nfsp: A DistributedNFS Sener for Clustersof
Workstations'

PierreLoMBARD YvesDENNEULIN

Laboratoireinformatiqueet Distribution- IMA G
ENSIMAG - Antennede Montbonnot- ZIRST
51 avenueJearKuntzmann38330MONTBONNOT SAINT MARTIN, FRANCE
{Pi erre. Lonbard, Yves. Denneulin} @mag. fr

Keywords: clustersdistributedfile systemNFS,UDP, spoofing

Abstract

As clustersof workstationget moreandmore popular(andasa consequencbiggerand
bigger), disks of thesenodesareonly usedfor the systemandtemporaryfiles. Systemghat
offer anabstractiorof the storagedevicesin a distributedmannerfor a clusterarefew andfar
between.In this paperwe introducean extensionto the implementatiorof NFS more suited
to the contet of clustersbecausedt makesuseof the disk spaceavailableon the nodesof the
clusterinsteadf theoneavailableontheseneronly. Oursolutionreliesonthesameprinciples
asPVFS:ametasergr andl/O daemonsWe presenits architecturethefirstimplementation
we did andearly performanceesults.

1 Intr oduction

The mostrecenttrendin parallelismis the rise of the “poor man” supercomputeli.e. clusters
of PCsconnectedhrougha dedicatedsometimesigh performancenetwork. This kind of clus-
tersarenow called Beawvulf asdescribecby ThomasSterlingin [SSBY95]. 6 yearslater mary

works have beendoneto take full advantageof this architecturan mary fields: schedulingjoad-

balancingremotelogin, programmingervironmentsandruntime.

Many works have alsobeendoneon filesystemsa summarycanbe foundin section2. How-
ever thesesolutionsdo not completelytake into accountthe characteristicef a clusterdedicated
to heavy computation:high availability, local network, secureenvironment,large disk spaceon
every nodeanduseof standardasopposedo highly specializedsoftware. It is not yet possible
to usea subsetf nodesto be a distributedfile serner without usinga new protocol, which often
requiresa kernelmodification,or acompletereinstallation atworst, of all theclients.

*This work utilized resourcesprovided by the ID/HP i-cluster  More information is available at
http://icluster.img.fr
tThis work is fundedby the Frenchresearclinstitute CNRS.
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The industrial solutionsfor storageoffers are mainly dedicatedNFS seners shippingwith
severalhigh-performanceéisks“merged” by meansf ahardwareRAID technology This solution
worksbut is quite expensve to buy anddoesnt make useof the disk spaceavailableonthe nodes
of thecluster The systemwe presenin this paperaimsat providing a solutionthat

e enablegheuseof thedisk spaceof all, or a subsebf, thenodesof a cluster
e givesauniqueandunifiedview of this disk space,
¢ offersperformanceyoodenoughto saturatehe bandwidthof the network,

e nomodificationsontheclientside.

Thelastpoint led usto usethe NFS protocolon the client side,the sener beingbasicallycut
into two entities: onethat storesthe file systemstructure(a.k.ametadatajpndthe otherthe real
data.Usingthis approactwe hopeto combinetheflexibility andwide availability of NFStogether
with goodperformances.

Therestof this paperis organizedasfollows: in section2 existing works doneon distributed
file systemsare presentecand commentedwith respectto a clusterervironment. Then section
3 presentghe hardware and software context in which this work wasdoneandin section4 we
explain our proposal.Thefollowing section,5, presentsometechnicalissuesve hadto dealwith
to implementour distributedfile systemandsection6 give the first resultswe obtainedwith our
implementationWe concludeandgive directionsfor futureworksin section?.

