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Abstract
This paper introducesa core migration protocol

that providesQoSfor multicastapplicationsin Mo-
bile Ad hocNetworks.Multicastingis usuallyaccom-
plishedby constructinga multicasttreeandtransmit-
ting the packetsover this tree,replicatingpacketsat
the branchpoints. In a groupsharedmulticasttree,
the choiceof the root (core)playsan importantrole
in influencingtheorganizationof thetreeandaffect-
ing theperformanceof packet delivery. Theobjective
is to constructa treewhoseleavesachieve thedesired
qualitiesof the multicastapplication. Our proposal
differs from previouswork on coreselectionandmi-
grationwhich typically rely on completeknowledge
of network topology and also almostcompletenet-
work participationfor providing this information.

Keywords: mobilead hocnetworks, multicastrout-
ing protocols,corebasedtree,coremigration.

1 Introduction
1.1 Multicasting in Mobile Ad hoc Networks

An adhocnetwork is anetwork thatis constructed
on demandto enablereliablecommunicationamong
portablecomputersin a mobileenvironmentwithout
theneedof a centralmanageror additionaladminis-
trativework. A mobileadhocnetwork [6] in addition
to having anunpredictableanddynamictopologyalso
hasseveral severe constraintson its resourcessuch
asbandwidthandbatterypower which is due to its
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wirelessnature.Theseconstraintsandcharacteristics
of Mobile Ad hocNetwork (MANET) environments
make themulticastproblemmorecomplex [7].

Multicastroutingprotocolsgenerallybuild treesto
delivermessagesto amulticastgroup.Multicastrout-
ing protocolsareof different types: sender-initiated
and receiver-initiated protocols. In sender-initiated
protocols,suchastheDVMRP [8] andPIM-DM [4],
thereceiving groupis assumedto befairly denseand
thesenderinitiatesthemulticastassumingall routers
in the network are interestedin receiving the multi-
cast.Routersthatdonotneedto forwardthemessage
to groupmembersprunethemselvesfrom the multi-
casttree. In receiver-initiatedprotocolslike CBT [1]
and PIM-SM [2, 3], the receivers initiate their own
connectionto the tree. In eachof thesereceiver-
initiatedprotocols,awell-known routerexiststhatac-
ceptsconnectionrequestsfrom other routers. This
router is known as the “rendezvous point” in PIM.
and the “core” in CBT. The returningacknowledg-
mentbuilds a branchof the treebackto the initiator
alongthereversepathof theconnectionrequest.

An effort to find a minimal cost tree in termsof
qualities like delay, bandwidthor hop-count,for a
given subsetof nodesgives rise to the well known
NP-completeMinimal Steiner Tree problem.

1.2 Core Selection and Migration Fundamentals

The core selectionand migration protocol is de-
signedto constructcorebasedtreesusingoneof sev-
eraldifferentquality of QoSmetrics.Thecoreselec-
tion algorithmtries to find that network node(i.e., a
router)whoseuseasthe coreof the multicastgroup



resultsin an optimal multicasttreewith respectto a
desiredperformancemetric. Core migrationoccurs
afterselectinganew corefor amulticastgroup.

The following factorsmay contribute to overhead
in the coreselectionandmigrationalgorithm: num-
ber of nodesparticipatingimplicitly or explicitly in
coreselection,numberof messagesexchanged,num-
berof timesthealgorithmis executed,andfinally the
optimalityof thecoreselectedin termsof thedesired
performancemetrics.

In this paper, we proposean efficient QoSsensi-
tive/responsive algorithmfor MANET which moves
the core implicitly on a hop-by-hopbasis,so as to
continuouslyadaptto network variationsandfinally,
in steadystate,to reachan optimal position corre-
spondingto the desiredQoS.A detaileddescription
of theprotocolspecificallymeetingthedelayrequire-
mentsof a multicastapplicationarepresented,along
with proofsthat the protocolmovesthe coretoward
the optimal locationandreachesthat locationwhen
thenetwork is stable.

2 Previous Work
Typical approachesproposed[9] to selecta core

canbebroadlyclassifiedinto administrative or static
selection,or dynamiccenterselection.

Administrative selectionusually choosesthe first
node,sourceor member, of the multicastgroup(or
network) as the core which remainsfixed irrespec-
tive of changesin the network topology. Adminis-
trative selectionmay sometimesleadto a routerbe-
ing selectedasthecore/centerwhoseoptimality with
respectto variousperformancemetricsmaydegrade,
dependingupon whetheror not the changesin net-
work topologymake the relative locationof thecore
moreor lessefficient.

