
Por ting XFS to Lin ux

TheXFS filesystemcodeon IRIX consistsof about112thousandlines
of code(includingcomments).Wewill talk aboutwhathappenedwhen
we tried to movethis to theLinux kernel.Justto make thingsmore
interestedwealsodecidedto implementfilesystemmetadatacachingin
thepagecacheinsteadof thebuffer cache.

1. Notes

1.1. Original presentation
Theoriginal presentationof this talk occurredin roomA of theOttawaLinux
Symposium,OttawaCongressCentre,Ottawa,Ontario,Canadaon the21stof July,
2000at 10:00local time.Thispresentationwasgivenby SteveLord.

1.2. Presenter bio
Steve is aseniorfilesystemdeveloperat SGI.Stevegraduatedfrom theUniversityof
Manchesterwith adegreein computerscienceandhasbeenworkingon Unix systems
since1983andonfilesystemssince1992.A Linux usersince1991,Stevefinally got to
work onLinux in hisdayjob this year.

1.3. Presentation recor ding details
This transcriptwascreatedusingtheOLS-suppliedrecordingof theoriginal live
presentation.This recordingis availablefrom
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ftp://ftp.linuxsymposium.org/ols2000/2000-07-21_11-18-46_A_64.mp3

Therecordinghasa64kb/sbitrate,32KHzsamplerate,monoaudio(dueto thestyleof
singlemicrophonerecordingused)andhasafile sizeof 28646784bytes.TheMD5
sumof this file is: eef42fa82717f68f9a01eec6fcf4a579

1.4. Creation of this transcript

1.4.1. Request for corrections

This transcriptwasnot createdby aprofessionaltranscriptionist;it wascreatedby
someonewith technicalskills andaninterestin thepresentedcontent.Theremaybe
errorsfoundwithin this transcript;weaskthatyou reportthemto usingthebug
trackinginterfacedescribedat http://olstrans.sourceforge.net/bugs.php3

1.4.2. Tools used in transcript creation

This transcriptionwasmadefrom theMP3recordingof theoriginal presentation,using
XMMS for playbackandlyx (with docbooktemplate)for thetranscription.

1.4.3. Format of transcript files

Thetranscribeddatashouldbeavailablein anumberof formatssoasto providemore
readyaccessto thisdatato a largeraudience.Thetranscriptswill beavailablein at least
HTML, SGML andplainASCII text formats;otherformatsmaybeprovided.

1.4.4. Names of people involved with this transcription

This transcriptwascreatedby JacobMoormanof theMarbleHorseFreeSoftware
Group(whosepagesliveat http://www.marblehorse.org).Hemaybereachedat
roguemtl@marblehorse.org
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Theprimaryquality assurancefor this documentwasperformedby Stephanie
Donovan.Shemaybereachedat sdonovan@achilles.net

1.4.5. Notes related to the use of this document

Thisdocumentis distributedin thehopethatit will beuseful,but WITHOUT ANY
WARRANTY; without eventheimplied warrantyof MERCHANTABILITY or
FITNESSFORA PARTICULAR PURPOSE.While quality assurancecheckson this
transcriptwereperformed,it wasnotcreatednorcheckedby aprofessional
transcriptionist;thetechnicalaccuracy of this transcriptis neitherguaranteednor
confirmed.Pleasereferto theoriginal audiorecordingof this talk in theevent
confirmationof thespeaker’s actualstatementsareneeded.

1.4.6. Owner ship of the content within this transcript

Thesetranscriptslikely containcontentowned,undercopyright, by theoriginal
presentationspeaker; pleasecontactthemfor licensingrequests,but dosoin apolite
manner, please.It mayalsobeusefulto contactthecoordinatorfor theOttawaLinux
Symposium,theoriginal venuefor this presentation.All trademarksarepropertyof
their respectiveowners.

1.5. Markup used in this transcript

1.5.1. Time marker s

At theendof eachparagraphwithin thebodyof this transcript,a timeoffsetis listed,
correspondingto thatpoint in theMP3recordingof thepresentation.This timemarker
is emphasized(in documentformatsin whichemphasisis supported)andis placed
within bracketsat theveryendof eachparagraph.For example,05m, 30s statesthat
this paragraphendsat thefive-minute,thirty-secondmarkin theMP3 recording.
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1.5.2. Questions and comments from the audience

Theserecordingswerecreatedusingabud microphoneattachedto thespeakerduring
their presentation.Dueto theinherentrangelimitationsof this typeof microphone,
someof thecommentsandquestionsfrom theaudienceareunintelligible.In cases
wherethespeaker repeatstheaudiencequestion,thequestionshallbeomittedanda
markerwill beleft in its place.Eventswhichhappenin theaudienceshallbebracketed,
suchas:Theaudienceapplauds.

Further, in caseswheretheaudiencecommentsor questionsarenot repeatedby the
speaker, they shallbeincludedwithin this transcriptandshallbeenclosedwithin
doublequotesto delineatethatthestatementscomefrom theaudience,not from the
speaker.

1.5.3. Editorial notes

Theeditorof this transcript,thetranscriptionist(if youwill), andthequality assurance
resourcewhohaveexaminedthis transcriptmayeachincludeeditorialnoteswithin this
transcript.Theseshallbeplacedwithin bracketsandshallbegin with ’ED:’. For
example:ED: Theauthoris referringto slicedcheese,not gratedcheese.

1.5.4. Paragraph breaks

Theparagraphbreakswithin this transcriptareverymucharbitrary;in many casesthey
representpausesor breaksin thespeechof thespeaker. In othercases,they havebeen
insertedto allow for enhancedclarity in thereadingof this transcript.

1.5.5. Speech corrections by the speaker

During thecourseof thetalk, thespeakermaycorrecthimselfor herself.In thesecases,
thecorrectedspeechwill beplacedin parenthesis.Thereaderof this transcriptmay
usuallyignoretheparenthisedsectionsasthey representcorrectedspeech.For
example:My auntoncehad(a dognamedSpot,sorry)acatnamedCleopatra.
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1.5.6. Unintelligib le speec h

In sectionswherethespeechof theauthoror audiencehasbeendeemeduseful,but
unintelligibleby thetranscriptionistor by thequality assuranceresource,amarkerwill
beinsertedin theirplaces,unintelligible.Severalattemptswill bemadeto correct
wordsandphrasesof this nature.In caseswheretheunintelligiblewordsor phrasesare
clearlynotof importanceto themeaningandunderstandingof thesentence,they may
beomittedwithoutmarker insertion.

