Porting XFS to Linux

The XFSfilesystemcodeon IRIX consistof aboutl12thousandines
of code(includingcomments)We will talk aboutwhathappenedavhen
we tried to move this to the Linux kernel.Justto make thingsmore
interestedve alsodecidedo implementfilesystemmetadatacachingin
the pagecacheinsteadof the buffer cache.

1. Notes

1.1. Original presentation

Theoriginal presentatiorf this talk occurredn roomA of the Ottawa Linux
SymposiumQttava CongresLentre Ottava, Ontario,Canadaon the 21stof July,
2000at 10:00local time. This presentationvasgivenby Steve Lord.

1.2. Presenter bio

Steveis aseniorfilesystemdeveloperat SGI. Steve graduatedrom the University of
Manchestewith adegreein computerscienceandhasbeenworking on Unix systems
sincel983andonfilesystemssince1992.A Linux usersincel991,Sterefinally gotto
work onLinux in hisdayjob thisyeat

1.3. Presentation recor ding details

This transcriptwascreatedusingthe OLS-suppliedecordingof the original live
presentationThis recordingis availablefrom
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ftp://ftp.linuxsymposium.ag/ols2®0/2M0-07-21 11-18-46 A_64.np3

Therecordinghasa 64 kb/sbitrate,32KHz samplerate,monoaudio(dueto the style of
singlemicrophoneecordingused)andhasafile sizeof 28646784ytes.The MD5
sumof thisfile is: eef42882717f68f9a01leec6fcf4a579

1.4. Creation of this transcript

1.4.1. Request for corrections

This transcriptwasnot createdvy a professionatranscriptionistjt wascreatedoy
someonaeavith technicalskills andaninterestin the presentead¢ontent.Theremaybe
errorsfoundwithin this transcript,we askthatyou reportthemto usingthe bug
trackinginterfacedescribedat http://olstrans.sourcefge.net/ligs.php3

1.4.2. Tools used in transcript creation

This transcriptionrwasmadefrom the MP3 recordingof the original presentationysing
XMMS for playbackandlyx (with docbooktemplate)or thetranscription.

1.4.3. Format of transcript files

Thetranscribeddatashouldbe availablein a numberof formatssoasto provide more
readyaccesdo this datato alargeraudienceThetranscriptswill beavailablein atleast
HTML, SGML andplain ASCII text formats;otherformatsmaybe provided.

1.4.4. Names of people involved with this transcription

This transcriptwascreatedoy JacobMoormanof the Marble HorseFreeSoftware
Group(whosepagedive at http://www.marblehorse.q). He maybereachedt
roguemtl@marblehorse gr
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The primary quality assurancéor this documenivasperformedby Stephanie
Donovan.Shemaybereachedtsdonavan@achilles.net

1.4.5. Notes related to the use of this document

This documents distributedin the hopethatit will beuseful,but WITHOUT ANY
WARRANTY; without eventheimplied warrantyof MERCHANTABILITY or
FITNESSFORA PARTICULAR PURPOSEWhile quality assuranceheckson this
transcriptwereperformedjt wasnot createchor checled by a professional
transcriptionistthetechnicalaccurag of this transcriptis neitherguaranteedor
confirmed.Pleaseeferto theoriginal audiorecordingof this talk in the event
confirmationof the spealer’s actualstatementsreneeded.

1.4.6. Ownership of the content within this transcript

Thesetranscriptdik ely containcontentowned,undercopyright, by the original
presentatiorspealer; pleasecontactthemfor licensingrequestsbut do soin a polite
manney pleaselt mayalsobe usefulto contactthe coordinatorfor the Ottava Linux
Symposiumthe original venuefor this presentationAll trademarksrepropertyof
theirrespectre owners.

1.5. Markup used in this transcript

1.5.1. Time markers

At theendof eachparagraptwithin the body of this transcript,atime offsetis listed,
correspondingo thatpointin the MP3 recordingof the presentationT his time marker
is emphasizedin documenformatsin which emphasiss supportedandis placed
within bracletsatthevery endof eachparagraphFor example,05m, 30s stateghat
this paragraplendsat thefive-minute thirty-secondnarkin the MP3 recording.
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1.5.2. Questions and comments from the audience

Theserecordingsverecreatedusinga bud microphoneattachedo the spealer during
their presentationDueto theinherentrangelimitations of this type of microphone,
someof the commentandquestionsrom theaudienceareunintelligible.In cases
wherethe spealer repeatshe audienceguestionthe questionshallbe omittedanda
markerwill beleft in its place.Eventswhich happenn theaudienceshallbe bracleted,
suchas:Theaudienceapplauds.

