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Abstract

Thecurrentstateof theartin evaluatingapplicationsandcom-
municationprotocolsfor adhocwirelessnetworksinvolvesei-
ther simulationor small-scaldive deployment. While larger
scaledeploymenthasbeenperformedit is typically costlyand
dif cult to runundercontrolledcircumstancesSimulational-
lows researcherto vary systemcon gurationssuchas MAC
layersand routing protocols. However, it requiresthe dupli-
cation of application,operatingsystem,and network beha-
ior within the simulator While simulationand live deploy-
mentwill clearly continueto play importantrolesin the de-
signandevaluationof mobile systemswe presentMobiNet a
third point in this space. In MobiNet, the communicationof
unmodi ed applicationsgunningon stockoperatingsystemss
subjectto the real-timeemulationof a userspeci ed wireless
network ervironment. MobiNet utilizes a clusterof emulator
nodesto appropriatelydelay drop or deliver pacletsin a hop
by hopfashionbasedon MAC-layerprotocols,ad hocrouting
protocols,congestionqueuing,andavailablebandwidthin the
network. MobiNet infrastructureis extensible facilitating the
developmentandevaluationof new MAC layers,routing pro-
tocols,mobility andtraf c models. Our evaluationsshaw that
MobiNet emulationis scalableand accuratewhile executing
realcode,includingvideoplayback.

1 Intr oduction

Wirelessmobile systemshave becomencreasinglypop-
ularin the pastfew years.Of particularinteresthasbeen
the proliferation of ad-hocwirelessnetworking where
mobile nodesform peerrelationshipswith one another
to relayinformationthroughthe network.

Onekey challengein this areais evaluatingthesepro-
tocolsandapplicationsin a scalableandaccurateman-
ner. It is dif cult andcostlyto deploy developmentsoft-
wareon a large numberof real mobile nodes. Further
live deploymentmalesit dif cult to obtainreproducible
results. To overcometheselimitations, researcherhave
developedsimulationenginesto mimic the behaior of
mobile systemsby modeling paclet loss, queuingde-

lays and MAC-layerbehaior. Application codeis typ-
ically re-writtento conformto the simulationenviron-
ment. This approactrequiresincreasedievelopmentef-
fort andalsoleadsto lossin accurag asthebehaior of a
unmodi ed applicationrunningover areal OS, network
stackandhardwareis lost. Finally, accuratesimulation
ernvironmentsfacesigni cant scalabilitylimitations, of-
tentoppingout atafew tensof mobile wirelesshosts.

MobiNet is an emulation environment designedto
overcomesome of the accuray and scalability chal-
lengesin mobile evaluation. The goal of our work is
to allow usersto evaluatethe behaior of their wireless
systemaundera rangeof conditionsin a controlled,re-
producibleenvironment. Systemaspectghat we would
liketo allow usergo controlincludeMAC layers routing
protocols,mobility patternsandtrafc models. Mobi-
Net supports e xible deploymentof the above models,
therebyallowing researcher$o study and improve the
performancef wirelessapplicationsandprotocols.

To supportthe above types of experiments,we de-
signedMobiNetto emulatea targetmobile network ona
scalableLAN clusterwith gigabitinterconnectenabling
researcherto deploy unmodi ed IP-basedsoftwareand
subjectit to faults, varying network conditions, differ-
entrouting protocols,and MAC layerimplementations.
Edge nodesrunning userspeci ed OS and application
software are con gured at the IP-layerto route paclets
throughoneor moreMobiNet core nodesthatcooperate
to subjectthetrafc to the bandwidth,interferencepat-
terns,congestionandlosspro le of the target network
topology