The dynamic centerselectionalgorithm tries to
adaptto the network dynamicsby invoking the core
selectionalgorithmmultipletimesoverthelifetime of
agroupuntil thetreebranchesreflectthedesiredQoS
requirements.Dynamic centerselectionalgorithms
canbe furtherclassifiedinto two categories:explicit
andimplicit centerselection.

An explicit coreselectionalgorithmrequiresthat
whenever the algorithmis run, all network nodesor
membersof themulticastgroupcomputetheirweight
functionsand exchangeweightsamongthemselves,
soasto selectthenodewith theminimumweightas

thecore.Thiskind of algorithmalsorequiresa termi-
nationconditionexpressedin termsof, say, number
of hopsor links to traverse,numberof membersor
nodesparticipating,or a timeoutperiod,soasto suc-
cessfullyterminatethealgorithm.

ThalerandRavishankar[9] proposetwo minimiza-
tion protocols,wherethe � bestnodesare found in
a distributed and automatedfashionby minimizing
a weight function using a list of groupmembersor
sources.Sincethe algorithmrequirescompletepar-
ticipationamongeitherall network nodesor all group
membersor all sources,it is applicableonly to afixed
wirednetwork like theInternet.

Fleury et al. [5] proposeseveral core selection
heuristics.Eachheuristicdefinesa methodto explic-
itly identify asetof candidatecorenodesfrom which
thecorecanbeselected.Thesetof nodesusedin any
of theseheuristicsrangesfrom theentirenetwork or
group,toaspecificmulticasttree.All of theheuristics
proposedrequireknowledgeof thenetwork topology,
which is collectedat thecoreor any routerby means
of theJoin Requeststhatcontainthemember-to-core
pathsdeliveredto thecore.TheseJoin Requestsmay
not reflectthedynamicsof theMANET.

On the other hand,an implicit core selectional-
gorithmrequiresonly one node,thecore,to monitor
thenetwork over regular intervalsof time for thede-
siredQoSmetric. For example,thecorecanmonitor
the delay by calculatingthe time differencerelative
to itself betweenthe transmissionof a packet (or a
groupof packets) and their correspondingacknowl-
edgments.The algorithmthenmakesa decisionac-
cordingto a threshold,which may be eitherfixedor
computeddynamically. For example,the algorithm
maydecideto migratethecoreif onebranchconsis-
tently hasa cost of more than 5% over the desired
QoS.Thus, intuitively, an implicit algorithmshould
involve lessoverheadthananexplicit one.

3 New Center Selection / Migration Protocol
3.1 Design Philosophy

Our aim is to designan efficient core migration
protocol for ad hoc networks that migratesthe core
until thetreebranchesreflectthedesiredQoSrequire-
mentsof themulticastapplication.If thedifferences
in desiredqualitiesarenot above a threshold,we do
not to migratethe core, thusavoiding frequentcore
migrations.An idealalgorithmto locatethecenterof



a multicasttreein anadhocnetwork shouldhave an
implicit andminimum network participationto min-
imize a performancemetric,suchasdelay. It should
have minimal interactionbetweenneighboringnodes
duringcoreselection,migration,anddisseminationof
thenew corelocation. It shouldsupportincremental
coremigrationasopposedto distantmigration,thus
ensuringminimal overheadin termsof themessages
exchangedduring transferof the corestateandalso
reducingtherisk of failure,whichmaybeaggravated
by a distantcore migration in a wirelessmobile ad
hocnetwork.

Finally, of theseveralweightfunctionsthatcanbe
minimizedto makeadecisiononcoreplacement,our
protocol, as an example,usesdelay as the function
to be monitoredasopposedto parameterslike mini-
mum/maximum/averagedistanceor maximumdiam-
eter. Thereasonis theotherparametersaremoreap-
propriatefor astaticnetwork whereknowledgeof net-
work topologyis relatively fixedandcanbeobtained
moreeasily. Additionally, we believe thatour proto-
col is genericasit canbeeasilyextendedto include
otherQoSparameterslikehop-count,bandwidth,etc.
or a combinationof these.
3.2 Protocol Design

With respectto figure 1 the arrows indicatehow
routers1, 2, 3, and4 reachthecorewith acknowledg-
mentsfor thedatapacketsmulticast.
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Figure1: ExampleCoreBasedMulticastTree

Thecorerecordsthehistoryof thedelaysin terms
of the relative time differencebetweenthe packets

sentto and the correspondingacknowledgmentsre-
ceived from the respective subtreebranchesto the
core.
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Figure2: Historyof Delaysusedfor CoreSelection

Figure 2 depictsa possiblehistory of delaysac-
cumulatedby the corefrom the four on-treerouters
(OTRs). Let us definethe following array for anal-
ysis: ������������� ��!�" ��# : An array usedby the core to
storethesamplesof delayobtainedfrom eachof the$ neighboringon-treerouters: %'&)(*& $ .

