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ABSTRACT
ThispaperdescribestheAutoQoSmechanism,whichimprovesthetimelinessof diskaccessesfor multimediaapplications
without requiringany explicit informationabouttheir constraints.Multimediaapplicationstypically have periodictime
constraints,meaningthat they must completedataprocessingat periodic intervals in order to function correctly. This
requirementextendsto the disk system,becausethe applicationmust accessdataon time in order to meetdeadlines.
By usingQuality of Servicealgorithmsfor disk services,an applicationmay receive enoughbandwidthand isolation
from otherdisk accessesto readdataon time. Nevertheless,pastapproachesare restrictive becausethey requirethat
disk bandwidthor deadlinesbe known andspecified in advance. Our systeminfers from I/O behavior the bandwidth
requirementof multimediastreams,andautomaticallyadjustsallocationsin orderto provide Quality of Servicewithout
knowing theconstraintsor requiringinterventionfrom theapplication.
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1. INTRODUCTION
Moderncommoditysystemsareexpectedto run mixed-workloadsthat, in addition to traditionaldesktopapplications,
includetaskswith periodicdeadlinessuchasmultimedia.Oftenmeetingthosedeadlinesdependson timely disk access,
for example,a video that doesnot fit entirely in volatile memorymustbe periodicallyreadfrom disk during playback.
For satisfactorymultimediaperformance,systemsmustprovidereal-timeaccessto thedisk. Usuallythis impliesa priori
knowledgeof constraintssuchasdeadlineor bandwidthrequirements.We developeda mechanismcalledAutoQoS to
provide disk Quality of Serviceto multimediaapplicationswithout knowledgeaboutconstraints.This supportslegacy
multimediaapplicationsthat weredevelopedfor best-effort systems.The operatingsystemusesheuristicsto infer the
needsof applications,andadjuststhe allocationof disk bandwidthamongthemso that multimediaapplicationsreceive
constantbandwidthin isolationfrom the otherworkload. In this paper, we show that the conceptof AutoQoSis well-
suitedto improve theperformanceof best-effort systems,suchasdesktopcomputersandservers,at handlingmultimedia
workloads.

2. RELATEDWORK
Existing systemssupportreal-timedisk accessin several ways, including low-level schedulingapproaches.Deadline-
baseddisk schedulerssubmitrequeststo thedisk suchthatthosewith deadlinesareservedon time while at thesametime
reducingunnecessarydisk seeks,which incur large overhead[1Ð3]. Thesealgorithmswill meetdeadlines,but require
that the deadlinefor eachrequestis known by the system;our systemdoesnot requirethis extra capability. Otherdisk
schedulersdosimilaroperationsto meetspecific bandwidthreservationsor guarantees[?,4]. All of thesemethodsrequire
low-level informationaboutdisk devicesin orderto make schedulingdecisions.TheAutoQoSapproachtreatsthe low-
level disk scheduleras a black box, and ensuresthat requestsmeettheir constraintsby preventingoverloadfrom the
non-constrainedtraffic. OurcurrentimplementationusesthedefaultLinux diskscheduler, howeverthatdoesnotpreclude
usingreservationapproachesin thefuture.

Disk schedulersmaybeaugmentedwith higher-level, policy-basedmechanismsto provide differentservicelevels to
classesof applications[5Ð7]. Thesesystemsarehierarchical,usingdifferentschedulersto prioritize requestsfrom each
class,with a globalschedulerto combinetherequestsandsubmitthemto disk. AutoQoShasa similar goalof classifying
requests(in our casewe have two classes,onewith deadlineconstraintsandonewithout). However, insteadof using
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Figure 1. Inferring thestreamratefrom the multime-
dia pathcontrolsthebandwidthallocationof thecom-
petingbest-effort path.
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Figure 2. Thesystemlimits best-effort traffic in orderto exposeand
measuretherealmultimediastreamrate.

differentschedulersfor eachclass,we limit thebandwidthof thenon-criticalclassduringoverload.This preventsbest-
effort workloadfrom interferingwith multimediarequests.Unlike theotherQoSsystems,AutoQoSworksstrictly on the
principleof overloadavoidance.

A techniquesimilar to AutoQoSautomaticallyadjustsdisk bandwidthfor real-rateapplicationsby using feedback
from their measuredprogress[8]. Thegoalof this proposedsystemis to matchthedisk I/O ratesto thereal-rateneedsof
applications.Ourgoalis to addressamixed-workloadscenario.Theirdiskbandwidthallocatoris controlledby monitoring
the buffer cache,whereasour mechanismmonitorsthe bandwidthabove the file-systempagecache. Anothersimilar
algorithmis a YQF [9], which controlsdisk bandwidthusinga proportionalbandwidthsharingalgorithm;in contrastour
systemusesa bandwidthlimiting algorithmto controldiskbandwidth.

