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Abstract
Thecurrentstateof theart in evaluatingapplicationsandcom-
municationprotocolsfor adhocwirelessnetworksinvolvesei-
ther simulationor small-scalelive deployment. While larger-
scaledeploymenthasbeenperformed,it is typically costlyand
dif�cult to run undercontrolledcircumstances.Simulational-
lows researchersto vary systemcon�gurationssuchasMAC
layersand routing protocols. However, it requiresthe dupli-
cation of application,operatingsystem,and network behav-
ior within the simulator. While simulationand live deploy-
ment will clearly continueto play importantroles in the de-
signandevaluationof mobilesystems,we presentMobiNet, a
third point in this space. In MobiNet, the communicationof
unmodi�ed applicationsrunningon stockoperatingsystemsis
subjectto the real-timeemulationof a user-speci�ed wireless
network environment. MobiNet utilizes a clusterof emulator
nodesto appropriatelydelay, drop or deliver packets in a hop
by hopfashionbasedon MAC-layerprotocols,adhocrouting
protocols,congestion,queuing,andavailablebandwidthin the
network. MobiNet infrastructureis extensible,facilitating the
developmentandevaluationof new MAC layers,routing pro-
tocols,mobility andtraf�c models.Our evaluationsshow that
MobiNet emulationis scalableand accuratewhile executing
realcode,includingvideoplayback.

1 Intr oduction

Wirelessmobilesystemshavebecomeincreasinglypop-
ular in thepastfew years.Of particularinteresthasbeen
the proliferation of ad-hocwirelessnetworking where
mobile nodesform peerrelationshipswith oneanother
to relayinformationthroughthenetwork.

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 deploymentmakesit dif�cult to obtainreproducible
results.To overcometheselimitations,researchershave
developedsimulationenginesto mimic the behavior of
mobile systemsby modeling packet loss, queuingde-

lays andMAC-layerbehavior. Applicationcodeis typ-
ically re-written to conform to the simulationenviron-
ment.This approachrequiresincreaseddevelopmentef-
fort andalsoleadsto lossin accuracy asthebehavior of a
unmodi�ed applicationrunningover a realOS,network
stackandhardwareis lost. Finally, accuratesimulation
environmentsfacesigni�cant scalabilitylimitations,of-
tentoppingoutata few tensof mobilewirelesshosts.

MobiNet is an emulation environment designedto
overcomesome of the accuracy and scalability chal-
lengesin mobile evaluation. The goal of our work is
to allow usersto evaluatethe behavior of their wireless
systemsundera rangeof conditionsin a controlled,re-
producibleenvironment. Systemaspectsthat we would
liketoallow usersto controlincludeMAClayers,routing
protocols,mobility patternsand traf�c models. Mobi-
Net supports�e xible deploymentof the above models,
therebyallowing researchersto study and improve the
performanceof wirelessapplicationsandprotocols.

To supportthe above types of experiments,we de-
signedMobiNet to emulatea targetmobilenetwork ona
scalableLAN clusterwith gigabitinterconnect,enabling
researchersto deploy unmodi�ed IP-basedsoftwareand
subjectit to faults, varying network conditions,differ-
ent routing protocols,andMAC layer implementations.
Edgenodesrunning user-speci�ed OS and application
softwarearecon�gured at the IP-layerto routepackets
throughoneor moreMobiNet core nodesthatcooperate
to subjectthe traf�c to the bandwidth,interferencepat-
terns,congestion,andlosspro�le of the target network
topology.

Wemustaddressseveralkey challengestosuccessfully
emulatelarge-scalemulti-hopwirelessnetworks.Behav-
ior of MAC layer (e.g. various�a vors of 802.11)sig-
ni�cantly impactstheperformanceof wirelessnetworks.
Nodemobility playsan importantrole in wirelessenvi-
ronments.Ad hocroutingprotocolsarecritical for relay-
ing packets. Thereforeour emulationsupports:i) vari-
ousMAC layersii) routingprotocolsiii) nodemovement



patterns.Eachof theabove layersmustbe deployed in
a modularmanner, allowing users�e xibility andcontrol
over their experiments.Further, we would like to struc-
tureour emulationin a scalable,accurateandextensible
manner. Ourscalabilitytestsshow thatasingleMobiNet
corecanforwardup to 89,000packetsper second.Us-
ing justoneMobiNetcoreand2 physicaledgenodes,we
havebeenableto emulatea200-nodetopology, forward-
ing applicationpacketsin realtime. Along with scalabil-
ity, MobiNet alsoprovidesgoodaccuracy. We validated
our MAC androutingprotocolsagainstothersimulators
andfoundthatourresultscomparedfavorablywith those
obtainedfrom ns2.We alsopresentresultsfrom running
unmodi�ed binaries(video playback)that demonstrate
thepowerand�e xibility of our system.