Furtherin casesvherethe audiencecommentor questionsarenotrepeatedy the
spealer, they shallbeincludedwithin this transcriptandshallbe enclosedvithin
doublequotesto delineatethatthe statementsomefrom theaudiencenot from the
spealer.

1.5.3. Editorial notes

Theeditorof this transcriptthetranscriptionis{(if youwill), andthe quality assurance
resourcevho have examinedthis transcriptmay eachincludeeditorial noteswithin this
transcript.Theseshallbe placedwithin bracketsandshallbegin with 'ED:’. For
example:ED: Theauthoris referringto slicedcheesenot gratedcheese.

1.5.4. Paragraph breaks

The paragraplbreakswithin this transcriptarevery mucharbitrary;in mary caseshey
represenpause®r breaksin the speeclof thespealer. In othercasesthey have been
insertedto allow for enhancedlarity in thereadingof this transcript.

1.5.5. Speech corrections by the speaker

During the courseof thetalk, the spealer may correcthimselfor herself.In thesecases,
the correctedspeectwill be placedin parenthesisThereaderof this transcriptmay
usuallyignorethe parenthisedectionsasthey representorrectedspeechFor
example:My auntoncehad(a dognamedSpot,sorry)acatnamedCleopatra.
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1.5.6. Unintelligib le speech

In sectionsvherethe speeclof theauthoror audiencéhasbeendeemediseful,but
unintelligible by the transcriptionisor by the quality assuranceesourcea marker will
beinsertedn their placesunintelligible. Severalattemptswill be madeto correct
wordsandphrase®f this nature.In casesvherethe unintelligiblewordsor phrasesre
clearlynot of importanceo the meaningandunderstandingf the sentencethey may
be omittedwithout marker insertion.

2. Transcription of MP3-Recorded Audio

My nameis Steve Lord; I'm goingto betalking aboutXFS. Maybe60-40between
whatXFSis in termsof whatfeaturest hasandwhatit is andhow it works,andwhat
we've hadto do to getinto Linux.

Sol'll talk first a bit aboutwhy we're doingthis, thenl’ [l move into featuresof XFS,
someof how it works, I’ Il try notto replicatewhatwentbeforeyesterdayand
differencesn theinterfacesbetweenhefilesystemandtherestof the OSbetween
Linux andIRIX, whichis wheremostof thework endsup being.A little bit about
pagelfs, whichis thework we've beendoingfor file buffering andmetadatduffering,
wherewe are,andwherewe’re goingfrom here.01m, 00s

So,first of all, obviously we wantedto be GPL becauseve wantthisto gointo Linus’
treeat somepoint, we're not exactly surewhenthat’s goingto happenput somedayt
will happenSinglesourcebasebetweenRIX andLinux wasaninitial goalaswell.
Thereis a hundredandtwentythousand120,000)lines,thereaboutspf codein the
kernelwith XFS. A lot of that's commentsI’ve notgonein andattemptedo saythere
arethis mary actuallinesof realC code.01m, 41s

Sowereally don't wantto have multiple, differentversionsof this stuff. We wantto
keepasmuchof it thesameaspossible Thentheotherimportantthing is we wantto
beableto move filesystemdackwardsandforwardsbetweerMIPS IRIX boxesand
Linux. 02m, 05s
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Firstof all, thelegal endof things.WhenSGIl announcedhe opensourcingof XFS, |
don't evenrememberlike, way long time ago,sometimeearlyishlastyear;| really
wishwe hadnt told thelawyers,becausét washorrible. SGI's legal peopleinsisted
thatwe don't do anything which might getthe compaly sued.Sobasicallya groupof
very brave peoplein Australiatook the sourcecodeandthey wentandcollectedother
sourcebases| meanATT SystemV, all sortsof stuff, andgenerateall sortsof tools
for doingcomparisorbetweerthedifferenttreesandlooking for matchesWhenthey
did find one,we hadto take it outandreplaceit. And they foundfour or five. Very very
little. Thewholecoreof XFSdidn’t look like anybodyelses code.Basically it let them
learnthecode.It alsogotrid of two lawyersandit took way too long to do. 03m, 27s

Sourcecodecompatibility. Obviously commoncodebase Thetwo reasongeally; A)
the costfor maintainingtwo; andB) if we have to changeeverythingto make it work
on Linux, thenchancesrewe aregoingto breakalot of it in theprocessSoit was
really fairly key to usthatwe try to keepthe coreof the codethe sameanddealwith
stuff aroundthe edgesNow unfortunatelyatthe sametime (IRIX didn’t have agood,
overthelastfew years)IRIX really didn’t have a very goodreputationfor reliability
andthey really clampeddown on codegoinginto thatthing now. Which meansthe
peoplewho look afterthatsay noway, no how areyou changingour codejust soit will
work on Linux. Soatthe momentwe have alot of changesn our codewhicharent in
IRIX, maybethey’ll goin theresomedaybut notfor now. But we've tried to do things
in away wherewe cango back.04m, 34s