In orderto decidewhich branchis showing a con-
sistentdelay, the core has to computea parameter,
�+�,�����.-0/2143658791:- , for eachof the $ neighboringon-tree
routersthroughwhichit hasmonitoredthedelay. The
�+�,�����.-0/2143658791:- can be computedfrom the recursive
equationgivenbelow:

; -=<>7@?9A�B�CED>F�GHCEAJI 3
KML N ; -O<
79?9A�B�C6D
F�G0CEAPI 3RQTS2KUWV SXQYN[Z ; -O<
79?@\+].^,_�I 3
K
That is, the ���,���+�.-=/2143E5`7@1:- at step a is bdc

�+�,����� -0/2143658791:- at step e�agfh%�i and the �+�,���+� �����+! at
stepa , wherejk&lbm&n%po9jk&qar&l�so9t.uwvx%'&m(y& $ .

The �������+�.-0/z143E5`7@1:- parameteris computedby the
coreusingboththehistoryof delaysandtheweight-
ing factor b . A small valueof b , say b = 0.2, gives
moreweightto earliervalueswhereasb|{nj~}>� gives
more importanceto later values. The ���,���+�.-=/2143E5`7@1:-
givesthecorea comprehensive local view of the im-
balancesin delayover its subtreebranches,which is
basicallycausedby asymmetricchangesin its net-
work topology. The �+�,����� 1:7@�=��-21 is the desiredQoS
specifiedto thecoreby themulticastapplicationand
threshold is the maximumlimit above the required
QoSvaluewhich themulticastapplicationcansafely
tolerate.The �������+�.-0/z143E5`7@1:- changeswith thenetwork
topologyand thereforeit is usedby the coreplace-
mentprotocolalongwith threshold to move thecore



to thenext hopin anattemptto minimizeimbalances
in delay. Now, referring to figure 2, it can be con-
cluded that the �T�Y�T� delay graphshows a larger
and persistent deviation from ���������p1:7@�O�J-21 that is, for
���Y� � o9�+�,���+� -=/2143E5`791:- {��+�,���+� 1:79�=��-O1 . Hence, �T�T� �
is thenext probablepositionfor thecore.

3.3 QoS Metrics Analyzed

In this paper, in addition to hop-countanddelay,
we alsoanalyzean additionalQoSmetric known as
hopfan-outcount.Thehopfan-outcount,in addition
to thethenumberof hops,alsotakesinto accountthe
fanoutatanode.Thus,hopfan-outcountcanbecon-
sideredasa measureof minimumcontentionfor the
sharedwirelessmediumat anode.

3.4 Core Migration Steps

A detailed diagram illustrating the sequenceof
messageexchangesduringcoremigrationis given in
figure3. Thecoremigrationprotocolbasesits deci-
sion on the history of the delaysrecordedin terms
of the relative time differencebetweenthe packets
sentto and the correspondingacknowledgmentsre-
ceived from the respective subtreebranchesto the
core. Sincethe nodesare mobile, it is possiblefor
nodesto have neighborsdynamicallychangingwith
time. Thereforea nodewould needto synchronize
its datawith its childrenandits dataacknowledgment
(it had received) with its current parentdepending
uponwhetherthatnode’s currentchildrenhadin the
pastforwardedsuchanacknowledgmentupstream.A
nodeencounteringnew neighborsentersthis Synch
Stageconsistingof SynchQuery and SynchReply
that tries to maintainthis dataanddataacknowledg-
ment relationshipbetweena node’s parentand its
children. Similar is the casefor a CoreInformation
messageandits associatedCoreacknowledgment.To
avoid pastacknowledgmentsrepetitively reachingthe
core, the core broadcastsa StabilizedAck message
for thosedataacks(andcoreacks)thathave already
beenrecordedashistory from all the othernon-core
multicastgroupmembers.