The remainderof this paperis organizedas follows:
Section2 describesthe detailsof the MobiNet frame-
work. We brie�y describeMobiNet'saccuracy andscal-
ability in section3. Section4 describesour experiences
in deploying realunmodi�edapplicationsoverMobiNet.
Wediscussrelatedwork in section5 andpresentourcon-
clusionsin section6.

2 The MobiNet Framework

Figure1: MobiNet Architecture

We borrowed somebasicdesignprinciplesfrom the
publicly availableModelNet[10], anemulationenviron-
ment for wired and static networks. However, Mobi-
Net requireda completereimplementationof thesystem
given the inherentdifferencesbetweenwired andwire-
lessnetworks.TheMobiNetarchitectureis composedof
edge nodesandcore nodesasshown in Figure1. Edge
nodesin MobiNetcanrunarbitraryarchitecturesandop-
eratingsystemsandcouldevenbea combinationof dif-
ferentdevicessuchas laptops,PDAs, etc. Our current
experimentshave beenperformedon edgenodesrun-
ning linux. They run native IP stacksand function as
they would in realenvironmentswith theexceptionthat
they arecon�gured to routeIP traf�c throughMobiNet
cores. MobiNet core nodesrun a modi�ed versionof
FreeBSDto emulatetopology-speci�cand hop-by-hop
network characteristics.

Targetapplicationsrunonedgenodesasthey would in
a realsetting.However, to decreasethenumberof client

Figure2: MobiNet Modules

(edge)machinesrequiredfor large-scaleevaluations,our
architectureallows for Virtual Edge Nodes(VNs). VNs
enablethemultiplexing of multipleapplicationinstances
on a single client machine,eachwith its own unique
IP address.SinceMobiNet clients useinternal IP ad-
dresses(10.*), the numberof clients that canbe multi-
plexed onto an edgenodeis not limited by IP address
spacelimitations,but ratherby theamountof computa-
tional resources( e.g. threads,memory)that the target
applicationuses.All VNs arecon�gured to routetheir
traf�c throughoneof thecores.TheMobiNet coresem-
ulatewirelessnetwork behavior at multiple layerswhile
eventuallyrouting packetsto the edgenodehostingthe
destinationVN.

Emulationat the coreinvolvescapturingnodemove-
mentpatterns,dynamicrouting, andMAC layer effects
suchascollisionsandcapture. To this end,we have a
mobility module,routing moduleandMAC layer mod-
ule in the MobiNet core. The physicallayer alsoplays
an importantrole in wirelessnetworks, hencewe have
supportfor free spacepropagationmodel and two-ray
groundre�ection model[1]. By dividing mobile emu-
lation behavior underfunctional lines, MobiNet's mod-
ules are more easily developedand replaced. This al-
lows experimentsto usedifferentcombinationsof mod-
ules,leadingto a more�e xible andpowerful emulation
framework. Figure 2 depictsthe interactionsbetween
the differentmodulesin MobiNet. The mobility model
is implementedas a user level applicationthat down-
loadsnew nodemovement�les into MobiNetcore'sker-
nel at userspeci�ed time intervals. Theroutingmodule
usesthis information to �nd new routeswhenexisting
routesbecomestale. Oncea packet entersthe system,
it is handedup by the ipfw modulein theFreeBSDker-
nel to theMobiNet module.Theroutingmodulewithin
MobiNet is now responsiblefor �nding a path in order
to sendthis packet to its destination. The path is ba-
sically a list of nodesthroughwhich the packet hasto
traversebeforereachingits destination. Oncethe path
hasbeenobtained,theMAC-layermoduleemulatesthe
packet accordingto thespeci�ed attributesof eachpipe
in the path. Pipesin MobiNet correspondto the trans-



missioncapacityof their associatednodes. The packet
traversesthrougheveryintermediatenode'spipe,thereby
beingsubjectedto queuingdelaysandcongestionat ev-
ery node. Oncethepacket successfullyreachesthe last
hop in the path, the packet is sent to the virtual node
hosting the packet's destination. Thus, transmittinga
packet from sourceA to destinationB via nodesC, D,
andE will involve sendingthe packet throughpipesA,
C, D and E before�nally relaying it to destinationB.
Eachpipe maintainsa drop-tail queuefor storingpack-
ets that needto be transmittedfrom the corresponding
node. All attributesof pipessuchasbandwidth,queue
sizeandlossrateareuser-con�gurableandcanbedown-
loadedinto thecore'skernelusingthesysctlfunctioncall
in FreeBSD.

