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Abstract– An ad hoc wirelessnetwork is an infrastructur elessnetwork
composedof mobile hosts. The primary concerns 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 reactive (on-
demand)protocolthat delivers packetsto destinationson a meshtopology
usingscopedflooding of data. A number of enhancementscanbe applied
to improve the performanceof ODMRP. In this paper, we proposea mo-
bility predictionschemeto 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.

I. INTRODUCTION

An ad hoc network [10] is a dynamically reconfigurable
wirelessnetwork with no fixed infrastructure.Eachhostacts
as a router and moves in an arbitrary manner. Ad hoc net-
works are deployed in applicationssuch as disasterrecov-
ery anddistributedcollaborative computing,whereroutesare
mostly multihop and network hostscommunicatevia packet
radios. In a typical ad hoc environment,network hostswork
in groupsto carry out the given task. 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.Multicasttreestructuresarefragileandmustbe
readjustedcontinuouslyasconnectivity changes.Furthermore,
multicast treesusually requirea global routing substructure
suchas link stateor distancevector. The frequentexchange
of routing vectorsor link statetables,triggeredby continu-
oustopologychanges,yieldsexcessivechannelandprocessing
overhead.Limited bandwidth,constrainedpower, andmobil-
ity of network hostsmakethemulticastprotocoldesignpartic-
ularly challenging.

To overcometheselimitations, several multicastprotocols
have beenproposed[4], [7], [8], [11], [17]. In this study, we
useOn-DemandMulticastRoutingProtocol(ODMRP)[8] as
thestartingscheme.ODMRPapplieson-demandroutingtech-
niquesto avoid channeloverheadandimprove scalability. It
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usestheconceptof forwardinggroup[3], asetof nodeswhich
is responsiblefor forwardingmulticastdataon shortestpaths
betweenany memberpairs,tobuild aforwardingmeshfor each
multicastgroup.By maintainingandusingameshinsteadof a
tree,drawbacksof multicasttreesin mobilewirelessnetworks
(e.g.,intermittentconnectivity, traffic concentration,frequent
tree reconfiguration,non-shortestpath in a sharedtree, etc.)
areavoided.A soft-stateapproachis takenin ODMRPtomain-
tain multicastgroupmembers.No explicit controlmessageis
requiredto leave thegroup.

Themajorstrengthsof ODMRPareits simplicity andscal-
ability. We canfurtherimproveits performanceby severalen-
hancements.In this paper, we proposenew techniquesto en-
hancetheeffectivenessandefficiency of ODMRP. Ourprimary
goalsarethefollowing:

� Improveadaptivity to nodemovementpatterns
� Transmitcontrolpacketsonly whennecessary
� Reconstructroutesin anticipationof topologychanges
� Improvehop-by-hoptransmissionreliability
� Eliminaterouteacquisitionlatency
� Selectstableroutes

The remainderof the paperis organizedas follows. Sec-
tion II overviewsthebasicmechanismof ODMRP. SectionIII
describesnew enhancementsappliedto ODMRP. SectionIV
followswith thesimulationresultsandconcludingremarksare
madein SectionV.

II. ODMRPOVERVIEW

In ODMRP, groupmembershipandmulticastroutesarees-
tablishedand updatedby the sourceon demand. Similar to
on-demandunicastrouting protocols,a requestphaseand a
reply phasecomprisethe protocol. While a multicastsource
haspackets to send,it periodically broadcaststo the entire
network a memberadvertisingpacket,calledJOIN REQUEST.
Thisperiodictransmissionrefreshesthemembershipinforma-
tion andupdatestheroutesasfollows. Whenanodereceivesa
non-duplicateJOIN REQUEST, it storestheupstreamnodeID
(i.e., backward learning)andrebroadcaststhe packet. When
theJOIN REQUEST packet reachesa multicastreceiver, there-
ceivercreatesor updatesthesourceentryin its MemberTable.
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Fig. 1. An Exampleof aJoinTableForwarding.

