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Abstract

This paperintroducesa core migration protocol
that provides QoS for multicastapplicationsin Mo-
bile Ad hocNetworks. Multicastingis usuallyaccom-
plishedby constructinga multicasttreeandtransmit-
ting the paclets over this tree, replicatingpaclets at
the branchpoints. In a group sharedmulticasttree,
the choiceof the root (core) playsan importantrole
in influencingthe organizationof the treeandaffect-
ing the performancef paclet delivery. The objective
is to constructatreewhoseleavesachieve the desired
gualitiesof the multicastapplication. Our proposal
differsfrom previouswork on coreselectionand mi-
grationwhich typically rely on completeknowledge
of network topology and also almostcompletenet-
work participationfor providing this information.

Keywords. mobile ad hoc networks, multicastrout-
ing protocols corebasedree,coremigration.

1 Introduction
1.1 Multicastingin Maobile Ad hoc Networks

An adhocnetwork is a network thatis constructed
on demando enablereliablecommunicatioramong
portablecomputerdgn a mobile environmentwithout
the needof a centralmanageior additionaladminis-
trative work. A mobileadhocnetwork [6] in addition
to having anunpredictablenddynamictopologyalso
has several severe constraintson its resourcessuch
as bandwidthand battery power which is dueto its
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wirelessnature.Theseconstraintsandcharacteristics
of Mobile Ad hoc Network (MANET) ervironments
make the multicastproblemmorecomple [7].

Multicastrouting protocolsgenerallybuild treesto
deliver messagewm amulticastgroup. Multicastrout-
ing protocolsare of differenttypes: sendeiinitiated
and receverinitiated protocols. In sendetinitiated
protocols suchasthe DVMRP [8] andPIM-DM [4],
thereceving groupis assumedo befairly denseand
the sendeiinitiatesthe multicastassumingall routers
in the network areinterestedn receving the multi-
cast.Routerghatdo notneedto forwardthemessage
to groupmembergprunethemselesfrom the multi-
casttree. In receverinitiated protocolslike CBT [1]
and PIM-SM [2, 3], the recevers initiate their own
connectionto the tree. In eachof theserecever
initiatedprotocols awell-known routerexiststhatac-
ceptsconnectionrequestsrom other routers. This
router is knowvn as the “rendezwus point” in PIM.
andthe “core” in CBT. The returningacknavledg-
menthbuilds a branchof the tree backto the initiator
alongthereversepathof the connectiorrequest.

An effort to find a minimal costtreein termsof
gualitieslike delay bandwidthor hop-count,for a
given subsetof nodesgivesrise to the well knowvn
NP-completeMinimal Steiner Tree problem.

1.2 Core Selection and Migration Fundamentals

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



resultsin an optimal multicasttree with respecto a
desiredperformanceametric. Core migrationoccurs
afterselectinga new corefor a multicastgroup.

The following factorsmay contrikute to overhead
in the core selectionand migrationalgorithm: num-
ber of nodesparticipatingimplicitly or explicitly in
coreselectionnumberof messageexchangednum-
berof timesthe algorithmis executed andfinally the
optimality of thecoreselectedn termsof the desired
performancenetrics.

In this paper we proposean efficient QoS sensi-
tive/responsie algorithmfor MANET which moves
the core implicitly on a hop-by-hopbasis,so asto
continuouslyadaptto network variationsandfinally,
in steadystate,to reachan optimal position corre-
spondingto the desiredQoS. A detaileddescription
of theprotocolspecificallymeetingthedelayrequire-
mentsof a multicastapplicationare presentedalong
with proofsthatthe protocolmovesthe coretoward
the optimal location and reacheghat locationwhen
thenetwork is stable.

2 PreviousWork

Typical approachegroposed9] to selecta core
canbe broadlyclassifiedinto administratie or static
selectionpr dynamiccenterselection.

