblebranc (QoS-satisfying
brand) searchingrocess.

QoS-avare Multicast Protocd using bourded flooding
(QMBF) techniqe comhbnesthe merits of soure-basedout-
ing andtheQoS-avarerouting [2] in thefeasiblebrarchsearch-
ing process. Evely nodebroadtaststs local QoSstateandleast-
costunicastreacting information(derivedfrom unicastrouting
information)wheneitherof themchangsoversomethreshold
Thisbroadastinformationis valid for somebourdedhops.Ev-
ery noce cangatter its neighbors’ broadcasimessagendhave
knowledge of local network cell’s topolagy, routing informa-

tion aswell asQoSstates.Whena multicastjoin request mes-
sagearrives at onenode, it takestwo stepsto finish the local
partial brarch search. First, if someedgenodes of local net-
work cell have least-cospathstoward the targetrouter it can
compute feasiblepathstoward theseedgenodes and forward
thereqguestto themalongthefeasiblepath.If this stepfails,the
nock will compue feasiblepathstowardall theedgenodesand
forward the requestto all the edgerouters alongthe feasible
paths. Using this mechaism the routing protacol cangreatly
increasethe robustnessandaccueagy of finding QoS-satisfied
paths.

This paperis organizedasfollows. Sectionll presets the
relatedwork. Sectionlll introdwcesthe basicideaof QMBF.
SectionlV describeshe details of the QoS-avare multicast
pratocol. The protacol analysisand simulationare preseted
in SectionV. Finally, we draw theconclusionn SectionViI.

Il. RELATED WORK
Severd QoS-baseanulticastprotacols have beenpropased:

[2]-[4]. Someof thesepratocols use multiple brarch search-
ing methodto increasethe probability of successfulsearch,
like [1][3][5]. Their branchsearchig processesare basedon

least-costyhich maynot alwayssatisfythe QoSrequrements.
Chenetal have integraed QoS-avareressideainto the brand

searchig procesq2], wherethe feasiblebrarch searchings

basedon unidrectionalbroadastingif the least-cospathcan
not satisfythe QoSrequrements.In spantng-joins [1], a new

memler broadcastgoin requestin its neighortoodsto find on-

treeroutes. Thereply messageavill collectthe QoSproperties
alongits traveling path, which is one of the candidchte paths.
Whenthe new memberrecevesmultiple reply messagest se-
lectsthe bestcandidite pathasa multicasttree brarch to join

thegroup.

The QoS sensitve multicast Interng protocd (QoSMIC)
usesa “manager router” to constructsharedmulticast trees
[3]. Thenew routerhastwo waysto find an ontreerouterto
join a multicastgroup: local searchand multicast-treesearch.
The local searchperiad is the sameasthe spanningjoins. In
multicast-tre searctperiod thehostroutersendsajoin request
to the managr. The managr selectssomeon-tree routersas
candicaterouters,which will unicast bid messagetowards the
hostrouter. After receving the bid messageghe hostrouter
selectghebestpathto conrectto themulticasttree.

The QoS-avare multicastrouting protacol (QMRP)[2] con-
structsa sharedreeby unicastinga requesimessagdrom the
hostroutertowardthecorerouter (or souceroute). If arouter
in the unicastpathdoesnot satisfythe QoSrequiementsthe
requestmessages replicatedand sentout to all other neigh
bors of therouter It introducestheideaof QoS-avareressinto



the path selectionperiad, which increaseghe ability of find-
ing a feasiblebrarch. However, it requiestempoel statein
the network routers for eachjoin request. It is only applica-
ble for applicatiors with non-additve QoS requrementssuch
asbandvidth andbuffer spaceandcanna be usedfor additive
requiementssuchasdelayor pacletloss.

Our pratocol sharesthe samemerit as QMRP, using dis-
tributedQoS-avare mechaismto searchfor afeasiblebranch
We also usethe M-hops bourded broadcastingnecharsm to
male thefeasiblebrarch searchig processnorefocused. Us-
ing this mechanismevery router hasthe knowledge of local
network cell information, which can increasethe chane of
finding feasiblebrandes. Anotheradwantageis that the pro-
tocol also suppats additive QoS propertieswithout involving
thebacktrak processandkeepingtempaary states.

