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Abstract
Quality of Service (QoS) support for multimedia applications

has been widely discussed in the context of high speed wired net-
works. As interest increases in wireless ATM networks that extend
the connection to a wireless endpoint, the issue of QoS over a
wireless link has to be addressed. In this paper, we focus on the
provision of QoS at the application level in a wireless environ-
ment. Our work includes the design of an application program-
ming interface (API) that allows applications to specify and rene-
gotiate the QoS level during a call; as well as the implementation
of such API in a wireless ATM testbed: the SWAN system [1]. Ex-
periments are performed to verify the efÞciency of this scheme,
and the results reveal quality control for multimedia applications
despite changing network conditions.

1 Introduction
Thiswork is motivatedby therisingpopularityof wirelessdata

networking and the desirefor mobile, multimediacommunica-
tions. Wirelesstechnologyhasrecentlybegun to take off andit
is predictedthat the market will reach600billion dollarsby the
year2010[5]. Wirelessnetworking is inherentlyunreliableand
variousformsof interferenceresultin changingbandwidthavail-
ability andlow effectivebandwidthsdueto higherrorrates.These
problemsareexacerbatedasusersmovearound.Behavior of this
kind requiresa freshlook at how suchnetworks canbe usedto
supportapplicationswhichdemandsomedegreeof predictability.
We adopttheapproachof ATM, in which QoSis usedto form a
servicecontractbetweenapplicationsandthenetwork. We build
on that work by recognizingthat an unreliablewirelessnetwork
demandsa moredynamicapproachto resourceusage.Many ap-
plicationscandealwith varyingbandwidthavailability oncepro-
videdwith sufficientknowledgeof theresourceclimate. Typical
examplesinclude audio and video applicationswhich can alter
their rateor encodingto matchthe availablebandwidthor deal
with differenterrorrates[3, 4]. Ourcontributionis aQoSscheme
which builds on this notion of adaptationby providing explicit
renegotiation.This is similar in spirit to thefeedbackmechanisms
for nonreal-timetraffic in ATM, but differsin thatweaimto pro-
videfeedbackrightupto theapplicationlevel,not justto thesend-
ing host[6]. Thuswe incorporaterenegotiationasa key part of
ourQoSAPI (applicationprogramminginterface).

In this paper, we reportour work of realizinga QoSscheme
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describedabove. Theremainderof this paperis organizedasfol-
lows: Section2 briefly describesthewirelessATM network used
asatestbedfor ourQoSdesign,implementationandexperiments.
Section3 laysoutthedesignpolicy of ourQoSAPI andthemech-
anismto supportit. In Section4 we addressthemajor functions
provided in our system,while in Section5 the experimentalre-
sults areanalyzed. Finally, the conclusionand future plansare
describedin Section6.

2 The SWAN Environment
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Figure1: SWAN systemarchitecture

We usedthe SWAN (SeamlessWirelessATM Network) sys-
tem[1], which is a testbedfor wirelessnetworkedcomputing.It
consistsof mobileunitswhich areusuallylaptops,andbasesta-
tionswhichareconnectedto abackbonenetwork. As indicatedin
Fig. 1, boththebasestationsandlaptopsareequippedwith a ra-
dio interfaceknown astheFAWN (Flexible Adapterfor Wireless
Networking) [7] cardthatallows themto communicatewith each
otherwirelessly. Eachbasestationhasa rangeof 100feet inside
a building, providing accessto a local areanetwork for mobiles
in its vicinity. The mobilescommunicatewith the basestations
andwith eachother, allowing themto createad-hocnetworksthat
continuallychangeasthemobilesmovearound.
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Figure2: TheSWAN TDD scheme



It is worth notingthata TDD (Time Division Duplex) scheme
shown in Fig 2 is usedto sharethe bandwidthbetweenthe base
stationand the mobile host. As describedin [1, 2], the traffic
of eachdirectionalternatively transmitsa databurst of 10 ATM
cellsat a time andthenswitchesto receiving modefor datafrom
theotherdirection. Due to theoverheadintroducedby theTDD
schemeandtheATM cell structureusedin SWAN, theachievable
bandwidthis 240Kbpsin eachdirection.