And then,finally, from the externalmessagewe getarelik e: keepit cleananddon’t do
stuff to Linux whichis goingto helpyou but hurtseveryoneelse,basically And just
quickly throughthis, not very interestingto mostof the peoplein here.The on-disk
formatis now exactly the same Oncethe peoplein Australiahadfinishedreviewing
the code,they thenwentanddid anendiancorversiononthething, becauséMIPS s
big-endianandour first platform,thelA-32, is little-endian.They againdid all the
work onthatendof things,whichwasvery nicebecausé didn’t wantto doit.
Obviously we needto understandhe volumemanager$rom IRIX becauséf we can
justsupportsingledisks,it’ s notveryinterestingsothatis in progressasatotally
separatgroject.And finally, we’ll have to make the systemcallslook thesame,
somehwv, probablythroughalibrary layer. 05m, 34s

Onto somemoreinterestingstuf: what's actuallyin (earthquak, no,in) XFS, well,
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first of all, somenot-very-useful-these-dayge sizelimitations; 2-to-the-64thpoweris
kind of well 2-to-the-63rdpower minus1 for files, 2-to-the-64thpower for filesystems
is kind of well, notusedpracticallyatthe moment.Who knows, somedayt maybe, but
therearerestrictionsin Linux which pull usdown from that.I’ ve managedo createa
file with asizeof 2-to-the-43rdoower minusl1. Sothe LFS stuff that’s outthere.. this
wason RedHat6.2,sotheuserspacé&FS stuff doeswork. Becausg/ou cancreatea
file thatbig, | havent, | wouldn’t recommendountingit, though...(because just)|
meanl don't have thatmuchdisk space] just putafew bytesout atthe end.06m, 40s

Whenyou make an XFS filesystemyou getto pick the block sizeof thefilesystem.
Thisis theunit of allocation,sowhenyou areallocatingdirectoryblocks,whenyou are
extendingafile, thisis the smallestchunkof stuff it will allocate.Thatgoesanywhere
from 512bytesto 64 kilobytes.Sixty-four kilobytesis justfor peoplewho alwaysdeal
with hugefiles andthereis no pointin themmessingaroundwith smallstuff. The
defaultis four kilobytes.07m, 13s

And we arecompletelyextentbasedTheres a coupleof bitmapslaying aroundoneor
two placesput free spaceas manageasextents,in-usespacadn filesis all managedn
extents.Soextentsis basicallyatuple of file offset,disk block locationandlength.Free
spacql’ Il getinto abit of detailthere,free space)s actuallyorganizedastwo B-Trees,
oneof whichis organizedby locationon disk andoneof which s organizedby size.So
dependingon whatyour first priority is whenyou allocatespaceyou cansearchone
way or theother Soif youwantto put stuff closeto somethingelse,yougoto the
locationsearchijf youwantto getsomethingcontiguousthenyou gointo the
size-basedne.08m, 14s

I’'m notgoingto attempt,| couldnt attemptto draw a pictureof whatthewhole of XFS
lookson this, but basicallywe canhave threesub-wlumes.You cansplit your
filesystemup into threedifferentsub-component®ata,whichis the main partof the
filesystemandthat’s metadatafile data,free spacegverythingisin there.Thelogis
justacircularjournal. And thenwe have areal-timesubvolume,whichis only usedfor
file data,theres no metadatan thereatall. IRIX volumemanagerset you build a
volumethathasnamedsubvolumeswithin it andon IRIX you cansay’'mkfs’ onthe
volumenameandit’ Il glue everythingtogether09m, 13s

Martin down here,did somework on Linux to let uspassn separat@mamedor different
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sub-componentgut in the casewhereyou arejust usingasingledisk partition,then
you don't botherwith real-timeandbasicallythelog getsputin the middle of the data
subvolume.Sofor the simplecase honeof this comesnto play. 09m, 41s

Thenthedatasub-wlumeis splitinto allocationgroups.Thisis the unit of
managemenf spacejf youlike. Eachof thesemaintainsts own free spaceijts own
inodestructureswhathave you, andyou canhave oneCPU allocatingspacen oneof
thesewhile anotherCPUis freeingspacdn anotherone,soit’ s alsoa multi-threading
thing. (Thoseare...)If you madeafilesystemon a9 GB drive, they’d probablycomein
ataboutl GB each.They arelimited to a4 GB size.Sowhenwe getto really big
filesystemswe getto have thousand®f them.Thatactuallygetsto bea problemwhen
you wanta multi-terabytefilesystemandpeopleareworking on that. 10m, 32s

