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Abstract – The On-DemandMulticast Routing Protocol (ODMRP) is an
effective and efficient routing protocoldesignedfor mobilewirelessad 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 ODMRPcan increasenetwork efficiencyasthe network can handleboth
unicastandmulticasttraffic with oneprotocol.Wedescribetheunicastfunc-
tionality of ODMRP and analyzethe protocolperformancein a real ad hoc
network testbedof seven laptopcomputersin an indoor environment. Both
staticand dynamicnetworks are deployed. We generatevarioustopological
scenariosin our wirelesstestbedby applyingmobility to network hostsand
studytheir impactson our protocol performance. We believe that the per-
formancestudyin a testbednetwork can help us analyzethe protocol in a
realisticway andpoint us to the future research direction.

I. INTRODUCTION

With theadvancein networking andcommunicationstech-
nologies,portablewirelessdevicesarefound in our common
activities. Most peoplecarry anduselaptopcomputers,cel-
lular phones,andpagersthat supportnomadiccomputingof
network users.An adhocnetwork, or a packet radionetwork,
which is oneform of wirelessnetworks, is recentlyreceiving
a lot of attentionfrom the wirelesscommunicationresearch
community. Ad hocnetworksarebuilt without theinfrastruc-
turesupportof wired basestations.Hence,they areattractive
in situationswhereanetwork mustbeeasilydeployable.Since
no basestationexists,eachnodemustcommunicatewith one
anothervia packet radios.Becauseof thelimited radiopropa-
gationrange,thedestinationnodemaynotbewithin thetrans-
missionrangeof the sourcenode. In order to communicate
with nodesoutsidethe proximity, multihoproutesneedto be
built and intermediatenodesmust forward packets from the
sourceto the destination. Eachnodein the network can be
mobile, and hencemultihop routescan be disconnectedfre-
quently. Routingandmulticastingprotocolsarethereforeex-
tremelyimportantin adhoccommunicationnetworks.Mobil-
ity, in combinationwith limited bandwidthandpower, makes
theroutingprotocoldesignchallenging.

The On-Demand Multicast Routing Protocol
(ODMRP) [12], [13] is a multicast protocol for mobile
adhocnetworks.ODMRPbuildsroutesondemandandusesa
meshto createalternateandredundantmulticastroutesin the
faceof mobility andtopologychanges.A soft-stateapproach
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is takenin ODMRPto maintainandrefreshroutes.Oneof the
key strengthsof ODMRPis its unicastroutingcapability. Not
only canODMRP coexist with any 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
asunicastandmulticast,but its real network implementation
has not been completed. Other ad hoc multicast routing
protocolssuchas Adhoc Multicast Routing (AMRoute) [2],
Core-AssistedMeshProtocol(CAMP) [6], Reservation-Based
Multicast (RBM) [3], and Lightweight Adaptive Multicast
(LAM) [8] mustbe run on top of a unicastrouting protocol.
In contrast,ODMRPofferstheadvantageof sharingthesame
optionalsoftwarefor bothunicastandmulticastoperation.

This paperpresentsthe mechanismof operatingODMRP
asa unicastrouting protocol. We thendescribethe ODMRP
implementationdetailsand report performanceanalysisin a
realwirelessadhocnetwork testbedcomposedof sevenlaptop
computers.Unicastperformanceof the protocol is evaluated
in bothstaticnetwork andmobilenetwork. We generatevari-
oustopologicalscenariosby introducingmobility to different
hostsof thenetwork. In oneexperiment,thedestinationnodeis
mobileandin anotherexperiment,anintermediatenoderoams
within thebuilding of our testbed.Webelievetheperformance
studyin a testbednetwork canhelpusanalyzetheprotocolin
a realisticwayandpointusto thefutureresearchdirection.

Thereare several relatedworks that built ad hoc wireless
testbeds.Monarchproject teamof Carnegie Mellon Univer-
sity recentlydevelopeda multihop wirelessad hoc network
testbedon existing BSD Unix network stack[14]. A unicast
routingprotocolDynamicSourceRouting(DSR)[10] wasim-
plementedandtestedin an outdoorenvironment. University
of Californiaat SantaCruzdevelopedwirelessInternetProto-
col (IP) routers,WirelessInternetGateways(WINGS) [5] and
SecureProtocolsfor Adaptive, Robust, Reliable,andOppor-
tunistic WINGs (SPARROW) [4] for ad hoc networks. Us-
ing the C++ ProtocolToolkit (CPT),protocolsoftwareswere
transitionedfrom a simulationenvironmentto an embedded
system.Universityof Marylandalsodevelopedanadhocnet-
work testbedonLinux 2.1kernel[9]. Otherworksthatbuilt ad
hocnetwork testbedsincludetheSURANproject[1] andTask



ForceXXI [18].