2. Transcription of MP3-Recor ded Audio
My nameis SteveLord; I’m goingto betalking aboutXFS.Maybe60-40between
whatXFS is in termsof whatfeaturesit hasandwhatit is andhow it works,andwhat
we’vehadto do to getinto Linux.

SoI’ ll talk first abit aboutwhy we’redoingthis, thenI’ ll move into featuresof XFS,
someof how it works,I’ ll try not to replicatewhatwentbeforeyesterday, and
differencesin theinterfacesbetweenthefilesystemandtherestof theOSbetween
Linux andIRIX, which is wheremostof thework endsupbeing.A little bit about
pagebufs,which is thework we’vebeendoingfor file bufferingandmetadatabuffering,
whereweare,andwherewe’re goingfrom here.01m, 00s

So,first of all, obviouslywewantedto beGPLbecausewewantthis to go into Linus’
treeatsomepoint,we’re notexactlysurewhenthat’sgoingto happen,but somedayit
will happen.SinglesourcebasebetweenIRIX andLinux wasaninitial goalaswell.
Thereis ahundredandtwentythousand(120,000)lines,thereabouts,of codein the
kernelwith XFS.A lot of that’scomments.I’venotgonein andattemptedto saythere
arethis many actuallinesof realC code.01m, 41s

Sowereally don’t wantto havemultiple,differentversionsof this stuff. Wewantto
keepasmuchof it thesameaspossible.Thentheotherimportantthing is wewantto
beableto movefilesystemsbackwardsandforwardsbetweenMIPSIRIX boxesand
Linux. 02m, 05s
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First of all, thelegalendof things.WhenSGI announcedtheopensourcingof XFS, I
don’t evenremember, like,way long timeago,sometimeearlyishlastyear;I really
wishwehadn’t told thelawyers,becauseit washorrible.SGI’s legalpeopleinsisted
thatwedon’t do anythingwhichmight getthecompany sued.Sobasicallyagroupof
verybravepeoplein Australiatook thesourcecodeandthey wentandcollectedother
sourcebases,I meanATT SystemV, all sortsof stuff, andgeneratedall sortsof tools
for doingcomparisonbetweenthedifferenttreesandlooking for matches.Whenthey
did find one,wehadto take it outandreplaceit. And they foundfour or five.Veryvery
little. Thewholecoreof XFSdidn’t look likeanybodyelse’scode.Basically, it let them
learnthecode.It alsogot rid of two lawyersandit tookway too long to do.03m, 27s

Sourcecodecompatibility. Obviouslycommoncodebase.Thetwo reasonsreally; A)
thecostfor maintainingtwo; andB) if wehave to changeeverythingto make it work
on Linux, thenchancesarewearegoingto breaka lot of it in theprocess.Soit was
really fairly key to usthatwe try to keepthecoreof thecodethesameanddealwith
stuff aroundtheedges.Now unfortunately, at thesametime (IRIX didn’t haveagood,
over thelastfew years)IRIX really didn’t haveaverygoodreputationfor reliability
andthey really clampeddown on codegoinginto thatthingnow. Whichmeans,the
peoplewho look afterthatsay, noway, nohow areyouchangingourcodejust soit will
work onLinux. Soat themoment,wehavea lot of changesin our codewhicharen’t in
IRIX, maybethey’ ll go in theresomeday, but not for now. But we’ve tried to do things
in awaywherewecango back.04m, 34s

And then,finally, from theexternalmessageswegetarelike:keepit cleananddon’t do
stuff to Linux which is goingto helpyoubut hurtseveryoneelse,basically. And just
quickly throughthis,not very interestingto mostof thepeoplein here.Theon-disk
formatis now exactly thesame.Oncethepeoplein Australiahadfinishedreviewing
thecode,they thenwentanddid anendianconversionon thething,becauseMIPS is
big-endianandour first platform,theIA-32, is little-endian.They againdid all the
work on thatendof things,whichwasverynicebecauseI didn’t wantto do it.
Obviouslyweneedto understandthevolumemanagersfrom IRIX becauseif wecan
just supportsingledisks,it’ snot very interesting,sothatis in progressasa totally
separateproject.And finally, we’ll have to make thesystemcallslook thesame,
somehow, probablythrougha library layer. 05m, 34s

On to somemoreinterestingstuff: what’sactuallyin (earthquake,no, in) XFS,well,
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first of all, somenot-very-useful-these-daysfile sizelimitations;2-to-the-64thpower is
kind of well 2-to-the-63rdpowerminus1 for files,2-to-the-64thpower for filesystems
is kind of well, notusedpracticallyat themoment.Whoknows,somedayit maybe,but
therearerestrictionsin Linux whichpull usdown from that.I’vemanagedto createa
file with asizeof 2-to-the-43rdpowerminus1. SotheLFSstuff that’sout there...this
wason RedHat 6.2,sotheuserspaceLFS stuff doeswork. Becauseyoucancreatea
file thatbig, I haven’t, I wouldn’t recommendcountingit, though...(becauseI just) I
meanI don’t have thatmuchdiskspace,I just puta few bytesoutat theend.06m, 40s

WhenyoumakeanXFS filesystem,yougetto pick theblocksizeof thefilesystem.
This is theunit of allocation,sowhenyouareallocatingdirectoryblocks,whenyouare
extendingafile, this is thesmallestchunkof stuff it will allocate.Thatgoesanywhere
from 512bytesto 64kilobytes.Sixty-four kilobytesis just for peoplewhoalwaysdeal
with hugefilesandthereis no point in themmessingaroundwith smallstuff. The
default is four kilobytes.07m, 13s

And wearecompletelyextentbased.There’sacoupleof bitmapslayingaroundoneor
two places,but freespaceis managedasextents,in-usespacein files is all managedin
extents.Soextentsis basicallya tupleof file offset,diskblock locationandlength.Free
space(I’ ll getinto abit of detailthere,freespace)is actuallyorganizedastwo B-Trees,
oneof which is organizedby locationondiskandoneof which is organizedby size.So
dependingon whatyour first priority is whenyouallocatespace,youcansearchone
wayor theother. Soif youwantto putstuff closeto somethingelse,yougo to the
locationsearch,if you wantto getsomethingcontiguous,thenyougo into the
size-basedone.08m, 14s

