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ABSTRACT

This paperdescribeshe AutoQoSmechanismyhichimprovesthetimelinessof diskaccessefor multimediaapplications
without requiringary explicit informationabouttheir constraints.Multimedia applicationstypically have periodictime

constraintsmeaningthat they mustcompletedataprocessingat periodicintervals in orderto function correctly This

requiremenextendsto the disk system,becausdhe applicationmust accesdataon time in orderto meetdeadlines.
By using Quality of Servicealgorithmsfor disk services,an applicationmay receve enoughbandwidthandisolation

from other disk accesse$o readdataon time. Neverthelesspastapproachesre restrictve becauseahey requirethat

disk bandwidthor deadlinesbe known and specfied in adwance. Our systeminfers from I/O behaior the bandwidth
requiremenbf multimediastreamsandautomaticallyadjustsallocationsin orderto provide Quality of Servicewithout

knowing the constraintor requiringinterventionfrom theapplication.
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1. INTRODUCTION

Modern commodity systemsare expectedto run mixed-workloadsthat, in additionto traditional desktopapplications,
includetaskswith periodicdeadlinessuchas multimedia. Often meetingthosedeadlinesdepend®n timely disk access,
for example,a video that doesnot fit entirely in volatile memorymustbe periodicallyreadfrom disk during playback.
For satishctorymultimediaperformancesystemsnustprovide real-timeaccesgo thedisk. Usuallythisimpliesa priori
knowledgeof constraintssuchas deadlineor bandwidthrequirements.We developeda mechanisntalled AuroQoS to
provide disk Quality of Serviceto multimediaapplicationswithout knowledgeaboutconstraints. This supportdegacy
multimediaapplicationsthat were developedfor best-efort systems. The operatingsystemusesheuristicsto infer the
needsof applicationsandadjuststhe allocationof disk bandwidthamongthemso that multimediaapplicationsreceive
constantbandwidthin isolationfrom the otherworkload. In this paper we showv that the conceptof AutoQoSis well-
suitedto improve the performancef best-efort systemssuchasdesktopcomputersaandseners,at handlingmultimedia
workloads.

2. RELATED WORK

Existing systemssupportreal-timedisk accessn several ways, including low-level schedulingapproachesDeadline-
basedlisk schedulersubmitrequestdo the disk suchthatthosewith deadlinesaaresenedontime while atthe sametime
reducingunnecessardisk seekswhich incur large overhead1£8]. Thesealgorithmswill meetdeadlinesput require
thatthe deadlinefor eachrequestis known by the system;our systemdoesnot requirethis extra capability Otherdisk
schedulerslo similar operationgo meetspeciic bandwidthresenationsor guaranteef?, 4]. All of thesemethodsequire
low-level informationaboutdisk devicesin orderto make schedulingdecisions.The AutoQoSapproachreatsthe low-

level disk scheduleras a black box, and ensureghat requestameettheir constraintsby preventing overloadfrom the
non-constrainettaffic. Our currentimplementatiorusesthe default Linux disk schedulerhoweverthatdoesnot preclude
usingresenationapproachem thefuture.

Disk schedulersnay be augmentedvith highekrlevel, policy-basednechanismso provide differentservicelevelsto
classeof applicationg5b7]. Thesesystemsarehierarchical usingdifferentschedulersgo prioritize requestdrom each
class,with aglobalscheduleto combinethe requestandsubmitthemto disk. AutoQoShasa similar goal of classifying
requestgin our casewe have two classespnewith deadlineconstraintsand one without). However, insteadof using
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differentschedulergor eachclass,we limit the bandwidthof the non-criticalclassduring overload. This preventsbest-
effort workloadfrom interferingwith multimediarequestsUnlike the otherQoSsystemsAutoQoSworks strictly on the
principleof overloadavoidance.

A techniquesimilar to AutoQoSautomaticallyadjustsdisk bandwidthfor real-rateapplicationsby using feedback
from their measuregbrogres48]. Thegoalof this proposedystemis to matchthedisk I/O ratesto thereal-rateneedof
applicationsOurgoalis to addressa mixed-workloadscenario Theirdisk bandwidthallocatoris controlledby monitoring
the buffer cache,whereasour mechanismmonitorsthe bandwidthaborve the file-systempagecache. Another similar
algorithmis a YQF [9], which controlsdisk bandwidthusinga proportionalbandwidthsharingalgorithm;in contrastour
systemusesa bandwidthlimiting algorithmto controldisk bandwidth.