3 Design of QoS-VC API
Thegoalfor thedesignof this API is to useexisting interfaces

andfacilitiesprovidedby widely acceptedoperatingsystems,in-
steadof creatinganad-hocsystemor proposinganew, proprietary
interface. As SWAN was first developedunderLinux, a UNIX-
likesystem,it will berathereasyfor aprogrammerto accessdata
andmanipulateQoSoneachVC justlikeanordinarydeviceunder
UNIX. Basedon this consideration,theQoS-VCAPI instantiates
eachATM Virtual Circuit asa uniquecharacterdevice, and the
QoSnegotiationis consideredon a per-VC basis.In this section,
wedescribethedetailof eachAPI function,themechanismto re-
alizethis QoS-VCschemeandthefunctionsthatachieved by this
scheme.

3.1 The API
int open(char *vc dev name, int flags)
Theopen() functionactivatesa VC by openinga VC de-
vice specified by vc dev name, which correspondsto an
I/O queuein thedevicedriver (describedlater).Applications
mayrequestany VC as long asit is not exclusively usedby
otherentities.open() returnsthehandlerfor accessto the
VC. If open()returns-1, it meansthat it failed to openthe
VC thattheapplicationspecified.

int write(int vc, char *buff, int
nbytes)
write() attemptsto move up to nbytes of user data
storedin buff to a VC outboundbuffer for delivery. If
nbytes is larger thanthe availablespacein the outbound
queue,write() returnsthenumberthathaveactuallybeen
moved. Within the write() function,userdatais broken
into ATM cells whoseheaderscontainthe appropriateVC
information.

int read(int vc, char *buff, int nbytes)
Theread() functionsattemptsto copy up to nbytes from
the VC inboundqueueto the spaceuser specified space,
*buff . If nbytes is larger than the datain the receiv-
ing buffer, read() only returnstheactualnumberof bytes
thatcanbereadfrom thequeue.read() removestheATM
cell headerfrom eachcell in ainboundqueuethenresembles
thembeforethey arepassedto applications.

int ioctl(int vc, int QoS request, long
argument)
The ioctl() function is the key function for QoS rene-
gotiation. Through ioctl() , applicationsmay request
that the system to provide the required bandwidth and
delay over eachVC. The parametersimplementedfor the

QoS negotiation are listed in Table 1. The default values
shown in the table indicatethat if the applicationdoesnot
make any QoSrequest,UBR serviceis providedwith zero
bandwidthreserved. That is, the besteffort servicewill be
provided. ioctl() may alsobe invoked during a call, in
caseapplicationsneedto renegotiatea new QoScontract.

QOSREQUEST ARGUMENT DEFAULT
VC SERVICE ABR,CBR,UBR UBR
VC MIN BW n (Kbps) 0 (Kbps)
VC PREFBW m (Kbps) 0 (Kbps)

VC MAX DELAY d ( sec) ( sec)

Table1: ioctl(): parameters

int signal(int QoS SIGNAL, void
*qos handler(int))
TheUNIX systemcall signal() cannotbeclassifiedasa
QoSAPI. However, sinceit is necessaryto have a interface
for the network systemto inform applicationsabout the
changein achievableQoS,signal() is selectedfor this
purpose. The signal() function allows applicationsto
setupan interrupt handlingroutine, qos handler() , to
handlethe changein QoS.After a QoShandlingroutineis
usedby the application,the systemcaninform the applica-
tion onceit detectsa changein radioqualitysuchthataQoS
contractcanno longerbe supported.Thereafter, insteadof
sacrificing theQoSby sendinginappropriatetraffic into the
network, theapplicationsmayadjusttheir outputto adaptto
thecurrentnetwork condition.

int close(int vc)
Contrarily to open() , close() terminatesa VC connec-
tion andfreesuptheI/O queue.

3.2 Mechanism
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Figure3: Multiple queuedriver

Fig. 3 illustratesthesystemblockdiagramandtherelationship
betweenuserapplicationsand FAWN hardware. The QoS-VC
API actsasaninteractioninterfacebetweenuserapplicationsand



hardware. Applicationscommunicatewith the QoSmechanism
throughthis API. A groupof priority queuesaredynamicallyal-
locatedin thekernelspace,eachof thesequeuesis mappedto an
individual VC (in Fig. 3, only six queuesare activated). Once
a VC is openedand its QoS is negotiatedthroughioctl() ,
which interactswith theQoSmanager(qos mgr() ) for service
andbandwidthspecification,the QoSmanagertranslatesthe re-
questedservicetypeandbandwidthin termsof time slotsfor car-
rying datacells in eachdataburst. This informationwill bekept
in the QoStable (qos table() ) that will later be referredby
theVC scheduler(vc schedule() ). TheQoSmanageris also
responsiblefor monitoringtheoverall link quality andproviding
feedbackdirectly to applicationswhentherequestedQoScannot
be satisfied or whena betterserviceis available. This feedback
is implementedthroughthe UNIX signal() , as describedin
Section3.1.