I’m notgoingto attempt,I couldn’t attemptto draw apictureof whatthewholeof XFS
lookson this,but basicallywecanhave threesub-volumes.Youcansplit your
filesystemup into threedifferentsub-components.Data,which is themainpartof the
filesystem,andthat’smetadata,file data,freespace,everythingis in there.Thelog is
just acircularjournal.And thenwehavea real-timesubvolume,which is only usedfor
file data,there’s nometadatain thereat all. IRIX volumemanagerslet you build a
volumethathasnamedsubvolumeswithin it andon IRIX youcansay’mkfs’ on the
volumenameandit’ ll glueeverythingtogether. 09m, 13s

Martin down here,did somework onLinux to let uspassin separatenamesfor different
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sub-components,but in thecasewhereyouarejust usingasinglediskpartition,then
you don’t botherwith real-timeandbasicallythelog getsput in themiddleof thedata
subvolume.Sofor thesimplecase,noneof this comesinto play. 09m, 41s

Thenthedatasub-volumeis split into allocationgroups.This is theunit of
managementof space,if you like.Eachof thesemaintainsits own freespace,its own
inodestructures,whathaveyou,andyoucanhaveoneCPUallocatingspacein oneof
thesewhile anotherCPUis freeingspacein anotherone,soit’ salsoamulti-threading
thing. (Thoseare...)If you madeafilesystemon a9 GB drive, they’d probablycomein
at about1 GB each.They arelimited to a4 GB size.Sowhenwegetto really big
filesystems,wegetto have thousandsof them.Thatactuallygetsto beaproblemwhen
you wantamulti-terabytefilesystemandpeopleareworkingon that.10m, 32s

Theotherthing it letsusdo is havemoreof them,soif youhaveavolumemanager
which letsyouaddspaceto avolume,thenon-the-flyyoucangrow thefilesystem,
createnew allocationgroupsandthenpeoplecanstartputtingdatain them.When
we’re actuallyallocatingspace,normalcaseis delayedallocationor, asit seemsto be
gettingcalledin theLinux community, allocateonflush.11m, 05s

Whenyoudo awrite onXFS,usuallythereis no transaction.Thereis in-memory
structureswhich representtheamountof freespaceavailableandyou just subtract
from theamountof freespaceandtackit on to thefile andthereis anin-memory
representationof anextentwhich doesn’t haveaphysicaldisk locationyet.Thenlater
on,dueto memorypressureor syncactivity, or somethingelse,thisgetsflushedout to
diskandat thatpoint wedo theallocation,soyou coalescemultiplewrite callsinto a
singleallocaterequest.Thishelpsa lot for creatingcontiguousfiles.11m, 50s

Wealsosupportpreallocation,soif youknow in advancewhatyourapplicationis
goingto beusing,in termsof space,thenyou canpre-layoutthespacein advanceand
getall of thetransactionsoutof theway, andyoucanjust pushthedatastraightinto it
whenyouactuallywrite it. It tendsto go togetherwith directI/O, whereyou’removing
directly betweentheusermemoryandthedeviceandnot goingthroughthebuffer
cache.12m, 22s

Theotherthinghereis theallocatoris fairly smart;it knowsaboutstriping.Soif you
haveastripedfilesystem,it attemptsto lay outextentsonstripeboundaries;thattends
to giveyou betterthroughput.If youhave four driveson four controllersstriped
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correctly, thenyoucouldbasicallyhaveall four of themgoingfull speedaheadat once
andfile extentsandinodesgetlaid outon thoseboundariesin astripedfilesystem.
There’s alsootherstuff in therefor placement.For thesimplefilesystemcase,it triesto
keepfile datacloseto theinodeandfile inodesin thedirectorycloseto thedirectory,
but it spreadsdirectoriesaround,soit triesto putasubdirectorysomewhereelse,justso
thatyoudon’t endup with everythingin onepartof thefilesystem.13m, 29s

We,too,dynamicallyallocateinodes.Usuallyit is two filesystemblocksworthand
becausethey arevariablesizethatgivesyouadifferentnumberof inodesdependingon
how you madethefilesystem.They areanything from 256bytesto 4 KB each.Thereis
afixedcorewhich looksfairly normal,thentheotherpartsof it getsusedfor various
things.Youcanput file extentsin there,to avoid having indirectblocksfor having that.
You canputdirectoryentriesin therefor smalldirectories.Symlinksgo in there.You
canput extendedattributesin there.Thesearebasicallynameequalsvaluetext type
objects.Thecodeis prettymuchthedirectorycode.14m, 29s

Thespeakercallsonanaudiencememberfor question.

Is thesizingguidenumberperfilesystemor percluster?

It’sperfilesystem.It’samkfsoption,soyoucan’t changeit on thefly. It’ s really only
usedby peoplewhoknow in advancewhattypeof datathey aregoingto put in there
andthey wantto, for instancepeoplewhoareextremelyconcernedaboutI/O speed
don’t wantto haveheadsflying aroundtheplacedoingblock lookupsfor bits of
metadata,sothey try andorganizethingssoa lot of thedirectorycontentsandextents
wouldstayin theinode,ratherthanbeingscatteredaround.Thatway, moreof thehead
seekingtime is spentgoingthroughthedata,ratherthanyourmetadata.15m, 18s

Thespeakercallsonanaudiencememberfor question.

Thisextendedattributecall...TedTs’o wassayingyesterdayabouthow badanideait
wasto havedataforks andresourceforks.Whatdifficultieshaveyouencounteredover
theyearsin IRIX in having extendedattributecalls?

To behonest,they don’t getusedby applicationsin IRIX too much.If peoplehadbeen
writing GNOMEor somethingon there,thenmaybethey would’vestartedsneaking
stuff in there.Mostof theusethatis actuallymadeof themis thesethingsdown the
bottomwhicharesystemmanagedobjects,soaccesscontrollists,capabilities;anddata
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migrationinformation,wherethereis a tertiarystoragesystemsittingbehindthe
filesystemwheretheextentsareno longerthere,thedatais actuallysittingona tape
somewhereandwhenyouactuallycometo wantto look at it, thesystemhasto gogetit
for you.Thatcodeis actuallystartingto go into our opensourcetreeat themoment,so
DMAPI supportis coming.16m, 41s

This is just apictureof that,soasI said,fixedinodecoreandthentherearethesetwo
variable-sizedchunksof datain there,andtheattributehookis usuallyempty. Most of
thetimewedon’t actuallyhaveanythingdown there.Soall thespacegetstakenupby
directorycontents,etc.andthenoncestuff doesn’t fit in there,it startsmigratingout
into indirectblock structures.17m, 10s