2 Relatedworks

Therehasbeenwork on distributed/netverk file senerssincethe early eigties. They aim at ad-
dressingvariousissuedik e: security performancegjistributedcaching.In this sectionwe review
someof themandfocusontheissuethey wantto addressSincewe focuson Beowulf clusterswe
will only review heresolutionsavailablefr eelywith anopensourcelicense

The AFS family (AFS, OpenAFS,CODA) aims at providing a secureway of sharingfiles
amongthe nodes,within a campusfor instance. Thereare main seners (“cells”) thatare often
dedicatedile seners. Theinstallationcannotbe describedastrivial, yet onceinstalledit offersan
effectiveway to sharefiles securelyon alargescale.Besidegheon-disklocal cachesystemt uses
is foundto bereally handyandoffers performancedoosts.Yet, for a safeernvironmentsuchasa
protectedcluster this solutiondoesnot suit sinceit addsmary thingsnot necessaryor a cluster
andrequiressomenot-so-olvioustweaking.

xFS' ([WA93] and[WAD97]), is a part of the ProjectNoW at Berkeley that finisheda few
yearsago. Thus,it is nolongermaintainedandhasnot beenportedto Linux.

Oneof the mostadwancedprojectconcerningclusterfilesystemss hostedby the Parallel Ar-
chitectureResearch.aboratory at ClemsonUniversity: PARL begandevelopingPVFS[CIBT]
in the late nineties. From a softwareview, a centralmetaserer andl/O daemonsareused. This
systemshipswith it own filesystemtype (pvf s) registeredinto the systemby meansof a kernel

1Thisis not SGI's XFS - thejournalledfilesystem- recentlyopen-sourcedndportedto Linux.



moduleto allow a transparentiseby the end-user The configurationandinstallationwas a bit
tricky whenit wastestedon afew nodesafew monthsago.Currently PVFSusests own protocol
of communicatiorover TCPstreamswhich obligestheadminto modify theclients’ configuration.

Last but not least,the NFS sener is quite simpleto install andthe client parthasbeenused
andtestedfor severalyears. It may not be a POSIX-complianffilesystemor sometimedave an
awkward semanticbut it works for mostcases. Yet, it doesnot scalewell assoonasthereare
severalconcurrentlientsandthestorages centralized.

To summarizenponeof thesystemgpresentethasthetwo mostimportantcharacteristicgr our
cluster: easines®f useandadministration(minimal modificationsof the system). They provide
too mary unneededhingsin the context of a cluster like an elaboratesecurity protocol (AFS)
or needcarefulinstallationand maintenanc€PVFS). This is what motivatedus to develop an
extensionto NFSto provide thesecharacteristics.

3 Context of the Work

As partof aprojectto provideacompletenfrastructurdor computingontop of corporatentranets,
Hewlett-Packardgave to the ID lab a clusterof 225 PCsconnectedvith alow costnetwork. The
i-clusteris built using 225 off-the-shelfHP’s iVectra: Intel Pentiumlll 733MHz, 256MB RAM,
100Mb ethernetcardsand 15GB IDE harddrive. It hasbeenranked 385thin the latestTop50¢
list of themostpowerful systemgsee[RAM T01]).

After several monthsof use,it occuredto us thatthe disk spaceavailable on the nodeswas
seldomused,the basesystemandthe swap taking at most4GB, the other 11GB left arelost. So
we startedlooking for a distributedfile systemthat could avoid this loss. Sincewe arein the
context of aclusterusedevery day by mary userswe hadtwo importantrequirements:

compatibility donotforceamajorretuild of theinstallation,

stability do not breakthe whole systemby usingstandardheaily tested)software andavoing
messingwith thekernel.

As explainedin section2, noneof the solutionswe tried satisfiedtheseconstraintsthatis why
we decidedto develop our own solution: designinga simpledrop-inreplacementor the network
filesystemNFSthatwould dispatchthe load of I/O’s amonga pool of machines.

4 The nfsp proposal

The designof this extensionto NFSis to split the standard\NFS sener in a subsetof dedicated
smallerseners: a metadatasener that holds the attributes (timestamps permissionsgetc . ..)
whereagthe contentof the files are physically storedon other machineson which runsan 1/0
daemon.

