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Abstract

This paperpresentsMVSS,a storage systemfor active
storage devices. MVSSoffers a singleframework for sup-
porting variousservicesat the device level. It providesa
flexible interfacefor associatingservicesto a file through
multipleviewsof thefile. Similar to viewsof a databasein
a multi-view databasesystem,viewsin MVSSaregenerated
dynamicallyandarenotstoredonphysicalstoragedevices.
MVSSrepresentseach view of an underlyingfile through
a separate entry in the file systemnamespace. MVSSsep-
aratesthe deploymentof servicesfrom file systemimple-
mentationsand thusallows servicesto be migratedto the
storage devices. The paper presentsthe designof MVSS
andhowdifferentservicescanbesupportedin MVSSat the
device level. To illustrate our approach, we implemented
a prototypesystemon PCsrunning Linux. We presentre-
sultsfromtheprototypeimplementationto demonstratethe
effectivenessof our approach.

1 Intr oduction

Many researchershavesuggestedvariousenhancements
to storagedevices to improve the performance,function
and characteristicsby migrating servicesto disks. The
ideascan be characterizedin the following way: (1) De-
vice level enhancementssuch as compressionhave been
usedin thepast,andenhancementssuchasencryptionare
beingproposed.(2) Active diskswherepart of the appli-
cation is migratedandexecutedat the device resultingin
”filtered” data[1, 15, 11]. Offloadingcomputationcloser
to the datasourceoffers benefitssuchasmorecomputing
power at little extra cost,potentialreductionin datamove-
mentthroughthe IO subsystemon host,betterscalability,
etc. (3) Network-attacheddiskswheredatarequestedfrom
thedevicearedirectly sentto theclient ratherthanthrough
theserver [8, 6, 3, 13]. Network-attacheddisksareshown
to provide throughputscalability in file systems[6]. It is

also expectedthat suchthird-party datatransferswill im-
proveserverperformancefor new multimediaapplications.
However, rigid device level enhancementsmaynot beuni-
versallybeneficialor acceptable.For example,it hasbeen
shown that in someworkloads,network-attacheddiskscan
reducedatacachehit ratessufficiently to more thancom-
pensatefor thebenefitsof improvedparallelismin network
transfers[12].

In traditionalstoragesystems,storagedevicesprovide a
block-level interface. File systemaccessesdataon the de-
vicesthroughblock addresses.Flexible servicemigration
to thestoragedevicesusuallyrequirespassingmoreinfor-
mation to devices thanwhat traditionalfile systemsallow
today.

A numberof differentapproacheshave beenproposed
to solve this problem.In Joust[10], customoperatingsys-
temhasbeenbuilt to supportservicemigration. Otherap-
proachessuchasactive disksproposeddifferenthost-disk
interfacesto accommodatehigher-level services.Theseap-
proachesrequiresubstantialmodificationsto existing file
systems.Few of themhave gainedwide deployment in a
timely fashionbecauseof the following: (1) file systems
are large andextensionsto themaredifficult to maintain,
(2) modificationsandextensionsmaynot beacceptablefor
commercialsystems,and(3) differentapproachestend to
havetheir own interfaceextensions.

This paper introducesthe multi-view storagesystem
(MVSS). MVSS offers a single framework for accommo-
datingmigrationof differentservicesto active storagede-
vicesbasedonexistingfile systemanddiskinterfaces.Mul-
tiple views of the file areprovided to the userthroughfile
systemnamespace.Differentviewsof a file canbetailored
to provide differenttypesof service.Throughtheseviews,
MVSS providesa flexible andextensibleway for support-
ing variousdevice-level enhancements.

MVSS hasthefollowing combinationof characteristics:

� It usesthe commonblock-level interfacewidely used
in today’s systems.This allows it to supporta wide



rangeof heterogeneousplatforms,andallows thesim-
plestreuseof existingfile systemandoperatingsystem
technology.