The rest of the paperis organizedas follows. SectionII
explainshow ODMRPfunctionsasa unicastroutingprotocol
followed by the protocol implementationdescriptionin Sec-
tion III. Protocolperformanceevaluationin our seven node
wirelessmobile ad hoc network testbedis presentedin Sec-
tion IV, andconcludingremarksaremadein SectionV.

II. UNICAST ROUTING FUNCTIONALITY OFODMRP

In this section,wedescribehow ODMRPoperatesasa uni-
castroutingprotocol.Readersarereferredto [13] for themul-
ticastmechanismof ODMRP.

ODMRP builds and maintainsrouteson demandby the
source.A queryphaseandareplyphasecomprisetheprotocol.
Whena sourcehasto communicatewith a nodebut no route
information to that destinationis known, it floods a control
packet calledJOIN QUERY with a piggybackeddatapayload.
Whena nodereceivesa non-duplicateJOIN QUERY, it stores
thelasthopnodeinformationin its routetable(i.e.,backward
learning)andrebroadcaststhepacket. WhentheJOIN QUERY

packet reachesthe destination,the destinationrepliesbackto
thesourcevia theselectedroutewith theJOIN REPLY packet.1

Intermediatenodesof therouteforwardtheJOIN REPLY to the
next hop towardsthe sourceof the route. The next hop node
informationis obtainedfrom the routing tablewherethe en-
try wasrecordedwhenJOIN QUERY wasreceived. TheJOIN

REPLY packet is propagateduntil it reachesthesourceof the
route.This processconstructstheroutefrom thesourceto the
destination. Figure1 depictsthe route ��� - � -� - � - ��� estab-
lishmentprocedure.Notethatwe assumeasymetriclinks and
hencewhennode� needsto build a routeto node � , it estab-
lishesa separateroutethatmayor maynot bethesameasthe
routefrom � to � .

Onedrawbackof on-demandroutingprotocolsis the route
acquisitionlatency. Sinceroutesareonly built whenneeded,
the sourcemustwait until a routeis discoveredbeforetrans-
mitting the first datapacket of the session.To eliminatethis
delay, JOIN QUERY packetscarryuserdatatraffic in our pro-
tocol. Sincethedestinationwill receive thepacket unlessthe
network is partitioned,no route acquisitiondelay is needed.
Thesizeof floodedpacket however, becomeslarger. Thereis
a tradeoffbetweendelayandefficiency. Whendatapayload
sizeis too large,datapiggybackingon JOIN QUERY shouldbe
avoided.

To usethe mostrecentrouteinformation,our protocolen-
forcestwo policies that aredifferent from otherwell-known

	

Packet typesJOIN QUERY andJOIN REPLY have theterm“Join” because
ODMRP is originally a multicastprotocol. Thesepacketsareexchangedto
collectmulticastgroupmembershipinformationaswell asto build routesin
multicastsessions,hencetheterm“Join.” Wekeepthepacket namesthesame
in unicastmodeeventhoughgroupmembershipinformationis not obtained.
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Fig. 1. On-demandprocedurefor routesetup.

on-demandrouting protocolssuchasAODV andDSR.First,
intermediatenodesarenot allowedto reply from cache.Inter-
mediatenodescannotsendaJOIN REPLY in responsetoaJOIN

QUERY evenwhenthey haverouteinformationto thedestina-
tion nodein their routetable.2 Onereasonis to deliverthedata
payloadof the JOIN QUERY to the destination.If intermedi-
atenodessendrepliesto thesourceanddroptheJOIN QUERY

packet, the destinationcannotreceive the dataportion of the
packet.Theotherreasonis to utilize themostup-to-datetopol-
ogy informationandbuild theshortest-distanceroute. Routes
obtainedfrom intermediatenodesyield longerhop distances
sincethey donotaccountfor nodelocationsandnetwork topol-
ogyduringandaftermovements.