The traditionalarchitectureof a network file sener is shovn on figure 1. Therearecommu-
nicationsbetweenthe sener andthe clients, the architectureof the sener, and,in particulay the

2http://www.top500.0g
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numberof disksit has,is hiddento theclients. Thebandwidthusedbetweerthemdoesnotdepend
on the numberof disksthe sener containsor on the numberof clientsit hasto sene but on the
network betweenthem. Suchan architecturds thoughnot very scalable the sener will always
remaina bottleneck. Thusit seemsanterestingto try to distribute the serer on a setof nodesto

avoid this, suchworksarepresentedn section2. The problemis thento succeedn maintaininga
coherenstatein thefilesystemwithout centralizingit. Thisimpliesanoverheadhatis notalways
acceptableandmakesmorecomple, andthereforedifficult to designsucha systent’bug-free”. It

alsomeangdesigninga new protocolandforcestheclientsto implementor install it aswell.

Theapproachwe proposds to keepa centralsener thatfully implementghe NFSprotocol,so
nochangds neededntheclientside,while distributingthe storageof thedataon severalnode of
the clusters.Hencethetransmissiorof the “real” datawill occurbetweemodesandnot between
thesenerandtheclients’.

The architectureof our proposalis shavn on figure 2. When a client hasa reador write
operationto doit will sendit to the sener, to complyto the NFS protocol. If it is areadoperation
thenthesenerwill simply forwardit to the nodethathasthe datarequestedThis nodewill reply
directlyto theclientusingtheseneraddresso dothat'. If caseof awrite operatiorthesenerwill
forwardit to thenodethatwill storethedata.

This is shavn on figure 2 by the sequencef messagesecessaryo handlea first request(1l
to 3), in this casea readone: the requestis sentto the sener that forwardsit to the nodethat
hasthe datarequestedvhich thenrepliesdirectly, not throughthe sener, to the askingnode.The
message$ to 6 illustratethe processingf anotherequest.

30nly for thereadoperationsye will seewhy later
4This operationis calledspoofingthe sener addressn theliterature.



5 Technicallssuesand implementation

This sectionpresentghe technicalaspectof our sener and shovs wherewe hadto modify a
standardmplementation®f NFS.

5.1 Standard NFSv2protocols: NFS,RPC, UDP

TheNFSprotocol(version2) is normalizedn theRFC1094[IET89]t is built overtheSunRPC[IET88
mechanismsisingXDR[IET87] for dataformats.SunRPCs maybeusedover TCPor UDP sock-
ets,but concerning\NFS, mostsener only offer UDP support Besidesasthe RPCsystembrings
afiability layerto the NFS protocol (acknavledgements/resendad requests, ..), TCP may not
offer greatimprovementsexceptto avoid congestionwhich is relatively uncommonon modern
switchedlocal networks.

TheNFSsener setis splitinto two processesasshavn in figure 3:

e themountd procesghatimplementghe mountprotocol(somekind of initialization proto-
col),

¢ thenfsd procesdghatdoesthel/O andprocessetherequests.

Oncethe client hasmountedthe NFS volume,the communicationhapperbetweerthe client
andthe nfsd by meansof UDP paclets. The sener waits on port 2049 and client on a system
port (belowv 1024). Thus,theclientsendsarequestontainedn a UDP paclet: [P j;e::pOM.jien: 1O
IPserver: 2049, thenit expectsto receve areply in a UDP packet which sources IP,,;...,:2049and
destination)P ;e :POrtient.

5.2 Why ausermodeserer?

Most NFSsenersaremultithreadedandrunsatthe kernellevel to increasehethroughput As we
don’t wantto beintrusive regardingconfigurationwe decidedto usea userspacamplementation
of theNFSsenerinsteadof modifying thekernelone.

The Linux UserSpaceNFS sener was implementeda few yearsago by Mark Shand,and
furtherenhancedy DonaldBecler, Rick Sladley, OrestZborowski, Fredvan KempenandOlaf
Kirch. It did notevolve muchsincel1998,whentheversion2.2 wasreleased.