� It providesaschemeto separatethedeploymentof ser-
vices from file systemimplementationsand thus al-
lows migrationof application-specifiedprocessingto
devicesto realizeactivedisks.

� It canbe built on existing systemswith little changes
to theoperatingsystem.File systemoperationsonnor-
malfilesarenot affected.

� It allowsapplicationsto takeadvantageof new services
transparently.

The restof thepaperis organizedasfollows: Section2
presentsthe designrationalefor MVSS. In Section3, we
describesomedetailsaboutour prototypeimplementation
andpresenttheresultsfrom experiments.In Section4, we
comparevariousaspectsof MVSS with relatedwork. Sec-
tion 5 concludesthepaperandpointsto futurework.

2 Designof MVSS

Themajordesignobjectiveof MVSSis to enablemigra-
tion of servicesto thestoragedevicewithin theexistingfile
systems. We followed the following principleswhile de-
signingMVSS: (1) keepthe software layer on the disk as
thin aspossibleto allow efficientuseof disk resources,and
(2) minimizechangesto existing operatingsystems.

We describethedesignof MVSS by examiningthefol-
lowing key ideasof the system. First, MVSS introduces
theconceptof views of a file (i.e., virtual files) andvirtual
disks.A virtual file representsacombinationof thefile and
certainservices.Virtual disksareplaceholdersfor virtual
files. Second,MVSSprovidesaflexible userinterfaceto al-
low usersto dynamicallyassociateserviceswith eachview
of a file. The interfacealsoallows transparentservicede-
ployment. Third, a smartstoragedevice model basedon
the commonblock-level interfaceis employed in MVSS.
Fourth,MVSS makesservicebinding informationfor each
virtual file availableatthedevicelevel throughvirtual block
addresses.

In the following sections,we describehow theseideas
areput togetherin developingMVSS.

2.1 Virtual Filesand Virtual disks

In MVSS,a virtual file providesaview of anunderlying
file (calledbasefile) in thesystem.Virtual file in MVSSis a
generalconcept.It representsa file associatedwith certain
services. Examplesof servicesinclude encryption,com-
pressionandapplication-specifiedprocessing(e.g.,a base
MPEGfile may have multiple views correspondingto dif-
ferentlevelsof quality),etc.

/dev/vdisk1 /dev/vdisk2 /dev/vdisk3

/dev/disk1

/vd1/bar /vd2/bar /vd3/bar

/foo/bar

virtual disks

base file

virtual files

physical disk

Figure 1. Concept of vir tual files in MVSS

Most of the file systemstoday employ cachingto im-
prove performance. Supportingmultiple views of a file
leadsto the following problem: differentviews of the file
may contain different data, how should theseviews be
cached?MVSS solvesthis problemby representingeach
virtual file asaseparatefile on aseparatedisk. Eachvirtual
file hasits own pathname,in-coreinodeandusesseparate
buffers in the system. To supportthis, MVSS introduces
the conceptof virtual disks. A virtual disk in MVSS is a
generalizedabstractionof a storagedevice. A virtual disk
behaveslikeanormalblockdeviceto therestof theOSbut
hasno correspondingphysicaldisk. Instead,it is hooked
to an existing block device. Hookinga virtual disk causes
all the IO requestssentto the virtual disk to be forwarded
to theunderlyingdevice. Virtual disksfacilitatenamespace
distinctionsof differentviewsof afile, provideasolutionto
thecachingproblem,andalsoallow servicebindingat the
device level.