Okay, I alreadysaidB-Trees,sodirectoriesareorganizedthatway, extentsare
organizedthatway, freespace,thoseextendedattributes,if youhave toomany of them,
soonandsoforth. Weareextremelymultithreaded.IRIX is currentlyrunningon up to
512CPUboxes,sothat’ssinglesystemimageacross512CPUs.XFSrunson that,it
alsorunson this laptophere.And asI saidbefore,it canhandlemultipleparallel
applications.17m, 51s

Now this real-timesubsystemis somethingwhich thecodeis therebut we’re notdoing
anythingwith it at themoment.Thatletsyoudoamuchmoredeterministictypeof I/O.
Thewholepoint of real-timeis, youneedto beableto giveguaranteesabouthow long
it takesto dosomething.Sothereal-timesubsystemactuallyhas(its whole,)it’ sown
allocator, it doesits own spaceallocation,it’ samuchmoredeterministicalgorithm
that’sused,andit’ salsoextremelydifficult to fragmentfilesout there.We have to
actually, usuallychangethecodeto make it fragmentfiles,but whatgoeswith thatis,
it’ swastefulof space.I mean,this is for big stuff; this is for MP3s,I suppose,in this
audience.18m, 48s

Justaquick run-throughof whathappensto adirectory. Youcreateadirectorywith
nothingin it. You startputtingentriesin it. They live insidetheinode.Onceit getstoo
big for that,wemoveit out into asingleblockof directoryentriesandonceyougo
beyondthat,it startsbuilding aB-Tree.Theactualdirectoryentriesonly liveat the
bottomandeverythingabove thatis hashvalue,block addresspairs,soyou hashyour
nameandcanwalk down thelevelsof thetreeuntil youfind thespecificentryat the
bottom.And for thesakeof stuff likegetdents(),all theleavesat thebottomare
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connectedtogether, soyoucanjust walk left or right acrossthething.And if youstart
removing stuff from adirectory, thatactuallydoescollapsebackagain.Soyoucan
actuallygoall thewaybackfrom aB-Tree,backto everythingbeinginsideaninode.
And extentsdo exactly thesamething.20m, 01s

Okay, soon to journaling,which I haven’t saidanything aboutyet.Anotherfeatureof
XFS is thatit is anotheroneof thesejournalingfilesystems.Sowe do thesamething as
everybodyelse.Basically(wedo,)wewrite to thelog, thenwewrite themetadataout,
sowehave theright orderingrequirementsthatonemusthappenbeforetheother.
Transactionsthemselvesareasynchronoussoyoucouldactuallycomplete...most
transactionscompletewithout having to write anything,sothey getbatchedup the
samewayasEXT3, whichwastalkedaboutyesterday. And let mesee,wearedifferent
from EXT3 in thatweonly log deltasof what’schanged.Soif you manipulatea
directoryblock,andyouhappento just putoneentryinto it, thenall thathappensis
you log thechunkaroundthat;it chopsit up into fixed-sizepieces,I think. Sothere’s
actuallyquitea lot of compressionthatgoeson in thedata.A numberof thestructures
thatwe log aren’t actuallycopiesof blocks.(Thereare)inodesgo outdifferently;
freeingstuff is dealtwith differently, sothelog isn’t just acopy of themetadata.(And
then,whoops,oh well. Thespeaker laughs.)21m, 40s

Okay, theotheraspecthereis thatyoumountthefilesystem;it alwayslooksat thelog
whenyoumountthefilesystem,but if it findsthatthelastthing in thelog is an
unmountrecordthenthat’s it. If it’ snotanunmountrecord,thenit hasto gofind the
headandtail of thelog andreplayit. And again,aswith EXT3, andI’m sureJFS,this
is amulti-stageprocess.Youhave to, thereis stuff in therethatyou don’t wantto really
replaybecausesomethingelsehappenedlaterwhich re-usedthosediskblocks.But it’ s
usuallyprettyfast.

Thereis aquestionfrom anaudiencemember;it is repeatedasecondtime,more
audibly. Theinitial questionandanswerhavebeenomitted,asthey arerepeatedin
moredetail.

I askedwhetherthis wasdonein themountcodeinsteadof auserspaceapplication.

Yes,this is within themountcodein thekernel.22m, 40s

So,thenext severalslidesareactuallyakind of sequenceof eventsof whathappensas
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wego througha transactionandthere’sa lot of stepsmissedouthere,becauseit’ s
really a lot morecomplicatedthanthis.Sothefirst few thingsyoudo arereserve log
space,andthat’swhereyou getstuckif thingsarebusy. I meanbasicallyyou’renot
allowedto doanythinguntil there’sspacein thelog to do theworst-caseversionof
whatyou’re trying to do. (There’sa lot...) Doingsomethinglikeadirectoryupdate,the
rangeof amountsof datainvolvedis very large.Fromtheworstcaseof just updating
somethingin theinodeto having afive-level-deepB-Treeandyou’resplitting thething
andit’ sgoingall thewayupandyou’vegot to goandallocatesomefreespaceandthat
involvesanotherB-Treesplit, sothatgetsbig. Sooncethat’shappened,thenyouobtain
lock andmodify all yourmetadata,sothat’swhat(otherfilesystems,sothat’swhat)
EXT2 does.Thatlittle bit there.23m, 50s

Thenext thing afterthatis whenwecommitthetransaction,thedeltasgetcopiedinto
thesein-call log buffers.There’s severalof these;it’ samountoptionhow many of
theseyouget.That’sbasicallyit for thetransaction.Wepin themetadatain memory.
This is theXFS terminologyfor this.Everybodyhastheir own journalingtechnology,
but webasicallystickapin throughthestuff andnothingwill write it out to diskuntil
weunpinit andthenweunlockit which meansthatothertransactionscancomealong
andagainmodify themetadata(again).24m, 38s

Sothenext stepis, this stuff goesout to disk, triggeredby anumberof differentevents
in thesystem.Oneis we run outof in-call log space.Thosebuffersare32 kilobytes
eachandI think two is thedefault.You canhaveup to eight.And probablyfor really
largesystems,weneedto increasethat,but onetransactioncanfill morethanall of
them.It canactuallyinvolvegoingaround,throughthebuffersmultiple times,in those
worstcasescenarios.Usuallyseveraltransactionswill fit in onebuffer. Sorunningout
of space,synchronoustransactions,for example,andO_SYNCwrite, whichallocates
space,you have to pushthetransactionout to diskat thatpoint andfinally, just
backgroundsyncactivity, solike theonceeveryfivesecondskind of thing.25m, 43s

