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Abstract— The On-DemandMulticast Routing Protocol (ODMRP) is an
effective and efficient routing protocol designedor mobile wirelessad hoc
networks. One of the major strengthsof ODMRP is its capability to op-
erate both as a unicast and a multicast routing protocol. This versatility
of ODMRP canincreasenetwork efficiencyasthe network can handle both
unicastand multicasttraffic with oneprotocol. We describethe unicastfunc-
tionality of ODMRP and analyzethe protocol performancein a real ad hoc
network testbedof seen laptop computersin an indoor ervironment. Both
staticand dynamicnetworks are deplo/ed. We generatevarioustopological
scenariosin our wirelesstestbedby applying mobility to network hostsand
studytheir impactson our protocol performance. We beliewe that the per-
formancestudyin a testbednetwork can help us analyzethe protocolin a
realisticway and point usto the future researt direction.

[. INTRODUCTION

With the advancein networking andcommunicationgech-
nologies,portablewirelessdevicesarefoundin our common
actiities. Most peoplecarry and uselaptop computersgcel-
lular phones,and pagersthat supportnomadiccomputingof
network users.An ad hocnetwork, or a packetradionetwork,
which is oneform of wirelessnetworks, is recentlyreceving
a lot of attentionfrom the wirelesscommunicatiorresearch
community Ad hocnetworksarebuilt withoutthe infrastruc-
ture supportof wired basestations.Hence they areattractve
in situationswhereanetwork mustbeeasilydeployable.Since
no basestationexists, eachnodemustcommunicatavith one
anothewvia paclet radios.Becausef thelimited radio propa-
gationrange thedestinatiomodemay not bewithin thetrans-
missionrangeof the sourcenode. In orderto communicate
with nodesoutsidethe proximity, multihop routesneedto be
built and intermediatenodesmust forward paclets from the
sourceto the destination. Eachnodein the network canbe
mobile, and hencemultihop routescan be disconnectedre-
guently Routingand multicastingprotocolsarethereforeex-
tremelyimportantin adhoccommunicatiometworks. Mobil-
ity, in combinationwith limited bandwidthandpower, makes
therouting protocoldesignchallenging.

The On-Demand Multicast Routing Protocol
(ODMRP) [12], [13] is a multicast protocol for mobile
adhocnetworks. ODMRPbuilds routeson demandandusesa
meshto createalternateandredundantmulticastroutesin the
faceof mobility andtopologychangesA soft-stateapproach
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is takenin ODMRP to maintainandrefreshroutes.Oneof the
key strengthf ODMRPIs its unicastrouting capability Not
only can ODMRP coexist with arny unicastrouting protocol,
it can also operateefficiently as a unicastrouting protocol.
Thus, a network equippedwith ODMRP does not require
a separateunicastprotocol. Ad-hoc On-DemandDistance
Vector(AODV) [15] is anotherprotocolthatcanfunctionboth
asunicastand multicast,but its real network implementation
has not been completed. Other ad hoc multicast routing
protocolssuchas Adhoc Multicast Routing (AMRoute) [2],
Core-Assisted/leshProtocol(CAMP) [6], Reseration-Based
Multicast (RBM) [3], and Lightweight Adaptive Multicast
(LAM) [8] mustbe run on top of a unicastrouting protocol.
In contrast ODMRP offersthe advantageof sharingthe same
optionalsoftwarefor bothunicastandmulticastoperation.

This paperpresentghe mechanismof operatingODMRP
asa unicastrouting protocol. We thendescribethe ODMRP
implementationdetailsand report performanceanalysisin a
realwirelessadhocnetwork testbeccomposeaf sevenlaptop
computers.Unicastperformanceof the protocolis evaluated
in both staticnetwork andmobile network. We generatevari-
oustopologicalscenariogy introducingmobility to different
hostsof thenetwork. In oneexperimentthedestinatiomodeis
mobileandin anotherexperimentanintermediatenoderoams
within the building of ourtestbed We believe theperformance
studyin atestbedhetwork canhelpusanalyzethe protocolin
arealisticway andpoint usto the futureresearcidirection.