Second,aslongasthesourcestill needto communicatewith
thedestination,JOIN QUERY is periodicallybroadcastedto the
entire network to updatethe route. Therefore,fresh routes
arecontinuouslybuilt andutilized. The selectionof periodic
routerefreshinterval shouldbe adaptive to network environ-
ment(e.g.,traffic type,traffic load,mobility pattern,mobility
speed,channelcapacity, etc.). Whensmall route refreshin-
terval valuesareused,freshrouteinformationcanbeobtained
frequentlyat theexpenseof producingmorepacketsandcaus-
ing network congestion.On theotherhand,whenlargeroute
refreshvaluesareselected,eventhoughlesscontroltraffic will
begenerated,routesmaynot userecenttopologyinformation.
Thusin highly mobilenetworks,usinglarge routerefreshin-
terval valuescanyield poorprotocolperformance.

Even though the periodic route refresh reconstructsthe
routes,whena nodeof the routedetectsa routebreakduring
datapropagation,it sendsa ROUTE ERROR messagebackto
thesourceto invoke a fastrouterecovery process.A link dis-
connectionis detectedeitherby MAC layer feedbacksusing
reliableMAC protocolssuchasIEEE802.11[7], or by passive
acknowledgments[11]. Thesource,uponreceiving theROUTE




Intermediatenodescanrelay JOIN REPLIES from the destinationto the
source,of course.



ERROR packet,sendsa JOIN QUERY for routereconstruction.
In addition,it adjuststhenext routerefreshtime to thecurrent
time plustherouterefreshinterval. NotethatROUTE ERROR

messagesdonotexist in theODMRPmulticastoperationsince
redundancy is createdby multiple routes. In the unicastop-
erationhowever, singlepathis maintainedfor each � source,
destination� pairandnoalternatepathis available.Therefore,
immediateroutereconstructionis necessary.

III. IMPLEMENTATION

A. ImplementationPlatform

A.1 OperatingSystemandSoftware

Our protocol is developedon Linux kernelversion2.2.12,
the versionprovided by the RedHat Linux version6.1. All
tools and software packagesusedin our developmentorig-
inate from softwarebundle incorporatedwithin the Red Hat
Linux version6.1operatingsystempackage.TheLinux oper-
atingsystemis chosenfor its availability, familiarity, andker-
nel level supportfor IPv4 forwarding.

In SectionIV, the bandwidthutilization of applicationsin
wirelessmultihopadhocnetwork is studiedby routingtheuni-
casttraffic throughmobile routersandtheendnodesrunning
ODMRP.

A.2 Hardware

Ad hoc network nodesconsistof Intel PentiumII based
Hewlett PackardOmnibook7150 laptopsand WinBook XL
laptopsequippedwith LucentIEEE802.11WaveLanradiode-
vices[19]. The WaveLandevicesoperateon 2.4 GHz band-
width andcommunicateat the maximumcapacityof 2 Mb/s
with thesemi-openspacerangeof 150meters.TheWaveLan
devicesareoperatedin adhocmode.

B. SoftwareArchitecture

ODMRPusesthekernellevel IPv4forwardingsupportbuilt
into the Linux operatingsystem. The Linux kernelsupports
packet forwarding by performing the following procedures.
TheuserenablestheIP forwardingoptionin thenetwork pro-
tocolstack.Thenetwork interfacesacceptandsendall packets
to thekernel.Thekernelacceptsall packets,checksthedesti-
nationaddresswith thekernellevel routing tableanddecides
whetherto forwardthem. Themessagesareforwardedby al-
teringtheforwardingdestinationinterfaceof themessagesand
buffering them to the correspondinginterfaces. A message
with the destinationnot specifiedin the routing table is for-
wardedto thedefaultgateway. If thereis noviableforwarding
location,the packet is droppedandInternetControl Message
Protocol(ICMP) [16] destinationerror messageis sent. The
messageis sentto userlevel only if theroutinghostis thedes-
tination.Thisprocessavoidsthecostlykernel-to-usercrossing
andimprovesefficiency. Thedestinationinterfaceis changed

in accordancewith the listings in the kernel level routing ta-
ble. Thekernellevel routing tableis updatedandmaintained
by a userlevel routingdaemonwhich keepsits own userlevel
routingtable.Theuserlevel tableis copiedto thekernellevel
tableastheupdatesaremade.We usedthisbasicroutingtable
interfaceto build andmaintainODMRProutingtablesbothon
kernelanduserlevel. In thefollowingsections,ourschemesto
managethecontrolpacketsandtheroutingtablearedescribed
anda forwardingschemeis discussed.