1. QMBF:BASICS

A. BourdedFlooding andFeasibleBranch

Whena new memker wantsto join a multicastgroup, QoS-
basednulticastrouting protacolsshoud havetheability to find
a feasiblebrarch that meetsthe new membes’ QoS require-
ment. SourcebasedQoSrouting canfind all the possiblefea-
siblebranclesbecaseevery nodehasthe knowledge of global
network topdogy and QoS stateinformation. However, the
scalabilityprodem preventsit from wide implementéon.

In QMBF, we useM-hop bourdedfloodng to increasethe
chanceof finding feasiblepaths.The pratocol is basedon cur-
rentleast-cosbasedouting architectue. We assumehatevery
nodehasthe QoS stateinformation of itself andits outgdng
links (local QoSstateinformatior), which includes the avail-
ablebandvidth, averag delay etc. M-hopbounddfloodngre-
quiresevely nodeto periadically broadastsits local QoSstate
informationandunicast reacable information(which nodesit
canreachthrough eachof its neighbor nodes,computed from
unicastrouting information) for at mostfor M hops(we can
choase differentvalue of M basedon network size and status
asdiscussedhter). Fromthesemessage®veryroutercanhave
a view of partial local network topolagy and QoS stateinfor-
mationaswell asthereachale information. We call this small
doman of the network aslocal networkcell (LNC). The noce
itself is the centerof its LNC whoseradiusis M hops. Using
this information, every nodecanaccuratelyandquicky direct
the QoS-basednulticastroutingrequest.

Fig.1. lllustration of boundedflooding
Let usconsicertheexanmple shavn in Figurel which shovs

the LNC of nodeA afterit getsneightors’ broadcastmessages
(M=2 in thistopolayy). We termX, C, E, G, W andZ asedg
nodes, whicharethelastvalid hopnodesof A’'s broadcasimes-
sagesAll theedgenodesreachale informationconstitutethe
LNC'sleast-costouting information.Whenajoin reqiestmes-
sagearrivesatA, A cancheckwhichof theedge nodeshavethe

least-cospaththatleadsA to thetargetrouter. Suppsethese-
lectednoce 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) duringthefeasiblebranchsearchig process.
Compaed to QMRP’s methodof broadastingthe request
messagegturning into multiple path searchig), QMBF also
usesthe knowledge of LNC to searchfor feasiblepaths. This
mechaism makesthe requet messagalwaystravels alonga
M-hop pathtowardthe target router which canquicKy locate
onefeasiblebranchandgreatlyincreasehesuccessatio.

B. Overviev of QMBF

When a new memberwishesto join a multicastgroyp, it
sendsa JOIN messagéowardthetargetrouter(soucerouteror
corerouter) ThisJOIN messagearriesheusers QoSrequire-
ment, target address, groyp addressandthe accumiated QoS
information of the pathit hastraversed. When one nodere-
ceivesthe JOIN messagsit first checls whetherthereareedge
noceswith least-cospathstowardthetargetroute. Next, it will
usethe LNC informationto find feasiblepaths(PFBs)from it-
selfto theedgenodes.Then thenodedudicatesandforwards
the JOIN messageoward theseedgenodesandreseres QoS
resoucealongthe PFBs.If thereis no suchfeasiblepathor no
suchedgenode, the curreri noce will compue feasiblepaths
from itself to all theedgeroutes. Then,it dupicatesthe JOIN
messagandsendshemto all theseedgenoces. The proess
is repeateduntil a JOIN messagearrivesat one ontreerouer
satisfyingthe QoSrequiement.

