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Abstract— An ad hoc wirelessnetwork is an infrastructur elessnetwork
composedof mobile hosts. The primary concens in ad hoc networks
are bandwidth limitations and unpredictable topology changes. Thus,
efficient utilization of routing packets and immediate recovery of route
breaks are critical in routing and multicasting protocols. A multicast
scheme,On-DemandMulticast Routing Protocol (ODMRP), hasbeenre-
cently proposedfor mobile ad hoc networks. ODMRP is a reactie (on-
demand)protocolthat delivers packetsto destinationson a meshtopology
using scopedflooding of data. A number of enhancementgan be applied
to improve the performance of ODMRP. In this paper, we proposea mo-
bility prediction schemeo help selectstableroutesand to perform rerout-
ing in anticipation of topology changes.We also intr oducetechniquesto
improve transmission reliability and eliminate route acquisition latency.
The impact of our improvementsis evaluated via simulation.

[. INTRODUCTION

An ad hoc network [10] is a dynamically reconfigurable
wirelessnetwork with no fixedinfrastructure.Eachhostacts
as a routerand movesin an arbitrary manner Ad hoc net-
works are deployed in applicationssuch as disasterrecov-
ery anddistributed collaboratve computing,whereroutesare
mostly multihop and network hostscommunicatevia paclet
radios. In atypical ad hoc ervironment,network hostswork
in groupsto carry out the giventask. Hence,multicastplays
animportantrole in adhocnetworks. Multicastroutingproto-
colsusedin staticnetworks (e.g.,DVMRP [5], MOSPF[15],
CBT [2], andPIM [6]), however, do not performwell in ad
hocnetworks. Multicasttreestructuresarefragile andmustbe
readjustedontinuoushyasconnectity changesFurthermore,
multicasttreesusually require a global routing substructure
suchaslink stateor distancevector The frequentexchange
of routing vectorsor link statetables,triggeredby continu-
oustopologychangesyieldsexcessie channebhndprocessing
overhead.Limited bandwidth,constrainegower, and mobil-
ity of network hostsmake themulticastprotocoldesignpartic-
ularly challenging.

To overcometheselimitations, several multicastprotocols
have beenproposed4], [7], [8], [11], [17]. In this study we
useOn-DemandMulticast RoutingProtocol(ODMRP)[8] as
thestartingscheme ODMRPapplieson-demandoutingtech-
niguesto avoid channeloverheadandimprove scalability It
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usegheconcepbf forwarding group([3], asetof nodeswhich
is responsibldor forwardingmulticastdataon shortestpaths
betweerany membeipairs,to build aforwardingmestfor each
multicastgroup.By maintainingandusinga meshinsteadof a
tree,dravbacksof multicasttreesin mobilewirelessnetworks
(e.g.,intermittentconnectity, traffic concentrationfrequent
tree reconfiguration,non-shortespathin a sharedtree, etc.)
areavoided.A soft-stateapproachs takenin ODMRPto main-
tain multicastgroupmembers.No explicit controlmessagés
requiredto leave thegroup.

The major strengthf ODMRP areits simplicity andscal-
ability. We canfurtherimproveits performancéy severalen-
hancementsln this paper we proposenew techniquego en-
hanceheeffectivenessandefficiency of ODMRR Our primary
goalsarethefollowing:

Improve adaptvity to nodemovementpatterns
Transmitcontrolpacketsonly whennecessary
Reconstructoutesin anticipationof topologychanges
Improve hop-by-hopransmissiomeliability
Eliminaterouteacquisitionlateng

Selectstableroutes

The remainderof the paperis organizedas follows. Sec-
tion Il overviewsthebasicmechanisnof ODMRP Sectionlll
describenen enhancementappliedto ODMRR SectionlV
followswith thesimulationresultsandconcludingremarksare
madein SectionV.