Mounting a virtual disk createsvirtual namespacefor
files on the device that the virtual disk is hooked to. A
mount option allows usersto specify which directory on
thedeviceshouldbeexportedthroughthevirtual disk. Fig-
ure1 showsanexampleof how virtual filesandvirtual disks
relate to the basefile and physicaldevice. In the exam-
ple, threevirtual disks(/dev/vdisk1, /dev/vdisk2
and /dev/vdisk3) are hooked to disk /dev/disk1.
Mounting thesevirtual disks exports virtual views of all
filesdescendingfrom/foo (specifiedin themountoption)
under/vd1, /vd2 and/vd3 respectively. The threevir-
tual files/vd1/bar, /vd2/bar and/vd3/bar aredif-
ferent views of the samefile /foo/bar on the physical
disk. Virtual files look like ordinaryfiles to thefile system,
but do not have any physicaldatablocks associatedwith
them.
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Figure 2. Example of service binding in MVSS

We developedthe multi-view file system(MVFS) for
managementof virtual files in MVSS. MVFS is a stack-
ablefile systemlayer basedon the vnodestructure,it sits
on top of the native file systemsandforwardsfile system
operationssuchasnameresolutionto them. Stackablefile
systemstructureis discussedin [16].

2.2 Application Interface

MVFS providesaflexible interface— attach onthehost
for usersto associateservicesto virtual files. Attach has
the following generalinterface: attach(virtual file, service
name, parameters). Examplesof parameters includekeys
for encryption,querycriteria for databaseSELECTopera-
tion, quality of service(QoS)parametersfor MPEGfilters,
etc. Continuingwith thepreviousexamplein Figure1 and
assumingthat/foo/bar is anencryptedfile, wecanasso-
ciatethedecryptionservicewith thevirtual file /vd1/bar
by issuingattach(/vd1/bar, decryption,key). As a result,
/vd1/bar now providesa decrypted(usingthespecified
key) view of /foo/bar. Theattach interfaceallows ser-
vicebindingto beseparatedfrom otherfile operationssuch
asopen,readandwrite. This separationhastheadvantage
thataccessesto thevirtual file aftertheattachoperationwill
automaticallyseetheattachedview, thusallowing transpar-
ent enhancementswithout modifying existing application
codes.

Theattach interfaceprovidedby MVFS supportsservice
bindingat the granularityof a singlefile. This is donefor
bothflexibility andmoreefficient useof thevirtual names-
pace. A usercan apply different enhancementsto differ-
ent directoriesor files on the samevirtual disk. Attaching
serviceto a directoryaffectsall thefiles andsubdirectories
underit. MVFS allows the userto decidewhetherthe at-
tacheddirectoryor file shouldinherit servicesattachedto
its ancestordirectories.

Figure 2 shows an example of the servicebinding in
MVSS. All thevirtual disksarehookedto /dev/disk1.
Virtual disk /dev/vdisk1 is mountedon /vd1 andex-
ports/home/david. Attachinga compressionserviceto

/vd1 allows all files under/vd1 to betransparentlycom-
pressedon disk. Virtual disk /dev/vdisk2 is mounted
on /vd2 and exports/home/tim. File /vd2/bar is
attachedwith an encryptionservice,whereas/vd2/foo
is attachedwith a compression-encryptionservice,which
can be composedby stackinga compressionserviceon
an encryptionone. Sucha serviceallows files to be first
compressedand then encryptedas they are written and
the procedureis reversedas the files are read. Virtual
disk /dev/vdisk3 and/dev/vdisk4 export /mpeg
on/mpeg1 and/mpeg2 respectively. Both/mpeg1 and
/mpeg2 areattachedwith anMPEG-transformservicebut
with differentquality parameters.Usersaccessingfiles un-
der/mpeg1 will seethe MPEGfiles under/mpeg but at
quality level 1, andunder/mpeg2 at quality level 2.

MVFS saves the servicebinding information (service
nameandthe parameters)for a virtual file in a datastruc-
ture that is associatedwith eachvirtual inode, called the
AUX area1. TheAUX areaalsocontainsinformationsuch
aswhich virtual blockson the virtual disk areallocatedto
thevirtual file.

2.3 DeviceModel

We assumethat the storagedevices in MVSS have
enoughresourcesto generatethespecifiedviewsof thedata.
Theseresourcesusually consistof a processorwith suffi-
cientamountof memoryanda light-weightembeddedOS.
Theserequirementsarequitereasonablefor futuredisks.