Q Target Router

Fig.2. Exampleof qoS-satisfiedbrant searchig

Figure2 depictsanexame of feasiblebrarch searchingpro-
cesqthethicklinesarethetrackof JOIN messagelkave passed,
M=2): Whena new membe's join requesimessagerrives at
A alongthe path X-Y-A, A first begins the first stepof PFB
searchig. It computesthefeasiblepaths(PFBs)from itself to
edgenodes which have the least-costoward the target router
Supmseit findsE with least-cospathtowardthetargetrouter
It thencomputesa feasiblepathfrom A to E usingLNC in-
formation, andsendsthe JOIN messagandresenesresouce
alongthe path:A+-G-E. Whenthe requestmessagearrives at
E, it will repeatthe sameprocess and finds anotter PFB: E-
J-L. WhenL getsthe JOIN messageit fails in the first stepof
PFBsearchnoedgerouterhasleast-cospathtowardthetarget
router or no feasiblepathfrom the current noce to theseedge
noces(PFBs)At thistime L will begin the secondstepof PFB
searchit compuesfeasiblepathsto theedgenodeqexcep the
incomng edgenodeE). Then, it duplicaes andforwards the
JOIN messagealongthe PFBs.



From the above examge, we can seethat becauseQMBF
utilizes the edgenodes’least-cosinformation andthe M-hop
bourdedfloodingmethal, mostpartof thebranchis aroundthe
the least-cosfpath. This ensues high successatio of branch
searching

IV. DETAIL DESCRIPTION

A. NetworkFunctions

QMBF is basednthecurren network infrastrud¢ure,where
the network nodesareconnetedby duplex, asymmetic links.
We assumehe network could provide thefollowing functions:
1) eachnodescanrealizethe availablelocal QoSstate(suchas
the availablebandwdth, delayor otherQoSparameteralue;
2) Theleast-costouting protoml runs atevery noces;3) Every
on-treenoce knows the QoSproperty from themulticastsource
to itself (MQoS) 4) The bowndedfloodingfunctionsrun at ev-
ery network nodes.5). Every nodecanusesomemechaism
to getthe targetaddresgmulticast sourceor coreroute 's ad-
dress)of onemulticastgroup suchas SDP(Sessioirectory
Protocd)[11].

Therearefour typesof messagemvolvedin QMBF:

1) JOIN (tadd, gadd, rQoS,aQoS,FPB): The join request
messagés originated by thea memler andsenttowardthetar
getrouterrequestingto find a feasiblebrarch which canlink
the new memberto the multicastgroup tree meetingthe QoS
requiements. It includesthe multicasttarget addresgtadrr)
groy addess(gadir), requirel QoS(rQoS),accunulatedQoS
property (aQoS the QoSproperty from the current nodeto the
new membe), andavailablePFB (whichis compuedbasedn
thebourdedflooding messages).

2) CONFIRM (gaddr, rQoS,mQoS):It is originaed by one
on-tree router It will travels along the newly-found feasi-
ble branchtoward the new memter. It mears that the fea-
sible brarch searchig proesshasbeenfinished, confiming
this branchandresened resouce. The messageéncludesthe
groy addresggaddr), theaccumulatedoSfrom themulticast
sourcenodeto the sendeiof the messagémQaS), etc.

3) UNACK (gaddr, rQoS):it is sentby onerouteralongthe
reverse direction of the accoding JOIN messagéaspassed.
It meanghatthe branchsearchings fail, remaving the multi-
castroutinginformationandreleasinghereseredresouce. It
includes groupaddess requestedoS(rQosS).

4) PRUNE (gadir): it is sentby oneenduseror router, re-
moving unne@ssanyprarches.

The multicasttreeis recodedby the multicastentriesresid-
ing at the nodes of the multicasttree. Eachentry of which is
dendedasM{G, in, out,mQoS fix, rQoS,num} ,whereM.G is
theaddres®f themulticastgroy, M.in is thepareniof themul-
ticasttree,M.out is the setof child nodesM.mQadS is the QoS
property for this entryfrom the sourceto it (whenthis entryis
confirmed) or the requred QoSfrom the soure to the curren
nodeto meetthenav membe's QoSrequiranent(whentheen-
try is uncorfirmed), M.fix denoteswvhetherthe entry hasbeen
confirmed. Otherwise, M.num is thenumter of JOIN messages
have beensentoutfrom the nock for therQosS.