Theotherthingit letsusdois have moreof them,soif you have avolumemanager
which letsyou addspaceo a volume,thenon-the-flyyou cangrow thefilesystem,
createnew allocationgroupsandthenpeoplecanstartputtingdatain them.When
we’re actuallyallocatingspacenormalcaseis delayedallocationor, asit seemgo be
gettingcalledin the Linux community allocateon flush. 11m, 05s

Whenyou do awrite on XFS, usuallythereis no transactionThereis in-memory
structuresvhich representhe amountof free spaceavailableandyou just subtract
from theamountof free spaceandtackit onto thefile andthereis anin-memory
representationf anextentwhich doesnt have a physicaldisk locationyet. Thenlater
on, dueto memorypressurer syncactvity, or somethingelsethis getsflushedoutto
diskandatthatpoint we do theallocation,soyou coalescanultiple write callsinto a
singleallocaterequestThis helpsalot for creatingcontiguoudiles. 11m, 50s

We alsosupportpreallocationsoif you know in advancewhatyour applicationis
goingto beusing,in termsof spacethenyou canpre-layoutthe spacen adwanceand
getall of thetransaction®ut of theway, andyou canjust pushthe datastraightinto it
whenyou actuallywrite it. It tendsto go togethemwith directl/O, whereyou're moving
directly betweerthe usermemoryandthe device andnot goingthroughthe buffer
cachel2m, 22s

Theotherthing hereis the allocatoris fairly smart;it knows aboutstriping. Soif you
have a stripedfilesystem|jt attemptgo lay out extentson stripeboundariesthattends
to give you betterthroughputlf you have four driveson four controllersstriped
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correctly thenyou couldbasicallyhave all four of themgoingfull speedaheadatonce
andfile extentsandinodesgetlaid out onthoseboundariesn a stripedfilesystem.
Theres alsootherstuff in therefor placementFor the simplefilesystemcasejt triesto
keepfile datacloseto theinodeandfile inodesin thedirectorycloseto the directory
but it spreadslirectoriesaround soit triesto puta subdirectorysomeavhereelse justso
thatyou don’'t endup with everythingin onepartof thefilesystem13m, 29s

We, too, dynamicallyallocateinodes.Usuallyit is two filesystemblocksworth and
becausehey arevariablesizethatgivesyou a differentnumberof inodesdependingn
how you madethefilesystem They arearnything from 256 bytesto 4 KB each.Thereis
afixedcorewhichlooksfairly normal,thenthe otherpartsof it getsusedfor various
things.You canputfile extentsin there,to avoid having indirectblocksfor having that.
You canputdirectoryentriesin therefor smalldirectories Symlinksgoin there.You
canput extendedattributesin there.Thesearebasicallynameequalsvaluetext type
objects.Thecodeis pretty muchthedirectorycode.14m, 29s

Thespealer callsonanaudiencanemberfor question.
Is the sizingguidenumberperfilesystemor percluster?

It’ s perfilesystemlt’ s a mkfs option,soyou cant changdt onthefly. It'sreally only
usedby peoplewho know in advancewhattype of datathey aregoingto putin there
andthey wantto, for instancepeoplewho areextremelyconcernecboutl/O speed
don't wantto have headdlying aroundthe placedoingblock lookupsfor bits of
metadatasothey try andorganizethingssoalot of the directorycontentsandextents
would stayin theinode,ratherthanbeingscatterecairound.Thatway, moreof thehead
seekingtime is spentgoingthroughthe data,ratherthanyour metadatal5m, 18s

Thespealer callson anaudiencanemberfor question.

This extendedattribute call... Ted Ts’o wassayingyesterdayabouthow badanideait
wasto have dataforks andresourcdorks. Whatdifficultieshave you encounteredver
theyearsin IRIX in having extendedattribute calls?

To behonestthey don't getusedby applicationgn IRIX too much.If peoplehadbeen
writing GNOME or somethingon there thenmaybethey would've startedsneaking
stuff in there.Most of the usethatis actuallymadeof themis thesethingsdown the
bottomwhich aresystemmanageabjects soaccesgontrollists, capabilitiesianddata
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migrationinformation,wherethereis atertiary storagesystemsitting behindthe
filesystemwherethe extentsareno longerthere the datais actuallysitting on atape
someavhereandwhenyou actuallycometo wantto look atit, the systemhasto go getit
for you. Thatcodeis actuallystartingto go into our opensourcetreeat the moment,so
DMAPI supportis coming.16m, 41s

Thisis justapictureof that,soasl said,fixedinodecoreandthentherearethesetwo
variable-size@&hunksof datain there,andtheattribute hookis usuallyempty Most of
thetime we don't actuallyhave arnything down there.Soall the spacegetstakenup by
directorycontentsgetc.andthenoncestuff doesnt fit in there,it startsmigratingout
into indirectblock structures17m, 10s