[I. ODMRPOVERVIEW

In ODMRR groupmembershindmulticastroutesarees-
tablishedand updatedby the sourceon demand. Similar to
on-demandunicastrouting protocols,a requestphaseand a
reply phasecomprisethe protocol. While a multicastsource
has pacletsto send,it periodically broadcastgo the entire
network a memberadwertisingpacket, calledJOIN REQUEST.
This periodictransmissiomefresheshe membershipnforma-
tion andupdategheroutesasfollows. Whenanoderecevesa
non-duplicateJoiN REQUEST, it storesthe upstreanrmodelD
(i.e., backward learning)and rebroadcastthe paclet. When
the JOIN REQUEST paclketreaches multicastrecever, there-
ceiver createor updateghe sourceentryin its MemberTable
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Fig. 1. An Exampleof a Join TableForwarding.

While valid entriesexist in the MemberTable JOIN TABLES
are broadcastegberiodically to the neighbors. When a node
recevesa JoOIN TABLE, it checksf thenext nodelD of oneof
theentriesmatchests own ID. If it doesthenoderealizeghat
it is onthe pathto the sourceandthusis partof theforwarding
group. It thensetsthe FGFLAGandbroadcast#s own JOIN
TABLE built uponmatchedentries. The JoIN TABLE is thus
propagatedby eachforwardinggroupmemberuntil it reaches
the multicastsourcevia the shortestpath. This processcon-
structs(or updates}he routesfrom sourcesto receversand
builds a meshof nodestheforwarding group.

Let usconsiderrig. 1 asan exampleof a JOIN TABLE for-
wardingprocessNodes and aremulticastsourcesand
nodes , ,and aremulticastrecevers.Nodes and

sendtheirJoIN TABLEStoboth and via sends
its pacletto via andto via . Whenreceverssend
their JoIN TABLES to next hopnodesanintermediatenode
setsthe FG.FLAGandbuilds its own JOIN TABLE sincethere
is a next nodelD entryin the JOIN TABLE receved from
thatmatchests ID. Notethatthe JoIN TABLE built by  has
anentryfor sender but notfor  becausdhe next node
ID for intherecevedJoIN TABLE isnot . Inthemean-
time,node setsthe FG.FLAG constructsts own JOIN TA-
BLE andsendsit to its neighbors. Note that even though
recevesthreeJoIN TABLES from therecevers,it broadcasts
the JoIN TABLE only oncebecausé¢he secondandthird table
arrivalscarryno new sourceinformation.Channebverheads
thusreduceddramaticallyin casesvherenumerousnulticast
receverssharethe sameinks to thesource.

After this group establishmenand route constructionpro-
cess,a multicastsourcecantransmitpacletsto receversvia
selectedoutesandforwardinggroups.Periodiccontrol pack-
etsaresentonly whenoutgoingdatapacletsarestill present.
When receving a multicastdatapaclet, a node forwardsit
only if it is not a duplicateand the settingof the FGFLAG
for the multicastgrouphasnot expired. This proceduremin-
imizestraffic overheadand preventssendingpacletsthrough
staleroutes.

. ENHANCEMENTS
A. Adaptingthe Refieshintervalvia Mobility Prediction

ODMRP requiresperiodicflooding of JOIN REQUESTS to
build and refreshroutes. Excessie flooding, however, is
not desirablein ad hoc networks becauseof bandwidthcon-
straints. Furthermoreflooding often causesongestiongcon-
tention,andcollisions. Finding the optimalrefreshinterval is
critical in ODMRP performance.Herewe proposea scheme
thatadaptgherefreshinterval to mobility patternsandspeeds.
By utilizing thelocationandmobility informationprovidedby
GPS(GlobalPositioningSystem)13], we predicttheduration
of time routeswill remainvalid.! With the predictedtime of
routedisconnection,JoiN REQUESTS areonly floodedwhen
routebreaksof ongoingdatasessionsireimminent.