It is a bit slower thanthe kernelmodesener, mainly becausef the overheadaddedby data
copies:disksto kernelbuffersto userspaceto kernelspace(network buffers) for a readrequest,
thewrite beingin thereverseorder

Yet, it is simplerto modify anda crashwill nothangthewhole maching(comparedo akernel
level sener). Besides,nstallationis also quite simple and requiresminimal administrationand
configurationprovidedthereis alreadyNFS supportavailable,whichis the caseof mostsystems.

5.3 A fewdefinitions

In thefollowing parts,thefollowing termswill be usedasdefinedbelow:

Smaybebecausenostclientsonly have only supportfor the UDP mode...
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realfile: thefile asseenby theuser
metafile: thefile onthenfspsener
metadata: dataconcerningafile - in nfsp, metadatarehandledat two levels:

e theunderlyingfile systemfor timestampspwner;, etc.. .
e anothemartstoredin the metafile(sizeof therealfile, seed)

datafile: afile containingdataof therealfile. We will seelaterthatthesedataarestoredon the
iods.

To illustratethis: arealfile is madeof a metafileholding metadataon the metaserer and of
datafilesstripedon I/O daemongiods)runningon I/O nodes.

5.4 Architecture overview

The file systemis handledby two kinds of sener: onethatdealswith metadatgfilenames per
missions, ..) andseverall/O daemonghathandlethe data.To simplify the notationstheformer
will becalledmetaserer (or nfspd)andthe latter, iods.

Themetaserer currentlykeepsmetafilesn a standardJnix directory(ondisk). Thisdirectory
will be exportedby meansof the standardNFS mechanismgnount ).

Thereexistsamapping:

e onemetafile & onerealfile onthemetaserer

e one“specialfile” (directory pipes,blocksor charactedevices)< one“specialfile” seerby
theclient

Thusif youdoafi nd / export onthemetasereroronaclientyouwill seethesamefiles.
Yet, if their sizeis looked at, it will appearthaton the metaserer every file hasthe samesize (a



few bytes)andon the client their sizesare different (you will find an examplein the following
section).
File attributeson the metaserer arestoredin two places:

¢ in the metadataf the underlyingfilesystem(ext2fs for example),for “standard”attributes,
thatis theonenotalteredby striping: creationtime, owner, group,permissionsetc.. .

e in the metafileitself: sizeof therealfile, “seed” of thefile. ..

5.5 What arethe differenceswith a standard NFS server?

This partpresentsiow we implementedhe mostcommonoperationsn the prototypewe devel-
opped.

5.5.1 Creation

Whena regularfile® is createdoy the client, the metaserer createsa metafilewhosenameis the
sameasthe onespecifiedby the client. This metafileis thenopenedandthe following thingsare
writteninto it:

amagicnumber: usedto be abit moresureit is a correctmetafile,

a seed: this figure is generatedusingthe libc r and() functionandis currently usedto give a
“version”(or “cookie”) to theinodea metafilelivesin; it will alsobeusedto choosehefirst
nodeof striping,

the sizeof the realfile: this valueis modifiedwhendatais appendedo an existing file or when
thisfile is cut.

A seeds usedsinceiodsonly know the datathey storeby theinodeandseedof the metafile.
Theproblemthatcouldhappenf suchmechanisnwerenot usedwould bethatstaledatacouldbe
readif themetasereris shortoninodenumbersandreallocatesininodebeforethedatais flushed
ontheiods.

With this seed,eventhoughtheinodeis reallocatedandtheiods did not flush all of the data
they had aboutthe previous “version” of the file, staledatawill not be read(somekind of lazy
deletion). This mechanisnis similar to the onefoundin the inodesof the ext 2 filesystem(the
file versionmaybefoundby meansfl| stattr -v).

Anotherconsequencef the mappingusedis thatwhenthe userhardlinkstwo realfile, in fact,
two metafilesthathardlinked.

Whena specialfile is createdby the client, the metaserer createshe correspondingpecial
file for storage.