We mustaddresseveralkey challengeso successfully
emulatdarge-scalenulti-hopwirelessnetworks. Behav-
ior of MAC layer (e.g. various avors of 802.11)sig-
ni cantly impactsthe performancef wirelessnetworks.
Nodemobility playsanimportantrole in wirelessenvi-
ronmentsAd hocroutingprotocolsarecritical for relay-
ing paclets. Thereforeour emulationsupports:i) vari-
ousMAC layersii) routingprotocolsii) nodemovement



patterns.Eachof the above layersmustbe deployedin
amodularmannerallowing users e xibility andcontrol
over their experiments.Further we would lik e to struc-
ture our emulationin a scalableaccurateandextensible
manner Our scalabilitytestsshav thata singleMobiNet
core canforward up to 89,000packetsper second.Us-
ing justoneMobiNet coreand2 physicaledgenodeswe
have beenableto emulatea 200-noddopology, forward-
ing applicationpacletsin realtime. Along with scalabil-
ity, MobiNet alsoprovidesgoodaccurayg. We validated
our MAC androuting protocolsagainstothersimulators
andfoundthatourresultscomparedavorablywith those
obtainedfrom ns2.We alsopresentesultsfrom running
unmodi ed binaries(video playback)that demonstrate
thepowerand e xibility of our system.

The remainderof this paperis organizedasfollows:
Section2 describeghe details of the MobiNet frame-
work. We brie y describeMobiNet's accuray andscal-
ability in section3. Section4 describeur experiences
in deploying realunmodi ed applicationsover MobiNet.
We discusgelatedwork in sectionb andpresenburcon-
clusionsin section6.

2 The MobiNet Framework
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Figurel: MobiNetArchitecture

We borrowved somebasicdesignprinciplesfrom the
publicly availableModelNet[10], anemulationerviron-
ment for wired and static networks. However, Mobi-
Netrequireda completereimplementatiorof the system
giventhe inherentdifferencesbetweenwired and wire-
lessnetworks. The MobiNet architecturés composeaf
edee nodesandcore nodesasshavn in Figurel. Edge
nodesn MobiNetcanrunarbitraryarchitectureandop-
eratingsystemsandcould evenbe a combinationof dif-
ferentdevices suchaslaptops,PDAs, etc. Our current
experimentshave beenperformedon edgenodesrun-
ning linux. They run native IP stacksand function as
they would in real ervironmentswith the exceptionthat
they arecon guredto routeIP traf c throughMobiNet
cores. MobiNet core nodesrun a modi ed version of
FreeBSDto emulatetopology-speci cand hop-by-hop
network characteristics.

Targetapplicationgun onedgenodesasthey wouldin
arealsetting.However, to decreas¢he numberof client
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Figure2: MobiNetModules

(edge)machinesequiredfor large-scalevaluationspur
architectureallows for Virtual Edge Nodes(VNs). VNs
enablethemultiplexing of multiple applicationinstances
on a single client machine,eachwith its own unique
IP address. Since MobiNet clients useinternal IP ad-
dresseg10.%), the numberof clientsthat canbe multi-
plexed onto an edgenodeis not limited by IP address
spacdimitations, but ratherby the amountof computa-
tional resourceg e.g. threads,memory)that the target
applicationuses. All VNs are con gured to routetheir
trafc throughoneof the cores.The MobiNet coresem-
ulatewirelessnetwork behavior at multiple layerswhile
eventuallyrouting pacletsto the edgenodehostingthe
destinatior’VN.

Emulationat the coreinvolvescapturingnodemove-
mentpatterns dynamicrouting, and MAC layer effects
suchas collisions and capture. To this end, we have a
mobility module,routing moduleand MAC layer mod-
ule in the MobiNet core. The physicallayer alsoplays
animportantrole in wirelessnetworks, hencewe have
supportfor free spacepropagationmodel and two-ray
groundre ection model[]. By dividing mobile emu-
lation behaior underfunctionallines, MobiNet's mod-
ules are more easily developedand replaced. This al-
lows experimentgo usedifferentcombinationsof mod-
ules,leadingto a more e xible and powerful emulation
framework. Figure 2 depictsthe interactionsbetween
the differentmodulesin MobiNet. The mobility model
is implementedas a user level applicationthat down-
loadsnew nodemovementles into MobiNetcore'sker-
nel at userspeci edtime intervals. The routing module
usesthis informationto nd new routeswhen existing
routesbecomestale. Oncea paclet entersthe system,
it is handedup by the ipfw modulein the FreeBSDker
nel to the MobiNet module. The routing modulewithin
MobiNet is now responsibl€or nding a pathin order
to sendthis paclet to its destination. The pathis ba-
sically a list of nodesthroughwhich the paclet hasto
traversebeforereachingits destination. Oncethe path
hasbeenobtained the MAC-layermoduleemulateshe
paclet accordingto the speci ed attributesof eachpipe
in the path. Pipesin MobiNet correspondo the trans-