MobiNet emulationis a threestepoperation: topol-
ogy creation,assignmentof VNs andpipesto hostsand
coresrespectively, andapplicationexecution.A usercre-
atesa desiredtopology, MobiNet distributespipesasso-
ciatedwith eachnodein thetopologyacrossthecoresto
distribute emulationload, assignsVNs in our emulated
topologyto edgenodes,andcon�guresandexecutesthe
applicationsin the MobiNet emulationframework. We
now describeeachof MobiNet'smodulesin moredetail.
2.1Mobility
Themobility moduleis auser-level applicationthatgen-
eratesvariousnodepositionsandneighborlists consist-
ing of nodeswithin a node's transmissionrange. This
informationis downloadedin realtime into thekernelof
theMobiNetcoresatregularuser-speci�edintervals.Al-
ternatively, wecouldcalculatethesepositionsandneigh-
bor lists in real time within thecore's kernel. Doing so,
however, wouldcausesigni�cant overheadsince�oating
pointoperationswould berequiredin thekernel.

One interestingparameterin MobiNet's emulationis
thatof theinterval usedto refreshnodepositionswithin
thecore'skernel.If theinterval is toohigh,valuableker-
nelprocessingis wastedin readingnew nodecoordinates
for valuesthathavechangedlittle. If it is toolow, it leads
to inaccurateresults.MobiNetattemptsto bridgethegap
betweenkernelperformanceandaccuracy by choosing
aninterval valuethatprovidesgoodperformanceandac-
curateresultsundera wide variety of emulations. We
found that settingthe nodepositionrefreshratesto 0.5
secondsprovidesgoodresultsfor our testscenarios,with
nodevelocitiesup to 20 m/s. We stressthat the refresh
interval is usercon�gurableandnodecoordinatescanbe
downloadedinto thekernelat amuchlowergranularity.

Our currentmobility applicationsupportsthe random
waypointmobility modeldescribedin [1], thoughMobi-
Net canusearbitrarymovementmodels. In our appli-
cations,usersspecifythe topologysize,the durationof
theexperiment,themaximumspeedof nodes,themove-
mentpausetime, andthe interval of thedesiredoutput.

Themobility applicationcreatestime-indexedmovement
�les that includethecurrentpositionsof eachnodeand
theneighborlists for eachnode.Thesemovements�les
canbereadby theMobiNetcoreduringtheexecutionof
theexperiment.

2.2MAC Layer Emulation
Our modularemulationapproachis amenableto a wide
rangeof modelsfor theMAC layer. Weimplementedour
MAC layer basedon IEEE's 802.11standardspeci�ca-
tion for RTS-CTS-Data-ACK in MobiNet. Thedetailsof
our implementationaredescribedin [5]. The physical
layerplaysanimportantrole in theperformanceanden-
ergy consumptionof mobileandwirelesssystems.The
free spacemodelandthe two-ray modelpredictthe re-
ceivedpower asa deterministicfunctionof distance[1].
Ourphysicallink modelsupportsfreespacepropagation
and two-ray groundre�ection model [1]. Power level
at which packetsarereceiveddeterminesif oneor both
packetsaredroppeddueto noiseor if onepacket is cap-
turedby theother.

2.3Dynamic Routing
As with all otherMobiNet modules,the routing layer is
implementedasapluggablemodulein theFreeBSDker-
nel. TheMobiNet coremakesa call to this routingmod-
ule to retrieve pathsfor thepacketsthat it receives. We
have implementedtheDynamicSourceRoute(DSR)[3]
protocolin the MobiNet core. While we choseDSR in
our currentimplementation,DSR canbe replacedwith
any other ad-hocrouting protocol suchas AODV [8],
DSDV [9], or TORA [7]. Our genericdesignand the
fact that eachcomponentin MobiNet is pluggableand
not dependenton othercomponentsenableus to imple-
mentabroadrangeof routingmodulesin thekernelwith
relative ease. Detailed implementationis describedin
[5].