Devicesin MVSS usethesamecommonblock-level in-
terfaceasnormalIDE/SCSIdisks.MVSS bindsservicein-
formation with IO requeststhroughthe virtual block ad-
dressesof devices. Virtual block addressesare block ad-
dressesbeyondthephysicalcapacityof thedevice.

Theideaof usingvirtual blockaddressesis basedon the
following observation: capacitiesof block devicesareusu-
ally muchlessthanthe maximumvaluethat the operating
systemcould support.For example,on a systemthat uses

1AUX standsfor “auxiliary”.
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Figure 3. An example of vir tual bloc k address space management in MVSS

32-bit integersto representblock numbers,a block device
couldreferenceupto ����� blocks,whichmeansacapacityof
4TB with a block sizeof 1KB. Currentdisk capacitiesare
muchsmallerthan4TB. We usethe extra block addresses
beyondthephysicalcapacityof thediskasvirtual blockad-
dresses.A similar approachhasbeenrecentlyadoptedfor
building a flexible memorycontroller[9].

In MVSS, whena virtual disk is hooked to a device, it
is allocateda portionof thatdevice’s virtual block address
space.Thesizeof theallocatedblock addressrangecanbe
different from the capacityof the physicaldevice. Block
addressrangesallocatedto virtual diskshookedto thesame
device do not overlapwith eachother. Virtual block ad-
dressesallocatedto eachvirtual diskwill beallocatedto the
virtual fileson thatvirtual disk.

MVSS uses“out-of-band” communicationbetweenthe
hostandthe devicesto maintainmetadataon the devices.
Thesemetadatacontaininformation that enablesthe de-
vicesto carry out the requestedprocessingfor active data
requests.To support“out-of-band” communication,each
physicaldevice reservesa certainrangeof virtual blockad-
dresses,calledtheOOBarea.In MVSS,thehostsendsmes-
sagesto thedeviceby writing datablocksinto its OOBarea
in a waysimilar to memory-mappedIO.

Figure 3 shows an exampleof how MVSS managesa
device’s virtual block addressspace.Thestoragedevice in
the examplehasa physicalcapacityof 2GB. Eachvirtual
disk hooked to it is allocated4GB of the device’s virtual
block space.IO requestsforwardedfrom a virtual disk to
thesmartstoragedevicecontainonly blocknumberswithin
its allocatedvirtual block space.This enablesthedevice to
find out from theaddressrangeof anIO requestthevirtual
disk therequestbelongsto.

2.4 ServiceBinding at DeviceLevel

The attach interfaceallows usersto associateservices
with virtual files at the file level. The servicebinding in-
formationneedsto be passeddown to device level, where
theservicesareperformed.At thedevice level, theconcept
of files is not available. Insteadof introducingnew inter-
facesbetweenthe file systemandthe device, MVSS uses
theexistingoperatingsystem’s interfaces.

Each virtual file in MVSS is allocatedsome virtual
blockswhenit is accessedfor the first time. MVSS asso-
ciatesthesevirtual blocksto theAUX areaof thevirtual file
througha virtual block map.Givena virtual block number,
the mapallows us to find the correspondingAUX areaof
the virtual file that the virtual block belongsto. Thereis
onevirtual block mapfor eachhooked virtual disk in the
system.MVSS replicatesthevirtual blockmapsandall the
AUX areasof the virtual files in useon the corresponding
storagedevicethrough“out-of-band”communicationto the
device. Thisenablesthedevice to find outwhichAUX area
is associatedwith therequesteddatabasedonly on thevir-
tualblockaddressesandto processthedataaccordingto the
servicebinding informationin the AUX area.MVSS uses
the OOB areato maintainon the device up-to-datecopies
of thevirtual blockmaps(onefor virtual diskhookedto the
device)andall theAUX areasin use.

A virtual block mapcontainingbinding informationfor
everyvirtual blockonavirtual diskwouldbeinefficientand
difficult to manage.Thespacerequirementfor sucha map
wouldalsobeprohibitive.