The VC schedulerreadspacketsfrom thoseactivatedqueues
andsendsthemto theFAWN hardwarefor transmission.It serves
thesemultiple queuesin a Òround-robinÓfashionwhich allows a
controlof QoSgranularitysuchthatonecircuit will notdominate
thedatapathwith a largechunkof data.

3.3 System Functions
QoSreservationandQoSrenegotiationaretwo majorgoalswe

achieveby providingQoSAPI andVC mechanisms.They arethe
keysto providingmultimediatraffic supportin wirelessnetworks.
Thedetailsof how theseareimplementedaredescribedbelow.

3.3.1 QoS Reservation Threetypesof QoSareconsidered
in the currentimplementation:servicetype, bandwidthandde-
lay. Thesupportfor eachof theseservicequalitiesaredescribed
below:

Service Type
Currently, ABR, CBR andUBR arethreeservicetypessup-
portedby SWAN throughthe VC scheduler. Basedon the
QoSinformationstoredin QoStable,theVC schedulercom-
putesthenecessaryservicerateto eachqueue.A prioritized
round-robinschemeallows the VC schedulerin eachtime
frameto provide sufficientservicefor all CBR queuesfirst,
thenthe ABR, andif thereis any bandwidthleft it will be
usedfor UBR queues.

It is theQoSmanagerÕs responsibilityto make surethat the
total of CBR andABR queueswill not requirebandwidth
thatexceedsthelink capability. This is describednext.

Bandwidth Reservation
In SWAN TDD system,theallocatedbandwidthcanberep-
resentedin termsof the numberof time slots devotedto a
connection.For example,a connectiongrantedwith oneslot
in eachdataburst is served at the bit rateof 24 Kbps (240
Kbps/10slots)in SWAN TDD scheme.

To reservebandwidth,theQoSmanagerconvertseachband-
width requestinto thenecessarynumberof timeslotsto meet
therequirement.If theamountof time slotscannotbeallo-
cated,thebandwidthrequestis rejected.

Delay Control
In SWAN, asthe low bandwidthradiocommunicationonly

existsbetweenthemobilehostandthebasestation,mostof
thecommunicationdelayis consideredasa combinationof
the queueingdelayandthe radio transmissiondelay. Since
the radio transmissiondelayis usuallyfixed andcannotbe
avoided,ourwork focuseson thecontrolof queueingdelay.

TheQoSmanagerdeterminesthequeuelengthbasedon the
requesteddelayandthe requestedbandwidthfrom userap-
plications. In short,the longerof the tolerabledelayis, the
longerthe queuewill be. A sideeffect of this approachis
thatpacketsmaybelost internallydueto thequeueoverflow.
Thus,usersmay needto considerthe trade-off betweenthe
packetslossrateandthequeueingdelay.

3.3.2 QoS Renegotiation As stated in the introduction,
QoSrenegotiationis verynecessaryin awirelessnetworkbecause
wirelesscommunicationis unreliableandmany applicationsdo
have the ability to adaptto differentnetwork conditions. Thus,
ourwork proposesa feedbackmechanismto informsapplications
of thechangein QoS.Theapplicationscanbenefit fromthismech-
anismby simplysettinguphandlerssuchthatwhenthey arenoti-
fiedof thechangein QoS,they couldadjusttheir dataratebased
on thelatestQoSinformation.

Thisproposedfeedbackmechanismis alsoimplementedin the
QoS managerwhich hasdirect accessto the radio hardware to
learnthecurrentstatusof theradio. For example,whentheQoS
managerdetectsthedecreasein radiobandwidth,it first reduces
the serviceto the UBR traffic; if sucha reductionis not suffi-
cientto guaranteetherequestedbandwidthfor all ABR andCBR
traffic, it thenreducestheABR/CBR servicerateto its minimum
requirement.Finally if thebandwidthis still not sufficient,QoS
managerwill proratetheassignedbandwidthon all theCBR and
ABR circuitsandsignalthecorrespondinghandlersimplemented
in theapplicationstonotify thechangeof QoS.Uponreceivingthe
signalfrom theQoSmanager, thehandlerin eachapplicationcan
decidewhetherto acceptthenewly assignedQoSby, for example,
reducingthe framerateor samplingrateetc.,or to terminatethe
connections,or to renegotiateanew QoSwith theQoSmanager.