Oncethatwrite completes,weactuallyneedto keeptrackof all themetadatawhich is
in memory, modifiedbut not ondiskyet.Sothere’s this thing calledtheactive item list
which is basicallyachainof all thatmetadata.And wecannow unpinit, sonow the
metadatacouldbewritten to disk.Obviously this list is (organizedby... it’ s) time
organized,whichmeansit’ s log positionorganized.26m, 18s
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Now wepushthemetadataout,soonceagainflush,runningoutof memory, or we
don’t haveany disk log spaceleft. Basically, you’redirtying metadatafasterthanit’ s
gettingflushedoutby sync.In thatcaseweneedto dowhatwecall tail pushing.Which
is, yougofind theoldestmetadataandyou forceaflushon it; you forceit out to disk.
And at thatpoint, it goesout to disk; whenthatI/O completes,it getstakenoff this
active item list. And if it happenedto beat theend,wecanmovethetail of thelog to
freeupmorelog spacewhich meansthenext guycancomethroughthetransaction,the
startof thetransactioncanbecarriedon.27m, 14s

There’s otherthingsgoingon in here.If wehappento log apieceof metadataandthen
we log it againbeforeit’ sgoneout to disk, thenwe just re-logit backinto thelog
again.We moveit (to thetail of theactive item list, sorry)to theheadof theactive item
list, if it happenedto bethetail, we freesomelog space.Soagain,asStephenTweedie
mentionedyesterday, quiteabit of commonly-usedmetadatajust keepsfloatingaround
thelog anddoesn’t go to diskveryoftenat all. 27m, 51s

Okay, on to whatwehadto do goingto Linux. SoIRIX is vnode-based,Linux isn’t.
And IRIX hasabuffer cacheinterfacewhereyou getto messwith variable-sized
buffersratherthanthefixed-sizedbuffer headswhich Linux uses.And lock device
interfacelooksdifferent.Systemcall interfacelooksdifferent.And thenthere’s some
64-bit’edness,if youwantto call it that.So,becausewewantedto keepasmuchof the
codeassameaspossible,we introducedthis gluelayer, which is basicallymapping
from theLinux VFS operationsto thevnodeoperations,if you like.Mostof whatit’ s
doingis argumenttranslation,but it letsuskeepa lot moreof thestructureslooking the
same.28m, 58s

Theotherthing it givesusis, it cansupportstacking.Youcouldstackdifferentsetsof
operations,oneon top of theother. And this is differentstackingthanothersoftware
availablefor Linux givesyou,becausethis is on aper-inodebasis.Sowecansaywe
wantto stackthatone,noteverythingin thewholefilesystem.Weput this in therefor
CXFS,which is aclusteredversionof XFS,whichneedsto interposeitself betweenthe
userandthefilesystem.29m, 37s

Theotherthing I have to sayhereis thattheLinux VFSdoesmorethantheIRIX VFS.
There’s a lot morecommon.Over time, I’vewatcheda lot morecodemoveoutof the
filesystemsandupto theVFS layer. And westill haveduplication;thingslikerenaming
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adirectoryinto achild of itself is oneexampleof a thing youdon’t wantto happenin
thefilesystemandin IRIX, that’shandledby thefilesystems.In Linux, it’ shandledby
theVFS.And now in XFS onLinux, it’ shandledby theVFS layer, soweareworking
our way throughthoseaswefind them.I’m surethere’sseveralleft. 30m, 25s

Thereis aquestionfrom anaudiencemember.

Thestackingyou talk about...doyou intendto try andput it into theVFS?

Haven’t really thoughaboutthatone,to behonest.Anotheroption...at themomentI
can’t rememberthenameof thepackage...Theresponsefrom theaudiencememberis
inaudible.I meanpossiblyit’ sanextensionto FIST, thatwouldbeanotherway to go
with this becauseFIST, asI understandit, is – yougettheoptionof stacking
everywhereor stackingnowhere,basically. 31m, 03s

Sothis is apictureof whatthatlookslike.Over to theleft, wehave theLinux world;
thefile operations,theinodeoperations...I didn’t show thedir entryoperations.And
what’s left of our vnodeis actuallythefilesystemdependentportionof theLinux inode
in there.And thenthatpointsat thebehavior which is in thesamestructureastheXFS
inodeitself andits thebehavior whichsupportsthisstackingconcept,soyoucanlayer
those;they chaintogether. 31m, 44s

Missingsystemcalls.There’s all thesetwiddly bits in XFSwhich youcan’t really get
to throughthestandardLinux systemcall interface.Here’s a few examplesof that.
Spacepre-allocation;youneedto beableto putspaceinto afile andtake it outagain.
Thereis aPOSIXspecfor this onethere,soI suspectthat’s theway thatonewill go.
Extendedattributes;there’sno systemcallsfor thoseyet.We’re actuallyputtingthe
IRIX onesinto our tree,but it soundslike there’sgoingto besomesortof interfacein
Linux in thenearfutureandobviously that’s theway thatwill endup beingdone.But
for now, weneedawayof exercisingthecodein thekernel, sowehave to put
somethingin, in theshortterm.32m, 42s

There’s otherextensionsto that.If wewantto do theaccesscontrollistsandmandatory
accesscontrolandcapabilitiesandstuff, therearesystemcall interfacesfor that,but
thereis alsoaboat-loadof userspacestuff thatgoeswith thattypeof thing. I think all
of thekernel,theactualMAC-accesschecking,codeis not in our tree.But wehave the
hooksin thefilesystemand(thatcodeis actuallybeingpublishedby) thecodethatXFS
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usesin IRIX is beingpublishedby SGIelsewhere.Sothekernelcodeis just amatterof
gluing thingstogether. 33m, 21s

And theotherthing hereis real-timeinodeattributes.If you wantto usethereal-time
subsystemthenyouhave to tell thefilesystemaboutit andyou needto saythingslike,
Whatis theunit of allocation?Youmight wantto say, Whenever I allocatethis spacein
this file, allocatein chunksof half-a-megabyte.Thattypeof operation.33m, 46s

This is wherethingsgeta little bit morehairy. On theIA-32, theinodenumberwhich is
usedby mostof thekernelto identify aparticularfile is a32-bit quantity. Well in XFS,
our inodenumbersare64bits.Theinodenumberis actuallyanencodingof thedisk
location.It doesn’t becomeaproblemuntil thefilesystemis biggerthantwo terabytes,
soat themomentwehaven’t dealtwith this.34m, 25s