In our predictionmethod,we assumea free spacepropa-
gationmodel [16], wherethe receved signal strengthsolely
dependson its distanceto the transmitter We also assume
that all nodesin the network have their clock synchronized
(e.g.,by usingthe NTP (Network Time Protocol)[14] or the
GPSclock itself). Thereforejf the motionparametersf two
neighborge.g.,speeddirection,radiopropagatiommange etc.)
areknown, we can determinethe durationof time thesetwo
nodeswill remainconnected. Assumetwo nodes and are

within the transmissiorrange of eachother Let ( ) be
the coordinateof mobile host and ( ) be that of mo-
bile host . Alsolet and bethespeedsand and

( ) be the moving directionsof nodes and

, respectrely. Then,the amountof time that they will stay
connected, |, ispredictedby:
where

,and

Note thatwhen and , is setto  without

applyingthe above equation.

To utilize the informationobtainedfrom the prediction,ex-
trafields mustbeaddednto JoIN REQUEST andJoIN TABLE
paclets.Whena sourcesendsJOIN REQUESTS, it appendsts
location,speedanddirection.It setstheMIN _LET (Minimum
Link ExpirationTime)field to the MAXLET_VALUEsincethe
sourcedoesnot have ary previous hop node. The next hop
neighbor uponreceving a JoIN REQUEST, predictsthe link
expirationtime betweentself andthe previoushop usingthe
above equation. The minimum betweenthis value and the

Mobility speedandheadingnformationcanbe obtainedrom GPSor the
nodes own instrumentsand sensorge.g.,campus,odometer speedsensors,
etc.).



MIN _LET indicatedby the JOIN REQUEST is includedin the
paclet. Therationaleis thatassoonasa singlelink on a path
is disconnectedthe entire pathis invalidated. The nodealso
overwritesthe locationand mobility informationfield written

by the previousnodewith its own information. Whena multi-

castmemberecevestheJOIN REQUEST, it calculateshepre-
dictedLET of thelastlink of the path. Theminimumbetween
thelastlink expirationtime andthe MIN _LET valuespecified
in the JoIN REQUEST is the RET (Route Expiration Time).

This RET value is enclosedin the JoIN TABLE and broad-
casted. If a forwarding group node receves multiple JOIN

TaBLES with differentRET values(i.e., lies in pathsfrom the
samesourcdo multiplerecevers),it selectsheminimumRET

amongthemandsendsts own JOIN TABLE with the chosen
RET valueattached Whenthe sourcerecevesJOIN TABLES,

it selectsthe minimum RET amongall the JoiIN TABLES re-

ceived. Thenthe sourcecanbuild new routesby flooding a
JoIN REQUEST beforethe minimum RET approachegdi.e.,

route breaks). Note that JOIN TABLES neednot be periodi-
cally transmittedby multicastrecevers. Sincesourceslood

JoIN REQUESTS only whenneededreceversonly sendJoIN

TABLES afterreceving JOIN REQUESTS.

In additionto the estimatedRET value, otherfactorsneed
to be consideredwhen choosingthe flooding intenal of
JoIN REQUESTS. If the nodemobility rate is high and the
topology changedrequently routeswill expire quickly and
often. ThesourcemaypropagateJoiN REQUESTS excessvely
andthis excessie flooding can causecollisionsand conges-
tion, and clogsthe network with control paclets. Thus, the
MIN_REFRESHNTERVAL shouldbe enforcedo avoid con-
trol messageverflow. Ontheotherhand,if nodesarestation-
ary or move slowly andlink connectity remainsunchanged
for along durationof time, routeswill hardly expire andthe
sourcewill rarelysendJoiN REQUESTS. A few problemsarise
in this situation.First, if a nodein theroutesuddenlychanges
its movementdirectionor speedthe predictedRET valuebe-
comesobsoleteand routeswill not be reconstructedn time.
Secondwhena non-membenodewhich is locatedremotely
to multicastmembersvantsto join thegroup,it cannotinform
the new membershipr receve datauntil a JOIN REQUEST is
receved. Hence,the MAXREFRESHNTERVAL shouldbe
set. The selectionof the MIN_.REFRESHNTERVAL andthe
MAXREFRESHNTERVAL valuesshouldbe adaptve to net-
work situationge.qg. traffic type,traffic load,mobility pattern,
mobility speedchannekapacityetc.).