AutoQoSdiffers from otherapproachesbecauseit infers all the necessaryinformationthroughthe system,without
placingany burdenontheapplication.While thereis muchresearchonprovidingQoSsupportfor diskstorage,nonewere
explicitly motivatedby thedesireto minimizetheamountof informationrequiredfrom theapplicationsor users.

3. AUTOMATED QOS SUPPORT
The principle of the systemis that whendisk bandwidthis overloaded,multimediaapplicationsshouldhave priority in
orderto meettheir timing constraints.Therefore,oursystemrunsin its default stateof takingnoactionuntil it recognizes
thatamultimediaapplicationbeginsto streamdataatasustainedrate,in whichcaseit adjustsallocationssothatthemedia
streamreceivesa reservationof diskbandwidthequalto its observedflow rate.

This algorithmis fully automated,andrequiresno explicit informationfrom applicationsor users.The information
necessarytomakebandwidthallocationdecisionsis inferredby thesystem,thussupportinglegacy multimediaapplications
withoutmodification.To achievethisweneedfourabilities: to differentiatediskrequests,toshapebandwidth,todetermine
thedisk bandwidthrequirementof multimediaprocesses,andto manageandadapttheallocatedbandwidth,all in a fully
automatedway. Our systemautomaticallydifferentiatesdisk requestsby labelingthoserequeststhat act on multimedia
files(recognizedby file extension)asbelongingto themultimediaclass,andtherestasbest-effort class.Theremainderof
this sectionhighlightstheotherthreefunctions.

3.1. Shaping disk bandwidth
To control thedisk bandwidthallocations,we usea mechanismbasedon thetoken-bucketfilter (TBF) [10]. TBF shapes
traffic in networksby controllingtherateandburstsizeof datatransmission.In orderto transmita packet, a tokenfrom
the bucket mustbe spent. If thereareno tokens,the packet mustwait until a token is replenished.The rateof token
replenishmentgovernsthemaximumrateof transmission,andthesizeof thebucket determinesthemaximumnumberof
packetsthat maybe sentat once. In our implementation,eachtoken representsa block of data,so the token ratelimits
thedisk bandwidth,andthebucket sizelimits thenumberof outstandingrequests.By usinga TBF to limit theratethat
best-effort processesissuerequests,weeffectively provideguaranteedbandwidthto themultimediaprocesses.
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(b) AutoQoSsupportingonemultimediastream

Figure 3. Throughputfor four 8 MB/s streams,oneof thestreamsis multimediaandis boostedby AutoQoS.
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(b) AutoQoSsupportingonemultimediastream

Figure 4. Three10 MB/s streams.Themultimediastreamentersat time30 andterminatesat time150andis boostedby AutoQoS.

We envision a disk as having two accesspipes: one pipe carriesthe multimediatraffic and the otherpipe carries
all the best-effort (BE) traffic (seeFigure1). By limiting the rateof BE requestswe supplythe remainderof the disk
bandwidthto multimediatasks.Our previouswork showedthatbandwidthlimiting is effective in managingmultimedia
diskallocations[11].

3.2. Inferring stream rate
To achievethegoalof QoSsupportwithout requiringany explicit informationfrom applications,thesystemmustidentify
whendiskbandwidthis overloadedandmultimediarequestsareat risk of notmeetingtheir timeconstraints.To do this in
anautomatedway, AutoQoSinfersthestreamingrateof multimediatraffic. We currentlyignorewrite requests,because
our multimediaworkloadsarereadintensive, andbecausewrite performancedependslesson disk responsetime dueto
write buffering.

To infer a multimediaapplicationÕs bandwidth,whenever a processinitiates accessto a multimediafile, AutoQoS
reducesthe best-effort bandwidthto a predeterminedfractionof the entiredisk bandwidth. This allows the multimedia
applicationto usea reserved portion of the disk bandwidth(possiblysharedwith othermultimediaapplications). By
reducingthe best-effort bandwidth,we temporarilyover-provision bandwidthto multimediastreams,so that they may
proceedat full rate. During this time, we monitor the actualconsumedbandwidth,andoncedetermined,increasethe
best-effort bandwidthto takeup theportionof diskbandwidthunusedby themultimediaapplications(seeFigure2).