To solve this problem, MVSS usesa dynamic virtual
block allocationscheme.We groupvirtual blocksinto seg-
mentsand divide the virtual block map into zoneswhich
containssegmentsof different sizes. Both segmentsizes
andnumberof zonesin a virtual block mapcanbetailored
accordingto theworkload.Virtual block segmentsareonly
allocatedto virtual files whenneeded,andcanbeallocated
to othervirtual filesoncethevirtual file is no longerin use.
To make maximumuseof thesystembuffer cache,MVSS
alwaystry to allocatethesamevirtual segmentsto a virtual
file whenit is accessedagain.Cachedblocksbelongingto a
segmentneedto beflushedfrom thebuffer cachebeforethe
segmentcould be allocatedto othervirtual files. The dy-
namicvirtual block allocationschemeallowsbindingof all
thevirtual blocksof a virtual file to bedoneby just chang-
ing a few entriesin themapwithout readingany file system
metadatafrom thedisk. It alsoreducesthetotal sizeof the
mapsignificantly. For example,in our implementation,the
segmentmapfor a 1GB disk only takes8KB. Mapsof this
sizecouldfit into thememoryon thediskeasily.

Theuseof virtual blockaddressesrequiresthesystemto



supportfile block offset to physicalblock numberconver-
sion (i.e., the bmapinterfaceon traditionalUNIX file sys-
tems)on thedisk side. This requirementdoesnot increase
the complexity of our device modeltoo much,asour pro-
totypeimplementationshows that it takesonly around100
linesof C codeto provide completeext2 file systembmap
supporton thedisk.

2.5 Programming Model

In MVSS, new servicescan be dynamicallyaddedor
composedfrom existing ones. A new serviceis addedby
loadingapieceof code— filter appletontothedevice. Fil-
ter appletscontaincodesto be invoked on the datathat is
beingreadfrom or written to thedevice. Appletscouldbe
in any formataslongasthediskOSsupportsthem.For ex-
ample,they couldbeJava codes.Filter appletsaresimilar
to streammodulesin that: filter appletsget datafrom one
endandproduceoutputdataon theotherend;filter applets
canbe pipelined(i.e., theoutputof onefilter appletserves
astheinputof anotherfilter applet).

MVSSallowsfilter appletsto beloadedontothedevices
by normal users. Since the filter appletsare executedat
device level, without protection,a mistake in the codeor
a malicioususercould corrupt the dataor bypassthe file
systemsecurityschemes.MVSS provides a flexible and
secureenvironmentfor filter appletsthroughthe following
severalmechanisms.

First, to preventfilter appletsfrom crashingthediskOS,
filter appletsareexecutedataprocesslevel onthedisk(i.e.,
insideworking processes).IO requestsfrom the host are
passedto working processesthroughIPC mechanisms.

Second,filter appletscan only accessdisk resources
througha setof interfacesprovidedby thedisk OS.To en-
surepropersharingof resourcessuchasCPUandmemory,
MVSS allows theadministratorto classifyappletsinto dif-
ferentclassesandassignto eachclassanexecutionpriority
andthemaximumamountof resourcesto beallocated.

Third, filter appletscanonly initiateIO requestsin alim-
ited way. Certainfilter appletsmay needto initiate IO re-
questson their own. However, allowing a filter appletto
accessany blockson thedisk would breakfile systempro-
tection. In theActive Disk model[1], diskletsareblocked
from initiating IO requestsandhaveto rely onhost-resident
codesto issueIO requestsfor them.MVSSallowsfilter ap-
plets to initiate IO requests,but only to thosedatablocks
belongingto the basefile of the virtual file containingthe
requestedvirtual blocks.In this way, mistakesor malicious
codesin filter appletscould not result in unauthorizedac-
cessor harmthe integrity of the file systemandmetadata
on the disk. They cando no moredamagethana normal
userprocessthatrunson thehostaccessingthesamefile.

user application

native file system

regular disk device driver

regular disk

virtual disk device driver

user application
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disk OS
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Figure 4. System structure of our MVSS pro-
totype

3 Implementation and Results

In this section,we describesomedetailsaboutour pro-
totypeimplementation.We thenpresentexperimentresults
from severalappletswedeveloped.