4 Experimental Results
Severalmultimediaapplicationshave beenmodifiedto verify

theperformanceof our QoSVC scheme.Theseapplicationsin-
cludea videoprogramthatsendimageframesin a raw datafor-
mat (bit map)or compressedvideo usingH.263 [4], as well as
a file transferprogram. All theseapplicationsdisplaya signif-
icant quality improvementover the original programsthat used
interfacethat provided in traditionalnetwork protocol(TCP/IP).
Usingtheseprograms,we performedseveralexperimentsandwe
summarizetheresultsin this section.

4.1 Bandwidth Management
Firstly we studythe performanceof our QoSVC schemeby

using threedifferent traffic sources:onedatagram,d1 and two
videos,v1 andv2. d1 is a packet generatorwhich cangenerate
dataashighasthefull link capacity(240Kbps). It is executedin
thebackgroundduringthewholeexperimentto representa heav-
ily loadedsystem. v1 is an uncompressedvideo sessionwhich
transmitsan uncompressedvideo snapshotof about18K bytes



at every 2 seconds(72 Kbps). It startsat time = 15 secondand
transmitsfor a total of 35 frames. V2 is anotheruncompressed
videosessionsimilar to video1, but the framerateis doubled(1
frames/sec,about144 Kbps) and it transmitsfor 100 framesin
total. In an ideal QoS-guaranteedenvironment,both v1 andv2
shouldbegrantedfor 72Kbpsand144Kbps,respectively, andd1
shouldonly usethebandwidththatis left available.

Fig.4showstheexperimentalresultusingtheQoSVC scheme.
Thelinesshown arethebandwidthof eachtraffic observedat the
receiver. In this figure,we canseethatconstantbandwidthis re-
served for v1 andv2 which usethe CBR service,while d1 uses
all theresidualbandwidthsinceit is designedto usetheABR ser-
vice andwill thusbe grantedfor the residualbandwidthin our
experiment.Thechangesof thebandwidthusedby theABR d1 is
exactlywhatwe expectedin a QoS-guaranteedenvironment.
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Figure4: Received bandwidthusingVC-QoS

As acomparison,werepeatedthesameexperimentusingUDP
which was also developedin [1] and doesnÕt provide any QoS
guarantee.The result is shown in Fig. 5. In this figure,we ob-
serve that due to the lack of a QoS mechanism,the amountof
bandwidththata connectioncanutilize is relatedto how aggres-
sive the traffic sourceis. As v1 generatesdataat 72 Kbps, it is
lessÒaggressiveÓthand1. Thereforebetweentime = 15 and90
seconds,the quality of v1 suffersby having to competewith d1.
Notev2 is moreaggressive (144Kbps)thanv1, thusbetweenthe
35thsec.andthe90thsec.,theobservedbandwidthshowsthatall
thesethreesessionsgetabout1/3 of thebandwidth(v1 is in fact
slightly lessthantheothertwo). Whenv1 stopsatthe90thsecond,
video2 andd1 bothgethalf of thebandwidth.In thisexperiment,
noneof the video sessionsget the bandwidththey require,and
bothof themsuffer from fluctuationsin bandwidththat they get.
Note that thefluctuationbetweentime = 15 sec. and35 sec. is
moresignificant thanthat betweentime = 90 sec. and150 sec.
This is becausev1 transmitsvideo frameslower (0.5 frame/sec)
and tendsto fall behindthe competitionwith d1. However v2
transmitsvideoin a fasterpace(1 frame/sec),so it cansharethe
bandwidthwith d1 morecompetitively. Moreover, the decrease
in observedmaximumbandwidthin this experiment(220Kbps)
comparingwith thepreviousone(240Kbps) in QoSVC scheme
is dueto theoverheadin UDP/IPheaders.