3.3. Managing the bandwidth
Oncethebandwidthof a multimediastreamis determined,thelimit on best-effort bandwidthis controlledusinga heuris-
tic. The heuristicmaintainsthe limit at the point wherebest-effort workloaddoesnot interferewith multimedia,while



 0

 1

 2

 3

 4

 5

 6

 7

 8

 9

 0  20  40  60  80  100  120  140  160  180

Th
ro

ug
hp

ut
 (M

B/
s)

Time (s)

MM 4 MB/s stream
MM 5 MB/s stream

5 MB/s stream
5 MB/s stream

Figure 5. Support for more than one multimedia
stream.
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Figure 6. Adapting the best-effort limit to changing
multimediastreamrates.

attemptingto maximizethetotal bandwidthutilization. Thesystemconstantlymonitorstherateof multimediatraffic, and
by comparingit to thepreviously inferredrate,adjuststhebest-effort limit accordingly:if themultimediatraffic decreases
thenthebest-effort limit drops,andif themultimediatraffic saturatesits bandwidth,thebest-effort limit increases.This
alsore-calibratesthesystemin thecaseof dynamicchangesto workload.

4. RESULTS
WeimplementedtheautomatedQoSmechanismfor theLinux 2.6kernelblockdevicedriver. Ourtestapplicationsimulates
multimediafile accessby makingperiodicstreamingreadsof disk data.In our experiments,several testapplicationsrun
concurrentlyto load the disk, anddifferentscenariosarecreatedby labelingeachtestapplicationeithermultimediaor
best-effort. Performanceis measuredby observingthe throughputof eachstream.The goal of experimentswas to test
whethertheautomatedQoSmechanismwill supportmultimediastreamsaswehypothesized.Ourtestsystemis a1.5GHz
P4with 512MBof RAM. Thedisk is a SeagateST340810AIDE drive formattedwith ext2 file system.Thebandwidthof
thediskaverages27.6MB/s for a largesequentialread.

Figure3(a)shows the observedreadbandwidthwhenrunningfour 8 MB/s streamssimultaneously, oneof which is
labeledasa multimedia(MM) stream,on a Linux systemwithout QoSsupport.All four streamsreceive only abouthalf
of thebandwidththey request,becausethetotal loadexceedsthediskbandwidthcapacity. Theobservedaggregatestream
rateis approximately16 MB/s, significantly lessthanwhenonly a singlesequentialfile is read;this is dueto extra seeks
betweenreadsfrom thedifferentstreams.Figure3(b) shows the sameworkloadwhenusingAutoQoS.Themultimedia
streamreceives its desired8 MB/s bandwidth.Theotherthreecompetingbest-effort streamsarelimited andeachof them
receivesabout2.5MB/s. Theaggregatethroughputfor thesetwo runsareapproximatelythesame:15.86MB/s for normal
Linux and15.40MB/s with AutoQoS.

Figure4 shows the effect of a multimediastreamenteringandexiting the systemwith competingbest-effort traffic.
The workloadconsistsof three10 MB/s streams,oneof which is multimedia. Figure4(a) shows default Linux. Two
streamsstartat time zero,andwhenthethird streamentersat time 30, theoverloadreducesthebandwidthof eachstream
to 5MB/s. Figure4(b) shows that with AutoQoS,the multimediastreamreceives its desiredrateof 10 MB/s, because
the bandwidthof the two competingstreamsis limited to make roomfor it. Whenthe multimediastreamterminatesat
time150,thetwo competingstreamsregaintheiroriginalbandwidth.Theoverall throughputfor runningwith andwithout
AutoQoSarethesame(15.52MB/s).

Figure5 shows AutoQoSsupportingmultiple multimediastreams.Herea 4 MB/s anda 5 MB/s multimediastream
competewith two 4 MB/s best-effort streams,andthemultimediastreamsareableto receive thebandwidththey need.

Figure6 shows the ability of AutoQoSto adaptto changesin the rateof the multimediastream. In this run, the
multimediastreaminitially startsata rateof 9 MB/s, changingto 4 MB/s at time60,andthenbackto 9 MB/s at time120.
Therearetwo 6 MB/s competingbest-effort streams.WhentheMM ratedropsat time 60,thebest-effort ratestake up the
slack,andwhentheMM rateincreasesat time120,thebest-effort ratesreturnaftera shortinterval of adjustments.



5. CONCLUSION
QoS supportfor disk is importantfor multimediasystems. Existing work focuseson providing guaranteesbasedon
advancedreservationor specificationof disk requestdeadlines.We developedaQoSmechanismthatsupportsmultimedia
streamsin a mixed-workloadenvironmentwithout requiringany explicit informationfrom theapplication.We explained
how thismechanisminfersandsustainsthedisktransferratesrequiredbymultimediaapplicationswhenthediskbandwidth
is overloaded.Thebenefit of thisapproachis theabsenceof applicationcomplexitiesassociatedwith utilizing existingQoS
mechanismsÑinthis systemQoSsupportis fully automated.Legacy applicationsbasedon best-effort systems,without
knowledgeof QoSmechanisms,immediatelybenefit by receiving betterperformance.
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