B. Join-RequesProcess _ _
When the JOIN messagearrives at a node the nodefirst

checkswhetherit alreadyhasmulticastroutinginformationfor
this group If it hasthe informationandthe mQoSproperty of

thisgroy plustheaQoSmeetghenenv members QoSrequire-
ment(rQoS) it will addtheincoming interfaceto this groy’s
recevers’ list. Then it sendsCONFIRM messagé¢oward the
nev membe. Otherwise,it will checkwhetherthereis some
available PFPinformation within the JOIN messagelf avail-
able,it will resere the QoSresourceandaddanentryto mul-
ticastrouting table: gadir, JOIN messagesenderid, unfixed
mQoS(the required QoS property from the sourcethe current
nock meetingthe new membe's requilement,which equalsto
rQoS minus aQoS),num=1 It thenupdatesthe aQoSof the
messagandthenforwards it alongthe PFBto thenext node.If
no suchpathinformationwithin the messagethe node will be-
gin the“PFB compuing” proessusingthe LNC information.

In thefirst step,it findsthe edgenodeswhich hasthe least-
costpath(notviathenodesin thisLNC) informationtowardthe
target router Then,it compuesthefeasiblepatts (PFBs)from
itself to theseedge nocks. If the next hop nodeof the feasible
pathsis not theinconing node(the node which hadsentJOIN
messageo the current nocke), the currert noce will dugicate
the JOIN messageupdatethe PFB informationandaQoSand
sendthe JOIN messagalongthesepaths.At the sametime, it
alsowill reseretheQoSresourceandupdatemulticastrouting
table: gadir, messagsendetlist, ungnnedmark QoS,mQoS
(the required QoS propety from the sourcethe curren noce
meetingthe nev membels requirenent),num

If thecurren nodecannotfind anodemeetirg theabove re-
quirementduring thefirst stepof “PFB compuing process”, it
will beginthesecondstep,whereit computesthefeasiblepaths
from itself to all theedgenodes. If the next hopof thefeasible
pathsis not the sameasthe inconing node,it will thendugi-
catethe JOIN messageypdatethe PFB informationandaQoS
andsendthe JOIN messagealongthesepaths. At the same
time, it alsowill resene the QoSresouce andaddanentryto
multicastrouting table: gadd, JOIN messageenderunfixed
mQoS(the required QoS property from the sourcethe current
nock meetingthe new memter’s requrement),the numter of
JOIN messagethathave beensentout.

If therouter cannotfind aPFBfrom its LNC informationaf-
tertheabove two stepsjt mears thatthefeasiblebranchsearch-
ing procsssis fail, it thensendanUNACK messagéackto the
messagsender

Supmsenodei receve a JOIN (taddr gadd, rQoS, aQosS,
FPB) messagdrom j, its functioralities areformalizedin Al-
gorithm 1.

C. Join-RespnseProcess o
Whenonenodereceves anUNACK messageit first checks

how mary JOIN messagesf this groyp with the rQoSit had
sentout. If therearesomeJOIN messagethat have not been
confimed,it decreasethe number of uncanfirmedJOIN mes-
sage.If not, it removesthe entry of the multicastgrowp of this
rQoS.Then,it duplicatesthe UNACK messageandsendsto
the child nodesof the multicastgroup (listedin the recevers’
list of accordng entry)

Whena nocke recevesa CONFIRM messageit first checks
whetherthereis ary entry of the samegroup hasbeencon-
firmedwith betterQoSpropety. It sendsbacka PRUNE mes-
sageto theincomingnode. Otherwise,it will setthefix field
of accordng routingentryas“TRUE”, updatethe paren node
andmQoSof this entry. Then,it will dupicatethe CONFIRM