It is observed that sincethe bandwidthprovided to the two
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Figure5: Received bandwidthusingUDP

videosessionsarelessthanexpected,thedurationsfor bothvideo
sessionsin Fig 5 are longerthanthosein Fig 4. This is caused
by thedelayof thelower, fluctuatingbandwidthobtainedby both
sessions.

4.2 Delay Jitter Control
To studytheimpactof QoSonamultimediasession,weexam-

ine the distribution of inter-framedelayof a videosession.The
traffic understudyis alsoan uncompressedvideosource,which
transmitsabitmapvideoframeof 19Kbytesevery1.2secondsfor
a total of 500frames.We measuretheinter arrival time between
eachframeat thereceiver end. Theresultsaredepictedin Fig. 6
throughFig.9 andsummarizedin Table2. Thebackgroundtraffic
is thedatagramprogramsimilar to whatwe usedin theprevious
experiments,however, it generatesdataat the rateof 110 Kbps
suchthat the total bandwidthis within the given link capacity.
Theresultsareasexpected:undertheQoSVC scheme,thedelay
jitter is well controlledevenin thepresenceof theexistenceof the
backgroundtraffic. Ontheotherhand,usingtheUDPprotocolex-
periencesa completelydifferentresult. Its videosourcehasa de-
centdelayvarianceof 0.064.whenthereis nobackgroundtraffic;
but whenit comesto theexistenceof backgroundtraffic, thede-
lay variancedoublesandbecomesunpredictable.WeseetheUDP
(with no QoS)postsseveredelayjitter problemsin heavy traffic
situation. Our QoSVC mechanism,on the otherhand,is stable
andefficient. Regardlessto the network total load, it only intro-
duces2.6%morein delayoverheadcomparedwith UDP scheme
withoutany load.

Protocol QoS-VC UDP(noQoS)
Backgroundtraffic Yes No Yes No
Meandelay(sec) 1.224 1.224 1.474 1.193
Variance 0.056 0.056 0.112 0.064

Table2: Summaryof DelayJitter

5 Conclusions and Future Work
In this paper, we proposea kernel level mechanismthat pro-

videsapplicationswith adirectQoSfeedbackfrom theradiolink.
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Figure6: Delaydistribution in QoS-VCwithoutbackgroundload
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Figure7: Delaydistribution in QoS-VCwith backgroundload
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Figure8: Delaydistribution in UDP withoutbackgroundload
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Figure9: Delaydistribition in UDP with backgroundload

Thismechanismnegotiatesandguaranteestheservicelevel when
radio link is stable. When the link quality changesand the re-
questedQoScannotbe satisfied, it informs applicationsdirectly
througha feedbacksignal. Therefore,insteadof an inadequate
performancedueto insufficientandvaryinglink quality, thetraf-
fic sourcehasachanceto adjustandbestutilize thechanginglink
quality without droppingtheconnection.We arenow investigat-
ing thesupportfor theinterfacingwith QoSsignalingfrom wired
networksuchaswiredATM. Theapplicationof ourproposedQoS
schemeto otherwirelesssystemsbasedon differentMAC proto-
colslike IEEE802.11is alsobeingevaluated.

References
[1] P. Agrawal et al., ÒSWAN: A Mobile Multimedia Wireless

Network,Óin IEEE Personal Communications, Apr. 1996.
pp.18-33.

[2] T.-W. Chenetal.,ÒRenegotiableQualityof ServiceÐA New
Schemefor FaultTolerancein WirelessNetworks,ÓinFTCS-
27, Jun.1997.

[3] R. Frederick, ÒExperienceswith Real-time Software
Video CompressionÓat ftp://ftp.parc.xerox.com/pub/net-
research/nv-paper.ps,Jul.1994.

[4] ITU-T ÒRecommendation H.263: Video Cod-
ing For Low Bitrate Communication,Ó available at
http://www.fou.telenor.no/brukere/DVC/h263 wht/.

[5] R.Schneiderman,Wireless Personal Communications, IEEE
Press,1994.

[6] C.J.SreenanandP.P. Mishra,ÒEquus:A QoSManagerfor
DistributedApplications,Óin Distributed Platforms, Editors
A. Schill et al. PublishersChapman& Hall,1996,pp 496-
509.

[7] J. Trotter andM. Cravatts,ÓAWirelessAdapterArchitec-
ture for Mobile Computing,Óin Proc. 2nd USENIX Symp.
on Mobile and Location-Independent Comp., Apr. 1994,pp.
25-31.