But Al Viro wassuggestingweusesomesortof dynamicgenerationof numbersin
placeof our inode,sowe’d have fake inodeson topof therealinodenumbers.To be
honest,I don’t like that.Thesethingsreallyhave to bepermanent.Peoplecanstat()
themout of thekernelandrecordthemsomewhereelseandexpectthemto bethesame
later. Sothey needto really mapontoexactly whatthekernelis using.Soif anyonehas
gotany bright ideas...35m, 02s

(Theotheroneis...)Thenext oneis deviceaddressability. Two terabytes(2 TB) is still
theblockdeviceaddressabilitylimit. Again, for largesystemswe’d like to beableto go
beyondthatandhopefullythekiobuf interfaceis goingto giveuswaysof dealingwith
that.35m, 25s

Anotheronewhich actuallycameup yesterday, talking to theJFSguys,is directory
offsets.These,again,canbea64-bit quantity. They’reusedon thegetdents()system
call, sowhengetdents()givesyoubackdatafrom thekernel,it givesyouanoffsetto go
with it. And youcanseek,in theory, to thatoffsetandgo backto whereyouwere.35m,
59s

Now glibc hasadifferent-sizeddirentstructurethanthekerneldoesandit doesthese
interestingthingswhereit takestheuser’sbuffer andsays,Aha! I know thatthekernel
structuresizeis different,soI amactuallygoingto useaheuristicto say:theuserasked
for this muchandI’m goingto askthekernelfor adifferentamountbecauseI know
whatthekernelwill givemewon’t fit in theuser’sbuffer, if I just blindly ask– or
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potentiallywon’t fit. Now I can’t remember, there’sonefield which is missingfrom
oneandnot theother;I can’t rememberwhatit is. If thisheuristicdoesn’t work, it does
aseekbackandtriesagain.36m, 44s

Now thatseekonly remembers32 bits of informationwhichdoesn’t reallywork in all
circumstancesandthere’s otherplaceswherethe32 bits becomesanissue.XFS
actuallyhastwo versionsof its directorystructureto dealwith issueslike this. In the
second,whatwecall V2 directories,theproblemdoesn’t actuallyshow up until
directoriesgetreally, really, reallybig, like two-to-the-thirty-two (2-to-the-32nd
power).Theotherone,thedirectoryoffsetis actuallyahashvalue,it doesn’t just
increment– it wandersall over theplace,but all sixty-four bits arerelevant.ThatV1
directoryformatis goingto beanissueon Linux unlesswecangetapatchinto glibc.
And thatdoesn’t seemto beveryeasyto do.Thespeaker laughs.37m, 37s

Okay, sobuffering.Most of thefilesystemsin Linux, whenthey actuallywantto do
I/O, they speakbuffer headsandbuffer headsyougetto pick onesize.And if you don’t
do I/O in thatsize,thentheblock interfacethrows it backat youandsays;don’t do
that.Now in XFS, I saidwehaveavariableblocksizeat mkfs,but that’snot thereal
problem.Theproblemis thatwehavesomestructuresonthediskwhicharealways512
bytesandweneedto beableto doI/O onthem,on theirown. For thewrite ordering,we
can’t just write thewhole4K blockwhichhappensto containthesuperblock– wemust
just write thesuperblockandnot thething next to it whichmightbepinnedin memory.
Sooneoptionwouldbewedoeverythingin 512bytepieces.Well, yougetanawful lot
of buffer headswhenyou do thingsthatwayandit’ sprettyexpensive.38m, 40s

Now obviouslyweneedto beableto controlthewrite ordering,which doesn’t work
with theregularbuffer interfaceandeveryone’scomingupwith their own wayof
dealingwith thatat themoment.And thentherewasthis long-termgoalwesortof
seemto haveheardsomewhereaboutmoving moreandmorestuff into thepagecache,
andmaybemakingbuffer headsgoawayaltogether. Sowedecidedto make life
interestingfor ourselvesanddo this.SoXFS is actuallycachingeverythingin pages
andtheonly timesweusebuffer headsat themomentareif wearetalking to adevice
which weneedto usethemon,sothey’recreatedtemporarily– we do theI/O, we tear
themdown. And wearecurrentlyusingthemfor someof thewrite-behind-the-filedata.
39m, 38s
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Sowecreatedthis thing calledpagebufs.Pagebufs is really two groupsof stuff. Sowe
cacheeverythingin thefilesystemin pages,somostfilesystemsin 2.4,there’san
addressspacein theinodewhichcachesfile data,sofile datais justheldthere.Wehave
aspecialinodewhich is for themetadataof thefilesystem,with anaddressspacein it.
Weprobablyshouldjust haveanaddressspaceandnot theinode.That’swherethe
metadatalives.Now weusekiobufsunderneaththis,soapagebufs isn’t understoodby
theI/O layer, but thekiobuf is, or will be.Socurrentlyit’ sworking for SCSI.There’s
beensomediscussion,but Jensis goingto do it for IDE. And Martin, he’soverhere,
he’s workingonLVM, andthenmaybehe’ll try MD. Thespeaker laughs.Theother
thing in hereis wedo locking onpagebufs,soour unit of locking isn’t thebuffer head
or thepage,it’ s thepagebuf. I meanpagelockingstill comesinto things,but wecan
lock thingsof differentsizes.41m, 16s

So,I saidtherearetwo parallelpartsto this.Oneis file I/O, asI said,we’reextent
based.Thesetof operationsyou getfor doingI/O to afile areblock-based.Sowhen
you actuallywantto askfor spacewith theinterfacethat’savailable,yougo to the
filesystemandsay’givemetheaddressfor this block’ andthen’givemetheaddress
for thenext block’, andthenthenext block,andsoon. It doesn’t really fit with XFS’
modelof doingthings,soweactuallyhaveaparallelsetof code,includingreadand
write, for usinganextent-basedallocatorinterface.42m, 02s