The core migration sequencecan then be under-
stoodasconsistingof building history, synchronizing
dataandits associatedackwith neighbors,stabilizing
all the dataacks,sendingthe coreinformation,syn-
chronizingcore information and its associatedcore
ack with neighbors,andfinally a corestatetransfer
messageunicastfrom theold coreto thenew core.
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Figure3: TheCoreMigration ProtocolMessageSe-
quence

4 Correctness
Theorem 1 When the network topology is static, the
core migrates to an optimal router.

Proof. The core monitorsthe delay on the subtree
branchesby way of the time (relative to itself) at
which multicastpacketsaresentandthecorrespond-
ing acknowledgmentsreceived. For a given multi-
casttreetopology, thedelaymonotonicallyincreases
asthemessagetravelsgreaterdistances.Moving the
core toward the branchwith the highestdelay de-
creasesthedelayon thatbranch.Thedelayincreases
ontheotherbranches,but thatdelayremainslessthan
thepreviousdelayon thelongestpath.Sincethenet-
work topologyis “static”, the corecontinuouslymi-
gratesitself on a hop-by-hopbasisuntil it reachesa
positionwherethedifferencesin delayarenot above
a threshold necessaryto migrate. ©
Theorem 2 When the network topology is changing,
the core tries to adapt to network dynamics and at
steady state reaches to an optimal router.

Proof. When the network topology changes,the
�+�,�����.-0/2143658791:- samplesthat is computedover � will
also changeaccordingly. For smaller � the core
makesa decisionon coremigrationin lesstime, re-
sultingin frequentcoremigrationstoadapttonetwork
dynamics.At steadystate,thecorewould migrateto
anoptimalpositionwhereit equalizesthedelaycom-
ing from all the subtreebranches.Thus, the coreis
alwaysmoving towardacurrentlyoptimalposition. ©



5 Preliminary Simulation
We used SimJava (version 1.2) as our discrete

event simulator. For easein analysis,let us con-
sider a scaleddown examplenetwork consistingof
12 nodesmoving randomlyat a low ratewithin a 2-
dimensionalregionof space.At any givensimulation
time, all thenodesareassumedto beconnectedto at
leastoneothernode. The wirelesschannelhasbeen
modeledasa bidirectionalsharedmediumwith colli-
sionavoidance.Thedelayis assumedto beequalin
eitherdirection– unit delayfor eachwirelesstrans-
mission. The simulationstartswith the topology in
figure4a,with node0 selectedarbitrarilyasthecore.
The ���������p1:7@�O�J-21 specifiedduring the simulationwas
one-fourththe numberof nodesi.e. equalto 3 units
with a 25%margin above it asthreshold.At time 0,
the coresendsthe first datapacket andat time 15.2
(referfigure4b),thecorestabilizesthecorresponding
dataacknowledgmentfor all non-corenodes.During
thistime,thecoremonitored���Y��ª having costmore
thanits otherneighbors.The following averageval-
ueswereobtainedfor ���Y� ª , hop countequalto 2,
hop-fanoutcountequalto 4 anddelayequalto 8. Al-
thoughthenetwork wasnot staticduringsimulation,
���Y��ª consistentlyhadmorechildrenthanunderany
of the other core’s neighbors. Hence,the core mi-
gratesto its next hopneighbori.e., ���Y� ª .
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Figure4: (a) Initial Network Topologyfor simulation
and(b)Snapshotof Network Topologywhencoresta-
bilizesthefirst DataAck

6 Conclusions
In this paper we have proposeda simple, effi-

cient, and reliable core migration protocol for pro-
viding QoS in MANET. Our proposaldiffers from

previous proposalsas it doesnot rely on complete
knowledgeof network topologyandalsoalmostcom-
plete network participationfor providing this infor-
mation. Our protocolachievesthesameresultas[9]
in astablenetwork,althoughwith someadditionalde-
lay. Both thesamplingtimeperiod � andthemethod
usedto calculatethe threshold and �������+�.-0/z143E5`7@1:- de-
terminetheeffectivenessof thecoreselectionproto-
col in adaptingto the network dynamicsandassoci-
atedprotocoloverhead.For smaller� thecoremakes
a decisionon coremigrationin lesstime andthis re-
sultsin frequentcoremigrationsandmoreoverhead.
OurfutureresearchinvolvesextendingourQoSsensi-
tiveprotocolto alsomeettheotherQoSrequirements
like bandwidth.Wearepresentlyworkingonsimula-
tionsto studythetradeoff betweentheresponsiveness
of the protocolto the ad hoc network dynamicsand
thevalueof thethreshold.
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