Administrative selectionusually chooseghe first
node, sourceor member of the multicastgroup (or
network) asthe core which remainsfixed irrespec-
tive of changesn the network topology Adminis-
trative selectionmay sometimedeadto a routerbe-
ing selectedasthe core/centewhoseoptimality with
respecto variousperformancemetricsmay degrade,
dependinguponwhetheror not the changesn net-
work topologymalke the relative locationof the core
moreor lessefficient.

The dynamic centerselectionalgorithm tries to
adaptto the network dynamicsby invoking the core
selectioralgorithmmultiple timesoverthelifetime of
agroupuntil thetreebrancheseflectthedesiredQoS
requirements. Dynamic centerselectionalgorithms
canbefurther classifiedinto two cateories: explicit
andimplicit centerselection.

An explicit core selectionalgorithmrequiresthat
wheneer the algorithmis run, all network nodesor
memberf themulticastgroupcomputetheir weight
functionsand exchangeweightsamongthemseles,
so asto selectthe nodewith the minimumweightas

thecore. Thiskind of algorithmalsorequiresa termi-
nation condition expressedn termsof, say number
of hopsor links to traverse,numberof membersor
nodesparticipating,or atimeoutperiod,soasto suc-
cessfullyterminatethe algorithm.

ThalerandRavishankaf9] proposdwo minimiza-
tion protocols,wherethe n bestnodesare found in
a distributed and automatedfashionby minimizing
a weight function using a list of group membersor
sources. Sincethe algorithmrequirescompletepar
ticipationamongeitherall network nodesor all group
membersr all sourcesit is applicableonly to afixed
wired network like the Internet.

Fleury et al. [5] proposesereral core selection
heuristics.Eachheuristicdefinesa methodto explic-
itly identify a setof candidatecorenodesrom which
thecorecanbeselectedThesetof nodesusedin ary
of theseheuristicsrangesfrom the entirenetwork or
group,to aspecificmulticasttree. All of theheuristics
proposedequireknowvledgeof thenetwork topology
whichis collectedat the coreor ary routerby means
of the Join.Requestshat containthe membetto-core
pathsdeliveredto the core. TheseJoin Requestsnay
not reflectthe dynamicsof the MANET.

On the other hand, an implicit core selectional-
gorithmrequiresonly one node,the core,to monitor
the network over regularintervals of time for the de-
siredQoSmetric. For example,the corecanmonitor
the delay by calculatingthe time differencerelative
to itself betweenthe transmissiorof a paclet (or a
group of paclets) andtheir correspondingacknavl-
edgments.The algorithmthenmakes a decisionac-
cordingto a threshold which may be eitherfixed or
computeddynamically For example,the algorithm
may decideto migratethe coreif onebranchconsis-
tently hasa cost of more than 5% over the desired
QoS. Thus, intuitively, animplicit algorithmshould
involve lessoverheadhananexplicit one.

3 New Center Selection / Migration Protocol
3.1 Design Philosophy

Our aim is to designan efficient core migration
protocolfor ad hoc networks that migratesthe core
until thetreebrancheseflectthedesiredQoSrequire-
mentsof the multicastapplication. If the differences
in desiredqualitiesare not abore a threshold we do
not to migratethe core, thus avoiding frequentcore
migrations.An idealalgorithmto locatethe centerof



amulticasttreein anad hoc network shouldhave an
implicit andminimum network participationto min-
imize a performanceametric, suchasdelay It should
have minimal interactionbetweemeighboringnodes
duringcoreselectionmigration,anddisseminatiorof
the new corelocation. It shouldsupportincremental
coremigrationasopposedo distantmigration,thus
ensuringminimal overheadn termsof the messages
exchangedduring transferof the core stateand also
reducingtherisk of failure,whichmaybeaggraated
by a distantcore migrationin a wirelessmobile ad
hocnetwork.

Finally, of the severalweightfunctionsthatcanbe
minimizedto make a decisionon coreplacementpur
protocol, as an example, usesdelay as the function
to be monitoredasopposedo parameterdike mini-
mum/maximum/eeragedistanceor maximumdiam-
eter Thereasons the otherparametersremoreap-
propriatefor astaticnetwork whereknowledgeof net-
work topologyis relatively fixedandcanbe obtained
moreeasily Additionally, we believe thatour proto-
col is genericasit canbe easilyextendedto include
otherQoSparametersike hop-countpandwidth etc.
or acombinatiorof these.