B.1 Packet andTableManagement

Therearethreetypesof control packetsin ODMRP (JOIN

QUERY, JOIN REPLY, and ROUTE ERROR). When a JOIN

QUERY packetarrivesat therouter, thecontentof thepacket is
cachedinto temporaryroutetable(tr table ) andthe timer
for the entry is started. If the routerdoesnot receive a cor-
respondingJOIN REPLY in time, the timer expires and the
cachedentry is removed. If a JOIN REPLY which hasa cor-
respondingentryin thetr table arrivesbeforethetimeout,
theuserlevel routetable(route table ) is searchedto find
the � source,destination� pair that matchesthe tr table
entry. If sucha pair is found, the soft statetimer for the en-
try is resetandthe routerwaits for thenext event. If thepair
cannot be found in the route table , a new entry is cre-
atedandinsertedinto the table. The route table is peri-
odically checked for timer expiration andexpired entriesare
removed. The trigger for the updateof the kernel level route
table(kr table ) is activatedwheneveranentryis insertedor
deleted.

C. ODMRPAgentfor Nodeswith Fixedroutes

Operatingsystemssuchas Microsoft Windows 95/98 and
NT do not allow dynamic reconfigurationof the network
routes. ODMRP Agent(ODA) wascreatedto allow forward-
ing to thehostswith a staticroute. ODA operateson a Linux
hostservingasa gateway to ad hoc network for static-route
node.Currently, ODA servesonly thedesignatedhostandthe
hostwhich employs ODA servicemustremainwithin its ra-
dio range. ODA performsrouting taskssuchassendingand
receiving theJOIN QUERY andtheJOIN REPLY, andupdating
theroutetablein behalfof thestatic-routenode.Unicasttraffic
of static-routenodescanbeforwardedthroughODMRPadhoc
network with ODA. We experimentedwith existing Windows
andLinux applicationsover themultihoptestbedusingODA.
Theexperiencesandtheresultsfrom theexperimentsaredis-
cussedin SectionIV.

D. ODMRPRouteRefreshTimer

For theODMRPsoftstatetimervalue,weselected1 second
for therouterefreshinterval.
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Fig. 2. Multihop testbedtopologyin astaticnetwork.

TABLE I

UNICAST BANDWIDTH DISTRIBUTION IN A STATIC WIRELESS NETWORK .

Value %of bandwidth % of packet loss

Avg. sessionlength 65.64sec N/A N/A

Controlpacket O/H 0 kb/s 0 % 0 %

Throughput 311.70kb/s 100% 28.75%

IV. PERFORMANCEEVALUATION

We createda testbedconsistingof sevennodes.Theband-
width utilizationsof static-routingandODMRParestudiedin
thissection.

A. EfficiencyEvaluationof StaticMultihopChannel

A static multihop wirelessnetwork was constructedin a
topologyshown in Figure2. Thefiguredepictstheconceptual
view of the building wherethe experimentswereconducted.
The routernodeswereplacedin eachcornerof the building
andhadline-of-sightaccessesto two otherrouters.Thewalls
of thebuilding preventedtheradiocontactandtheroutershad
accessesto one anotheronly when the transceivers were in
line-of-sight.A UDP packet transferprogramdescribedin the
previoussectionwasusedto send2307packetsof size1556
bytesfrom thesourcenodeto thedestinationnode.Theresults
arepresentedin TableI. ThepacketlossrateandODMRPcon-
trol overheadweremeasuredto recordthechannelefficiency
in staticnetworkswith no mobility. Evenin a staticnetwork,
themultihopchannelsuffersfrom largepacket losses.Packets
arelost becauseof thechannelcontentioncausedby theinter-
mediatenodescompetingto transmit,buffer overflow, channel
noise,andpacketcollision.

B. ODMRPPerformanceEvaluation

B.1 ODMRPPerformancein aStaticNetwork

Theinitial experimentwasconductedto investigatetheper-
formanceof ODMRPin a non-mobileenvironment.We used
thetopologyshown in Figure2 to make performancecompar-
ison with the network runningstaticrouting. ThesameUDP

TABLE II

UNICAST BANDWIDTH DISTRIBUTION IN A STATIC ODMRP NETWORK .