Thereare several relatedworks that built ad hoc wireless
testbeds.Monarchprojectteamof Carngjie Mellon Univer-
sity recently developeda multihop wirelessad hoc network
testbedon existing BSD Unix network stack[14]. A unicast
routingprotocolDynamicSourceRouting(DSR)[10] wasim-
plementedandtestedin an outdoorervironment. University
of Californiaat SantaCruz developedwirelesslinternetProto-
col (IP) routers WirelessinternetGatevays(WINGS) [5] and
SecureProtocolsfor Adaptive, Rolust, Reliable,and Oppor
tunistic WINGs (SFARROW) [4] for ad hoc networks. Us-
ing the C++ ProtocolToolkit (CPT), protocolsoftwareswere
transitionedfrom a simulationervironmentto an embedded
system.Universityof Marylandalsodevelopedanadhocnet-
work testbedn Linux 2.1kernel[9]. Otherworksthatbuilt ad
hocnetwork testbed$ncludethe SURAN project[1] andTask



ForceXxXI [18].

The rest of the paperis organizedas follows. Sectionll
explainshow ODMRP functionsasa unicastrouting protocol
followed by the protocolimplementationdescriptionin Sec-
tion lll. Protocolperformancesvaluationin our seven node
wirelessmobile ad hoc network testbedis presentedn Sec-
tion IV, andconcludingremarksaremadein SectionV.

[I. UNICAST ROUTING FUNCTIONALITY OF ODMRP

In this section,we describehow ODMRP operatessa uni-
castroutingprotocol.Readersarereferredto [13] for themul-
ticastmechanisnmof ODMRP

ODMRP builds and maintainsrouteson demandby the
source A queryphaseandareply phasecompriseheprotocol.
Whena sourcehasto communicatevith a nodebut no route
informationto that destinationis known, it floods a control
paclet called JoiN QUERY with a piggybacled datapayload.
Whena noderecevesa non-duplicatelJoiN QUERY, it stores
thelasthop nodeinformationin its routetable(i.e., backward
learning)andrebroadcastthe paclet. Whenthe JoIN QUERY
paclet reacheghe destinationthe destinatiorrepliesbackto
thesourcevia theselectedoutewith the JoIN REPLY paclet.!
Intermediatenodesof therouteforwardthe JoIN REPLY to the
next hop towardsthe sourceof the route. The next hop node
informationis obtainedfrom the routing table wherethe en-
try wasrecordedvhenJoIiN QUERY wasreceved. The JOIN
REPLY pacletis propagatedintil it reacheghe sourceof the
route. This processonstructghe routefrom the sourceto the
destination. Figure 1 depictsthe route estab-
lishmentprocedure Note thatwe assumesymetridinks and
hencewhennode needgo build arouteto node , it estab-
lishesa separat@outethatmay or may not be the sameasthe
routefrom to

Onedrawbackof on-demandouting protocolsis the route
acquisitionlateng. Sinceroutesareonly built whenneeded,
the sourcemustwait until a routeis discoreredbeforetrans-
mitting the first datapaclet of the session.To eliminatethis
delay JoIN QUERY pacletscarry userdatatraffic in our pro-
tocol. Sincethe destinationwill receve the paclet unlessthe
network is partitioned,no route acquisitiondelay is needed.
The sizeof floodedpaclet however, becomedarger. Thereis
a tradeoffbetweendelay and efficiency. Whendatapayload
sizeis toolarge,datapiggybackingon JoIN QUERY shouldbe
avoided.

To usethe mostrecentrouteinformation, our protocolen-
forcestwo policiesthat are different from otherwell-known

Paclet typesJoIiN QUERY andJoIN REPLY have theterm“Join” because
ODMRP s originally a multicastprotocol. Thesepaclets are exchangedo
collectmulticastgroupmembershipnformationaswell asto build routesin
multicastsessionshencetheterm*“Join.” We keepthepaclet nameghesame
in unicastmodeeventhoughgroupmembershignformationis not obtained.

— ™ Join Query Propagation
= Join Reply Propagation

Fig. 1. On-demangrocedurdor routesetup.

on-demandouting protocolssuchas AODV and DSR. First,
intermediatenodesarenot allowedto reply from cache.Inter-
mediatenodescannotsenda JOIN REPLY in responséo a JoIN
QUERY evenwhenthey have routeinformationto thedestina-
tion nodein theirroutetable? Onereasoris to deliverthedata
payloadof the JoIN QUERY to the destination.If intermedi-
atenodessendrepliesto the sourceanddropthe JoIN QUERY
paclet, the destinationcannotreceve the dataportion of the
paclet. Theotherreasornis to utilize themostup-to-dategopol-
ogy informationandbuild the shortest-distanceute. Routes
obtainedfrom intermediatenodesyield longer hop distances
sincethey donotaccounfor nodelocationsandnetwork topol-
ogy duringandaftermovements.