missioncapacityof their associatedhodes. The paclet
traverseghrougheveryintermediatanodespipe,thereby
beingsubjectedo queuingdelaysandcongestiorat ev-
ery node. Oncethe paclet successfullyeacheghe last
hop in the path, the paclet is sentto the virtual node
hosting the paclet's destination. Thus, transmittinga
paclet from sourceA to destinationB via nodesC, D,
andE will involve sendingthe paclet throughpipesA,
C, D and E before nally relayingit to destinationB.
Eachpipe maintainsa drop-tail queuefor storingpack-
etsthat needto be transmittedfrom the corresponding
node. All attributesof pipessuchasbandwidth,queue
sizeandlossrateareusercon gurableandcanbedown-
loadedinto thecore'skernelusingthesysctifunctioncall
in FreeBSD.

MobiNet emulationis a three step operation: topol-
ogy creation,assignmenbf VNs andpipesto hostsand
coresrespectrely, andapplicationexecution.A usercre-
atesa desiredtopology MobiNet distributespipesasso-
ciatedwith eachnodein thetopologyacrosghecoresto
distribute emulationload, assignsVNs in our emulated
topologyto edgenodesandcon guresandexecuteshe
applicationsin the MobiNet emulationframewnork. We
now describeeachof MobiNet's modulesin moredetail.
2.1 Mobility
Themobility moduleis a userlevel applicationthatgen-
eratesvariousnodepositionsandneighborlists consist-
ing of nodeswithin a nodes transmissiorrange. This
informationis downloadedn realtime into thekernelof
theMobiNetcoresatregularuserspeci edintervals. Al-
ternatvely, we couldcalculatethesepositionsandneigh-
bor lists in realtime within the core's kernel. Doing so,
however, would causesigni cant overheadsince oating
pointoperationsvould berequiredin thekernel.

Oneinterestingparameteiin MobiNet's emulationis
thatof theinterval usedto refreshnodepositionswithin
thecore'skernel.If theinterval is too high, valuableker-
nelprocessings wastedn readingnew nodecoordinates
for valuesthathave changedittle. If it istoolow, it leads
to inaccurateesults.MobiNetattemptgo bridgethegap
betweenkernel performanceand accurag by choosing
aninterval valuethatprovidesgoodperformancenndac-
curateresultsundera wide variety of emulations. We
found that settingthe node positionrefreshratesto 0.5
secondprovidesgoodresultsfor our testscenarioswith
nodevelocitiesup to 20 m/s. We stressthatthe refresh
interval is usercon gurableandnodecoordinatesanbe
downloadednto the kernelata muchlower granularity

Our currentmobility applicationsupportghe random
waypointmobility modeldescribedn [1], thoughMobi-
Net can usearbitrary movementmodels. In our appli-
cations,usersspecifythe topologysize, the durationof
the experimentthe maximumspeedf nodesthe move-
mentpausetime, andthe interval of the desiredoutput.

Themobility applicationcreategime-indexedmovement
les thatincludethe currentpositionsof eachnodeand
the neighborlists for eachnode. Thesemovementsles
canbereadby the MobiNet coreduringthe executionof
theexperiment.