While valid entriesexist in theMemberTable, JOIN TABLES

arebroadcastedperiodically to the neighbors. Whena node
receivesa JOIN TABLE, it checksif thenext nodeID of oneof
theentriesmatchesits own ID. If it does,thenoderealizesthat
it is on thepathto thesourceandthusis partof theforwarding
group. It thensetstheFG FLAGandbroadcastsits own JOIN

TABLE built uponmatchedentries. The JOIN TABLE is thus
propagatedby eachforwardinggroupmemberuntil it reaches
the multicastsourcevia the shortestpath. This processcon-
structs(or updates)the routesfrom sourcesto receiversand
buildsa meshof nodes,theforwardinggroup.

Let usconsiderFig. 1 asanexampleof a JOIN TABLE for-
wardingprocess.Nodes
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. In themean-
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setstheFG FLAG, constructsits own JOIN TA-
BLE andsendsit to its neighbors.Note that even though 	
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receivesthreeJOIN TABLES from the receivers,it broadcasts
theJOIN TABLE only oncebecausethesecondandthird table
arrivalscarrynonew sourceinformation.Channeloverheadis
thusreduceddramaticallyin caseswherenumerousmulticast
receiverssharethesamelinks to thesource.

After this groupestablishmentandrouteconstructionpro-
cess,a multicastsourcecantransmitpacketsto receiversvia
selectedroutesandforwardinggroups.Periodiccontrolpack-
etsaresentonly whenoutgoingdatapacketsarestill present.
When receiving a multicastdatapacket, a node forwardsit
only if it is not a duplicateand the settingof the FG FLAG
for the multicastgrouphasnot expired. This proceduremin-
imizestraffic overheadandpreventssendingpacketsthrough
staleroutes.

III. ENHANCEMENTS

A. AdaptingtheRefreshIntervalvia Mobility Prediction

ODMRPrequiresperiodicflooding of JOIN REQUESTS to
build and refresh routes. Excessive flooding, however, is
not desirablein ad hoc networks becauseof bandwidthcon-
straints.Furthermore,flooding oftencausescongestion,con-
tention,andcollisions. Findingtheoptimalrefreshinterval is
critical in ODMRPperformance.Herewe proposea scheme
thatadaptstherefreshinterval to mobility patternsandspeeds.
By utilizing thelocationandmobility informationprovidedby
GPS(GlobalPositioningSystem)[13], wepredicttheduration
of time routeswill remainvalid.1 With the predictedtime of
routedisconnection,JOIN REQUESTS areonly floodedwhen
routebreaksof ongoingdatasessionsareimminent.

In our predictionmethod,we assumea free spacepropa-
gationmodel [16], wherethe received signalstrengthsolely
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). Therefore,if themotionparametersof two
neighbors(e.g.,speed,direction,radiopropagationrange,etc.)
areknown, we candeterminethe durationof time thesetwo
nodeswill remainconnected.Assumetwo nodes� and 
 are
within the transmissionrange� of eachother. Let ( ��������� ) be
the coordinateof mobile host � and ( ��������� ) be that of mo-
bile host 
 . Also let �

� and �
� be the speeds,and �

� and �
�

( �����
�

���
� �"!$# ) be the moving directionsof nodes� and


 , respectively. Then,the amountof time that they will stay
connected,%'& , is predictedby:
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Note thatwhen ���Q)R�E� and �$�S)R�>� , %'& is setto T without
applyingtheaboveequation.

To utilize theinformationobtainedfrom theprediction,ex-
tra fieldsmustbeaddedinto JOIN REQUEST andJOIN TABLE

packets.Whena sourcesendsJOIN REQUESTS, it appendsits
location,speed,anddirection.It setstheMIN LET (Minimum
Link ExpirationTime) field to theMAXLET VALUEsincethe
sourcedoesnot have any previous hop node. The next hop
neighbor, uponreceiving a JOIN REQUEST, predictsthe link
expirationtime betweenitself andthe previoushop usingthe
above equation. The minimum betweenthis value and the

U

Mobility speedandheadinginformationcanbeobtainedfrom GPSor the
node's own instrumentsandsensors(e.g.,campus,odometer, speedsensors,
etc.).