Secondaslongasthesourcestill needto communicatevith
thedestination,JoIN QUERY is periodicallybroadcastetb the
entire network to updatethe route. Therefore,fresh routes
are continuouslybuilt andutilized. The selectionof periodic
route refreshinterval shouldbe adaptve to network ernviron-
ment(e.qg.,traffic type, traffic load, mobility pattern mobility
speed,channelcapacity etc.). Whensmall route refreshin-
terval valuesareused freshrouteinformationcanbeobtained
frequentlyat the expenseof producingmorepacletsandcaus-
ing network congestion.On the otherhand,whenlarge route
refreshvaluesareselectedeventhoughlesscontroltraffic will
be generatedioutesmay not userecenttopologyinformation.
Thusin highly mobile networks, usinglarge routerefreshin-
tenal valuescanyield poorprotocolperformance.

Even though the periodic route refresh reconstructsthe
routes,whena nodeof the route detectsa route breakduring
datapropagationjt sendsa ROUTE ERROR messagdackto
the sourceto invoke a fastrouterecovery processA link dis-
connectionis detectedeitherby MAC layer feedbacksusing
reliableMAC protocolssuchaslEEE802.117], or by passie
acknavledgment$11]. Thesourceuponrecevingthe ROUTE

Intermediatenodescanrelay JoIN REPLIES from the destinationto the
sourcepf course.



ERROR paclet,sendsa JoIN QUERY for routereconstruction.
In addition,it adjuststhe next routerefreshtime to the current
time plustherouterefreshinternval. Notethat ROUTE ERROR
messagedo notexistin theODMRPmulticastoperatiorsince
redundang is createdby multiple routes. In the unicastop-
erationhowever, single pathis maintainedfor each source,
destination pairandno alternatepathis available. Therefore,
immediateroutereconstructioris necessary

. IMPLEMENTATION

A. ImplementatiorPlatform

A.1 OperatingSystemandSoftware

Our protocolis developedon Linux kernelversion2.2.12,
the versionprovided by the Red Hat Linux version6.1. All
tools and software packagesusedin our developmentorig-
inate from software bundle incorporatedwithin the Red Hat
Linux version6.1 operatingsystempackage The Linux oper
ating systemis choserfor its availability, familiarity, andker
nellevel supportfor IPv4 forwarding.

In SectionlV, the bandwidthutilization of applicationsin
wirelessmultihopadhocnetwork is studiedby routingtheuni-
casttraffic throughmobile routersandthe endnodesrunning
ODMRP

A.2 Hardware

Ad hoc network nodesconsistof Intel Pentiumll based
Hewlett PackardOmnibook 7150 laptopsand WinBook XL
laptopsequippedvith LucentlEEE 802.11WavelLanradiode-
vices[19]. The WaveLandevicesoperateon 2.4 GHz band-
width and communicateat the maximumcapacityof 2 Mb/s
with the semi-operspacerangeof 150 meters.The WavelLan
devicesareoperatedn adhocmode.

B. Softwae Architectue

ODMRPuseghekernellevel IPv4 forwardingsupportouilt
into the Linux operatingsystem. The Linux kernelsupports
paclet forwarding by performing the following procedures.
Theuserenableghe IP forwardingoptionin the network pro-
tocol stack.Thenetwork interfacesacceptandsendall paclets
to thekernel. Thekernelacceptsll paclets,checksthe desti-
nationaddresswvith the kernellevel routing tableanddecides
whetherto forwardthem. The messageareforwardedby al-
teringtheforwardingdestinatiorinterfaceof themessageand
buffering themto the correspondingnterfaces. A message
with the destinationnot specifiedin the routing tableis for-
wardedto thedefault gatevay. If thereis noviableforwarding
location,the paclet is droppedand InternetControl Message
Protocol(ICMP) [16] destinationerror messagés sent. The
messagés sentto userlevel only if theroutinghostis thedes-
tination. This processvoidsthe costlykernel-to-usecrossing
andimprovesefficiengy. The destinatiorinterfaceis changed

in accordancevith the listingsin the kernellevel routing ta-
ble. Thekernellevel routing tableis updatedand maintained
by a userlevel routingdaemonwhich keepsits own userlevel
routingtable. The userlevel tableis copiedto thekernellevel
tableasthe updatesaremade.We usedthis basicroutingtable
interfaceto build andmaintainODMRProutingtablesbothon
kernelanduserlevel. In thefollowing sectionspurschemeso
managehecontrolpacletsandtheroutingtablearedescribed
andaforwardingschemas discussed.