Okay, | alreadysaidB-Trees,sodirectoriesareorganizedthatway, extentsare
organizedthatway, free spacethoseextendedattributes,if you have too mary of them,
soonandsoforth. We areextremelymultithreadedIRIX is currentlyrunningonupto
512 CPUboxes,sothat’s singlesystemimageacrosss12 CPUs. XFSrunsonthat, it
alsorunsonthislaptophere.And asl saidbefore,it canhandlemultiple parallel
applications17m, 51s

Now this real-timesubsystenis somethingvhich the codeis therebut we're not doing
arnything with it atthemoment.Thatletsyoudo a muchmoredeterministidype of 1/O.
Thewholepoint of real-timeis, you heedto be ableto give guaranteeabouthow long
it takesto do somethingSothereal-timesubsystenactuallyhas(its whole,)it’s own
allocator it doesits own spaceallocation,it’'samuchmoredeterministicalgorithm
that's usedandit’ s alsoextremelydifficult to fragmentfiles outthere.We haveto
actually usuallychangethe codeto make it fragmentfiles, but whatgoeswith thatis,
it' swastefulof spacel mean thisis for big stuff; thisis for MP3s,l supposein this
audiencel8m, 48s

Justa quick run-throughof whathappendo adirectory You createa directorywith
nothingin it. You startputtingentriesin it. They liveinsidetheinode.Onceit getstoo
big for that,we moveit outinto a singleblock of directoryentriesandonceyou go
beyondthat,it startsbuilding a B-Tree.Theactualdirectoryentriesonly live atthe
bottomandeverythingabove thatis hashvalue,block addresgairs,soyou hashyour
nameandcanwalk down the levelsof thetreeuntil you find the specificentryatthe
bottom.And for the sale of stuff like getdents()all theleavesatthe bottomare
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connectedogetheyrsoyou canjustwalk left or right acrosghething. And if you start
removing stuff from a directory thatactuallydoescollapsebackagain.Soyou can
actuallygo all theway backfrom a B-Tree,backto everythingbeinginsideaninode.
And extentsdo exactly the samething. 20m, 01s

Okay, soonto journaling,which | haven't saidanything aboutyet. Anotherfeatureof
XFSis thatit is anotheroneof thesgournalingfilesystemsSowe do the samething as
everybodyelse.Basically(we do,) we write to thelog, thenwe write the metadataut,
sowe have theright orderingrequirementshatonemusthapperbeforethe other
Transactionshemselesareasynchronousoyou couldactuallycomplete..most
transactiongompletewithout having to write anything, sothey getbatchedup the
sameway asEXT3, which wastalked aboutyesterdayAnd let me see we aredifferent
from EXT3 in thatwe only log deltasof what's changedSoif you manipulatea
directoryblock, andyou happerto just putoneentryinto it, thenall thathappenss
you log thechunkaroundthat;it chopsit up into fixed-sizepieces] think. Sotheres
actuallyquitealot of compressiohatgoeson in thedata.A numberof thestructures
thatwe log arent actuallycopiesof blocks.(Thereare)inodesgo out differently;
freeingstuff is dealtwith differently, sothelog isn’t justacopy of the metadata(And
then,whoops,ohwell. Thespealerlaughs.)21m, 40s

Okay, the otheraspectereis thatyou mountthefilesystemjt alwayslooksatthelog
whenyou mountthefilesystemjput if it findsthatthelastthingin thelog is an
unmountrecordthenthat'sit. If it'snotanunmountrecord,thenit hasto gofind the
headandtail of thelog andreplayit. And again,aswith EXT3, andlI’'m sureJFS this
is amulti-stageprocessYou have to, thereis stuff in therethatyou don’'t wantto really
replaybecausesomethingelsehappenedaterwhich re-usedhosedisk blocks.Butit’s
usuallyprettyfast.

Thereis aquestionfrom anaudiencenemberijt is repeated secondime, more
audibly Theinitial questionandanswerthave beenomitted,asthey arerepeatedn
moredetail.

| askedwhetherthis wasdonein the mountcodeinsteadof a userspaceapplication.
Yes,thisis within themountcodein thekernel.22m, 40s

