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Multipoint relayshave beenintroducedin the proactie protocolOLSRin orderto optimizethe flooding overheadof

controltraffic. In this paperwe shav thatmultipoint relayingcanbe usedaswell in reactive protocolsin orderto save

overheadn routediscorery. To this endwe specifya very simplereactize protocolcalledMPRDV (Multipoint Relay
DistanceVectorprotocol). In MPRDV routerequestsandrouterepliesareall floodedvia Multipoint Relays(MPR).

They bothopenroutesto their originators.Routerepairsareperformedoy new routerequestlooding.

We shawv with simulationthattheuseof MPR flooding doesnotleadto the controltraffic explosionthatwe experience
with basicreactve protocolin presenc®f frequentroutediscorery andfailure.

MPR provide alsoanotheoptimizationsinceit tendsto offer optimalroutesto datapacletsandsoincreasesheprotocol
performances.

1 Introduction

Mobile ad hoc networks are emeging as a very hot issuein telecommunication.They have numerous
applicationsin several fields, including both military and civilian use. Sincethe effective rangeof high

capacityradio link arelimited (IEEE 802.11a,g), the capacityof paclet relayinginside the network is

a key componenbf suchnetwork. Mobile ad hoc routing hasreceived tremendousgjuantity of intention

sincethe openingof the IETF working groupMANET. The maindifficulty in adhocrouting,comparedo

classicroutingin wired ervironment,is thatwirelessnetworks mustsupportmuchmoremobility for much

lesschannelcapacity In this caseit is very importantto limit the control traffic overheadof the routing

protocols.Thefour routing protocolsproposedor standardizatiomredispatchedn two classes:

1. Proactve protocols: basedon periodic exchangeghat proactvely updatethe routing tablesto all
possibledestinationevenif notraffic goesthrough.Thetwo proactive protocolsareOLSR[ACJ" 03]
andTBRPF[OTLO3].

2. Reactve protocols: basedon on-demandoute discoveriesthat updaterouting table only for the
destinationthat have traffic going through. The two reactve protocolsare AODV [PBRDO03] and
DSR[JMHO03].

A priori onemaythink thatthe proactive approachmaygeneratanuchmorecontroltraffic thanthereactve
approach.This is not true sincethe proactive protocolshave proposedsereral optimizationto limit their
overheadn orderto fit the requiremenfor mobile wirelessnetworks. Among thesefeature,the OLSR
protocolproposesnoptimisedfloodingmechanisnbasedon MPR [LQV02][JLMV01] thatminimizethe
numberof retransmissiondn thereactize protocolssuchasAODV andDSR,theroutediscoveryis based
on the classicalflooding of a routerequestoriginatedby the source. In the classicalflooding every node



GéraudAllard, Philippe Jacquetand Laurent \iennot

retransmibncethemessagafterhaving recevvedit. Thisprocedures particularlyheary in adensenetwork
wherethe numberof redundanteceptionsmaybeexcessie. In OLSR,thefloodingis optimizedsuchthat
only a subsebf the nodesretransmitshe messageSothatthe numberof retransmissionss limited even
whenthenetwork is dense.

If we consideratypical network with 10,000nodes eachof themhaving 1,000neighborsthe classical
floodingwould leadto 10,000retransmissionsandthe optimizedflooding may limit this numberto 100.
Oneunexpectedconsequencef classicalflooding on densenetwork is thatthe abondancef retransmis-
sionsconcentrean ashortperiodof time mayactuallyput the network in sucha stresghatit maylitteraly
ruin the quality of the existing link. In suchsituationa singleroutediscovery in a reactve protocolmay
kill severalactive routesandgeneratanoreroutediscovery for routerepair If the 10,000nodesnetwork
working with areactive protocol,breaksl0,000active routesperupdateperiod,thentheroutere-discaery
proceduravould generatel 0,000flooding andcauseshe transmissiorof 10° messageat leastperupdate
periods.