B.1 PacletandTableManagement

Therearethreetypesof control pacletsin ODMRP (JOIN
QUERY, JoIN REPLY, and ROUTE ERROR). Whena JOIN
QUERY pacletarrivesattherouter thecontentof thepacletis
cachednto temporaryroutetable(tr _table ) andthetimer
for the entry is started. If the routerdoesnot receve a cor
respondingJoIN REPLY in time, the timer expires and the
cachedentryis removed. If a JoIN REPLY which hasa cor
respondingentryin thetr _table arrivesbeforethetimeout,
theuserlevel routetable(route _table ) is searchedo find
the source,destination pair that matchesthe tr _table
entry If sucha pairis found, the soft statetimer for the en-
try is resetandthe routerwaits for the next event. If the pair
cannot be found in theroute _table , anew entryis cre-
atedandinsertedinto the table. Theroute _table is peri-
odically checled for timer expiration and expired entriesare
removed. Thetriggerfor the updateof the kernellevel route
table(kr _table ) isactvatedwhen&eranentryisinsertedor
deleted.

C. ODMRPAgentfor Nodeswith Fixedroutes

Operatingsystemssuchas Microsoft Windows 95/98 and
NT do not allow dynamic reconfigurationof the network
routes. ODMRP Agent(ODA) was createdto allow forward-
ing to the hostswith a staticroute. ODA operaten a Linux
hostservingasa gateway to ad hoc network for static-route
node.Currently ODA senesonly the designatedhostandthe
hostwhich emplogys ODA servicemustremainwithin its ra-
dio range. ODA performsrouting taskssuchas sendingand
receving the JoIN QUERY andthe JoIN REPLY, andupdating
theroutetablein behalfof thestatic-routenode.Unicasttraffic
of static-routenodescanbeforwardedhroughODMRPadhoc
network with ODA. We experimentedvith existing Windows
andLinux applicationsover the multihoptestbedusing ODA.
The experiencesandthe resultsfrom the experimentsaredis-
cussedn SectionlV.

D. ODMRPRouteRefieshTimer

For the ODMRPsoft statetimer value,we selected second
for therouterefreshinterval.
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Fig. 2. Multihop testbedopologyin a staticnetwork.
TABLE |
UNICAST BANDWIDTH DISTRIBUTION IN A STATIC WIRELESSNETWORK.
|| Value % of bandwidth | % of pacletloss
Avg. sessiorlength 65.64sec N/A N/A
Controlpaclet O/H 0 kb/s 0% 0%
Throughput 311.70kb/s | 100% 28.75%

IV. PERFORMANCEEVALUATION

We createda testbedconsistingof seven nodes. The band-
width utilizationsof static-routingand ODMRP arestudiedin
this section.

A. EfficiencyEvaluationof StaticMultihop Channel

A static multihop wirelessnetwork was constructedn a
topologyshownn in Figure2. Thefigure depictsthe conceptual
view of the building wherethe experimentswere conducted.
The router nodeswere placedin eachcornerof the building
andhadline-of-sightaccesse® two otherrouters. The walls
of the building preventedthe radio contactandtheroutershad
accesses$o one anotheronly when the transcerers were in
line-of-sight. A UDP paclettransfemprogramdescribedn the
previous sectionwas usedto send2307 paclets of size 1556
bytesfrom thesourcenodeto thedestinatiomode.Theresults
arepresenteéh Tablel. ThepacketlossrateandODMRPcon-
trol overheadwveremeasuredo recordthe channelefficiency
in staticnetworks with no mobility. Evenin a staticnetwork,
themultihopchannekuffersfrom large pacletlossesPackets
arelost becausef the channekontentioncausedy theinter
mediatenodescompetingo transmit buffer overflow, channel
noise,andpaclet collision.