2.2MAC Layer Emulation
Our modularemulationapproachis amenabldo a wide
rangeof modelsfor theMAC layer. Weimplementedur
MAC layer basedon IEEE's 802.11standardspeci ca-
tion for RTS-CTS-Data-A£K in MobiNet. Thedetailsof
our implementatiorare describedn [5]. The physical
layerplaysanimportantrole in the performanceanden-
ergy consumptiorof mobile andwirelesssystems.The
free spacemodelandthe two-ray model predictthe re-
ceived power asa deterministicfunction of distance1].
Our physicallink modelsupportdree spacepropagation
and two-ray groundre ection model[1]. Power level
at which pacletsarereceved determinesf oneor both
pacletsaredroppeddueto noiseor if onepacletis cap-
turedby the othet

2.3Dynamic Routing
As with all otherMobiNet modulestheroutinglayeris
implementedasa pluggablemodulein the FreeBSDker
nel. The MobiNet coremakesa call to this routingmod-
ule to retrieve pathsfor the pacletsthatit receves. We
have implementedhe DynamicSourceRoute(DSR)[3]
protocolin the MobiNet core. While we choseDSRin
our currentimplementation DSR can be replacedwith
ary other ad-hocrouting protocol suchas AODV [8],
DSDV [9], or TORA [7]. Our genericdesignand the
fact that eachcomponentin MobiNet is pluggableand
not dependenbn othercomponent&nableus to imple-
menta broadrangeof routingmodulesn thekernelwith
relative ease. Detailedimplementationis describedin

[5].

3 Evaluation

In this section,we brie y describeour experiencesus-
ing MobiNetfor evaluatingadhocwirelessapplications.
Our evaluationfocusedon testingMobiNet for scalabil-
ity aswell asaccurag.

We have written andtesteda simpleapplicationin na-
tive TCP/IPandin the ns2 network simulatorto enable
comparisondetweenMobiNet emulationand ns2 sim-
ulation. The applicationestablishesimple constantbit
rate(CBR) streamdetweersenderandreceversusing
UDP. Eachsendesenddlatato exactlyonerecever. Our
CBR communicationgonsistsof 64-byte paclets sent
from eachnode(senderttherateof 4 pacletspersec-
ond. While it is impossibleto guaranteghat both ver-
sionsfunctionidentically, the simplicity of our testap-
plication leadsto it exhibiting very similar behaior in
both ervironments. Using this application,we have ex-



ecuteda numberof experimentsto evaluatethe perfor
mance scalability andaccurag of thedifferentmodules
in MobiNet. Thegoal of our accurag androuting over
headtestswereto reproducethe experimentsdescribed
in [1].

In all of our experiments,MobiNet edgenodescon-
sistedof Pentium4 2.0 GHz PCswith 512 MB memory
runninglinux version2.4.2. We usea single Pentium3
dual processowith 2 GB memorysupportingFreeBSD
version4.5 as our MobiNet core. Our experimentson
ns2 were conductedon a machinesimilar to our edge
nodes. MobiNet provides various paclet statisticsthat
enableusto determinghe numberof pacletssent,pack-
etsdroppeddueto MAC collision, andotherusefulmet-
rics. Likewise,we make useof ns2trace les to extract
thesemetrics.

With our mobility application,we simulatedrandom
waypoint mobility using various seedsand pausetime
values, resulting in different movementpatterns. For
mostof our experimentswe speci edaneighborrefresh
interval of 0.5secondsWe foundthatourinterval of 0.5
secondgivesuscomparableesultswith lowerintervals
suchas0.2 secondsandalsowith the continuousmove-
mentpatternthatns2supports.

3.1Core Performance
Oneof theexperimentsve have executediestedheabil-
ity of theMobiNetcoreto procespaclets. Thegoalwas
to nd the numberof paclets per secondthe MobiNet
coreroutercouldemulatewithout saturation.