Value %of bandwidth % of packet loss

Avg. sessionlength 66.76sec N/A N/A

Controlpacket O/H 1.44kb/s 0.47% 28%

Throughput 304.03kb/s 99.5% 29.32%
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Fig. 3. Multihop testbedtopologywith endnodemobility.

packettransferprocedurewasused.Theefficiency of thechan-
nelwasevaluatedin TableII. Theresultdiffersfrom thatof the
staticnetwork shown in TableI becauseof thecontrolpacket
overheadandthepacket losscausedby therouteupdates.The
routeschangefrequentlyevenwhenthereisnomobility among
thenodes.The JOIN QUERY packetsarrive at thedestination
nodethroughseveralalternatepathsandthefirst arrivedpacket
invokesa routeupdatein the reversepath. The conditionof
theradiochannelchangesbecauseof theambientnoise.Even
whenthenetworkhasnomobility, theoptimalroutemaydiffer
for eachrouteupdateperioddueto thechangein thechannel
condition. Oncethepacket transferstarts,UDP packetsdom-
inatethechannelusageandoftendisruptstheroutediscovery
sequence.The control packet hasto contendfor the channel
with datapacketsandin theworstcase,aslittle asonefourth
of JOIN QUERY packetsis forwardedall the way to the des-
tination. This small JOIN QUERY delivery ratemakesroutes
to changelessfrequentlyoncethe datatransmissionbegins.
Sincethereis nomobility in thisexperiment,low routechange
rategivesbetterperformancesaslesspacket lossesarecaused
by routeupdates.

B.2 ODMRPPerformancewith End-NodeMobility

In our secondexperiment,we measuredthe performance
of the ODMRP ad hoc network whenthe endnodewasmo-
bile. The basictopologyremainedthe sameas the previous
sections,but mobility wasintroducedto thedestinationnode.
Thedestinationnodewastransportedfollowing thepathindi-
catedin Figure3 in anapproximatespeedof 1 meter/second.
TheUDPpackettransferwasperformedfrom thesenderto the
receiver in the samemanneras in the previous experiments.



TABLE III

UNICAST BANDWIDTH DISTRIBUTION IN AN ODMRP NETWORK WITH

END-NODE MOBILITY.

Value %of bandwidth % of packet loss

Avg. sessionlength 63.13sec N/A N/A

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

Throughput 307.72kb/s 99.5% 29.32%
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Fig. 4. Multihop testbedtopologywith intermediatenodemobility.

As thedestinationnodemoves,the routesarechanged.Even
thoughrouteupdateis disruptedby thenormalflow of thedata,
it is not crucial in protocol performance. Data packets ini-
tially follow therouteof ������� ��!#" - �����%$&"��(' - �����%$&"���) - �����%$&"���* -

+

"��,$

�.-0/

$

�

�

-1� . As thedestinationmovescloserto router3, it
entersinto theradiorangeof router3. Theroutechangemay
takeup to four secondsandby thetimetheactualrouteupdate
occurs,the destinationnodemay be within the transmission
rangeof router2. Thisdelayin routeupdatedoesnot interfere
with the flow of dataas long asthe destinationis within the
radiorangeof router3. In thenext successfulroutediscovery
sequence,therouteis updatedto ������� ��!2" - �����%$&"��(' - �����%$&"���) -

+

"��,$

�.-0/

$

�

�

-1� . Becausetherouteupdatehasa minimaleffect
on datatransmissions,thechannelefficiency of ODMRPwith
theendnodemobility is equivalentto theefficiency shown in
nomobility case(shown in TablesIII andII, respectively).

B.3 ODMRPPerformancewith IntermediateNodeMobility

In this experiment,we measuredthe performanceof the
ODMRP ad hoc network when an intermediatenode was
mobile. The router node4 was abruptly transportedout of
rangeof ad hoc network in path ������� ��!2" - ����� $&",��3 - �����%$&"���4 -

+

"��,$

�.-0/

$

�

�

-1� depictedin Figure4. TheUDP packet transfer
wasperformedfrom thesourceto thedestinationin thesame
mannerasin the previous sections.As the routermovesout
of propagationrangeof its neighbors,one of two following
scenariosoccurs.If themobilerouterwasa partof theactive
route, the data transferto the destinationabruptly halts and