MIN LET indicatedby the JOIN REQUEST is includedin the
packet. Therationaleis thatassoonasa singlelink on a path
is disconnected,the entirepathis invalidated.The nodealso
overwritesthe locationandmobility informationfield written
by thepreviousnodewith its own information.Whena multi-
castmemberreceivestheJOIN REQUEST, it calculatesthepre-
dictedLET of thelastlink of thepath.Theminimumbetween
thelastlink expirationtimeandtheMIN LET valuespecified
in the JOIN REQUEST is the RET (RouteExpirationTime).
This RET value is enclosedin the JOIN TABLE and broad-
casted. If a forwarding group node receives multiple JOIN

TABLES with differentRET values(i.e., lies in pathsfrom the
samesourcetomultiplereceivers),it selectstheminimumRET
amongthemandsendsits own JOIN TABLE with the chosen
RET valueattached.WhenthesourcereceivesJOIN TABLES,
it selectsthe minimumRET amongall the JOIN TABLES re-
ceived. Then the sourcecanbuild new routesby flooding a
JOIN REQUEST before the minimum RET approaches(i.e.,
routebreaks). Note that JOIN TABLES neednot be periodi-
cally transmittedby multicastreceivers. Sincesourcesflood
JOIN REQUESTS only whenneeded,receiversonly sendJOIN

TABLES afterreceiving JOIN REQUESTS.

In additionto the estimatedRET value,otherfactorsneed
to be consideredwhen choosing the flooding interval of
JOIN REQUESTS. If the nodemobility rate is high and the
topology changesfrequently, routeswill expire quickly and
often.ThesourcemaypropagateJOIN REQUESTS excessively
and this excessive flooding cancausecollisionsandconges-
tion, and clogs the network with control packets. Thus, the
MIN REFRESHINTERVAL shouldbeenforcedto avoid con-
trol messageoverflow. Ontheotherhand,if nodesarestation-
ary or move slowly andlink connectivity remainsunchanged
for a long durationof time, routeswill hardly expire andthe
sourcewill rarelysendJOIN REQUESTS. A few problemsarise
in this situation.First, if a nodein theroutesuddenlychanges
its movementdirectionor speed,thepredictedRET valuebe-
comesobsoleteandrouteswill not be reconstructedin time.
Second,whena non-membernodewhich is locatedremotely
to multicastmemberswantsto join thegroup,it cannotinform
thenew membershipor receive datauntil a JOIN REQUEST is
received. Hence,the MAXREFRESHINTERVAL shouldbe
set. Theselectionof theMIN REFRESHINTERVAL andthe
MAXREFRESHINTERVAL valuesshouldbeadaptive to net-
work situations(e.g.,traffic type,traffic load,mobility pattern,
mobility speed,channelcapacity, etc.).

B. RouteSelectionCriteria

In the basic ODMRP, a multicast receiver selectsroutes
basedon the minimum delay (i.e., routestaken by the first
JOIN REQUEST received). A differentrouteselectionmethod
is applied when we use the mobility prediction. The idea
is inspired by the Associativity-BasedRouting (ABR) pro-
tocol [18] which choosesassociatively stableroutes. In our
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Fig. 2. RouteSelectionExample.

new algorithm,insteadof usingthe minimumdelaypath,we
canchoosea route that is the moststable(i.e., the onewith
the largestRET). To selecta route,a multicastreceiver must
wait for anappropriateamountof timeafterreceiving thefirst
JOIN REQUEST sothatall possibleroutesandtheirRETswill
be known. The receiver then choosesthe most stableroute
andbroadcastsa JOIN TABLE. Routebreakswill occur less
oftenandthe numberof JOIN REQUEST propagationwill re-
ducebecausestableroutesareused.An exampleshowing the
differencebetweentwo routeselectionalgorithmsis presented
in Fig. 2. Two routesareavailablefrom the source

�

to the
receiver � . Route1 hasa pathof

�

- V - W - � androute2 hasa
pathof
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- V - X - � . If the minimumdelayis usedasthe route
selectionmetric,thereceiver node � selectsroute1. Route1
hasa delayof 7 ( Y
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). Thereceiver se-
lectsthe routewith the maximumRET, andhenceroute2 is
selected.Wewill evaluatedifferentrouteselectionmethodsby
simulationin SectionIV.