B. RouteSelectiorCriteria

In the basic ODMRR a multicast recever selectsroutes
basedon the minimum delay (i.e., routestaken by the first
JoIN REQUEST receved). A differentrouteselectionmethod
is applied when we use the mobility prediction. The idea
is inspired by the Associatvity-Based Routing (ABR) pro-
tocol [18] which choosesassociatiely stableroutes. In our

D ik vith delay i and
link expiration time |

Route 1 Route 2
Path | S-A-B-R | S-ACR
Delay 7 9
RET 2 4

Fig. 2. RouteSelectionExample.

new algorithm,insteadof usingthe minimum delay path,we
canchoosea route thatis the moststable(i.e., the one with
the largestRET). To selecta route,a multicastrecever must
wait for anappropriateamountof time afterreceving thefirst
JoIN REQUEST sothatall possibleroutesandtheir RETswill
be known. The recever then chooseghe most stableroute
andbroadcast® JoIN TABLE. Routebreakswill occurless
oftenandthe numberof JOIN REQUEST propagatiorwill re-
ducebecausestableroutesareused.An exampleshaving the
differencebetweerntwo routeselectioralgorithmsis presented
in Fig. 2. Two routesare availablefrom the source to the
recever . Routel hasa pathof androute? hasa
pathof - - - . If theminimumdelayis usedastheroute
selectionmetric,therecevernode selectsoutel. Routel
hasa delayof 7 ( ) while route 2 hasa delay of
9( ). Sincethe JoIN REQUEST thattakesroute
1reacheshereceverfirst, node choosesoutel. If thesta-
ble routeis selectednstead route2 is choserby therecever.
The route expiration time of route 1 is 2 ( )
while thatof route2 is 4 ( ). Therecever se-
lectsthe routewith the maximumRET, and henceroute2 is
selectedWewill evaluatedifferentrouteselectiormethodsy
simulationin SectionlV.

C. Reliability

Thereliabletransmissiorof JoIN TABLES playsanimpor-
tant role in establishingand refreshingmulticastroutesand
forwarding groups. Hence,if JOIN TABLES are not prop-
erly delivered,effective multicastrouting cannotbe achiesed
by ODMRPR The IEEE 802.11MAC protocol [9], which is
the emeging standardn wirelessnetworks, performsreliable
transmissiorby retransmittingthe paclet if no acknavledg-
mentis receved. However, if the paclet is broadcastedno
acknavledgmentr retransmissionaresent.In ODMRR the
transmissiorof JOIN TABLES aremostly broadcastedThus,
the hop-by-hopverification of JoIN TABLE delivery andthe
retransmissiomustbedoneby ODMRP.

We adoptaschemdhatwasusedin [12]. Fig. 3is shavnto
illustratethe mechanismWhennode transmitsa pacletto
node afterreceving apacletfromnode ,node canhear
thetransmissiomf node if it iswithin 'sradiopropagation



Fig. 3. Passve Acknonledgments.