TABLE IV

UNICAST BANDWIDTH DISTRIBUTION IN AN ODMRP NETWORK WITH

INTERMEDIATE NODE MOBILITY

Value %of bandwidth % of packet loss

Avg. sessionlength 39.14sec N/A N/A

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

Throughput 238.73kb/s 99.85% 67.46%

packetsarelost. Sincethesourceis not immediatelyawareof
the disruptionin the datapath, it continuesto transmitdata.
Sincerouter4 is now isolatedfrom the network, thereis less
contentionin theMAC layer. Thesourceis ableto sendmore
packetsquickly sincenoforwardingnodeexiststo contendfor
thechannel.Therearemuchlargervolumeof packetsflowing
out of senderthentherearefrom router1 androuter1 cannot
grabthechannel.In thisexperiment,ODA is runningonrouter
1 with the senderasit is a client node. Router1 is the node
whichinitiatestherouterefreshprocesssononew routecanbe
discovereduntil it succeedsin transmission.Therouteupdate
delaycausedby thechannelcaptureeffectforcesthelow chan-
nel efficiency notedin TableIV. The re-establishedchannel
canslow down thetransferif thedestinationdoesnot receive
the JOIN QUERY packet from the path ������� ��!2" - �����%$&"��(' -

�����%$&"���) - �����%$&"���* -
+

"��,$

�.-0/

$

�

�

-1� , and receives the packet on
its way back from router 5 in the path �������%��!2" - ����� $&"��(' -

�����%$&"���) - �����%$&"���* - �����%$&"���4 -
+

"��,$

�.-0/

$

�

�

-1� , establishinga non-
optimal route(in hopdistance)asthenew route. Thesecond
scenariois thecasewheretherouter4 thatmovedoutof range
wasnot partof the currentforwardingpath. In this scenario,
the transmissioncontinueswithout delay. The non-optimal
route describedabove can also be built in this scenario. In
TableIV, the result for the first scenariois collectedandan-
alyzed. The secondscenarioyields resultalmostidenticalto
TableII andhenceis notshown.

C. Experiencesin usingApplicationsoverAdHocNetwork

The testbedsetupwas operatedwith the existing applica-
tionsto verify thereliability androbustnessof adhocrouting
schemein dayto dayoperations.Virtual Network Computing
(VNC) client-server [17] by AT&T wasusedto accessandre-
motely control the endnodes.TelnetandFTP sessionswere
heldto testtheend-to-endTCPcontinuity. Livevideostreams
weregeneratedwith MicrosoftNetmeeting(Figures5 and6) to
testthefeasibilityof multimediaapplicationin multihopwire-
lessnetworks. As expected,theperformanceof theseapplica-
tionswereadequate,but lessthenspectacular. Theapplications
oftenhadthepacket lossproblembecauseof somerandomen-
vironmentalinterferences(e.g.,pedestrians,elevator, cordless
phone,etc.) even whenthereexisteda strongradio channel.
In awiredenvironment,packet lossindicatescongestionalong
theroute. Theapplicationseithercompensatefor theconges-
tion by sendinglesspacketsor changingthedatacompression



Fig. 5. MicrosoftNetmeetingandoperatingover theadhoctestbed.

Fig. 6. PingPlotteroperatingover theadhoctestbed.

scheme,wait for a timeoutandrerouting.Whenappliedto the
wirelessenvironment,theheuristicsbuilt into theapplications
did not improve theperformance.Theconceptof transparent
layeringdictatesthattheapplicationlayershouldnotbeaware
of layersunderneathit. However, to optimizetheperformance,
theapplicationhasto bekeenlyawareof its environmentand
takeanactivepartin applyingappropriateheuristics.

V. CONCLUSION

We presentedtheunicastoperationof ODMRPandour im-
plementationexperiencein a mobilewirelessadhocnetwork
testbed.ODMRPis capableof applyingon-demandroutecon-
structionfor bothunicastandmulticastsessions.Periodicroute
refreshis performedto utilize up-to-daterouteand topology
information.

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

causeof channelcontention,noise,andinterference.We intro-
ducedvariousnodemobility to thenetwork andpresentedthe
throughputresults.Our experimentsdemonstratedODMRP's
ability to dynamicallyadaptto a mobileroutingenvironment.
An end-to-endunicastconnectionwascarriedon with a min-
imal network overhead.We alsodiscussedtheneedfor appli-
cation'sawarenesstowardits environmentto optimizenetwork
performances.
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