3 Evaluation

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

We havewrittenandtesteda simpleapplicationin na-
tive TCP/IPandin the ns2network simulatorto enable
comparisonsbetweenMobiNet emulationandns2sim-
ulation. The applicationestablishessimpleconstantbit
rate(CBR) streamsbetweensendersandreceiversusing
UDP. Eachsendersendsdatato exactlyonereceiver. Our
CBR communicationsconsistsof 64-bytepackets sent
from eachnode(sender)at therateof 4 packetspersec-
ond. While it is impossibleto guaranteethat both ver-
sionsfunction identically, the simplicity of our testap-
plication leadsto it exhibiting very similar behavior in
bothenvironments.Using this application,we have ex-



ecuteda numberof experimentsto evaluatethe perfor-
mance,scalability, andaccuracy of thedifferentmodules
in MobiNet. Thegoalof our accuracy androutingover-
headtestswereto reproducethe experimentsdescribed
in [1].

In all of our experiments,MobiNet edgenodescon-
sistedof Pentium4 2.0GHz PCswith 512MB memory
runninglinux version2.4.2. We usea singlePentium3
dualprocessorwith 2 GB memorysupportingFreeBSD
version4.5 asour MobiNet core. Our experimentson
ns2 were conductedon a machinesimilar to our edge
nodes. MobiNet providesvariouspacket statisticsthat
enableusto determinethenumberof packetssent,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 ourexperiments,wespeci�edaneighbor-refresh
interval of 0.5seconds.We foundthatour interval of 0.5
secondsgivesuscomparableresultswith lower intervals
suchas0.2secondsandalsowith thecontinuousmove-
mentpatternthatns2supports.

3.1CorePerformance
Oneof theexperimentswehaveexecuted,testedtheabil-
ity of theMobiNetcoreto processpackets.Thegoalwas
to �nd the numberof packetsper secondthe MobiNet
coreroutercouldemulatewithout saturation.

Thesetupcomprisedof 200VNs thatweredistributed
across2 edgenodes(100virtual IP addressesmappedto
eachedgenode). We disabledthe mobility moduleto
decreasetheoverheaddueto DSR.ThusDSRis invoked
only oncefor a source-destinationcombination.Oncea
route to a particulardestinationhasbeenfound by the
routingmodule,theroutedoesnot change.A senderap-
plicationwasassociatedwith everyVN ononeedgema-
chine,while a listenerwasassociatedwith every VN on
theotheredgemachine.Eachsenderapplicationsent64-
byteUDP packetsat a constantbit rateto a speci�c lis-
tener, therebyaccountingfor 100 �o ws from thesender
edgemachineto the lister edgemachine. Eachsource
sentpacketsin exactly 1 hop to exactly onedestination
which was also the node's sole neighbor. Thus, there
werenopacketcollisions.WealsosettheDIFSandSIFS
valuesin the 802.11speci�cationsto zero as the goal
wasto gaugethemaximumnumberof packetsthatcould
be sentthrougha single MobiNet core. MobiNet core
runswith a clock resolutionof 10Khz,meaningthatwe
areableto accuratelyemulateeachpacket hopto within
0.1msaccuracy. Evenfor end-to-endpathlengthsof 10
hops,packet transmissiondelaysareaccurateto within 1
ms,suf�cient for ourtargetwirelessscenarios,especially
whenconsideringend-to-endtransmission,propagation,

andqueuingdelays. This accuracy holdsup to andin-
cludingthepeakemulationratebecauseMobiNet'semu-
lationrunsat thekernel'shighestpriority level. Wemea-

CPU Pkts/sec Pkts/sec Pkts/sec
utilization forwarded forwarded forwarded
at core for 1 hop for 3 hops for 5 hops
50% 43.5K 25K 16K
70% 63.5K 38K 23K
90% 78K 47K 30K
100% 89K 50K 35K

Table1: Forwardingcapacityat theCore

suredthroughputin termsof packetspersecondandCPU
utilization at thecorefor differentpacket sendingrates.
We ransimilar testsbut with differenttopologies,sothat
eachpacket from thesendermusttraverse3 hopsand5
hopsrespectively beforereachingthedestination.Again,
we ensuredthat therewereno collisionsandnodesjust
hadtheir communicationpartnersastheir neighbors.As
the numberof hopsincreased,we found that the total
numberof packetsthat the corecould forward per sec-
ond decreasedasit now hadto performmorework per
packet. We summarizeour resultsin Table1.