range.Hence the paclettransmissioby node tonode is
usedasa passiveacknowledgmento node . We canutilize
this passie acknavledgmentto verify the delivery of a JOIN
TABLE. Multicastsourcesnustsendactive acknavledgments
to the previous hopssincethey do not have ary next hopsto
sendJoIN TABLES to unlesshey areforwardinggroupnodes.
Whenno acknavledgmentis receved within the timeoutin-
tenal, the noderetransmitshe message.If paclet delivery
cannotbe verified after an appropriatenumberof retransmis-
sions,thenodeconsidergherouteto beinvalidated.Thenode
thenbroadcasta messagéo its neighborsspecifyingthatthe
next hopto the sourcecannotbe reachedUponreceving this
paclet, eachneighborbuilds andunicastghe JoIN TABLE to
its next hopif it hasarouteto themulticastsource.If noroute
is known, it simply broadcastshe paclet specifyingthe next
hopis notavailable.In bothcasesthenodesetsits FGFLAG
The FGFLAG settingof every neighbormay createexcessie
redundanyg, but mostof thesesettingswill expirebecausenly
necessarforwardinggroupnodeswill berefreshedn thenext
JoIN TABLE propagatiorphase.

D. Eliminationof RouteAcquisitionLatency

The majordravbackof on-demandouting protocolsis the
delay requiredto obtain a route. This route acquisitionla-
tengy makes on-demandprotocolslessattractve in networks
wherereal-timetraffic is exchanged. In the basicODMRR,
whenno multicastrouteinformationis known by the source,
datatransmissioris delayedfor a certainperiod of time. In
contrastto unicastrouting, the selectionof the waiting time
is not straightforvard. In unicastthe sourcecansenddataas
soonasa ROUTE REePLY isreceved.In ODMRP however, the
datatransmissiortannotbe madeimmediatelyafterreceving
thefirst JOoIN TABLE sinceroutesto receversthatarefarther
away may notyet have beenestablished.

To eliminatetheseproblemswhena sourcehasdatato send
but no multicastrouteis known, it floods the datainsteadof
the JOIN REQUEST. The periodictransmissiorof JOIN RE-
QUESTS is alsoreplacedby data? Basically JOIN DATA be-
comesa JoIN REQUEST with datapayloadattached. Thus,

To differentiatebetweerthefloodeddatathatperformsthe JOoIN REQUEST
role andtheordinarydata,we termthefloodeddatapaclet asJoIN DATA.

the flooding of JOIN DATA achievesdatadelivery in addition
to constructingand refreshingthe routes. Although the size
of thefloodedpacletis larger comparedo JOIN REQUESTS,
routeacquisitionlateng is eliminated.

IV. PERFORMANCEEVALUATION
A. SimulationErnvironment

The simulatorwasimplementedwithin the Global Mobile
Simulation(GloMoSim)library [19]. The GloMoSim library
is ascalablesimulationervironmentfor wirelessnetwork sys-
tems using the parallel discrete-gent simulation capability
providedby PARSEC[1]. Our simulationmodeleda network
of 50 mobile hostsplacedrandomlywithin 21000 1000
area. Radiopropagatiorrangefor eachnodewas 250 meters
and channelcapacitywas 2 Mbits/sec. Eachsimulationexe-
cutedfor 600 second®f simulationtime. Multiple runswith
differentseednumberswere conductedor eachscenaricand
collecteddatawereaveragedverthoseruns.

A freespacepropagatioomodel[16] with athresholdcutoff
was usedin our experiments. In the free spacemodel, the
power of a signalattenuatesgs where is the distance
betweenradios. In the radio model, we assumedhe abil-
ity of a radioto lock on to a sufficiently strongsignalin the
presencef interferingsignals,i.e., radio capture.If the cap-
ture ratio (the minimum ratio of an arriving paclet's signal
strengthrelative to thoseof othercolliding paclets)[16] was
greatetthanthe predefinedhresholdvalue thearriving paclet
was receved while other interfering paclets were dropped.
ThelEEE802.11DistributedCoordinatiorFunction(DCF)[9]
wasusedasthe mediumaccesgontrol protocol. The scheme
usedwas Carrier SenseMultiple Access/CollisiomAvoidance
(CSMAJ/CA) with acknavledgments.A traffic generatomwas
developedto simulateconstantbit rate sources. The size of
data payloadwas 512 bytes. Eachnode moved constantly
with the predefinedspeedMoving directionwasselectedan-
domly, andwhennodesreachedhe simulationterrainbound-
ary, they bouncedackandcontinuedto move. Onemulticast
groupof sizetenwith onesourcevassimulated. The multicast
membersandthe sourcewerechoserrandomlywith uniform
probabilities.Membergoinedthegroupatthestartof thesim-
ulationandremainecasmemberghroughouthe simulation.