And it understandsdelayedallocate.Weactuallycurrentlyhaveour own pagecleaner
in there,wanderingaroundlookingat pagesthathave this delayedallocateflag in there
andcallingbackinto pagebuf andsaying:okay, time to write this.At whichpoint,we
canusetheextent-basedallocatorinterfaceto do I/O clustering,sowe canactuallygo
andsay:what’snext to this?It’sveryeasyto go to theallocatorandsay, giventhis
particularoffsetin thefile, givemetherangeof thingswhich is physicallycontiguous
with it ondisk.And from that,wecanactuallygenerateamuchbiggerI/O request.So
basicallyweusethesmartswhich thefilesystemhas,ratherthanrelyingon theelevator
code.I’m not trying to saytheelevatorcodeis no good.Thespeaker laughs.It’ s just,
we’re doingeverythingtwice thatway. Thispagecleanershouldgo awayandbe
replacedwith regularpartsof theVM system– therearediscussionsgoingon about
that.(And I think I saideverythingin here.Okay.) At themomentagainour metadata,
we’re doingourown managementof whenit getswrittenandthat’ssomethingelse
which shouldmoveoutof this out into theregular– therestof thesystem.43m, 40s
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So,wherearewe?Despitewhatthewebsitesays,thisfilesystemdoesactuallywork.
For a long time, it saidthis is pre-alphacode,don’t touchit with a largepole,basically.
I think now it saysit is pre-betacode.Thespeaker laughs.But I useit everyday. Okay,
unlikeStephenTweedie,I haven’t installedit all overmy laptop.I’ ll do thatsometime.
I will admit,wedo haveabug at themomentwhichcausesusnot to flushinodeswhen
weshoulddo; I have to putsomefairly heavy pressureon thesystemto make that
happenandonceI stopgoingto conferencesI’ ll go fix that.44m, 31s

Sothat’s IA-32. Weactuallyhave this upandrunningonMIPS aswell, soit’ s running
on abig- andlittle-endiansystem.WecanmountIRIX diskswith that.Theotherports
areprobablygoingto takea little while yet.Theuserspacecodein XFS, for historical
reasons,is thekernelcode.It’ sbuilt two differentways.Thespeaker looksaround.
Nope,noDaveMiller in here.DaveMiller – thefirst dayweannouncedall thecode
wasthere,hedownloadedit, attemptedto build it on theSPARC, andthrew up in
horror;sentusacouplepatchesandsaidno way, no how is this evergoingto work. So
whatactuallyhasbeenhappeningis theuserspacecodeis still thekernelcode,but it is
startingto bebrokenapart.And fairly soonnow, weshouldhaveauserspacewhich is a
separatecopy of thecodeandwe canstartcleaningit up.Sothatshouldstartto make
someof theotherportslesspainful.45m, 42s

Most of theutilities aretherenow, somkfs...repair, which is for whenthingsactually
do gowrong,becausewith journalfilesystems,it doesn’t alwayswork. No matterwhat
peoplesay, it doesn’t alwayswork; there’s I/O errors,all sortsof stuff canhappen;
developersgettingit wrong,youknow they tendto screw upfilesystems.That’s there...
xfs_dbis basicallyaneditor, youcango in andif youcanunderstandthecommand
interfaceon thething,you canactuallygo in andwalk aroundthefilesystemandmess
with bits of it. Dump/restore,this slidehasit, upuntil this morningwasawork in
progress;lastnight they actuallydid succeedin doingdumpandrestore.SoI don’t
think thatcodeis outonour websiteyet. I think they’vebeenholdingthatoneback
becauseit wasn’t atall functional.But I expectthatto show up in thenext dayor so.
46m, 45s

Thereis aquestionfrom anaudiencemember.

Is it your intentionto keeptheon-diskcompatiblebetweentheLinux portof XFS and
theoriginal IRIX port of XFS?
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Yeah.It’ s justnot worth it to have two differentones.Initially, wewereworriedwith
theoverheadof byte-swappingandthatit wasgoingto costustoomuchandinitially
wewerelittle-endian,becauseit waseasierto getthefilesystemgoingwithout having
to worry abouttheendianissues.And it wasgoingto berun-timeswitchable,but first
thing youhave to do is to make it work theotherwayaround,sodo theendianflipping
andthey measuredit andit wasn’t worthbotheringwith andnow it’ sall big-endian.
XFS alreadyhasseveraldifferentversions,just likemostfilesystemshave,andthere’s
backwardsandforwardscompatibilitystuff in there.I expectover timeotherbits and
pieceswill show up.47m, 54s

There’s otherstuff out therethatgoeswith thesetools;somebodyjust startedworking
on thedefragmenter. IRIX hasadefragmenterwhich is anonlinebeastandsomeone
outsideof SGI just saidhey, I’d like to work on that,sothat’scool.48m, 12s

Thereis aquestionfrom anaudiencemember.

Is therea resizer?

Thereis agrower, thereisn’t ashrinker.

That’s fair enough.

Shrinkingis muchharder. Youkind of haveto designafilesystemfrom thestartto cope
with that.48m, 28s

Thereis acommentfrom anaudiencemember.

Talkingwith Stephen,it’ saninterestinghack,but for thoseof uscontemplating
actuallyrunningserverson this, thegrower is farmoreimportant.

I don’t think that’s thereyet,becausethelastitemon this saysvolumemanager
interfaceneedswork.

Thereis acommentfrom anotherSGIXFS teammemberin theaudience.

I think thatmeanttheclient at somepoint,but think wemight getit done.It’ s justa
matterof gettingtheAPI doneon that.

Yeah.Thekerneluserspaceinterfaceis veryminimal, it’ s just like,here’s someextra
spacenow go useit. But on thevolumemanagerfront, there’s that,there’sfinding out
wheretheheckthestripesare.While thefilesystemknowsaboutthem,you have to get
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theinformationfrom thevolumemanagerinto thefilesystemandthat’snot quitethere
yet.49m, 20s

Thereis anunintelligiblequestion.

Yeah,you canactually, if you goanddo your researchandfigureouthow theheckthe
thing is laid out,youcanactuallymakea filesystemandexplicitly specifytheoptions.

Thereis anunintelligiblecommentregardingLVM.

Checkyourcodein. Thespeaker laughs.

Seemsto bethegeneralthemearoundhere.Thespeaker laughs.49m, 43s

Okay, sowheredo wego from here...Okay, there’s alwaysperformancework to do.
It’ sactuallyprettyreasonableat themoment.I think for bonnie,we’redoingabout
twice EXT2, for like if you throw multiple timestheamountof memoryyouhave in
your systeminto onefile, sothatyouwrite agigabytefile with bonnieor something.Is
thatright, unintelligible?

Thereis anunintelligibleresponse

But there’s thingswecando yet.There’s definitelythingswecando yet.50m, 34s

Thereis aquestionfrom anaudiencemember.

Whatis XFS’ performanceon many, many smallfiles?

Dependsonwhatyoudo with thefiles.

Theexplanationcontinues.

Let meexplain,my departmentis thebiologydepartmentat DukeUniversity. I’vegot a
herdof genesequencers.Thegenesequenceis tenzillion files,all averagingabout700
bytesin length.