So,thenext severalslidesareactuallyakind of sequencef eventsof whathappenss

11
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we go throughatransactiorandtheres alot of stepsmissedout here,becausét’s
really alot morecomplicatedhanthis. Sothefirst few thingsyou do areresenre log
spaceandthat’s whereyou getstuckif thingsarebusy. | meanbasicallyyou're not
allowedto do anything until theres spacean thelog to do theworst-caseversionof
whatyou'’retrying to do. (Theresalot...) Doing somethindik e a directoryupdate the
rangeof amountsf datainvolvedis very large. Fromtheworstcaseof just updating
somethingn theinodeto having afive-level-deepB-Treeandyou're splitting the thing
andit’sgoingall theway up andyou’ve gotto go andallocatesomefree spaceandthat
involvesanothemB-Treesplit, sothatgetsbig. Sooncethat’s happenedthenyou obtain
lock andmodify all your metadatasothat’s what (otherfilesystemssothat’s what)
EXT2 does.Thatlittle bit there.23m, 50s

Thenext thing afterthatis whenwe committhetransactionthe deltasgetcopiedinto
thesein-call log buffers. Theres several of thesejt’s amountoptionhow mary of
theseyou get. That's basicallyit for thetransactionWe pin the metadatan memory
Thisis the XFS terminologyfor this. Everybodyhastheir own journalingtechnology
but we basicallystick a pin throughthe stuff andnothingwill write it outto disk until
we unpinit andthenwe unlockit which meanghatothertransactiong€ancomealong
andagainmodify the metadatdagain).24m, 38s

Sothenext stepis, this stuff goesout to disk, triggeredby a numberof differentevents
in thesystemOneis we run out of in-call log spaceThosebuffersare32 kilobytes
eachandl think two is thedefault. You canhave up to eight. And probablyfor really
large systemsye needto increasdhat, but onetransactiorcanfill morethanall of
them.It canactuallyinvolve goingaround throughthe buffersmultiple times,in those
worstcasescenariosUsually severaltransactionsvill fit in onebuffer. Sorunningout
of spacesynchronousransactionsfor example,andO_SYNCwrite, which allocates
spaceyou have to pushthetransactioroutto disk at thatpoint andfinally, just
backgroundsyncactvity, solike theonceevery five secondkind of thing. 25m, 43s

Oncethatwrite completesyve actuallyneedto keeptrack of all the metadatavhichis
in memory modifiedbut not on disk yet. Sotheres this thing calledthe active item list
which s basicallya chainof all thatmetadataAnd we cannow unpinit, sonow the
metadatacouldbewritten to disk. Obviously thislist is (organizedby... it s) time
organizedwhich meanst’ slog positionorganized 26m, 18s



Porting XFSto Linux

Now we pushthe metadatabut, soonceagainflush,runningout of memory or we
don't have ary disklog spacdeft. Basically you're dirtying metadatdasterthanit’s
gettingflushedout by sync.In thatcasewe needto do whatwe call tail pushing.Which
is, you go find the oldestmetadatandyou forceaflushonit; you forceit outto disk.
And atthatpoint, it goesout to disk; whenthatl/O completesit getstaken off this
active itemlist. And if it happenedo be atthe end,we canmove thetail of thelog to
freeup morelog spacewvhich meanghe next guy cancomethroughthetransactionthe
startof thetransactiorcanbecarriedon. 27m, 14s

Theres otherthingsgoingonin here.lf we happerto log a pieceof metadatandthen
we log it againbeforeit’ s goneoutto disk, thenwe justre-logit backinto thelog
again.We moveit (to thetail of theactiveitem list, sorry)to the headof theactiveitem
list, if it happenedo bethetail, we free somelog space Soagain,asStephenfweedie
mentionedyesterdayquite a bit of commonly-usednetadatgust keepsloatingaround
thelog anddoesnt go to disk very oftenatall. 27m, 51s

Okay, onto whatwe hadto do goingto Linux. SoIRIX is vnode-based,inux isn’t.
And IRIX hasa buffer cacheinterfacewhereyou getto messwith variable-sized
buffersratherthanthefixed-sizeduffer headswvhich Linux uses And lock device
interfacelooksdifferent.Systemcall interfacelooksdifferent.And thentheres some
64-bit'ednessif youwantto call it that.So,becausave wantedto keepasmuchof the
codeassameaspossible we introducedhis gluelayer, whichis basicallymapping
from the Linux VFS operationgo the vnodeoperationsif youlike. Mostof whatit’s
doingis agumenttranslationput it letsus keepalot moreof the structuredooking the
same28m, 58s

Theotherthingit givesusis, it cansupportstacking.You could stackdifferentsetsof
operationspneontop of theother And this is differentstackingthanothersoftware
availablefor Linux givesyou, becauséhisis on aperinodebasis.Sowe cansaywe
wantto stackthatone,not everythingin thewholefilesystemWe putthisin therefor
CXFS,whichis aclusteredversionof XFS, which needdo interposdtself betweerthe
userandthefilesystem29m, 37s

Theotherthing | have to sayhereis thatthe Linux VFS doesmorethanthe IRIX VFS.
Theres alot morecommon.Overtime, I’ ve watcheda lot morecodemove out of the
filesystemsandupto the VFS layer And we still have duplication;thingslik e renaming
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adirectoryinto a child of itself is oneexampleof athing you don’t wantto happerin
thefilesystemandin IRIX, that's handledby thefilesystemsin Linux, it’s handledby
theVFS. And now in XFS on Linux, it's handledby the VFS layer, sowe areworking
ourway throughthoseaswe find them.I’'m suretheres severalleft. 30m, 25s

Thereis aquestionfrom anaudiencenember
Thestackingyoutalk about...do youintendto try andputit into the VFS?