3.1 SystemConfiguration and Structur e

Our MVSS prototypeis built on two 166MHzPCsrun-
ning Linux. Oneof themactsasthesmartdisk, anotheras
thehost.Thehostandthedisk machineareinterconnected
throughadedicated10MbpsEthernetswitch.Thediskread
throughputfor thediskmachineis about7MB/s.

We simulatethesmartdiskby runninga userspacedae-
mononthediskmachine.Thedaemonusesa1Gbyteparti-
tion onthediskmachine’sSCSIdiskastheraw disk, it per-
formsIO operationsdirectly throughthedevicefile. This is
doneto simulatea “smartdisk” thatmaybeavailablein the
future.

We usea modifiednetwork block device (NBD) driver
on thehostto communicatewith thediskmachine.We im-
plementedbothMVFS andthevirtual disk devicedriveras
loadablekernelmodules.

Figure 4 illustratesthe systemstructureof our proto-
type implementation. The virtual disk device driver for-
wardsIO requeststo theNBD driverafterwe hookthevir-
tual disk to the NBD. “Out-of-band” communicationand
IO requestsfor bothNBD blocksandvirtual diskblocksall
go throughthe commonblock-level interfaceprovided by
the NBD driver. They arethendemultiplexed on the disk



Table 1. Comple xity of Example Applets
Filter Applet Linesof C codes
Encryption 185
DatabaseSelection 90
MPEGQoS 220

1K 4K 64K 1M 4M 8M 16M 32M
0

5

10

15

20

25

30

35

40

Size of file (byte)

Ti
m

e 
fo

r r
ea

di
ng

 th
e 

fil
e 

(s
ec

)

NBD raw
MVSS null

Figure 5. Overhead of MVSS with null applet

machinebasedon their block numbersandprocessedsepa-
rately. PathA in thefigureshowsdataflowsfor IO requests
to normalfiles,pathB showsthosefor IO requeststo virtual
files.

3.2 Resultsand Analysis

We developedthe following filter applets: null, crypt,
databaseselectionandMPEGQoSfiltering. Thedevelop-
mentof theseappletsshows thatMVSSgreatlyreducesthe
developmentandmaintenanceeffort. Table1 givesthesize
of eachappletin numberof linesof C code.MVSS makes
it practicalfor normalenduserswithout knowledgeof the
file systeminternalsto developandapply device level en-
hancementaccordingto their needs.

The following subsectionsdiscusseachappletin detail
andpresentexperimentresults.

Null The null applet just copiesthe input datato the
outputbufferwithoutany processing.Weusethenull applet
to measuretheoverheadof oursystem.

Figure5 shows the overheadof readingvirtual files at-
tachedwith thenull appletin ourprototypeimplementation.
Theresultsshow thatour implementationaddsanoverhead
of about8 percentfor accessingvirtual files comparedto
normalfiles. Currentlywe usea user-spacedaemonon the
hostto managetheAUX areasandvirtual block allocation
for easyof development.Weexpectto seealoweroverhead
afterwe move this codeinto kernelspace.Anotherpartof
theoverheadis causedby extradatacopying.

Crypt Cryptographictechniquesare playing an in-
creasinglyimportantrole in moderncomputingsystemse-
curity, however, user-level tools are usually cumbersome.
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Figure 6. MVSS perf ormance with crypt applet

Addingcryptographicsupportat systemlevel providesbet-
ter transparency. Securestorageat systemlevel can be
achievedin MVSS by usinga filter appletthatencryptsthe
datablocks on writes and decryptsit on reads. Keys are
specifiedduring the attachoperationasparametersto the
crypt applet. Dif ferentkeys canbe usedfor separatefiles
anddirectories.