You probablywantthis guy overhere.No, I’m notafraidto standup hereandsaythat
reiserfsis goingto bebetterfor somethings,XFS is goingto bebetterfor others.I
don’t regardthis asacompetition.There’sdifferenthorsesfor differentcourses,
basically. XFS is goingto do okay, but I suspectotherfilesystemswill do better. 51m,
29s
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Thereis aquestionfrom anaudiencemember. Thequestionis somewhatinaudible,but
wasrelatedto theamountof changesin XFS,betweentheopensourcetreeandthe
original IRIX code.

Thingswechangedin XFS itself, well theinterfaceto bufferswasthelargestchange,
webasicallyencapsulatedtheIRIX buffer interfaceandthepagebuf interfacebehind
thesetof macros,sowehadto goall over thecodechangingwhereXFSdivedin and
outof buffer structuresdirectly. Sotherewasthat,but it wasprettymuchaone-for-one
exchange.Becauseof theway inodesaremanagedin IRIX comparedto how vnodes;
sorry, inodesin Linux versusvnodesin IRIX. Wehavesomechangesin theinodetear
down endof things,which is wherethebug is. Apart from that,thechangesare
basicallytakingstuff out which is doneby theVFS layerandchangingsystemcall
interfacesat thetop.Themostimportantthing is gettingthecachingbehavior exactly
right. Thecoreof thecodeis thesame.Thealgorithmsarethesame,wehaven’t hadto
do drasticsurgeryin there.Soyeah,thatwasoneof thekey reasonsfor keepingthe
codethesame;it’ sbeentesteda lot andwedon’t wantto messwith it. 53m, 25s

So,okay, whatelseonhere...pagebuf andLinux VM integrationis goingto happen;
we’renotexactlysurewhat’sgoingto comeout theendof it, in termsof whatpagebufs
endup looking like,but wearegoingto getmoretightly integratedthatend,whichwill
helpwith generalsystembehavior. We’re not too...I canmakeXFS dragasysteminto
thefloor basically, but it’ sbecauseit’ s thrashingthediskbackwardsandforwardsjust
becauseI’m puttingheavy stresson it. But I’m sureyoucando thatwith other
filesystemsaswell. But generally, (it doesn’t kill) it doesn’t graball thememoryin the
systemor anything like that.It’ s reasonablywell behaved,but wecando better. 54m,
14s

Real-time,I’vesaidthecodeis there.Thething thatisn’t thereis thesupportfor it.
There’s this thing calledguaranteedrateI/O, which is basicallya reservation
mechanismwhereyou say:I wanttwo megabytespersecondfor two minutes.And this
userspacecodeis responsiblefor managingthatandsayingeitheryou’vegot it or you
didn’t getit. And there’sassortedhooksdown in theI/O systemin IRIX for
maintainingthoseguarantees.Whetherthosewouldevergo into generalLinux, (I
don’t) I’m notsureat all; I doubtit. 54m, 52s

Thenthere’s thevolumemanagerendof things.It’ s still a work in progress.Sothat’s
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purelyaportability thing.We’ll haveLinux volumemanagersupport.And then,once
I’vegotall thatdone,or we’vegot all thatdone,it’ snot just me,wehave to go do it
againfor CXFS,which is theclusteredversionof XFS.And that’sgoingto bereally
interesting.55m, 27s

Thereis aquestionfrom anaudiencemember.

Is theproblemunintelligibleor arethereissueswith Linux? unintelligible

Well, CXFSdoescaching.I don’t know if youwerein theGFStalk. Therestill is one
server; there’sstill oneplacewhereXFS is runningandall theothermachinesuse
fibre-channelto getto thedisk,but they do it... they dodirectI/O betweentheir
memoryandthefile datablocks.All metadatais mediatedthroughtheserver, but
CXFSletsyoudo thingslikemove theserverwhile thesystemis running.Which
meansyou’vegot to do lots of stuff with stoppingpeoplegettingthroughthefilesystem
interface,holdingthemup,moving stuff out from underthem,puttingotherstuff (in
theplace)in its place,anda lot of thatis veryfilesysteminterfacespecific.That’sone
of theareaswherethingsarequitedifferent.56m, 31s

Thereis aquestionfrom anaudiencemember.

Are yougoingto opensourcetheCXFSpart?Becauselasttime I talkedto your
engineers,therewassomediscussionaboutthat.

Actually, I doubtit. Oneday, probably. But currently, it’ s somethingwecanactually
makemoney on,andSGIasyouall know probablyneedsmoney. Thespeaker laughs.
So,probablythat’snotgoingto beopensource,which is goingto make it really
interesting,it’ sprobablygoingto gettied to specifickernelversionsandall sortsof
weird stuff, but it’ ll be...don’t holdyour breath.57m, 10s

Thereis aquestionfrom anaudiencemember.

Is thevolumemanageropensource?

I believe it will be,yes.And there’s two aspectsto that.Oneaspectis thatyouneedto
beableto understandthelabelson thediskandthat’snot toohardto do, to implement
from scratch.XVM understandsclusters,is oneof theotherreasonsfor doingit. And
that’sa lot of managementcode,but theactuallabellingof diskscouldbedonein a
muchsmallerpieceof code,I suspect.But yes,it will beopensource.57m, 57s
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Thereis acommentfrom anaudiencemember.

unintelligibleThemainincentive for portingXVM wouldbeCXFS...

And just sopeople,SGI customers,canmovedisk farmsaroundbetweensystems.

An audiencememberrequeststhatthequestionberestated.

Okay, sotheLinux LVM plusMD providesmostof thefunctionalitywehave in XVM,
sothere’sno realpoint in portingthatto getanothervolumemanager. Theintentionfor
portingthevolumemanagerwouldbeCXFSandbeingableto movethis farmfrom
IRIX boxesto Linux boxes.58m, 41s

You neverknow, maybeyouguysdo somepartof it better.

We’ll see.58m, 49s

It supportsmorewaysof gluingdiskstogetherthantheopensourcestuff in Linux does
at themoment.You canstackthingsthreewaysfrom Sundayor whateveryouwantto
call it. Which doesn’t alwaysmake thatmuchsense,but youcando it. Soyou know
you canstripeon topof RAID, on topof stripeon top of ... basically, it’ sa complete
stackingimplementation.

Any morequestions?

Okay. Thankyou.

Theaudienceapplauds.59m, 40s

3. Additional resour ces

3.1. Presentation materials
Theslidesusedfor thispresentationareavailableat
http://oss.sgi.com/projects/xfs/papers/ols2000
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3.2. XFS
ProjectinformationregardingtheXFS portingeffort, aswell assourcecodefor the
Linux XFS portareavailableat http://oss.sgi.com/projects/xfs/
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