B. Methodolay

Toinvestigateheimpactof ourenhancementsje simulated
thefollowing threeschemes:

1. Schem@A : thebasicODMRPasspecifiedin [8]

2. SchemdB: theenhance®DMRPthatusegheminimum
delayastherouteselectionmetric

3. SchemeC: theenhance® DMRPthatusegherouteex-
pirationtime astherouteselectiormetric
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Fig. 4. Paclet Delivery Ratioasa Functionof Speed.

Both enhancedschemesncluded reliable transmissionand
route acquisitionlateng eliminationfeatures. The protocols
wereevaluatedasa function of speed.The metricsof interest
are:

Packet delivery ratio: The numberof datapacletsactu-
ally received by multicastmembersover the numberof

datapacletssupposedo be receved by multicastmem-
bers.

End-to-end delay: Thetime elapsedetweertheinstant
whenthe sourcehasdatapaclet to sendandthe instant
whenthe destinationrecevesthe data. Note thatif no

routeis available,thetime spentin building a route(i.e.,

routeacquisitiorlateny) is includedin theend-to-endie-
lay.

Control overhead The total control bytestransmitted.
Bytesof datapacletandJoiN DATA headersn addition
to bytesof control paclets(i.e., JOIN REQUESTS, JOIN

TABLES, active acknavledgmentsparecalculatedascon-
trol overhead.

C. SimulationResults

C.1 Paclet Delivery Ratio

Thepacletdeliveryratio asafunctionof the mobility speed
is shavnin Fig. 4. We canobsenre thatasspeedncreasesthe
routing effectivenesf schemeA degradegapidly compared
to schemes3 and C. Both schemes3 and C have very high
delivery ratiosof over 96%regardlesf speed.As theroutes
arereconstructedn advanceof topology changesmostdata
aredeliveredto multicastreceverswithout beingdropped.In
schemeéA, however, JOIN REQUESTS and JOIN TABLES are
transmittedperiodically (every 400 msecand 180 msec,re-
spectvely) without adaptingto mobility speedand direction.
Frequenflooding resultedin collisionsandcongestion|ead-
ing to paclketdropsevenin low mobility rates.At high speed,
routesthataretakenatthe JoIN REQUEST phasemayalready
be brokenwhenJoIN TABLES are propagatedin schemeéA,
nodesdo notverify thereceptiorof JOIN TABLES transmitted.

End-to-End Delay (millisecond)

1F scheme A ——
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scheme C &

. . . . . . .
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Fig.5. End-to-EndDelayasa Functionof Speed.

Most JoIN TABLES failed to reachthe sourceand establish
the forwardinggroup. Thus,whendatais sentby the source,
themulticastrouteis not properlybuilt andpaclketscannot be

delivered. Both schemed® and C enforcereliable transmis-
sionsof JoIN TABLES. Routesandforwardinggroupnodesare
establishe@ndrefreshedappropriatelyevenin high mobility

situationsandthe schemegprovedto be robustto the mobility

speed.