In this paperwe presentan alternatve to reactize protocols,called MPRDV, that usesan optimized
floodingmechanisnior routediscovery. In orderto usethis optimizedmechanismthenodesnustperform
a proactie controlin orderto know their two-hop neighborhood.This canbe donevia the receptionof
hello messagegeneratindyy the nodesandcontainingtheir neighbordist. Sincetwo nodesareneighbors
whenthey canseeeachotheraddressn theirrespectre hellos,thisis avery straightforvardprocedure The
costof the proactive neighborscontrolis not negligible but is far lessimportantthanthe costof classical
flooding,in particularwhentheconditionof traffic andmobility causesoo mary routediscoseryprocedure.

Thiswork is organizedasfollow. In section2 we describethe multipointrelayingprocessaandhow it is
appliedin OLSR protocol,in Section 3 we depictthe MPRDV protocolandin section 4 simulationresults
areexhibitedanddiscussed.

2 Neighbor sensing Multipoint selection and relaying
2.1 Neighbor sensing

Mobile nodesperformneighborsensingoy periodicallytransmittinghello messagesn all their interfaces.
The hello messagesontainthe list of the neighbornodesheardby the originatorof the hellos. The heard
neighbomodesof a givennodeconsistof the originatorsof the hellosrecevedby this givennodewithin a
certaininterval of time. If thenumberof heardneighbomodess toolargeto fit asinglehello messagehen
severalhelloswill beusedperperiodwith therule thatall heardneighbomodesmusthave beennotified at
leastonceperupdateperiod.

By comparingthe heardnodesin a hello with its own addressa nodecandeterminewhetheror not it
hasa symmetricallink with the originatorof the hello andbuild a neighbortable. A neighbornodewith
symmetriclink is calledsymmetricneighbor Furtherwe will call it a neighbormode,assumingmplicitly
that non-symmetridinks have beenrejectedby the neighborsensing. Many wirelessMedium Access
Control (MAC) asin IEEE 802.11needsymmetriclinks in orderto transferdata(acknavledgedon a per
pacletbasis).

2.2 Multipoint relay selection and relaying

The originatorindicatesin its hello the nodeswith which it hassymmetriclinks. Thereforeall nodesare
informedof the neighbomodesof their neighborandconsequentlganbuild two-hopneighbortables.

Eachnodemustselecta Multipoint Relay (MPR) setamongits neighbors. The MPR set mustcover
thetwo hop neighborhoodf the node. The smalleris the MPR setthe betterit is. Althoughthe optimal
MPR setis an NP hardproblem,thereexist simpleheuristicsthat approachoptimality with a goodfactor
[LQVO02]. In somenetwork modelsthe numberof multipoint relayfor a givenis O(logM), whereM is the
neighborsizeof thenode[JLMVOL1].

Themultipointrelaysof nodeareindicatedin the hello messageriginatedby the node. Thereforeeach
nodecan build a multipoint relay selectorlist, i.e. thelist of neighborsthat have selectedthis nodeas
multipoint relay.
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Only MPR areallowedto retransmitabroadcasinessageThisfeatureconsiderablyeducesheoverhead
of pacletflooding. The MPR floodingworksasfollows:

A noderetransmitshe broadcasimessge only if it hasreceivedsts first copyfroma multipoint
relay selectomeighbor

Noticethatthe conditionto receivefirstfroma multipointrelay selectomeighborimpliesthatnotall nodes
thatareMPR of someneighborwill retransmit.In factin somedensenetworks nodeshasalwaysan non-
emptymultipointrelay selectorset,andwithout the “first reception”rule, all nodeswould retransmit.The
first receptionrule greatly reducesthe numberof retransmitter In somenetwork modelthe numberof
retransmitters O(logN), whenN is the network size[JLMVO01].