Algorithm 1 Join-RequestProcess

Algorithm 2 Join-Responseprocess

if i is anon-treenodeof thegroupG
if (i is thesourceof thegroupor corerouter)
sendCONFIRM(G,rQoS)o

exit
retrieve theentryM of thegroupG
if (M.mQoS+ aQoS> rQoS)
addj into theM.out
if (M.fix==TRUE)
sendCONFIRM(G,rQoSmQoS)messagéo

exit
createanentryM
M.out=j
M.mQoS=rQoS- aQoS

M.fix = FAIL ) )

if FPBincludesthe next hopinformation
M.in = next ho
updatetheaQOSfield of the JOIN message
sendout the JOIN messagéo thenext hop

else
retrieve theedgenodeswvhosenext hopstowardtaddris notwithin

theLNC.
for eachof theseedgenodes:

compue afeasiblepathfromi to theedgenodeaccordingo rQoS

usingLNC.
if (Thereis sucha pathandthenext hopof thefeasiblepath!= j)
updateaQoS sentthe JOIN messagalongthe path.

. increasg¢he M.num
if (M.num==0

for all edgenodes of the LNC:

computeout afeasiblepathfrom i to the edgenodewhich meet

rQoSusingLNC.
if (Thereis suchapathandthe next hop of the path!= j)
updatethe aQoSfield of the messagend sentout the JOIN
alongthe path.
) increasghe M.num
if (M.num==0)
sendUNACK(G,rQoS)to |

messageypdcatethe mQoSfield andsendsan CONFIRM mes-

sageto the childrennodesof the multicastgroup It alsowill

checkwhetherthereexists the samegroy’s routing informa-
tion with lower QoS suppat thanthe confimedone. If so, it
addsthe childrennodes of the routing entryto this entry. For

the unfixed entries,it alsoduplicatesthe CONFIRM message

and sendsCONFIRM messageto thesechildrennodes. For
the confimeditems,it will sentPRUNE message® their par
entnodes.

Suppae nodei recevesa messagdrom j, the above Join-
Respons@rocesscanbedepictedn Algorithm 2.

D. PruningProcess )
Wheneer anendrouter becanesthe leaf noce of multicast

tree,it will sendsa PRUNE messagelp the multicasttreeand
remove itself from the multicasttree. Whena nock recevesa
PRUNE messagat will first upcatethemulticastrouting infor-
mation. Then it will checkwhetherthereexists othe children
nodes of the multicastgrow. If no, it will alsosenda PRUNE
messagéo its parent nock.

E. Optimizationof QMBF

To minimize the traffic overheadof the abave QMBF algo-
rithm, we proposedthefollowing methalsto optimizeit.

1) In thefirst stepof the“PFB computing process, whenone
JOIN messagarrivesatonenode thenoce perhgs canlocate
multiple edge nodeswhich hasleast-cospathtowardthetarget
routeror multiple PFBsto theseedgenodes. If this node sent

If themessagés CONFIRM(gaddrrQoS,aQoS):
retrievethemulticastentryM1,M2,M3...Mn of gaddr(assuminghat
M1.rQoS=rQoS)
if (exits Mk whereMk.fix = TRUE andMk.rQoS¢, rQoS)
sendPRUNE(gaddr)to
setM1.in =j
addM1.out to Mk.out
deleteM1

exits
setM1.fix = TRUE
for thoseMk(k-2..n)

if (Mk.rQoS< M1.rQoS)
if (Mk.fix = TRUE)
sentCONFIRM(gaddrMk.rQoS,aQoS)o Mk.out
sentPRUNE(gaddr)to M.in
addMk.out to M1.out

eleteM
If themessagés UNACK(gaddirQoS):
retrieve the multicastentryM with gaddrandrQoS
updateM.num
if (M.num=0)
sentUNACK(gaddirQoS)to M.out
deleteM

out multiple copiesof JOIN messagegherewill be more and
morebrarchesalongthe JOIN paths.To controlthe number of
brarches,evely time we only selectthe edgenodethatis the
nearesoneto the least-cosipath leadingthe current nodeto
target node

2) In the secondstepof “PFB computing process”,QMBF
finds PFBsfor every edgenodes, duplicateghe JOIN message
andsendout alongthesepartialbranckes. If this situationhap-
penstoo frequently, therewill be moreandmorebrand nodes
causingexcessve overhead We usethe concep “Maximum
BranchDegree” from [2] to contrd thetraffic, whichwill con-
trol the numkber of nodeghatpossiblebecone brarch nodes.