B. ODMRPPerformanceEvaluation

B.1 ODMRPPerformancén a StaticNetwork

Theinitial experimentwasconductedo investigateahe per
formanceof ODMRP in a non-mobileernvironment. We used
thetopologyshawvnin Figure2 to make performanceompar
isonwith the network runningstaticrouting. The sameUDP

TABLE I
UNICAST BANDWIDTH DISTRIBUTION IN A STATIC ODMRP NETWORK.

|| Value % of bandwidth | % of pacletloss
Avg. sessiorlength 66.76sec N/A N/A
Controlpaclet O/H 1.44kb/s 0.47% 28%
Throughput 304.03kb/s | 99.5% 29.32%

O
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Fig. 3. Multihop testbedopologywith endnodemobility.

paclettransfemproceduravasused.Theefficiency of thechan-
nelwasevaluatedn Tablell. Theresultdiffersfrom thatof the
staticnetwork shovn in Tablel becausef the control paclet

overheadandthe pacletlosscausedy therouteupdatesThe

routeschangdrequentlyevenwhenthereis nomobility among
thenodes.The JOIN QUERY pacletsarrive at the destination
nodethroughseveralalternatgpathsandthefirst arrivedpaclet

invokesa route updatein the reversepath. The condition of

theradiochannekhangedecaus®f theambientnoise.Even

whenthenetwork hasno mobility, theoptimalroutemaydiffer

for eachroute updateperioddueto the changein the channel
condition. Oncethe paclet transferstarts,UDP pacletsdom-

inatethe channelusageandoftendisruptsthe routediscovery

sequence.The control paclket hasto contendfor the channel
with datapacletsandin theworstcase aslittle asonefourth

of JoIN QUERY pacletsis forwardedall the way to the des-
tination. This small JoIN QUERY delivery rate makesroutes
to changelessfrequentlyoncethe datatransmissiorbegins.

Sincethereis no mobility in this experimentJow routechange
rategivesbetterperformancesslesspacletlossesarecaused
by routeupdates.

B.2 ODMRP Performancevith End-NodeMobility

In our secondexperiment,we measuredhe performance
of the ODMRP ad hoc network whenthe end nodewas mo-
bile. The basictopology remainedthe sameasthe previous
sectionsput mobility wasintroducedto the destinatiomode.
The destinatiomodewastransportedollowing the pathindi-
catedin Figure3 in anapproximatespeedof 1 meter/second.
The UDP paclettransfewasperformedrom thesendeto the
recever in the samemannerasin the previous experiments.



TABLE Il
UNICAST BANDWIDTH DISTRIBUTION IN AN ODMRP NETWORK WITH
END-NODE MOBILITY.

TABLE IV
UNICAST BANDWIDTH DISTRIBUTION IN AN ODMRP NETWORK WITH
INTERMEDIATE NODE MOBILITY

|| Value % of bandwidth %ofpacletloss|

| || Value % of bandwidth | % of pacletloss

Avg. sessiorlength 63.13sec N/A N/A

Avg. sessiorlength 39.14sec N/A N/A

Controlpaclet O/H 1.53kb/s 0.49% 23%

Controlpaclet O/H 0.367kb/s 0.12% 77.06%

Throughput 307.72kb/s | 99.5% 29.32%

Throughput 238.73kb/s | 99.85% 67.46%

e O Router
g O Source
O Destination

Radio Range

== |VlOvement

Initial Route

Fig. 4. Multihop testbedopologywith intermediatenodemobility.

As the destinatiomodemoves,the routesarechanged.Even
thoughrouteupdatds disruptedoy thenormalflow of thedata,
it is not crucial in protocol performance. Data paclets ini-
tially follow therouteof - - - -

. As the destinatiormovescloserto router3, it
entersinto the radiorangeof router3. The routechangemay
take up to four secondsndby thetime theactualrouteupdate
occurs,the destinationnode may be within the transmission
rangeof router2. Thisdelayin routeupdatedoesnotinterfere
with the flow of dataaslong asthe destinationis within the
radiorangeof router3. In the next successfutoutediscovery
sequencethe routeis updatedo - - -

. Becauseherouteupdatehasa minimal effect
on datatransmissionghe channekefficiency of ODMRP with
the endnodemobility is equivalentto the efficiency shavn in
no mobility case(shavn in Tableslll andll, respectiely).