In OLSR the optimizedflooding is usedto disseminatehe informationon local topology Eachnode
generata TC messagéhatcontainsapartiallist of neighbomodes TheTC is forwardedo all nodesvia the
optimizedflooding. Limiting the overheadof link stateinformationdissemination.Anotheroptimization
is in the factthatthe list of neighboronly containsthe neighborswhich have selectedhe nodeas MPR.
OLSR musttransmit10° messageper updateperiod, to be comparedwith the potentialof 10® with a
reactie protocolor with aclassicalink stateprotocol. OSPFwould need10! sinceLSA messagenustbe
sentoneby oneto eachneighbomodes.Of coursethis exampleof a 10,000nodesmobile ad hoc network
canbe consideredo be extremal. But experienceshows thattheimprovements very significative evenfor
reasonablhsizedmobileadhocnetworks.

3 Description of MPRDV

Themainaimof this protocolis to provide anoptimizedfloodingmechanisnto thereactve routediscovery
messagesMPRDV protocolis dividedinto two parts:

e neighborsensingvhichis carriedoutapartfrom any datacommunicatiorperiod(proactiveapproach)

e route discovery which is performedwhena sourcenodeneedsa routeto an unknovn destination
node(on-demandnechanism)

Dueto nodesmobility, additionand deletionof wirelesslinks frequentlyoccurandwe will seehow this
issueis addresseth MPRDV andhow thelinks failurescanbe optimizedusinglink layer notification.

In MPRDV, two paclet typeshave beendefinedto provide thesefunctionalities: HELLO and ROUTE
messagesMPRDV pacletssharea commonheaderformatin which are specified,amongotherthings,
messagéype (HELLO or ROUTE), Time To Live, Hop Countandthe Originatoraddres®f themessage.

MPRDV relies on OLSR techniquesof neighborsensingand Multipoint Relaysselectionto provide
flooding optimization. Neighbordiscovery is the keypoint of Multipoint relayingmechanism Eachnode
n periodicallybroadcast$lELLO messageevery HELLO.I NTERVAL secondspescribingts immediate
neighborsand the statusof the links. More precisely a link to nodem may be "symmetric” if the link
betweem andm s bi-directional,”"asymmetric”if m canbe heardbut it is not confirmedthatm s ableto
hearn, "mpr” if n haselectedm asMPR and”lost” if n doesnt receie ary informationsfrom m. Upon
receving HELLO messages nodeshouldupdatdts neighborsnformationsmaintainedn topologytables.
Therearefour typesof topologytables:

e 1-hoptable,thistablestoresnformationsaboutone-hopneighbors
e 2-hoptable,thistablestoresnformationsabouttwo-hopneighbors
¢ MPRtable,thistablestoresnodesaddressewhich areelectedasMPRsby thenode

¢ MPRStable,thistablestoresnodesaddressewhich have electedhenodeasMPR
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Whenanasymmetridink is discoveredits lifetime is setto CURRENT _TI ME + NB_HOLD_TI ME. When
alink becomesymmetric,we considerthat this link will be symmetricfor NB_HOLD_TI ME secondsand
asymmetridor 2x NB_HOLD_TI ME seconds.

Consideringtheseneighborhoodnformations,a noden is able to computeits Multipoint Relaysset
[LQVO02] whichwill bethe only nodesallowedto retransmitoroadcasmessagefrom n. Thus,neighbor
sensingagndMPR calculationprovide usanefficientfloodingmechanismwhichis asignificantoptimization
of the purefloodingtechnique.SinceTTL field of HELLO messagess setto 1, they arenotretransmitted
by therecipients.

In commonreactie protocols purefloodingis usedandmultiple retransmissionef broadcastmessages

leadto controltraffic explosion. Theideaof MPRDV is to take advantageof Multipoint Relaysmechanism
for routediscovery messagefooding. We useROUTE pacletsto performrouterequestandrouterepairs.
A ROUTE pacletbasicallycontainsaddressesf nodesfor which arouteshouldbe created.
A nodemaintainaroutingtablewhich containsinformationsaboutthe known destinatiomodes(next hop,
hopcount,etc...).Lifetime of theseinformationsis specifiedasaprotocolparamete(ROUTE_HOLD_TI ME)
andis refreshecdevery time a datapacketsaretransmittedalongthis path. Eachnodealsomaintainsa Se-
guenceNumberwhich is incrementedevery time a ROUTE messageaeedsto be sent. Including this
Sequenc&lumberin ROUTE messagess a commonway to provide loop free route creationandto only
considerthe mostrecentmessages.