As aresult,if you comparethe directorylisting on botha client andthe metaserer, they will
bethesame.However, if you considerthesizesof thefiles, youwill noticethatregularfiles stored
onthemetaserer all have the samesize (afew bytes)whereaghe clientsseethemwith different
sizes.

Sthatis: notadirectoryor speciaffile(pipes,block or charactedevices)



Example:
Onthemetaserer: $ls -1 / META

-rw---- 1 user group 12 Sep 10 14:27 test.O
Onaclient: $ Is -1 /MNT/

-rw---- 1 user group 295456 Sep 10 14:27 test.O

5.5.2 Deletion

On a classicalNFS sener, a deletionrequestis sentby the client to the sener which call un-
I i nk() onthefile andthenacknavledgeshe RPC.

This processthoughsimpleis abit trickier in nfsp. Whena clientwantsto eraseafile, it sends
arequesto the metaserer. The metafileis st at () 'ed andits hardlink countis checled: if it is
above 1, thenthe metafileis removed andthe underlyingfilesystemwill decreasdy 1 the count
of the otherhardlinks. Yet, if it is 1, thenthe metaserer sendsa messageontainingthe inode
and seedof the file to an ancillary procesqunl i nkd) that was spavnedat the launchtime of
unf spd. Thecommunicatiorpipeis a standardJnix pipe. Then,it sendsanacknavledgmento
theclient.

Meanwhile theunl i nkd procesgathergemoverequestsill amaximalnumberof messages
is reachedr somespecifiednactvity delayhasbeenobsered. Onceoneof theseeventshappen,
it multicaststo everyiod throughTCP streamghefiles thatneedto be erased.

For your information, in our first implementationwe usedto sendremove notificationsvia
UDP anddid not careif they did not succeededometimesthusacceptingsomedisk leaksthat
would be fixed by anothemaintenanceool. Yet, whena burstof remove notificationshadto be
sent,they floodedthe UDP soclet andweresilently lost, which causednassve disk leakson the
iod, sowe usedanotherapproach.

5.5.3 Read

OnaNFSsener, aREAD requestis sentby theclientto thesenerwhich sendghedatarequested
togethemwith NFSattributes.

In nfsp,the client sendghe READ requesto the metaserer. Thelatterreadsmetadatafinds
the iods that will hold dataand thenforward it the request. The iod, processeshe requestit
recevedandspoofsthereply the metaserer shouldhave sentto theclient.

The spoofingwith portsandhostsis illustratedin 4.

5.5.4 Write

In a standard\FS sener, a write requesthasto acknavledgedby a shortpaclet containingthe
RPCacknavledgmeniandthe attributesof thefile (metadata).

In nfsp,request$oldingdatato write aresentto themetaserer. It readsnetadatandforwards
it, togethemwith thedatato write, to theiod chosenby the hashfunction.

Then, the iod processeshe requestand spoofsthe acknavledgementhe metaserer should
have sentto theclient.

The spoofingworksthe sameway asfor a READ requesgsillustratedin 4.



5.5.5 Other requests

Every otherNFSrequestirehandleddirectly by the metaserer, without interactingwith theiods.

Somecarehasto betakenthough:sometimesmetafileshave to bereadsoasto senda correct
replyto theclient.

For instance whenthe NFS requestSTAT - usedto get metadataof afile - is required, the
NFSsenersimply callsthest at () function.

In NFSR thosecalls are wrappedin functionshandlingthe metadatastoredin the metafile,
which allow thenfspdto generatea valid answerin theview theclienthas.

5.6 1/0 daemons(or iods)

I/0 daemonsverefirst designecassmallsenerloopsthatwaitedandprocessetDP pacletssent
by thenfspd.Yet, thisapproacthasbeenfoundsoonto benot easilyextensibleto correctlyhandle
thedeletionof filesandwe neededo adda TCP stream(seethe explanationgn 5.5.2).

Thatis why we movedto a multithreadedapproactsincesynchronou#/O’s with multithread-
ing tendto offer agoodcompromiseor performancesndsimplicity of code(comparedo asyn-
chronoud/O’s). lods have beenrewritten to usePOSIX threadsandnow we have a moresimple
andmaintainablearchitecture.