3.2 Protocol Design

With respectto figure 1 the arrawvs indicate how
routersl, 2, 3, and4 reachthe corewith acknavledg-
mentsfor thedatapaclketsmulticast.
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Figurel: ExampleCoreBasedMulticastTree

Thecorerecordsthe history of the delaysin terms
of the relatve time differencebetweenthe paclets

sentto andthe correspondingacknavledgmentsre-
ceived from the respectie subtreebranchesto the
core.
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Figure2: History of Delaysusedfor CoreSelection

Figure 2 depictsa possiblehistory of delaysac-
cumulatedby the core from the four on-treerouters
(OTRSs). Let us definethe following array for anal-
ysis: delayorrj[n]: An array usedby the coreto
storethe samplesof delayobtainedfrom eachof the
m neighboringon-treerouters:1 < j < m.

In orderto decidewhich branchis shawving a con-
sistentdelay the core hasto computea parameter
delayestimate, TOr €achof them neighboringon-tree
routersthroughwhichit hasmonitoredthedelay The
delayestimate CaN be computedfrom the recursie
equationgivenbelow:

adelayestimate [Z - 1]

+(1 — a)delayorr;i]

delayestimate['i] =

That is, the delayestimate at step i is a X
delayestimate at step (i — 1) andthe delayorr; at
stepi, whered < a < 1,0 <i < n,andl < j <m.

The delayestimate Parametelis computedby the
coreusingboththe history of delaysandthe weight-
ing factora. A smallvalueof «, saya = 0.2, gives
moreweightto earliervalueswhereasy > 0.5 gives
more importanceto later values. The delayestimate
givesthe corea comprehense local view of theim-
balancesn delayover its subtreebrancheswhich is
basically causedby asymmetricchangesn its net-
work topology The delayiqrget is the desiredQoS
specifiedto the coreby the multicastapplicationand
threshold is the maximumlimit above the required
QoSvaluewhich the multicastapplicationcansafely
tolerate.Thedelayestimate Changewith the network
topology and thereforeit is usedby the core place-
mentprotocolalongwith threshold to move the core



to thenext hopin anattemptto minimizeimbalances
in delay Now, referringto figure 2, it canbe con-
cludedthat the OT' R4 delay graphshawvs a larger
and persistent deviation from delay;qrq4e: thatis, for
OT Ry, delayestimate > delayiarger. HENCE,OT Ry
is the next probablepositionfor the core.

3.3 QoSMetrics Analyzed

In this paper in additionto hop-countand delay
we alsoanalyzean additionalQoS metric known as
hopfan-outcount. Thehopfan-outcount,in addition
to thethenumberof hops,alsotakesinto accounthe
fanoutatanode.Thus,hopfan-outcountcanbecon-
sideredasa measureof minimum contentionfor the
sharedvirelessmediumatanode.

3.4 CoreMigration Steps

A detailed diagramillustrating the sequenceof
messagexchangesiuring coremigrationis givenin
figure 3. The coremigrationprotocolbasests deci-
sion on the history of the delaysrecordedin terms
of the relatve time differencebetweenthe paclets
sentto andthe correspondingacknavledgmentsre-
ceived from the respectie subtreebranchesto the
core. Sincethe nodesare mobile, it is possiblefor
nodesto have neighborsdynamicallychangingwith
time. Thereforea nodewould needto synchronize
its datawith its childrenandits dataacknavledgment
(it had receved) with its current parentdepending
uponwhetherthatnodes currentchildrenhadin the
pastforwardedsuchanacknavledgmentupstreamA
node encounteringhen neighborsentersthis Synch
Stageconsistingof Synch Query and Synch Reply
thattries to maintainthis dataanddataacknavledg-
ment relationshipbetweena nodes parentand its
children. Similar is the casefor a CorelInformation
messagandits associateCoreacknaviedgment.To
avoid pastacknavledgmentgepetitively reachinghe
core, the core broadcasta StabilizedAck message
for thosedataacks(andcoreacks)that have already
beenrecordedas history from all the othernon-core
multicastgroupmembers.