C. Reliability

Thereliabletransmissionof JOIN TABLES playsan impor-
tant role in establishingand refreshingmulticastroutesand
forwarding groups. Hence, if JOIN TABLES are not prop-
erly delivered,effective multicastrouting cannotbe achieved
by ODMRP. The IEEE 802.11MAC protocol [9], which is
theemerging standardin wirelessnetworks,performsreliable
transmissionby retransmittingthe packet if no acknowledg-
ment is received. However, if the packet is broadcasted,no
acknowledgmentsor retransmissionsaresent.In ODMRP, the
transmissionof JOIN TABLES aremostly broadcasted.Thus,
the hop-by-hopverification of JOIN TABLE delivery and the
retransmissionmustbedoneby ODMRP.

Weadoptaschemethatwasusedin [12]. Fig. 3 is shown to
illustratethemechanism.Whennode W transmitsa packet to
nodeX afterreceiving apacket from nodeV , nodeV canhear
thetransmissionof nodeW if it is within W 'sradiopropagation
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range.Hence,thepacket transmissionby nodeW to nodeX is
usedasa passiveacknowledgmentto node V . We canutilize
this passive acknowledgmentto verify the delivery of a JOIN

TABLE. Multicastsourcesmustsendactive acknowledgments
to the previoushopssincethey do not have any next hopsto
sendJOIN TABLES to unlessthey areforwardinggroupnodes.
Whenno acknowledgmentis received within the timeout in-
terval, the noderetransmitsthe message.If packet delivery
cannotbe verified afteranappropriatenumberof retransmis-
sions,thenodeconsiderstherouteto beinvalidated.Thenode
thenbroadcastsa messageto its neighborsspecifyingthat the
next hopto thesourcecannotbereached.Uponreceiving this
packet, eachneighborbuilds andunicaststhe JOIN TABLE to
its next hopif it hasarouteto themulticastsource.If noroute
is known, it simply broadcaststhe packet specifyingthe next
hopis not available.In bothcases,thenodesetsits FG FLAG.
TheFG FLAGsettingof every neighbormaycreateexcessive
redundancy, but mostof thesesettingswill expirebecauseonly
necessaryforwardinggroupnodeswill berefreshedin thenext
JOIN TABLE propagationphase.

D. Eliminationof RouteAcquisitionLatency

Themajordrawbackof on-demandroutingprotocolsis the
delay requiredto obtain a route. This route acquisitionla-
tency makeson-demandprotocolslessattractive in networks
wherereal-timetraffic is exchanged. In the basicODMRP,
whenno multicastrouteinformationis known by the source,
datatransmissionis delayedfor a certainperiodof time. In
contrastto unicastrouting, the selectionof the waiting time
is not straightforward. In unicast,thesourcecansenddataas
soonasa ROUTE REPLY is received.In ODMRP, however, the
datatransmissioncannotbemadeimmediatelyafterreceiving
the first JOIN TABLE sinceroutesto receiversthatarefarther
awaymaynotyet havebeenestablished.

To eliminatetheseproblems,whenasourcehasdatato send
but no multicastrouteis known, it floods the datainsteadof
the JOIN REQUEST. The periodictransmissionof JOIN RE-
QUESTS is alsoreplacedby data.2 Basically, JOIN DATA be-
comesa JOIN REQUEST with datapayloadattached. Thus,

h

TodifferentiatebetweenthefloodeddatathatperformstheJOIN REQUEST
roleandtheordinarydata,we termthefloodeddatapacket asJOIN DATA.

the flooding of JOIN DATA achievesdatadelivery in addition
to constructingand refreshingthe routes. Although the size
of the floodedpacket is largercomparedto JOIN REQUESTS,
routeacquisitionlatency is eliminated.

IV. PERFORMANCEEVALUATION

A. SimulationEnvironment

The simulatorwas implementedwithin the Global Mobile
Simulation(GloMoSim) library [19]. TheGloMoSimlibrary
is a scalablesimulationenvironmentfor wirelessnetwork sys-
tems using the parallel discrete-event simulation capability
providedby PARSEC[1]. Our simulationmodeleda network
of 50mobilehostsplacedrandomlywithin a1000ikj 1000i

area.Radiopropagationrangefor eachnodewas250 meters
andchannelcapacitywas2 Mbits/sec. Eachsimulationexe-
cutedfor 600secondsof simulationtime. Multiple runswith
differentseednumberswereconductedfor eachscenarioand
collecteddatawereaveragedover thoseruns.