C.2 End-to-EndDelay

Fig. 5 shavstheend-to-endlelayof eachscheme Schemes
B andC have shorterdelaycomparedo schem@éA. In scheme
A, sourcedlood JoIN REQUESTS andmustwait for a certain
amountof time to senddatauntil routesareestablisheémong
multicastmembers. In schemesB and C, on the contrary
sourcedlood Join DATA immediatelyevenbeforeroutesand
forwarding group are constructed. The route acquisitionla-
teng is eliminatedand paclets are deliveredto receversin
shorterdelays.Onemightbe surprisedo seethatthe delayof
schemeB which usesthe minimumdelayrouteis largerthan
that of schemeC which usesthe stable(and possiblylonger
delay)route.Eventhoughtheroutetakenby JoiN DATA is the
shortesdelayrouteat thatinstant,it maynotbetheminimum
delayroutelateron asnodesmove. In addition,comparedo
stableroutes theminimumdelayroutesbreakmorefrequently
anddatamayneedto traversethroughlongerredundantoutes
formedby forwardinggroupnodes.

C.3 ControlOverhead

Fig. 6 shavsthe controlbyte overheadasa function of mo-
bility speedor eachschemeRemembethatthetransmission
of controlpacletsin schem@A is time triggeredonly without
adaptingo mobility speedHence theamountof controlover
headdoesnot increaseas the mobility speedincreases.Ac-
tually, control overheaddecreasesas nodesmove faster As
JoIN TABLES are lesslikely to reachthe target nodesin a
highly mobile environment,the JOoIN TABLE propagationdy
the next nodesare triggeredless. Furthermoredatapaclets
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livery of JOIN TABLES s critical in establishingheroutesand
forwardinggroupnodes.We have alsointroduceda methodto
eliminatetherouteacquisitionlateng.

Simulationresultsshaved that our new methodsmproved
the basicschemesignificantly More datapacletsweredeliv-
eredto destinationslesscontrolpacletswereproducedn low
mobility, controlpacletswereutilized moreefficiently in high
mobility, and end-to-enddelay was shorter Theseenhance-
mentsenableddDMRPto bemorerobustto hostmobility.
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Fig. 6. ControlOverheadasa Functionof Speed.

(whoseheadeis calculatedascontroloverhead)aretransmit-
ted less becausdorwarding group nodesand routesare not
establishedr refreshedappropriatelyasthe speedincreases.
Ontheotherhand,the overheadf scheme® andC goupas
mobility speedncreasesSincemobility predictionis usedto
adaptto mobility speedmore JoiN DATA andJOIN TABLES
are sentwhenmobility is high. In addition, JOIN TABLE re-
transmissiorandactive acknavledgmentpropagatioralsoin-
creasewith mobility andaddto the controloverheadlt is im-
portantto obsere thatthe overheadof schemes8 and C are
both significantly lessthanthat of schemeA in low mobility
caseshecauseontrol pacletsaretransmittedonly whennec-
essaryin scheme® andC. Theenhancedchemesave more
overheadwhen nodesmove fast, but the extra control pack-
etsare usedefficiently in delivering data(seeFig. 4). When
comparingschemeB with schemeC, we canseethat scheme
B yields more overheadn low mobility while both schemes
producenearly equalamountof overheadin high mobility.
SinceschemeC chooses stableroute,JoIN DATA areflooded
lessoften. However, whennodesmoverelatively fast(e.g.,72
km/hrin our simulation) routesarebrokenoftenandlinks will
remainconnectedor ashortdurationof time. Sourcesrethus
likely to useMIN_.REFRESHNTERVAL andtheoverheadn-
curredby bothscheme® and C becomealmostidentical.

V. CONCLUSIONS

We have presentechew techniquedo improve the perfor
manceof ODMRR By usingthe mobility andlink connectv-
ity prediction,routesandforwardinggroupsarereconstructed
in anticipationof topology changes. This adaptve selection
of the refreshintenval avoids the transmissiorof unnecessary
controlpacletsandtheresultingbandwidthwastageWe have
applieda new route selectionalgorithmto chooseroutesthat
will stay valid for the longestdurationof time. The usage
of stableroutesfurtherreduceghe control overhead.Passve
acknavledgmentsaandretransmissionbave beenusedto im-
prove the reliable delivery of JoIN TABLES. The improved
reliability playsa factorin protocolenhancemergincethede-
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