Uponreceving datapackets,a noden checksits routing tablefor an entry for the destinationnode. If
suchanentryexists,datapacletis transmittedo the specifiechext hop. Onthe otherhand,if destinatioris
unknown, n broadcasta ROUTE paclet containingthe addres®of the requestediestination Datapaclets
arebuffereduntil arouteis createdor this destination.

Whenanoden recevesa ROUTE messagsit first createor updatesa reverserouteto the Originatornode.
Next hopis setto the nodefrom whichthe ROUTE messag@ave beenreceved (lasthop). Routedifetime
is initially setwith the parametelROUTE_HOLD_TI ME. Then, n checksthe messageo determineif the
paclet containsits addressIf n findsits addressn the messageit broadcastanemptyROUTE message
(i.e. aROUTE messageontainingno requeste@gddressesindthenerasedts addresgrom themessage.
After this phaseof addressegprocessinghe messageés broadcastedf the following two conditionsare
satisfied:

e thelist of addresses notempty

e thenodem, from which the messagéasbeenreceved, haselectedn asMPR (i.e. misin n MPRS
table)

Routerepairsarealsoperformedby ROUTE messagedMPRDV takesadvantageof theproactive neigh-
bor sensingo determinewhetheralink is valid or not. A symmetriclink betweem andmi s consideredo
bebrokeneitherif :

e ndoesnotreceve ary informationsfrom m

e orthelink is explicitly declaredasbrokenin HELLO messages

Whenanoden detectghelossof a neighborm, it sendsa ROUTE messageontainingthe addressesf all
the nodesn; for which n hasa valid route AND m is the next hop on this route. Thereply andbroadcast
mechanismsarethe sameasdescribedibove.

We alsointroducedalink layerdetectiorasAODV-LL in [BMJ*98] which permitsto quickly handleroute
failures.Thisis acomplementaryayto providelink failuredetectiorsincebreakageanonly bedetected,
onlink layer, during datapacletstransmissionWe will shav in section3 thatthis detectionincreaseshe
protocolperformances.
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Numberof nodes 50

Simulationtime 900s

Flatspacesize 1,500mx 300m

Pausetime 0s,30s,60s,120s,300s,600s,900s

Numberof CBR sources 10,20,30,40

Maximumnodespeed 20ms~1

Fig. 1. Simulationgparametes

HELLO.I NTERVAL 2s

NB_HOLD_TI ME 8s

ROUTE.HOLD_TI ME 3s

Fig. 2. Protocolparametes

4 Simulation results

We performedseveral simulationsusing Network Simulator(NS-2) to compareMPRDV with a reactve
protocolusingfull flooding (AODV) in presencef frequentroute discosery andfailure (high mobility).
We usedAODV simulationsresultsexhibitedin [BMJ*98] andwe took the samesimulationsparameters
for MPRDV simulationsasshavn onfigure 1.

Several protocol parametersn keepingwith time mustalso be defined. Someof them are shavn on
figure 2. Jittersareaddedtio messagesansmissioriime to copewith synchronizatiorphenomenomndso
avoid collisions.

In thefollowing sectionswe analysesimulationresultsconcerningouting overheaddatapaclet deliv-
ery, routelengthandlink layerdetectioninfluence.

4.1 Routing overhead

Simulationresultsfor MPRDV routing overheadareillustratedon figure 4. We considerall ROUTE and
HELLO messagesransmissiongincluding ROUTE messagesetransmissions).Eachnodetransmitsa
HELLO messagevery 2 secondsindthe simulationrunsfor 900s.Thus,the constanbverheadyenerated
by HELLO messagess : 50 x %’ = 22,500 packets. Thisvalueis alimit for globalroutingoverheadvhen
nodesmobility decreasesSincelink failureslessfrequentlyoccurin caseof low mobility, the numberof
ROUTE messagesansmission$or routerepairsdecreases.