A freespacepropagationmodel[16] with a thresholdcutoff
was usedin our experiments. In the free spacemodel, the
power of a signalattenuatesas

Z$l$5

�

where
5

is the distance
betweenradios. In the radio model, we assumedthe abil-
ity of a radio to lock on to a sufficiently strongsignal in the
presenceof interferingsignals,i.e., radiocapture.If thecap-
ture ratio (the minimum ratio of an arriving packet's signal
strengthrelative to thoseof othercolliding packets)[16] was
greaterthanthepredefinedthresholdvalue,thearriving packet
was received while other interfering packets were dropped.
TheIEEE802.11DistributedCoordinationFunction(DCF)[9]
wasusedasthemediumaccesscontrolprotocol. Thescheme
usedwasCarrierSenseMultiple Access/CollisionAvoidance
(CSMA/CA) with acknowledgments.A traffic generatorwas
developedto simulateconstantbit ratesources.The size of
data payloadwas 512 bytes. Each node moved constantly
with thepredefinedspeed.Moving directionwasselectedran-
domly, andwhennodesreachedthesimulationterrainbound-
ary, they bouncedbackandcontinuedto move. Onemulticast
groupof sizetenwith onesourcewassimulated.Themulticast
membersandthesourcewerechosenrandomlywith uniform
probabilities.Membersjoinedthegroupat thestartof thesim-
ulationandremainedasmembersthroughoutthesimulation.

B. Methodology

To investigatetheimpactof ourenhancements,wesimulated
thefollowing threeschemes:

1. SchemeA : thebasicODMRPasspecifiedin [8]
2. SchemeB: theenhancedODMRPthatusestheminimum

delayastherouteselectionmetric
3. SchemeC: theenhancedODMRPthatusestherouteex-

pirationtimeastherouteselectionmetric
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Both enhancedschemesincluded reliable transmissionand
routeacquisitionlatency eliminationfeatures.The protocols
wereevaluatedasa functionof speed.Themetricsof interest
are:

� Packet delivery ratio : Thenumberof datapacketsactu-
ally received by multicastmembersover the numberof
datapacketssupposedto be receivedby multicastmem-
bers.

� End-to-enddelay: Thetime elapsedbetweentheinstant
whenthe sourcehasdatapacket to sendandthe instant
when the destinationreceives the data. Note that if no
routeis available,the time spentin building a route(i.e.,
routeacquisitionlatency) is includedin theend-to-endde-
lay.

� Control overhead: The total control bytestransmitted.
Bytesof datapacket andJOIN DATA headersin addition
to bytesof control packets(i.e., JOIN REQUESTS, JOIN

TABLES, active acknowledgments)arecalculatedascon-
trol overhead.

C. SimulationResults

C.1 Packet Delivery Ratio

Thepacketdeliveryratioasafunctionof themobility speed
is shown in Fig. 4. We canobservethatasspeedincreases,the
routingeffectivenessof schemeA degradesrapidly compared
to schemesB andC. Both schemesB andC have very high
delivery ratiosof over 96%regardlessof speed.As theroutes
arereconstructedin advanceof topologychanges,mostdata
aredeliveredto multicastreceiverswithout beingdropped.In
schemeA, however, JOIN REQUESTS andJOIN TABLES are
transmittedperiodically (every 400 msecand 180 msec,re-
spectively) without adaptingto mobility speedanddirection.
Frequentflooding resultedin collisionsandcongestion,lead-
ing to packet dropsevenin low mobility rates.At high speed,
routesthataretakenat theJOIN REQUEST phasemayalready
bebrokenwhenJOIN TABLES arepropagated.In schemeA,
nodesdonotverify thereceptionof JOIN TABLES transmitted.
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Most JOIN TABLES failed to reachthe sourceand establish
the forwardinggroup. Thus,whendatais sentby thesource,
themulticastrouteis not properlybuilt andpacketscannot be
delivered. Both schemesB andC enforcereliabletransmis-
sionsof JOIN TABLES. Routesandforwardinggroupnodesare
establishedandrefreshedappropriatelyeven in high mobility
situationsandtheschemesprovedto berobustto themobility
speed.