Haven't really thoughaboutthatone,to be honestAnotheroption...atthe moment
cant remembethe nameof thepackage..Theresponsdrom the audiencanembelis
inaudible.l meanpossiblyit’s anextensionto FIST, thatwould beanothemway to go
with this becausé-IST, asl understandgt, is — you getthe optionof stacking
everywhereor stackingnowhere basically 31m, 03s

Sothisis apictureof whatthatlookslik e. Overto theleft, we have the Linux world;
thefile operationstheinodeoperations..l didn’t shawv thedir entry operationsAnd
what's left of our vnodeis actuallythefilesystemdependenportionof theLinux inode
in there.And thenthatpointsatthe behaior whichis in the samestructureasthe XFS
inodeitself andits the behaior which supportghis stackingconceptsoyou canlayer
those;they chaintogether31m, 44s

Missingsystemcalls. Theres all thesetwiddly bitsin XFS whichyou cant really get
to throughthe standardLinux systemcall interface.Heres afew examplesof that.
Spacepre-allocationyou needto beableto put spacento afile andtake it outagain.
Thereis a POSIXspecfor thisonethere,sol suspecthat’s theway thatonewill go.
Extendedattributes;theres no systemcallsfor thoseyet. We’re actuallyputtingthe
IRIX onesinto ourtree,but it sounddik e theres goingto be somesortof interfacein
Linux in the nearfutureandobviously that's the way thatwill endup beingdone.But
for now, we needa way of exercisingthe codein thekernel, sowe have to put
somethingn, in theshortterm.32m, 42s

Theres otherextensiondo that.If we wantto do theaccesgontrollistsandmandatory
accessontrolandcapabilitiesandstuff, therearesystemcall interfacesfor that, but
thereis alsoa boat-loadof userspacstuff thatgoeswith thattype of thing. | think all

of thekernel,theactualMA C-accesghecking,codeis notin ourtree.But we have the
hooksin thefilesystemand(thatcodeis actuallybeingpublishedby) thecodethatXFS



Porting XFSto Linux

usesn IRIX is beingpublishedby SGI elsavhere.Sothekernelcodeis just a matterof
gluing thingstogether33m, 21s

And the otherthing hereis real-timeinodeattributes.If you wantto usethereal-time
subsystenthenyou have to tell thefilesystemaboutit andyou needto saythingslike,
Whatis the unit of allocation?You might wantto say Whenever| allocatethis spacen
thisfile, allocatein chunksof half-a-meyabyte.Thattype of operation33m, 46s

Thisis wherethingsgetalittle bit morehairy. OnthelA-32, theinodenumberwhichis
usedby mostof the kernelto identify a particularfile is a 32-bit quantity Well in XFS,
ourinodenumbersare64 bits. Theinodenumberis actuallyanencodingof the disk
location.It doesnt becomea problemuntil thefilesystemis biggerthantwo terabytes,
soatthemomentwe haven't dealtwith this. 34m, 25s

But Al Viro wassuggestingve usesomesortof dynamicgeneratiorof numbersn
placeof ourinode,sowe’d have fake inodesontop of therealinodenumbersTo be
honest] dont like that. Thesethingsreally have to be permanentPeoplecanstat()
themout of thekernelandrecordthemsomevhereelseandexpectthemto bethesame
later Sothey needto really mapontoexactly whatthe kernelis using.Soif anyonehas
gotary brightideas..35m, 02s

(Theotheroneis...) Thenext oneis device addressabilityTwo terabyteg2 TB) is still
theblock device addressabilityimit. Again, for large systemswve’d liketo beableto go
beyondthatandhopefullythekiobuf interfaceis goingto give uswaysof dealingwith
that.35m, 25s

Anotheronewhich actuallycameup yesterdaytalking to the JFSguys, is directory
offsets.Theseagain,canbea 64-bit quantity They’re usedon the getdents(system
call, sowhengetdents(pivesyou backdatafrom thekernel,it givesyou anoffsetto go
with it. And you canseek,in theory to thatoffsetandgo backto whereyou were.35m,
59s