The core migration sequenceaan then be under
stoodasconsistingof building history synchronizing
dataandits associatedckwith neighborsstabilizing
all the dataacks,sendingthe coreinformation, syn-
chronizing core information and its associatedcore
ack with neighbors,andfinally a core statetransfer
messagenicastfrom theold coreto thenew core.
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Figure3: The CoreMigration 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 multicastpacletsaresentandthe correspond-
ing acknavledgmentsreceved. For a given multi-
casttreetopology the delaymonotonicallyincreases
asthe messagédravels greaterdistancesMoving the
core toward the branchwith the highestdelay de-
creaseshedelayonthatbranch.Thedelayincreases
ontheotherbrancheshut thatdelayremaindessthan
the previousdelayon thelongestpath. Sincethe net-
work topologyis “static”, the core continuouslymi-
gratesitself on a hop-by-hopbasisuntil it reachesa
positionwherethe differencesn delayarenot above
athreshold necessaryo migrate. O

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
delayestimate SAMplesthatis computedover T' will

also changeaccordingly For smaller T the core
makesa decisionon core migrationin lesstime, re-
sultingin frequentoremigrationgo adapto network
dynamics.At steadystate the corewould migrateto
anoptimalpositionwhereit equalizegshedelaycom-
ing from all the subtreebranches.Thus, the coreis
alwaysmoving towarda currentlyoptimalposition.O



5 Preliminary Simulation

We used SimJaa (version 1.2) as our discrete
event simulator For easein analysis,let us con-
sider a scaleddown example network consistingof
12 nodesmoving randomlyat a low ratewithin a 2-
dimensionalegion of space At ary givensimulation
time, all thenodesareassumedo be connectedo at
leastoneothernode. The wirelesschannelhasbeen
modeledasa bidirectionalsharedmediumwith colli-
sionavoidance.The delayis assumedo be equalin
eitherdirection— unit delayfor eachwirelesstrans-
mission. The simulationstartswith the topologyin
figure4a,with node0 selectedarbitrarily asthe core.
The delay;qrqe: SPecifiedduring the simulationwas
one-fourththe numberof nodesi.e. equalto 3 units
with a 25% maigin above it asthreshold.At time O,
the core sendsthe first datapaclet andat time 15.2
(referfigure4b),the corestabilizeghecorresponding
dataacknavledgmentfor all non-corenodes.During
thistime, thecoremonitoredOT R» having costmore
thanits otherneighbors.The following averageval-
ueswere obtainedfor OT Rs, hop countequalto 2,
hop-fanoutcountequalto 4 anddelayequalto 8. Al-
thoughthe network wasnot staticduring simulation,
OT R consistenthhadmorechildrenthanunderary
of the other cores neighbors. Hence,the core mi-
gratedo its next hopneighbori.e., OT Rs.
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Figure4: (a) Initial Network Topologyfor simulation
and(b) Snapshoof Network Topologywhencoresta-
bilizesthefirst DataAck

6 Conclusions

In this paperwe 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 protocolachieesthe sameresultas[9]
in astablenetwork, althoughwith someadditionalde-
lay. Both the samplingtime periodT" andthe method
usedto calculatethe threshold anddelayestimate de-
terminethe effectivenessf the coreselectionproto-
col in adaptingto the network dynamicsandassoci-
atedprotocoloverheadFor smallerT thecoremakes
adecisionon coremigrationin lesstime andthis re-
sultsin frequentcoremigrationsandmoreoverhead.
Ourfutureresearclinvolvesextendingour QoSsensi-
tive protocolto alsomeetthe otherQoSrequirements
like bandwidth.We arepresentlyworking on simula-
tionsto studythetradeof betweertheresponsieness
of the protocolto the ad hoc network dynamicsand
thevalueof thethreshold.
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