Seavind: aWirelessNetwork Emulator

Markku Kojo, PasiSarolahtiJaaklo Kyr6, andKimmo Raatikainen
University of Helsinki, Departmenbf ComputerScience
e-mail:{ mar kku. koj o, pasi . sarol ahti, j aakko. kyr o,
ki mmo. raati kai nen} @s. hel sinki.fi
URL: http://ww. cs. hel sinki.fi/group/iwcp/

Wide areawirelessnetworks are being studiedworldwide in orderto provide betternetwork ser
vice with goodperformanceo customersTheSoftwae Emulatorfor AnalyzingWrelessNetworkData
Transfes (Seawind)s areal-timenetwork simulatorthatallows researcher® measureahe performance
of real network applicationsover an emulatednetwork thatfollows the userspecifiedwirelessnetwork
behaior model. Using an emulatorin network performancdestshasseveral benefits. It allows con-
structingand repeatingspecifictestscenarioghat areinterestingto the researcherThe researchehas
full controlover the parametersiffecting the network behaior andhe canrun performancdestson fu-
ture networks that are not yet available for testing. By usingemulatorthe performanceestsare faster
andcheapeto carryoutthanrealfield tests.A benefitof real-timeemulationover simulatorsrunningin
virtual time is thatwe canstudythe actualprotocolimplementation®f differentoperatingsystemsand
applications.

Seavind emulatorallows examinationof datatransfersover wirelessnetworks suchas GSM and
GPRSIt canbeusedasatool for network tuning,optimizingtransport/applicatimprotocolperformance,
andstudyingpossiblefeatureinteractionshetweerthe network behaior andtransport/applicatin layer
protocols. Sofar Seavind hasbeenusedin a numberof TCP performancestudies.It wasalsousedin
the Monadsdemonstratiorin MobiCom2000.

Seavind is designedor studyingthedatatransferof asingleuser Theinformationobtainedwith the
emulatorcanbe usedto understandhow the datatransferof a singleuseris affectedby different(wire-
less)network characteristicslike delay and paclet loss,andthe competingtraffic of otherusers.The
behaior of a subnetvark to beemulateds definedwith the Seavind parametesetscontainingabout30
parametergor adjustingthe network behaior. The actualemulationis performedin a Seavind Simu-
lation ProcesgSP) WhenSPrecevesa userdatapaclet, it emulateghe underlyingnetwork behaior
accordingo thecurrentparametesettingsandthusaffectsthedelivery of the userpaclet giving theuser
animpressiorthatthe dataconnectiormpasseshrougha (wireless)link with givencharacteristics.

Seavind captureghe datapacletsfrom the network device driver, e.g.from Point-to-Roint Protocol
(PPP)output,thusbehaior of ary network, transporiandapplicationprotocolscanbe studiedtranspar
ently to the protocolimplementationsSeavind collectslog of every arriving paclet andthe simulation
eventsrelatedto the paclet. For example,a tcpdump-compatibl®utputis provided for IP pacletsin
orderto allow useof existing toolsfor analysis.Whentcpdumpoutputis combinedwith Seavind event
log, the network behaior andits impacton protocolperformanceanbe analyzedn detail.



Seavind is implementecentirelyin userspace which makesit possibleto port it easilyto different
Unix platforms. It providesa graphicaluserinterfacefor specifyingdifferenttestscenariosandsaving
the parameterdor future use. The usermay also specify the group of applicationsthat is usedfor
generatinghe workloadin the tests. Sequenc®f testrunscanbe given to be executedautomatically
Optionally the usercanuseSeavind to constructthe emulatedwirelesslink and useary application
manuallyfor communicatingover the wirelesslink. The paclets canalso be routedto and from the
Internetattheeitheredgeof theemulatechetwork. Externalhostscanbeattachedo Seavind by a serial
cable,allowing ary systemto generateéhe network dataover Seavind.

The most challengingimplementatiornissueof Seavind is to emulatethe network behaior accu-
ratelyin real-timeon top of a non-realtimeoperatingsystem(e.g. Linux). Obviously, hardreal-timeis
impossibleto achieve, but it is necessaryhatthe Seavind eventsaretriggeredreasonablycloseto the
scheduledime. In our experiencethe accurag of Seavind remainswithin 1 mswith rare exceptions.
This accuragy is sufiicient for emulatinglinks with bandwidthof few hundredkilobits persecond.The
event timestampsare recordedin orderto evaluatethe accurag of emulation,andif a userspecified
thresholdof inaccurag is exceededthe useris notified. Seavind allows distribution of differentcom-
ponenton separat@etwork hostsconnectedvith a high-speed AN, whichmalkesit possibleto ensure
thatthetime-critical partsof theemulationcanberunin alightly loadedhostwithout competitionof the
critical resources.

Thevariousadditionalfeaturesof Seavind include:

e Various random distributions. The usercan usevariousrandomdistributions for specifying
sequencef randompaclet losses,different paclet delaysor other events. A randomnumber
sequenceanbegivenfrom anexternalfile, which allows the creationof any sequencef events.

e Pipelining several Simulation Processes. Multiple independentSSimulation Processegan be
joinedtogetherto emulatedifferentnetwork elements.

¢ Input queue with different queue management algorithms. Seavind can emulatean input
gqueuewith specifiedsize and characteristicge.g. asfor routerqueue). The queuecanbe used
asthe basisof flow control betweennetwork elements,or the paclets not fitting in the queue
canbe droppedby usingspecifiedqueuemanagemerdlgorithm,e.g. drop-tail or RandomEarly
Detection(RED). In addition,Explicit CongestionNatification(ECN)is implementedn Seavind.

e Simulation state changes. Theusercanspecifymultiple setsof network parametershatwill be
changedduringthetestrun in giventime intenvals or astriggeredby an externalapplication.For
example,with this featurewe canemulatehandofs betweencells with different characteristics
andtraffic load.

e Modular design to allow new algorithmsandprotocolfilters to be easilyaddedat ary time.