3) Becaus€QMBF is basedon bourdedfloodingtechnigee,
if theflooding messagetravelstoo mary hops,it will alsobe-
comeburdenfor network. So,we use“boundedhops”to con-
trol the floodingtraffic, which decidesfor how mary hops the
floodng messagés valid.

Basedon above method, we optimize QMBF into QMBF-
mn (m meangheflooding hops,n meansanaxinum brarch de-
gree) We canusingdifferentvalueof m andn to fit ourrequite-
mentuncer differert network situation.

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

QMBF with other QoS-baedmulticastprotacols. Four other
algoithms were simulated: single-p#h joining protccol, di-
rectedspanningoins protcecol, QMRP2, and QMRP3. For
QMBF, we simulatedsix schemes: QMBF-12, QMBF-13,
QMBF-22,QMBF-23,QMBF-32,andQMBF-33.

A. Simuldor Ervironment

The simulationswere condicted on the Waxman network
topdogies|[8]. We usethefollowing appioachto rancdbmly gen-
eratenetwork topology: network nodesarerancbmly choserin
a square(axa) grid. A link exists betweenthe nodesu and
v with the prokability p(u,v) =a*exp(-du,v))/b* v/2*a), where
d(u,v) is geonetric distancebetweeru andv, a andb arecon-
stantsthat arelessthanl. In the simulation,a andb areran-
donly chosenso thatthe averag degree of nodesis between
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Fig.3. Succesgatio of QMBF-mn with two multicastgroup
size

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

Basedon above topdogy geneationmethal, for eachsimu-
lation, a network topdogy, a multicasttree,anda nev member
outof thetreearerandmly genersed. We usetwo typesof tree
size (including the internalnodes): 10 and 40 nodes. A new
membe hasarandanly gereratedQoSrequiranent. The QoS
property of eachlink is alsorancbmly geneated. For eachsit-
uation (differentprotacols, multicastgroup sizes,link success
ratios (what percen of the links meetthe nenv users QoSre-
quirenent.)),we runthesimulation200times. We have mainly
focusednthesuccessatio asthe measue of theperfamance

B. ResultsandAnalysis

Figure 3 depictsthe successratio of different modes of
QMBF with thetwo differentsize of multicastgroup. We can
seethatQMBF-mn’s successatio increasesvith increasén m
andn. As m increasesthe nodescanhave muchchanceo find
PFBswhensomepartof theleast-cospathsdort meetthenew
membe's requirenent. n decidesthe chane theroutingactiv-
ity enteramultiple pathsearchingprocesswhichalsoincreases
thechanceof finding a feasiblebrarch.

Figure4 compmresthesuccessatiosof all thesimulatedoro-
tocolswith the two different size of the multicastgroup. The
figure shavs thatthe successatiosof QMBF-22 and QMBF-
23 arebetterthan QMRP2, QMRP3, spanningjoins pratocol,
andsingle-m@thjoin protoal.

V1. SUMMARY

In this paperwe propsea nev QoS-avare multicastrouting
protacol calledQMBF. Basingon bowundedfloodng techrque,
every network nock canhave a LNC topolagy information as
well asQoSstateinformation. The QMBF mainly utilizesthis
techniaqieto increasethe chanceof finding thefeasiblebranch
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Fig.4. Successatio of differentmulticastprotocols with two
groupsize

It usestwo method to find feasiblebranch Compuing PFB
usinglocal network cell information (collectedfrom bourded
flooding) andusingmultiple pathsearching QMBF caneither
opegateontop of any unicastrouting protacol or cooperatewith
QoS-baedunicastrouting pratocol. The protocd requires no
intermaliateroutersto keepthe tempaal searchig statesand
neednotfloodthewholenetwork to find themulticastpath. The
simulationresultsshavs thatQMBF canachiee bettersuccess
ratio thanotherQoS-baedmulticastrouting pratocols.
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