But the mostimportantpointis the optimizationprovide by Multipoint Relays.Figure3 shavs simulation
resultsfor AODV. Theversionof AODV implementedn [BMJ*98] useslink layer notificationinsteadof
usingperiodicHELLO messagebr link breakagealetection.Thisis thereasorwhy routingoverheadends
to O for AODV. But for high mobility scenariosve canseea significantdecreas®f routing overheador
MPRDV, dueto MPR optimization. For examplewith 30 sourcesanda pausetime of 0s AODV reaches
160,000control paclketswhereasMPRDV generatesnly 55,000. We alsoran simulationsfor 40 sources
whichwerenot performedn [BMJ*9§].

4.2 Data packets delivery

One of the mostimportantparameteiis the numberof datapaclets successfullydelivered. Resultsfor
MPRDV andAODV arepresentean figures5 and6. We canseethatresultsarequietsimilar: for 10,20
and30 sourcesMPRDV andAODV presenta fraction of datapacletsgreaterthan0.95tendingto 1 while
mobility decreasesWe do not have ary simulationresultsfor AODV with 40 traffic sourcesbut we can
seethatthedatatraffic generatedmpliesaheary concentratiorof pacletswhich causesollisionsandthen
numeroudink breakagesThis phenomenomspeciallyoccursin presencef high mobility (i.e. pausdime
is lower than300s).In caseof low mobility, the fraction of datapacketsbecomesiormalagain.
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4.3 Routes length

In this sectionwe comparedifferencebetweenthe numberof hopseachdatapaclet took to reacha des-
tinationfor MPRDV and AODV. Whena routeis createdt is not confirmedthatthis routeis the optimal
path. Thus, paclketsmay be sentalongthis routebeforea shorterrouteis discovered. As shovn on figure
8 morethan 82% of datapacletstake an optimal pathfor MPRDV and 63% for AODV. This is dueto
MPR mechanisnwhich tendsto offer optimal routes. Consequentlynoredatapacletstake longerroutes
in AODV protocol: 30% of datapacletstake a routewith a differenceof onehop from the optimal path
andonly 13%for MPRDV.

Figure8 shavs the evolution of routeslengthfor MPRDV asa functionof pauseime. We canseethatthe
numberof pacletswhich take the optimal pathincreasessthe mobility decreasesAnd we canalsopoint
outthatthe numberof pacletstransmittecalongnon-optimalroutestendsto 0 in caseof low mobility.

4.4 Influence of link layer detection

We describedn section2 how MPRDV detectsroute breakagesisingHELLO messagesandlink layer
detection.We ran simulationswith 10 source9f traffic without link layer detectionin orderto shav the
influenceof this mechanisnon routing overheadcanddatapacletsdelivery.

Figure9 representsouting overheador MPRDV with andwithout link layernaotification. We seethatthe
controltraffic slightly decreasen caseof high mobility sincelessROUTE messageare sentto perform
routerepairswhenmobility becomesower.

But the mostimportantresultis againdatapaclets delivery. We can seeon figure 10 that datapaclet
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Fig. 9: Influenceof link layer detectionon routingoverheadior MPRDV

delivery is affected by the absenceof link layer detection. In caseof high mobility the route failures
detectiononly performedby HELLO messagess not sufficient andfraction of datapacletsdecreaseto
0.75.Performancebecomealmostthe samefor pauseime valuesgreaterthan600s.

5 Conclusions

In this paperwe showv with a simple exampleof reactie protocolhow Multipoint Relayscan be usedto
provide an optimizedflooding mechanism.We shown that this optimizationis especiallysignificantin
presencef high mobility. We also pointedout that Multipoint Relaystendto offer optimal routeswhich
increasesheprotocolperformances.

Routerepairsareprovide by new routerequestloodingusingthe samemessageasroutesdiscovery.

In this work, resultswere mainly basedon mobility andit will be interestingnow to compareprotocols
behaiour in presencef differenttraffic loadsandespeciallyin presencef heavy traffic load.
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