Thesetupcomprisedf 200VNs thatweredistributed
acros2 edgenodes(100virtual IP addressemappedo
eachedgenode). We disabledthe mobility moduleto
decreas¢he overheaddueto DSR.ThusDSRis invoked
only oncefor a source-destinationombination.Oncea
routeto a particulardestinationhasbeenfound by the
routingmodule theroutedoesnotchange A sendemap-
plicationwasassociateavith every VN ononeedgema-
chine,while alistenerwasassociateavith every VN on
theotheredgemachine Eachsendeapplicationsent64-
byte UDP pacletsat a constantit rateto a speci c lis-
tener therebyaccountingfor 100 o ws from the sender
edgemachineto the lister edgemachine. Eachsource
sentpacletsin exactly 1 hop to exactly one destination
which was also the nodes sole neighbor Thus, there
wereno pacletcollisions.We alsosetthe DIFSandSIFS
valuesin the 802.11speci cationsto zero as the goal
wasto gaugehemaximumnumberof pacletsthatcould
be sentthrougha single MobiNet core. MobiNet core
runswith a clock resolutionof 10Khz, meaningthatwe
areableto accuratelyemulateeachpaclet hopto within
0.1 msaccurag. Evenfor end-to-encpathlengthsof 10
hops paclettransmissionielaysareaccurateo within 1
ms,sufcient for ourtargetwirelessscenariosespecially
whenconsideringend-to-endransmissionpropagation,

and queuingdelays. This accurag holdsup to andin-
cludingthepeakemulationratebecauséobiNet'semu-
lation runsatthekernel'shighestpriority level. We mea-

CPU Pkts/sec | Pkts/sec | Pkts/sec
utilization| forwarded| forwarded| forwarded
atcore for Lhop | for3hops | for5hops
50% 43.5K 25K 16K

70% 63.5K 38K 23K

90% 78K 47K 30K
100% 89K 50K 35K

Tablel: Forwardingcapacityatthe Core

suredthroughpuin termsof paclketsperseconcandCPU
utilization at the corefor differentpaclet sendingrates.
We ransimilar testsbut with differenttopologiessothat
eachpaclet from the sendemusttraverse3 hopsand5
hopsrespectiely beforereachinghedestination Again,
we ensuredhattherewereno collisionsandnodesjust
hadtheir communicatiorpartnersastheir neighbors As
the numberof hopsincreasedwe found that the total
numberof pacletsthatthe core could forward per sec-
ond decreasedsit now hadto performmorework per
paclet. We summarizeour resultsin Table1.

3.2MAC layer and routing accuracy
Validating the behaior of our MAC layer implemen-
tationis dif cult asno known emulationor simulation
techniquecan accuratelypredict the bit error ratesor
radiointerferencaunderarbitrarydeploymentscenarios.
To gainsomebaselinecon dencein theaccuray of our
802.11MAC model, we conductmicro-benchmarkso
compareMobiNet's MAC layer performancewith that
of ns2for a variety of topologiesand paclet transmis-
sionrates. Sincethe paclet transmissiorrateis depen-
dentuponthe timing andrate of collisions,we hypoth-
esizethat if MobiNet and ns2 deliver the samepaclet
throughputundera rangeof conditions,the paclet col-
lision and bacloff behaior is likely to be similar. We
experimentedvith severaltopologiesandpacketsending
rates.For eachof ourtopologieswe foundthatMobiNet
andns2had similar paclet delivery ratio. Our detailed
resultsfor differenttopologiesaredescribedn [5].

The next stepwasto validaterouting accurag in our
emulator We achieved this by comparingexperimental
resultsobtainedfrom MobiNet to that from ns2for our
simple CBR communicationWe usedthe 802.11MAC
protocolandDSRimplementationsvailablein ns2.Us-
ing our mobility model, we generatednovement les
thatwereusedby ns2andMobiNet. We variedthe max-
imum speedand pausetime in our experimentsand for
eachof the above, we found that MobiNet's paclet de-
livery ratio matcheghat of ns2. We alsocomparedhe
numberof control pacletstransmittedby our DSRim-



plementatiorwith that of ns2in the above experiments
andagainfoundthat MobiNet comparedavorably with
ns2. Again the experimentsandresultsaredescribedn
[5]. All the above testshelpedvalidatethe MAC and
routingaccurag of our emulator