Thereis anarrayof buffersusedto spoolrequestecevedandwait for 1/0.

e onethreadgetsrequestsia UDP paclets from the metaserer (READ/WRITE/PING)in
oneof thebuffersthenwakesup anl/O thread,

e onethreadgetsrequestviathe TCPstreanthemetasereropensvhenit is launchedindeed
only PURGErequests)n oneof the buffersthenwakesup anl/O thread,

¢ |/O thread(s)aresleepinguntil they arenotified somework hasto be done,whatever it may
be.

Thesocletdedicatedo outputis aRAW soclet. It is necessario usesuchalow-level socletto
controltheway pacletsaresent.A simplisticUDP stackis thenusedto sendmessagefragments
themaccordingto the MTU of theusednetwork interface).

The simple protocolusedbetweenthe metaserer andtheiodsis (imaginatvely :) callediod
protocol andconsistof afew messages:

READ sentby the metaserer to theiod, containsnodenumber offset, seedthe 4-uple (IP ;ent,
POMient, IPmetaserver POMmetaserver ), the RPCxid® andthefile attributes. Theiod spoofsthe
reply to theclient.

WRITE thisrequestontainsthe samedataasthereadbut it alsoincludesthe datato write. The
iod is to spoofthe acknavledgemento theclient (NFS/RPCreply).

PURGE this requesis usedto flushevery datafile still existing ontheiods. Currently it is sent
to everyiodin arow butis scheduledo bereplacedy a multicastor broadcastUDP paclet.

’if theuserrequest®nthecliental s -1
8identifiernumberof the SunRPCrequest



Two othermessagegypesexist, mainly for administratve (or troubleshooting) purposeand
morespecificallyto testwhethertheiodsarerunningfine.
They maybe sentfrom ary hostto theiodsandare:

e PING:the PONGreplywill be sentby meansof a UDP socletfrom “our” UDP stack,thus
it may spoofanotherdP addresgo testwhetherspoofingworks,

e PONG:theacknavledgementmessagés sentbackto therequester

5.7 Considerationsof security

Theprotocolin itself is not really securecandratheraimedat a safeervironment,suchasthe one
foundin acluster

An additionallevel of securitymight be addedby forcing iodsto listen on portsbelonv 1024
whichwould meanthatthey werelaunchedoy aprivilegeduser Thenf spd mightalsobetold to
usesuchportsto offer arelatively smallimprovementin security

lods mustbe launchedwith superuseprivilegesto openthe RAW soclet but theseprivileges
aredroppedassoonasthe RAW soclethasbeenopened.

5.8 Installation

Theinstallationonthe mastemode the onethathoststhe metaserer, is meantto be quite simple:

editanexport s file (sameformatasfor standardNFS sener)

editani ods. conf file (list of thepool of iods)
¢ launchtheiodsonthehosts/portyoudeclaredni ods. conf onall thel/O nodes

launchthenount d daemon

e launchthenf sp deamon

And voila, theseneris now up andreadyto sene.

Theclient hasjustto mountthe NFSvolumeit describedn theexpor t s file:
mount -t nfs netaserver:/export /mt/foo -0 rsize=4096, wsi ze=4096

An i od_pi ng utility is availableto checkthe stateof the iods, and may help to checkif
spoofedUDP pacletsareallowedto be sentto the network.

6 Preliminary results

This sectionpresentshe resultsof the testswe ran. They shouldbe consideregreliminarysince
the codehasplaceswhereour nfspddaemorreally needoptimizing.
Pleasenotethatin thisdocumentB standdor byteandb for bit.
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6.1 Description of the testbed

All thenodesmetaserer, iodsor clientshave the samehardware (describedn section3) andrun
anoff-the-shelfLinux Mandralereleaser.1,poweredby a customcompiledstandard.inux kernel
2.4.4.