We developeda cryptfilter appletusingthealgorithmin
the Unix crypt utility. In our implementation,we store
thehashedkey asappletparameterin theAUX areaof the
virtual file. Accessto attachedvirtual files is controlledby
restrictingthevirtual directoriesthroughthestandardUNIX
file protectionmechanism.

Figure6 shows the throughputof readingan encrypted
file in MVSSwith thecryptapplet(MVSScrypt). It is com-
paredwith thatof auserapplicationthatreadstheencrypted
file andthendecryptsit on the host(NBD crypt). The re-
sultsshow anoverheadof around10percentfor MVSSsim-
ilar to what is observedwith the null applet(againwe ex-
pectthisoverheadto bereducedwhenMVFS is fully imple-
mentedin kernelspace).Sincethedecryptionwork is now
migratedto the disk, the hostCPU usagefor MVSS crypt
is only 7 percentcomparedto 55 percentfor NBD crypt.
Thisreducedloadwill improvethroughputin asystemwith
multipledisks.

DatabaseSelectionDecisionsupportanddataware-
housingdatabaseworkloadscomprisean increasingfrac-
tion of the databasemarket today, andrequirementfor IO
capacityandprocessingcontinuesto grow rapidly. To meet
this need,several researchershave proposeddevice mod-
els such as Active Disk and IDISK. Thesebenefitscan
be achieved in MVSS by loadinga databaseselectionap-
plet onto thedevice thatfilters thedatasetandonly returns
selectedrecords. Similar data-intensive applicationshave
beendiscussedin [18, 11, 15].

We createddatasetswith 64-byteslong recordsandde-
velopedasimplefilter appletto filter recordsbasedonase-
lectivity parameterpassedto theapplet.For example,a se-
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Figure 7. Results with simple database selection filter applet

Table 2. Results for the MPEG applet
MPEGFile Size(byte) Time(second) CPUUsage(%)

Original Size FilteredSize Raw NBD Read NBD with Filtering MVSS with Filtering NBD MVSS
16M 6M 19.04 28.37 17.44 52 3
32M 13M 36.85 57.10 35.23 51 3

lectivity factorof 8 returned1/8thof thetotal dataset.This
simulatesnon-index SELECToperationsthatrequirescan-
ning theentiredataset.Figure7(a)shows thatMVSS gains
aperformanceincreaseof about3.5fold atselectivity 4 and
7 fold at selectivity 64. In our system,the I/O intercon-
nectionthroughputis the bottleneckcomparedto the disk
IO bandwidth. However, as the selectivity increases,the
demandon theinterconnectionbandwidthreduces,making
the disk IO time the bottleneck. As a result, the speedup
doesnotscalewith higherselectivity (withoutacorrespond-
ing increasein disk bandwidth).Figure7(b) shows thatthe
time differencesare proportionalto the bandwidthreduc-
tions. Theresultsshow thebenefitsof MVSS over a tradi-
tional storagesystemwhentheIO interconnectionbetween
hostanddisksis thebottleneck.

MPEG It is suggestedin [19, 5] that the properway
to presentweb contentto a particularclient dependsupon
its individual characteristics.For example,it makes little
senseto senda high quality MPEG streamto a hand-held
device with a small blackandwhite screenbehinda wire-
lesslink. MPEGfilesarelargeenoughthatstoringthesame
file at differentlevelsof quality on thedisk maynot bean
economicalsolution. In MVSS,filter appletscanbedevel-
opedto transformmultimediadatato fit aparticularclient’s
requirements.For example,an MPEGappletcangenerate
multipleviewsof anMPEGfile atdifferentlevelsof quality.
Thequalityof a view canbespecifiedby supplyingparam-
eterssuchasframerate,resolution,color at thetime of the
attachoperation.