AutoQoSdiffers from otherapproachesecausat infers all the necessarynformationthroughthe system,without
placingarny burdenontheapplication.While thereis muchresearcton providing QoSsupportor disk storagenonewere
explicitly motivatedby the desireto minimize theamountof informationrequiredfrom the applicationsor users.

3. AUTOMATED QOS SUPPORT

The principle of the systemis thatwhendisk bandwidthis overloaded multimediaapplicationsshouldhave priority in
orderto meettheirtiming constraintsTherefore pur systenrunsin its default stateof takingno actionuntil it recognizes
thatamultimediaapplicationbeginsto streandataat a sustainedate,in which caseit adjustsallocationssothatthemedia
streanreceves aresenationof disk bandwidthequalto its obseredflow rate.

This algorithmis fully automatedandrequiresno explicit informationfrom applicationsor users. The information
necessarto make bandwidthallocationdecisiongs inferredby thesystemthussupportindegag multimediaapplications
withoutmodification.To achievethiswe needfour abilities: to differentiatedisk requeststo shapebandwidthfo determine
the disk bandwidthrequiremenbf multimediaprocessesandto manageandadaptthe allocatedbandwidth all in a fully
automatedvay. Our systemautomaticallydifferentiatesdisk requestsy labelingthoserequestghat act on multimedia
files(recognizedy file extension)asbelongingto the multimediaclass,andtherestasbest-efort class. Theremaindeof
this sectionhighlightsthe otherthreefunctions.

3.1. Shaping disk bandwidth

To controlthe disk bandwidthallocationswe usea mechanisnbasedon the token-hucket filter (TBF) [10]. TBF shapes
traffic in networks by controllingthe rateandburstsize of datatransmissionIn orderto transmita paclet, a tokenfrom
the bucket mustbe spent. If thereare no tokens,the packet mustwait until a tokenis replenished.The rate of token
replenishmengovernsthe maximumrate of transmissionandthe sizeof the bucket determineghe maximumnumberof
pacletsthat may be sentat once. In our implementationeachtoken represents block of data,so the token rate limits
the disk bandwidth,andthe bucket size limits the numberof outstandingequestsBy usinga TBF to limit theratethat
best-efort processesssuerequestsye effectively provide guaranteethandwidthto the multimediaprocesses.
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Figure 3. Throughputor four 8 MB/s streamspneof the streamds multimediaandis boostedby AutoQoS.
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Figure 4. Threel0 MB/s streamsThe multimediastreamentersattime 30 andterminatesattime 150 andis boostedby AutoQoS.

We ernvision a disk as having two accesspipes: one pipe carriesthe multimediatraffic andthe other pipe carries
all the best-efort (BE) traffic (seeFigure1). By limiting the rate of BE requestsve supplythe remainderof the disk
bandwidthto multimediatasks. Our previous work shaved thatbandwidthlimiting is effective in managingmultimedia
diskallocationg11].

3.2. Inferring stream rate

To achieve thegoal of QoSsupportwithoutrequiringarny explicit informationfrom applicationsthe systemmustidentify
whendisk bandwidthis overloadecandmultimediarequestareat risk of not meetingtheir time constraintsTo do thisin
an automatedvay, AutoQoSinfersthe streamingateof multimediatraffic. We currentlyignorewrite requestshbecause
our multimediaworkloadsarereadintensie, andbecausevrite performancalependsesson disk responsdime dueto
write buffering.

To infer a multimediaapplication®bandwidth,whenever a processinitiates accesso a multimediafile, AutoQoS
reducesghe best-efort bandwidthto a predeterminedraction of the entire disk bandwidth. This allows the multimedia
applicationto usea resened portion of the disk bandwidth(possiblysharedwith other multimediaapplications). By
reducingthe best-efort bandwidth,we temporarilyover-provision bandwidthto multimediastreams so that they may
proceedat full rate. During this time, we monitor the actualconsumedandwidth,and oncedeterminedjncreasethe
best-efort bandwidthto take up the portionof disk bandwidthunusedy the multimediaapplicationgseeFigure2).