To lower the influenceof the cachesystemoffered by the kernel,the memoryavailable for
the systemshouldbe setto a lower value: for instanceat boottime, onemay usethe nrem=16M
optionmaybeusedto tell theLinux kernelto consideronly 16MB out of thetotal systemRAM in
the system.However, this approachis not yet usablesinceit would requirerestartingthe system,
which our resenationsystemdoesnot handlequite well.

The otherapproachwe chosesinceit waslessintrusive wasto defeatthe cacheby disabling
theswapdevicesandusingafile beingtwice the RAM size.

TheNFSsener of our cluster(runningaP3-1GHz512MB RAM and1GB swap poweredby a
2.4.5-xfs-1.01Linux kernel).

To startthe clients almostsimultaneouslyand thus heavily stressthe sener processegnf-
spd-+iods)we usedthe parallellauncherka- r un ° developpedoy Cyrille Martin (see[MRO1]).

6.2 bonni e++ tests

In this test,nfsphasbeentestedby Bonni e++ 1.0.2by RussellCoker 1°.

We have hadsomeslight troubleswith runningthe massve file creationanddeletion,which
mostlik ely comesfrom therecentrewriting of mostof this code.

In thetwo following tables the sizeof thetestfile is 512MB (twice the RAM size).

Write Read Random
/char /block Rewrite /char /block seeks
KB/s || %CPU | KB/s | %CPU | KB/s | %CPU | KB/s || %CPU | KB/s | %CPU | /s || %CPU

NFS:1c 9065 96 10701 8 4986 4 8211 81 9683 4 210.7 1
NFSP(4):1c 7514 72 7248 6 4376 4 7889 80 8550 4 623 5
NFSP(8):1c 7255 69 8032 6 4541 4 8955 93 8973 5 679 5
NFSP(16):1c 8474 82 7907 7 5301 5 9044 94 10067 6 627 5
NFSP(32):1c 8486 80 8284 7 5090 5 9034 94 9627 5 662 4

With asingleclient, the performancearenotwonderful,andevena bit worsethanthe onewe
evaluatedon the NFS sener. This may be explainedby the overheadmplied by the approachin
lateng for instancesincemessagebave to betransferedria the nfspd.

In the tablebelow, two clientsarelaunchedalmostsimultaneouslyvith ka- r un.

Write Read Random
/char /block Rewrite [char /block seeks

KB/s || %CPU | KB/s | %CPU | KB/s | %CPU | KB/s || %CPU | KB/s | %CPU Is || %CPU
NFS:1stc 5401 49 5730 4 2531 2 4698 42 5174 2 273.4 1
NFS:2ndc 6274 57 5753 4 3361 3 4666 43 4575 1 204.4 1
NFSP(32):1stc 5315 48 5555 4 4677 4 8135 82 8130 4 683.5 4
NFSP(32):2ndc || 5737 53 5810 4 4080 3 8300 83 10462 6 698.4 6

9Furtherinformationatht t p: / / ka-t ool s. sf. net/ .
10Checkht t p: / / www. coker . com au/ bonni e++/ for furtherinformation.
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As one may seeit, the write operationsare limited by the 100Mbpslink (around11MB/s),
whichis obsenedif client1 andclient 2 write speedsareadded.

Yet, for the read,unlike the NFS sener, more bandwidthis available since several network
cardsmaybeusedwhich appearsvhenthereadspeedf bothclientsareadded.

6.3 Concurrent sequentialtests

We testeda massve sequentiafeadwith anincreasinghrumberof clients.

Tolllustratethis,we createch 1GB (4 timestheRAM size),andusedl6iods. Thisfile usingthe
following command:dd i f =/ dev/ zero of =fil e bs=1M count =1024, which took around
150s.

To have this 1GB file readconcurrentlyby several clientswe issuedthe following command
oneveryclient:dd i f=file of =/dev/null bs=4096.

The performancesve obtainedareillustratedbelow.