B.3 ODMRP Performancevith IntermediateNodeMobility

In this experiment,we measuredhe performanceof the
ODMRP ad hoc network when an intermediatenode was
mobile. The router node4 was abruptly transportedbut of
rangeof ad hoc network in path - - -

depictedin Figure4. The UDP paclettransfer
was performedfrom the sourceto the destinationin the same
mannerasin the previous sections. As the router movesout
of propagatiorrangeof its neighbors,one of two following
scenario®ccurs.If the mobilerouterwasa partof the active
route, the datatransferto the destinationabruptly halts and

pacletsarelost. Sincethe sourceis notimmediatelyaware of

the disruptionin the datapath, it continuesto transmitdata.
Sincerouter4 is now isolatedfrom the network, thereis less
contentionn the MAC layer. The sourcels ableto sendmore
pacletsquickly sinceno forwardingnodeexiststo contendor

thechannel. Therearemuchlargervolumeof pacletsflowing

out of sendetthentherearefrom router1 androuter1 cannot
grabthechannellin thisexperiment ODA is runningonrouter
1 with the senderasit is a client node. Routerl is the node
whichinitiatestherouterefreshprocessono new routecanbe
discovereduntil it succeed# transmissionTherouteupdate
delaycausedy thechannetaptureeffectforcesthelow chan-
nel efficiengy notedin TablelV. The re-establisheg¢hannel
canslow down thetransferif the destinationdoesnot receve

the JOIN QUERY paclet from the path - -

, andrecevesthe paclet on

its way back from router 5 in the path - -

, establishinganon-
optimalroute (in hop distance)asthe new route. The second
scenarids the casewheretherouter4 thatmovedout of range
wasnot partof the currentforwardingpath. In this scenario,
the transmissioncontinueswithout delay The non-optimal
route describedabore can also be built in this scenario. In

TablelV, theresultfor the first scenarids collectedandan-
alyzed. The secondscenarioyields resultalmostidenticalto

Tablell andhences notshawn.

C. Experience# usingApplicationsover Ad Hoc Network

The testbedsetupwas operatedwith the existing applica-
tionsto verify the reliability androbustnes®f ad hocrouting
schemen dayto dayoperationsVirtual Network Computing
(VNC) client-serer[17] by AT&T wasusedto accesandre-
motely control the endnodes. Telnetand FTP sessionsvere
heldto testthe end-to-endl CP continuity. Live videostreams
weregenerateavith MicrosoftNetmeeting Figuress and6) to
testthefeasibility of multimediaapplicationin multihopwire-
lessnetworks. As expectedthe performancef theseapplica-
tionswereadequatehutlessthenspectacularTheapplications
oftenhadthe pacletlossproblembecaus®f somerandomen-
vironmentalinterferencege.g.,pedestriansglevator, cordless
phone,etc.) even whenthereexisteda strongradio channel.
In awired ervironment pacletlossindicatescongestioralong
theroute. The applicationseithercompensatéor the conges-
tion by sendindesspacletsor changinghe datacompression



Fig.5. Microsoft Netmeetingandoperatingover theadhoctestbed.

Fig. 6. PingPlotteroperatingover theadhoctestbed.

schemeyait for atimeoutandrerouting.Whenappliedto the
wirelesservironment,the heuristicsbuilt into theapplications
did notimprove the performance The conceptof transparent
layeringdictateshattheapplicationlayershouldnotbe awvare
of layersunderneatlit. However, to optimizetheperformance,
the applicationhasto be keenlyawareof its ervironmentand
take anactive partin applyingappropriaténeuristics.

V. CONCLUSION

We presentedhe unicastoperationof ODMRP andour im-
plementatiorexperiencein a mobile wirelessad hoc network
testbed ODMRPis capableof applyingon-demandoutecon-
structionfor bothunicastandmulticastsessionsPeriodicroute
refreshis performedto utilize up-to-dateroute and topology
information.

We studiedthe performanceof ODMRP in a real ad hoc
network testbedwith seven networks hosts. We learnedthat
protocolssufferfrom pacletlossesvenin staticnetworksbe-

causeof channekontentionnoise andinterferenceWe intro-
ducedvariousnodemobility to the network andpresentedhe
throughputresults. Our experimentsdemonstrate @ DMRP's
ability to dynamicallyadaptto a mobile routing ervironment.
An end-to-endunicastconnectionwascarriedon with a min-
imal network overhead.We alsodiscussedhe needfor appli-
cationsawarenessowardits ervironmento optimizenetwork
performances.
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