3.3. Managing the bandwidth

Oncethebandwidthof a multimediastreamis determinedthelimit on best-efort bandwidthis controlledusinga heuris-
tic. The heuristicmaintainsthe limit at the point wherebest-efort workloaddoesnot interferewith multimedia,while
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attemptingo maximizethetotal bandwidthutilization. The systemconstantlymonitorsthe rateof multimediatraffic, and
by comparingt to the previously inferredrate,adjuststhe best-efort limit accordingly:if the multimediatraffic decreases
thenthe best-efort limit drops,andif the multimediatraffic saturatests bandwidth,the best-efort limit increases.This
alsore-calibrateshe systemin the caseof dynamicchangeso workload.

4. RESULTS

WeimplementedheautomateddoSmechanisnfor theLinux 2.6kernelblock devicedriver. Ourtestapplicationsimulates
multimediafile accesdy makingperiodicstreamingeadsof disk data. In our experimentsseveraltestapplicationsun
concurrentlyto load the disk, and differentscenariosare createdby labeling eachtestapplicationeither multimediaor
best-efort. Performances measuredy observingthe throughputof eachstream. The goal of experimentswas to test
whethertheautomatedQoSmechanisnwill supporimultimediastreamsswe hypothesizedOurtestsystems al.5GHz
P4with 512MB of RAM. Thediskis a Seagat&ST340810ADE drive formattedwith ext2 file system.The bandwidthof
thedisk average7.6MB/s for alargesequentiatead.

Figure 3(a) shawvs the obsenred readbandwidthwhenrunningfour 8 MB/s streamssimultaneouslyone of which is
labeledasa multimedia(MM) stream,on a Linux systemwithout QoSsupport.All four streamgeceve only abouthalf
of thebandwidththey requestbecausehetotal load exceedghe disk bandwidthcapacity The obsenedaggregjatestream
rateis approximatelyl6 MB/s, significantlylessthanwhenonly a singlesequentiatile is read;this is dueto extra seeks
betweerreadsfrom the differentstreams.Figure 3(b) shavs the sameworkloadwhenusing AutoQoS.The multimedia
streanmrecevesits desiredd MB/s bandwidth.The otherthreecompetingoest-efort streamsarelimited andeachof them
recevesabout2.5MB/s. Theaggr@atethroughpufor thesetwo runsareapproximatelthesame:15.86MB/s for normal
Linux and15.40MB/s with AutoQoS.

Figure4 shaws the effect of a multimediastreamenteringand exiting the systemwith competingbest-efort traffic.
The workload consistsof three10 MB/s streamsone of which is multimedia. Figure 4(a) shavs default Linux. Two
streamsstartattime zero,andwhenthethird streamentersattime 30, the overloadreduceghe bandwidthof eachstream
to 5MBY/s. Figure4(b) shavs thatwith AutoQoS,the multimediastreamreceves its desiredrate of 10 MB/s, because
the bandwidthof the two competingstreamss limited to make roomfor it. Whenthe multimediastreamterminatesat
time 150,thetwo competingstreamsegaintheir original bandwidth.The overall throughpufor runningwith andwithout
AutoQoSarethe same(15.52MB/s).

Figure5 shavs AutoQoSsupportingmultiple multimediastreams.Herea 4 MB/s anda 5 MB/s multimediastream
competewith two 4 MB/s best-efort streamsandthe multimediastreamsareableto receve thebandwidththey need.

Figure 6 shavs the ability of AutoQoSto adaptto changesn the rate of the multimediastream. In this run, the
multimediastreaminitially startsatarateof 9 MB/s, changingo 4 MB/s attime 60, andthenbackto 9 MB/s attime 120.
Therearetwo 6 MB/s competingbest-efort streamsWhenthe MM ratedropsattime 60, the best-efort ratestake up the
slack,andwhenthe MM rateincreasesttime 120,the best-efort ratesreturnaftera shortinterval of adjustments.



5. CONCLUSION

QoS supportfor disk is importantfor multimediasystems. Existing work focuseson providing guaranteedasedon
advancedesenationor specficationof disk requestieadlinesWe developeda QoSmechanisnthatsupportanultimedia
streamsn a mixed-workloadenvironmentwithout requiringany explicit informationfrom the application.We explained
how thismechanisninfersandsustainghedisktransferatesrequiredoy multimediaapplicationsvhenthediskbandwidth
is overloadedThebendit of thisapproachs theabsencef applicationcompleitiesassociatedvith utilizing existing QoS
mechanismsNinthis systemQoSsupportis fully automated Legagy applicationsbasedon best-efort systemswithout
knowledgeof QoSmechanismammediatelybendit by receving betterperformance.
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