Total bandwidth used (MB/s) [16 iods]

60

50 | 3

40 g

MiB/s

30 | 1

20 b
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0 2 4 6 8 10 12 14 16

# concurrent clients

Figure5: Total bandwidthused(MB/s)

Startingat 6 clients,the cumulatedbandithsened by the nfspddoesnot increaseandfinishes
by becomingalmostconstantyhichis abit disappointingandrevealsthepresencef abottleneck.

We first thoughtthatwe saturatedomebuffer in the switcheswe used(HP Procune 4000)but
aquick look at their specificationshaved a maximalbackplanespeedof 3.8 Gbps,which let us
somemagin!

50MB/scorrespondsoughlyto 12,0004KB requestshus12,000messagearetransferedrom
the nfspdto the iods, which is around2,000KB/s,which doesnot saturatethe nfspd bandwith,
either

However, we suspecthatthe metafilehandlinghasto be optimized(at leastby somekind of
caching) whichis not currentlythe casejndeedthe metafileis readagaineachtime arequesthas
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to berepliedto, which costssyscallsandcachefile access.
This phenomenoris currentlyunderfurtherinvestigationsandwe are confidentthat this bot-
tleneckwill beexactly identifiedandfixedfor thefinal paper

6.4 Summary

Thewrite will belimited atthespeedf themetasererethernetardsinceusingthe NFS protocol
impliestheclienttalksto its sener: datamustberecevedthen,forwardedto theiod thatwill store
them.

The readlooks more interestingand promisingsincethe requestdbetweenthe nfsp and the
iods aresmall anddo not saturatethe metaserer network interface. Then,the iods processead
operationsandsendbackthe datadirectly to the client, not wastingthe metaserer bandwidth(on
aswitchednetwork of course).

7 Conclusionand futur e works

In this paperwe introduceda extensionto the NFS protocolto adaptit to the context of clusters.
Our proposals to splitthe NFS senerin two parts,onein chage of the metadataandthe otherof
thedatathemseles.We presentedhe architectureof our systemandanimplementatiorthatgave
interestingpreliminaryresults.

We currentlythink of severalextensiongo enhancehe system:

e enhancehe metaserer by usingcachingof metadatandnot usingthefacilities offeredby
underlyingfilesystemfor storageof metadata...,

e usethreadson the metaserer to increasethe throughput: the original architectureof the
NFSusermodesenerhasbeenkeptto avoid amajorrewrite: it is amonothreade@ossibly
forked)applicationsbut is not cleanlyandeasilyextensible;yet, beforedoingthis, the code
needsauditingsinceseveral partsof the codearenot reentrant,

e runasakernelextensionto avoid excessve memorycopiesinherentto userspaceapplica-
tionswhenourimplementatiorwill have provenits robustness,

e implementa distributedNFSv3sener: asynchronousvrite tendto offer aninterestinggain
in efficiengy. Besidesthis protocol supportlarge files (over 2GB) unlike NFSv2. Some
researchhasstill to be carriedoutto seehow the NFSv3commitrequesimay be handledn
acoherenway andhow notto overloadthe metaserer.

NFSPaimsat beingsimpleto install andto run andat usingseveralmachinedo load balance
thel/O bottleneckontoseveralharddisks. Besidesasideeffectof thisappearsincetherearemore
machinesthusthereis morememoryandconsequentlynorecacheandhencemoreperformances,
whichis notanggligible point.

Adding redundang without sacrifyingperformancérasalsoto be investigatedaswell asthe
useof multicastUDP datagramgrecentswitcheshandlethemnatively).
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Justasyou needmore power in a cluster we would like to extendthe file systemaseasily:
plugginga new disk or a new machineinto a clusterandthe availabledisk spacewould increase

smoothly

The prototypehasbeenrunning on our clusterfor aboutone month, and hasbeenusedby
several users. We have not met ary critical problemsso far. A detaileddescriptionof the in-
stallation process,togetherwith a CVS snapshois currently available at the following URL:
http://wweid.inmag.fr/Laborat oire/ Menbres/ Lonbard_Pi erre/ nfsp/.
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