3.2MAC layer and routing accuracy
Validating the behavior of our MAC layer implemen-
tation is dif�cult asno known emulationor simulation
techniquecan accuratelypredict the bit error ratesor
radiointerferenceunderarbitrarydeploymentscenarios.
To gainsomebaselinecon�dencein theaccuracy of our
802.11MAC model, we conductmicro-benchmarksto
compareMobiNet's MAC layer performancewith that
of ns2 for a variety of topologiesandpacket transmis-
sion rates. Sincethe packet transmissionrateis depen-
dentuponthe timing andrateof collisions,we hypoth-
esizethat if MobiNet and ns2 deliver the samepacket
throughputundera rangeof conditions,the packet col-
lision andbackoff behavior is likely to be similar. We
experimentedwith severaltopologiesandpacketsending
rates.For eachof our topologies,wefoundthatMobiNet
andns2hadsimilar packet delivery ratio. Our detailed
resultsfor differenttopologiesaredescribedin [5].

The next stepwasto validaterouting accuracy in our
emulator. We achieved this by comparingexperimental
resultsobtainedfrom MobiNet to that from ns2for our
simpleCBR communication.We usedthe802.11MAC
protocolandDSRimplementationsavailablein ns2.Us-
ing our mobility model, we generatedmovement�les
thatwereusedby ns2andMobiNet. We variedthemax-
imum speedandpausetime in our experimentsandfor
eachof the above, we found that MobiNet's packet de-
livery ratio matchesthat of ns2. We alsocomparedthe
numberof control packets transmittedby our DSR im-



plementationwith that of ns2in the above experiments
andagainfoundthatMobiNet comparedfavorablywith
ns2. Again theexperimentsandresultsaredescribedin
[5]. All the above testshelpedvalidatethe MAC and
routingaccuracy of ouremulator.

3.3Scalability
Given the accuracy of our emulationexperiments,we
next considerthe scalability of our emulationenviron-
ment. Oneof the main bene�ts of MobiNet over using
a simulatorsuchasns2is experimentscanberun in re-
altime. Simulatorsthat do not run in realtimehave an
advantagethathowevercomplex theexperiment,it even-
tually completes.On the otherhandemulatorsthat run
in realtime�nd the load too greatat somestage.How-
ever, for typical experiments,MobiNet is capableof for-
wardingup to 89,000packetspersecondandthushasa
distinctadvantageoverns2with respectto time takento
completeexperimentsuptothis capacity.

To quantifythisbene�t, wecomparethetimerequired
to run experimentsin ns2andMobiNet asa functionof
numbersof CBRs. We useda 200 nodetopologywith
nodesdistributedrandomlyin a 3000meterby 600me-
ter rectangle(resultingin the samenodedensityasour
previousexperiments).For MobiNet,the200nodeswere
distributedacross2 MobiNetedgenodes.Thens2exper-
imentswererun ona singlemachinewith thesamecon-
�guration astheMobiNet edgenode.We disablednode
mobility in this caseto reducetheoverheaddueto �nd-
ing routeswith DSR.Here,DSRonlyneedsto �nd routes
to destinationsonce(at thestartof theexperiment).We
variedthe numberof CBR sourcesfrom 10 to 40, with
eachsenderonceagaintransmitting64-bytepacketsat
the rateof 4 packetspersecond.Eachnodesenta total
of 1200packets. Figure3 shows the computationtime
necessaryto executethe experimentfor MobiNet emu-
lation andns2simulation. This is the time it takes for
theexperimentto completemultiplied by thenumberof
machinesusedin the experiment. In real time, this ex-
perimenttakes5 minutes,as it takeseachCBR source
300secondsto transmitits shareof packets.As a result,
MobiNet using 3 machines(2 edgesand 1 core) emu-
latestheexperimentin 15 minutes.In contrast,ns2sim-
ulationtimeof theexperimentincreaseslinearlywith the
numberof CBR nodes.In thecaseof 40nodestransmit-
ting, thens2simulationlasted134.5minutes,compared
to MobiNet's15-minuteemulation.

4 DeployingReal Applications

In this sectionwe demonstratethe utility and general-
ity of our infrastructureby deploying andevaluatingreal
unmodi�ed code,avideoplayeroverMobiNet. We used
XAnim asour sampleapplication.XAnim is a program
that playsa wide variety of animation,audioandvideo
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Figure3: Scalabilityin MobiNet vs. ns2asa functionof time

formatsonUnix X11 machines.Runningthesameappli-
cationon ns2would bedif�cult to impossible.Our goal
wasto studytheperformanceof thethevideoplayerin a
adhocwirelessnetworkasafunctionof nodemovement.