C.2 End-to-EndDelay

Fig. 5 showstheend-to-enddelayof eachscheme.Schemes
B andC haveshorterdelaycomparedto schemeA. In scheme
A, sourcesflood JOIN REQUESTS andmustwait for a certain
amountof timeto senddatauntil routesareestablishedamong
multicastmembers. In schemesB and C, on the contrary,
sourcesflood JOIN DATA immediatelyevenbeforeroutesand
forwardinggroup are constructed.The route acquisitionla-
tency is eliminatedand packets are deliveredto receivers in
shorterdelays.Onemightbesurprisedto seethatthedelayof
schemeB which usestheminimumdelayrouteis larger than
that of schemeC which usesthe stable(andpossiblylonger
delay)route.Eventhoughtheroutetakenby JOIN DATA is the
shortestdelayrouteat thatinstant,it maynotbetheminimum
delayroutelateron asnodesmove. In addition,comparedto
stableroutes,theminimumdelayroutesbreakmorefrequently
anddatamayneedto traversethroughlongerredundantroutes
formedby forwardinggroupnodes.

C.3 ControlOverhead

Fig. 6 shows thecontrolbyteoverheadasa functionof mo-
bility speedfor eachscheme.Rememberthatthetransmission
of controlpacketsin schemeA is time triggeredonly without
adaptingto mobility speed.Hence,theamountof controlover-
headdoesnot increaseas the mobility speedincreases.Ac-
tually, control overheaddecreasesas nodesmove faster. As
JOIN TABLES are less likely to reachthe target nodesin a
highly mobileenvironment,the JOIN TABLE propagationsby
the next nodesare triggeredless. Furthermore,datapackets
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(whoseheaderis calculatedascontroloverhead),aretransmit-
ted lessbecauseforwarding group nodesand routesare not
establishedor refreshedappropriatelyas the speedincreases.
On theotherhand,theoverheadof schemesB andC go upas
mobility speedincreases.Sincemobility predictionis usedto
adaptto mobility speed,moreJOIN DATA andJOIN TABLES

aresentwhenmobility is high. In addition,JOIN TABLE re-
transmissionandactive acknowledgmentpropagationalsoin-
creasewith mobility andaddto thecontroloverhead.It is im-
portantto observe that theoverheadof schemesB andC are
bothsignificantly lessthanthatof schemeA in low mobility
casesbecausecontrolpacketsaretransmittedonly whennec-
essaryin schemesB andC. Theenhancedschemeshavemore
overheadwhen nodesmove fast, but the extra control pack-
etsareusedefficiently in deliveringdata(seeFig. 4). When
comparingschemeB with schemeC, we canseethatscheme
B yields moreoverheadin low mobility while both schemes
producenearly equal amountof overheadin high mobility.
SinceschemeC choosesastableroute,JOIN DATA areflooded
lessoften.However, whennodesmoverelatively fast(e.g.,72
km/hr in oursimulation),routesarebrokenoftenandlinks will
remainconnectedfor ashortdurationof time. Sourcesarethus
likely to useMIN REFRESHINTERVALandtheoverheadin-
curredby bothschemesB andC becomealmostidentical.

V. CONCLUSIONS

We have presentednew techniquesto improve the perfor-
manceof ODMRP. By usingthemobility andlink connectiv-
ity prediction,routesandforwardinggroupsarereconstructed
in anticipationof topologychanges.This adaptive selection
of the refreshinterval avoids the transmissionof unnecessary
controlpacketsandtheresultingbandwidthwastage.We have
applieda new routeselectionalgorithmto chooseroutesthat
will stay valid for the longestdurationof time. The usage
of stableroutesfurther reducesthecontroloverhead.Passive
acknowledgmentsandretransmissionshave beenusedto im-
prove the reliable delivery of JOIN TABLES. The improved
reliability playsa factorin protocolenhancementsincethede-

liveryof JOIN TABLES is critical in establishingtheroutesand
forwardinggroupnodes.We havealsointroduceda methodto
eliminatetherouteacquisitionlatency.

Simulationresultsshowed that our new methodsimproved
thebasicschemesignificantly. More datapacketsweredeliv-
eredto destinations,lesscontrolpacketswereproducedin low
mobility, controlpacketswereutilizedmoreefficiently in high
mobility, andend-to-enddelaywas shorter. Theseenhance-
mentsenabledODMRPto bemorerobustto hostmobility.
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