We developedan MPEG filter applet to show how a
smartdisk canbe turnedinto an MPEG-awaredisk in our
system.Table2 shows theresultsobtainedby applyingan
MPEGfilter appleton the video streamsin MPEG files to
throw away video datafor B andP frames. We have also
implementeda finer-level MPEGfilter appletthatdiscards
slicesof pictureframesinsteadof entireframes.In Table2,
weshow thethroughputof readinganMPEGfile in thefol-
lowingcases:Raw NBD readshowsthetimetakenfor read-
ing thewholeMPEGfile over to thehostwithout any pro-
cessing.NBD with Filtering shows thetime takenfor read-
ing the whole MPEG file over to the hostandfor filtering
the videostreamon the host. MVSS with Filtering shows
thetime takenfor filtering thedataon thedisk throughthe
MPEGfilter applet.Theresultsshow a speedupof 40 per-
cent.Also theCPUusageonthehostdropsfrom 50percent
to 3 percentastheprocessingis now pushedto thedisk.

Theseexperimentsdemonstratetheadvantagesof MVSS
over traditional storagesystems. Resultsfrom the crypt
andMPEGappletsshow thatfor computationintensiveser-
vices,migratingprocessingto the devices leadsto signif-
icant reductionin CPU load on the host machine. This
allows MVSS to exploit the parallelismof providing ser-
viceson multiple active storagedevicesconcurrently. Re-
sults from the databaseselectionand MPEG appletsalso
show that MVSS canincreasethroughputby reducingthe
datatraffic betweenthe hostand the devices. We plan to
evaluateour systemwith moredisk machinesin futureex-
periments.



Our current prototype implementation is read-only.
MVSS is currentlybeingenhancedto provide supportfor
writes.

4 RelatedWork

In responseto the increasingstorageandcomputational
demandfor applicationssuchasdecisionsupportdatabase,
multimedia,the Active Disk andIDisk models[1, 15, 11]
have beenproposed.Thesemodelsproposeto take advan-
tageof theprocessingpower on individual disksto run ap-
plicationlevel code.Analytical modelsandprototypesim-
ulatorsof active storagehave beendeveloped.An evalua-
tion of theactive disk modelfor decisionsupportdatabase
is provided in [18] for active disksagainsttwo alternative
architectures:sharedmemorymultiprocessors(SMPs)and
workstationclusters.MVSS draws muchinspirationfrom
thesework. Our work focuseson a real implementation
and how to exploit the benefitsof active storagedevices
within the existing file systems.MVSS supportsa block-
level interfaceunlike the streammodelproposedin earlier
approaches.Also the schedulingandmixed workload is-
suesarenot addressedin theearlierwork.

The derivedvirtual device (DVD) model[14] proposed
in the Netstationproject provides a mechanismfor safe
shareddevice accessin an untrustedenvironmentby cre-
atingDVDs andmanagingthemthrougha network virtual
device manager. Theproposedthird-partytransferscheme
usingDVDs is similar to that in NASD. The Linux NBD
thatis usedin our prototypeis similar to their virtual Inter-
netSCSIadapter[13].

Virtualdisks[2] andlogicaldisks[4] havebeenproposed
to improve storageorganizationsandfile systems.Virtual
disksin MVSS area differentgeneralizedabstractionof a
storagedevice.

Stackablefile systemallows extensionof functionalities
for existingfile systemsthroughVnodeStacking[16, 17, 7],
which allows the interpositionandcompositionof vnodes
sothatfile systemmodulescouldbelayeredon top of each
other. Earlier work on stackablefile systemhasbeenfo-
cusedon file level enhancementanddoesnot supportser-
vicemigrationto thedevices.

5 Conclusions

We have proposeda storagesystemthat allows flexible
servicemigrationto the storagedevices. We showed that
theblock-level interfaceaffordedby MVSS allows flexible
servicedeploymentwithin existingfile systemswithoutany
significantchangesto the underlyingOS.We alsoshowed
that it is possibleto build MVSS without porting signifi-
cantamountsof file systemfunctionality onto the device.

Resultsfrom a Linux PC-basedprototypesystemdemon-
stratedtheeffectivenessof MVSS.

We plan to port more servicesonto MVSS to demon-
stratetheflexibility of theapproach.
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