3.3Scalability
Given the accurag of our emulationexperiments,we
next considerthe scalability of our emulationerviron-
ment. One of the main bene ts of MobiNet over using
a simulatorsuchasns2is experimentscanberunin re-
altime. Simulatorsthat do not run in realtimehave an
adwantagehathowever complex the experimentjt even-
tually completes.On the otherhandemulatorsthat run
in realtime nd theloadtoo greatat somestage. How-
ever, for typical experimentsMobiNet is capableof for-
wardingup to 89,000pacletsper secondandthushasa
distinctadvantageover ns2with respecto time takento
completeexperimentauptothis capacity

To quantifythisbene t, we comparehetime required
to run experimentsn ns2andMobiNet asa function of
numbersof CBRs. We useda 200 nodetopology with
nodesdistributedrandomlyin a 3000meterby 600 me-
ter rectangle(resultingin the samenodedensityasour
previousexperiments)For MobiNet,the200nodeswvere
distributedacros2 MobiNetedgenodes.Thens2exper
imentswererun on a singlemachinewith the samecon-
guration asthe MobiNet edgenode. We disablednode
mobility in this caseto reducethe overheaddueto nd-
ing routeswith DSR.Here,DSRonly needgo nd routes
to destination®once(at the startof the experiment).We
variedthe numberof CBR sourcesrom 10 to 40, with
eachsenderonceagaintransmitting64-byte paclets at
the rate of 4 pacletsper second.Eachnodesenta total
of 1200 paclets. Figure 3 shawvs the computationtime
necessaryo executethe experimentfor MobiNet emu-
lation and ns2 simulation. This is the time it takes for
the experimentto completemultiplied by the numberof
machinesusedin the experiment. In realtime, this ex-
perimenttakes 5 minutes,asit takeseachCBR source
300secondgo transmitits shareof paclets. As aresult,
MobiNet using 3 machines(2 edgesand 1 core) emu-
latesthe experimentin 15 minutes.In contrastns2sim-
ulationtime of theexperimentincreasesinearly with the
numberof CBR nodes.In the caseof 40 nodesransmit-
ting, the ns2simulationlasted134.5minutes,compared
to MobiNet's 15-minuteemulation.

4 Deploying Real Applications

In this sectionwe demonstratahe utility and general-
ity of ourinfrastructureby deplgying andevaluatingreal
unmodi ed code,avideoplayerover MobiNet. We used
XAnim asour sampleapplication.XAnim is a program
that playsa wide variety of animation,audioandvideo

# of machines * Time in minutes

0
10 15 20 25 30 35 40
#0f CBRs

Figure3: Scalabilityin MobiNetvs. ns2asafunctionof time

formatsonUnix X11 machinesRunningthesameappli-
cationon ns2would be dif cult to impossible.Our goal
wasto studythe performancef thethevideoplayerin a
adhocwirelessnetwork asafunctionof nodemovement.
We startedwith a wirelesstopology consistingof 50
nodesmoving accordingto the randomwaypointmove-
mentmodel,wherethe maximumrandomspeedvasset
to 1 m/s. The nodesin our topology were hostedon
two edgemachines,thus eachedgenode was respon-
sible for 25 VNs. We randomly chosetwo VNs from
ourtopology XAnim wasdeplogyedoveroneof theVN,
while the displaywassetto the otherVN. Communica-
tion betweerthesetwo nodesranoverthe x11 protocol.
TheVN executingXAnim would sendits pacletsto the
MobiNet core,which would useDSRto nd arouteto
the VN hostingthe display The pacletswereemulated
accordingto our 802.11implementatiorin the MobiNet
core andthen sentto the destinationVN which would
displaythe movie. Due to nodemovement,if existing
routeswent stale,DSR wasusedto nd freshroutesto
thedestinatiorVN. Thevideoclip wasreplayedn acon-