We startedwith a wirelesstopologyconsistingof 50
nodesmoving accordingto therandomwaypointmove-
mentmodel,wherethemaximumrandomspeedwasset
to 1 m/s. The nodesin our topology were hostedon
two edgemachines,thus eachedgenodewas respon-
sible for 25 VNs. We randomlychosetwo VNs from
our topology. XAnim wasdeployedoveroneof theVN,
while thedisplaywassetto theotherVN. Communica-
tion betweenthesetwo nodesranover thex11 protocol.
TheVN executingXAnim would sendits packetsto the
MobiNet core,which would useDSR to �nd a routeto
theVN hostingthedisplay. Thepacketswereemulated
accordingto our 802.11implementationin theMobiNet
core and then sentto the destinationVN which would
display the movie. Due to nodemovement,if existing
routeswent stale,DSR wasusedto �nd freshroutesto
thedestinationVN. Thevideoclip wasreplayedin acon-

Pausetime(s) 1 m/s 5 m/s 20m/s
0 14500 13708 5490
30 15596 13728 13031
60 14927 14565 13207
300 16200 16100 16086

Table2: x11 packetsexchangedbetween2 VNs for various
maximumspeeds

tinuousfashionfor 2 minutes.For lower nodemobility
scenarios,packetdropsdueto brokenrouteswaslow and
we observedthat thevideoplayedin analmostcontinu-
ousmanner. In a highly mobileenvironment,we found
that thevideoclip would stall for a while duringpacket
drops.Oncerouteswerefound,theclip wouldstartplay-
ing again.Unlike CBR communication,in thex11 com-
municationthat takesplacebetweenthe XAnim nodes,
lossof vital packetsdueto nodemovementleadsto the
applicationstalling for a while. We recordedthe total
numberof XAnim packetsexchangedbetweenthe two
VNs for differentvaluesof pausetime andfor different
valuesof maximumspeed.We averagedtheresultsover



several runsof the experimentandpresentthemin Ta-
ble2.

5 RelatedWork

ZhangandLi [12] havebuilt aninfrastructurefor testing
mobile ad hoc networks. However, their work doesnot
supportany routingprotocol.Furthermore,their scheme
doesnot restrict applicationbandwidth,making exper-
imental resultsinaccuratefor a rangeof importantap-
plicationcharacteristics.NobleandSatyanarayanan[6]
use trace-basednetwork emulationto play back mea-
suredmobilenetwork characteristicsto realapplications.
Our approachgeneralizesthis 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 testingenvironment,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
andSteenkiste[4] describeanapproachfor wirelessex-
perimentationusing a real MAC layer. While using a
realMAC layerhasadvantages,scalabilityis limited as
discussedabove. Comparisonbetweendifferent MAC
layersalsobecomesmoredif�cult to perform.

6 Conclusionsand Future Work

Theoverallgoalof our work is to supportcontrolledex-
perimentationof a variety of communicationpatterns,
routingprotocols,andMAC layersfor emerging adhoc
and wirelessscenarios,including laptops, and PDAs.
Currentapproachesto suchexperimentationincludesim-
ulationandlive deployment. While eachclearly hasits
relative bene�ts andwill continueto play an important
role in mobile systemdesignandevaluation,this paper
arguesfor thepower of modular, real-timeemulationas
anotherimportantpoint in this space.

To this end,this paperpresentsthe designandevalu-
ation of MobiNet, a scalableandaccurateemulatorfor
mobile, wirelessand ad-hocnetworks. MobiNet pro-
videsaccuratemobile andwirelessemulation,compar-
ing favorably with existing network simulatorswhile
offering improved scalability. It allows researchersto
rapidly experimentwith a varietyof MAC, routing,and
communication(layers2-4) protocolsthat may not be
easilyavailablein live deployments.MobiNet alsosup-
ports the deployment of different mobility and traf�c
models.Wefurthershow thepowerof ouremulationen-
vironmentby runninganunmodi�ed videoplaybackap-
plicationcommunicatingacrossanemulatedlarge-scale

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

In most of our experiments,we validatedMobiNet
againstns2to increaseourcon�dencein theaccuracy of
our results. We felt that this wasan appropriatechoice
becausens2, with mobile/wirelessextensions,hasun-
dergonesigni�cant developmentandvalidationandre-
mainsoneof themostpopularsimulatorsavailable. We
leave comparisonsagainstrealwirelessnetworksfor fu-
ture work. A detailedstudyof applicationperformance
underdifferenttraf�c tracesis anotherongoingeffort.
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