Pausetime(s) | 1 m/s 5m/s 20m/s
0 14500 | 13708 | 5490

30 15596 | 13728 | 13031
60 14927 | 14565 | 13207
300 16200 | 16100 | 16086

Table 2: x11 paclets exchangedbetween2 VNs for various
maximumspeeds

tinuousfashionfor 2 minutes. For lower nodemobility
scenariospacketdropsdueto brokenrouteswaslow and
we obsenedthatthevideo playedin analmostcontinu-
ousmanner In a highly mobile ernvironment,we found
thatthevideo clip would stall for a while during paclet
drops.Oncerouteswerefound,theclip would startplay-
ing again.Unlilke CBR communicationjn thex11 com-
municationthat takes placebetweenthe XAnim nodes,
lossof vital packetsdueto nodemovementleadsto the
applicationstalling for a while. We recordedthe total
numberof XAnim paclets exchangedbetweenthe two
VNs for differentvaluesof pausetime andfor different
valuesof maximumspeed We averagedhe resultsover



several runs of the experimentand presenthemin Ta-
ble 2.

5 RelatedWork

ZhangandLi [12] have built aninfrastructurefor testing
mobile ad hoc networks. However, their work doesnot
supportary routing protocol. Furthermoretheir scheme
doesnot restrict applicationbandwidth, making exper
imental resultsinaccuratefor a rangeof importantap-
plication characteristicsNoble and Satyanarayanaj]
use trace-basedetwork emulationto play back mea-
suredmobilenetwork characteristicgo realapplications.
Our approachgeneralizeshis technique allowing users
to generatetheir own mobility scenarios. Netbed[11]
is a network testbedcomprisingreal mobile nodesus-
ing real mobile hardware and software. In contrastto
our work, Netbedis a real testingernvironment,not an
emulationor simulationinfrastructure.Emwin [13] and
JEmu[2] are network emulatorssimilar to MobiNet.
However, they both do not have the level of scalability
that we have achieved with MobiNet. Thereis alsono
supportfor pluggingin ad hoc routing protocols. Judd
andSteenkistd4] describeanapproackor wirelessex-
perimentationusing a real MAC layer While using a
real MAC layer hasadvantagesscalabilityis limited as
discussechbore. Comparisonbetweendifferent MAC
layersalsobecomesnoredif cult to perform.

6 Conclusionsand Future Work

Theoverallgoal of ourwork is to supportcontrolledex-
perimentationof a variety of communicationpatterns,
routing protocols,andMAC layersfor emeging adhoc
and wireless scenarios,including laptops, and PDAs.
Currentapproacheto suchexperimentatiorincludesim-
ulation andlive deployment. While eachclearly hasits
relative bene ts andwill continueto play animportant
role in mobile systemdesignand evaluation,this paper
arguesfor the power of modular real-timeemulationas
anotheliimportantpointin this space.

To this end, this paperpresentghe designandevalu-
ation of MobiNet, a scalableand accurateemulatorfor
mobile, wirelessand ad-hocnetworks. MobiNet pro-
vides accuratemobile and wirelessemulation,compar
ing favorably with existing network simulatorswhile
offering improved scalability It allows researcherso
rapidly experimentwith a variety of MAC, routing, and
communication(layers 2-4) protocolsthat may not be
easilyavailablein live deployments.MobiNet alsosup-
ports the deployment of different mobility and trafc
models.We furthershaw the power of our emulationen-
vironmentby runninganunmaodi ed video playbackap-
plicationcommunicatingacrossan emulatedarge-scale

multi-hop 802.11 network using DSR on stock hard-
ware/softvare.

In most of our experiments,we validated MobiNet
againsins2to increaseour con dencein theaccuray of
our results. We felt that this was an appropriatechoice
becausens2, with mobile/wirelessextensions,has un-
demgonesigni cant developmentand validation and re-
mainsoneof the mostpopularsimulatorsavailable. We
leave comparisonggainstrealwirelessnetworksfor fu-
turework. A detailedstudyof applicationperformance
underdifferenttraf ¢ tracess anotherongoingeffort.
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