Now glibc hasa different-sizedlirentstructurethanthe kerneldoesandit doesthese
interestingthingswhereit takesthe users buffer andsays,Aha! I know thatthekernel
structuresizeis different,sol amactuallygoingto usea heuristicto say:the userasked
for thismuchandl’'m goingto askthe kernelfor adifferentamountbecausé know
whatthekernelwill give mewon't fit in theusers buffer, if 1 justblindly ask—or
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potentiallywon't fit. Now | cant remembertheres onefield which is missingfrom
oneandnottheother;l cant remembervhatit is. If this heuristicdoesnt work, it does
aseekbackandtriesagain.36m, 44s

Now thatseekonly remember82 bits of informationwhich doesnt really work in all
circumstanceandtheres otherplaceswherethe 32 bits becomesnissue XFS
actuallyhastwo versionsof its directorystructureto dealwith issuedik e this. In the
secondwhatwe call V2 directoriesthe problemdoesnt actuallyshown up until
directoriesgetreally, really, really big, lik e two-to-the-thirty-two (2-to-the-32nd
power). The otherone,thedirectoryoffsetis actuallya hashvalue,it doesnt just
increment- it wandersall overthe place,but all sixty-four bits arerelevant. ThatV1
directoryformatis goingto beanissueon Linux unlesswe cangeta patchinto glibc.
And thatdoesnt seemto bevery easyto do. The spealerlaughs.37m, 37s

Okay, sobuffering. Most of thefilesystemsn Linux, whenthey actuallywantto do
I/0O, they speakbuffer headsandbuffer headsyou getto pick onesize.And if you don't
do /O in thatsize,thentheblockinterfacethrows it backatyouandsays;don't do
that.Now in XFS, | saidwe have avariableblock sizeat mkfs, but that's notthereal
problem.Theproblemis thatwe have somestructureonthedisk which arealways512
bytesandwe needto beableto do I/O onthem,ontheir own. For thewrite ordering,we
cant justwrite thewhole4K block which happengo containthe superblock- we must
justwrite thesuperblockandnot the thing next to it which might be pinnedin memory
Sooneoptionwould bewe do everythingin 512 byte pieces Well, you getanawful lot
of buffer headswhenyou do thingsthatway andit’ s pretty expensve. 38m, 40s

Now obviously we needto beableto controlthewrite ordering,which doesnt work
with theregularbuffer interfaceandeveryones comingup with their own way of
dealingwith thatatthe moment. And thentherewasthis long-termgoalwe sortof
seento have heardsomeavhereaboutmoving moreandmorestuff into the pagecache,
andmaybemakingbuffer headgyo away altogetherSowe decidedio make life
interestingfor ourselesanddo this. So XFS is actuallycachingeverythingin pages
andthe only timeswe usebuffer headsatthemomentareif we aretalkingto adevice
whichwe needto usethemon, sothey’re createdemporarily—we do thel/O, we tear
themdown. And we arecurrentlyusingthemfor someof thewrite-behind-the-filedata.
39m, 38s
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Sowe createdhis thing calledpagelnfs. Pagelufs is really two groupsof stuff. Sowe
cacheeverythingin thefilesystemin pagessomostfilesystemsn 2.4,theresan
addresspacdn theinodewhich cachedile data,sofile datais justheldthere.We have
aspecialinodewhichis for the metadataf the filesystemwith anaddresspacadn it.
We probablyshouldjusthave anaddresspaceandnottheinode.That's wherethe
metadatdi ves.Now we usekiobufs underneatlthis, soa pagelifsisn’t understoody
thel/O layer, but thekiobuf is, or will be.Socurrentlyit’sworking for SCSI.Theres
beensomediscussionbut Jenss goingto doit for IDE. And Martin, he'sover here,
he’sworkingon LVM, andthenmaybehe’ll try MD. Thespealer laughs.The other
thing in hereis we do locking on pagelifs, soour unit of lockingisn't the buffer head
or thepage,it' sthe pagelnf. | meanpagelocking still comesinto things,but we can
lock thingsof differentsizes 41m, 16s

So,| saidtherearetwo parallelpartsto this. Oneis file 1/O, asl said,we’re extent
basedThesetof operations/ou getfor doingl/O to afile areblock-basedSowhen
you actuallywantto askfor spacewith theinterfacethat’s available,you goto the
filesystemandsay’give metheaddresdor this block’ andthen’give metheaddress
for thenext block’, andthenthe next block,andsoon. It doesnt really fit with XFS’
modelof doingthings,sowe actuallyhave a parallelsetof code,includingreadand
write, for usinganextent-basedallocatorinterface.42m, 02s

And it understanddelayedallocate We actuallycurrentlyhave our own pagecleaner
in there, wanderingaroundlooking at pageghathave this delayedallocateflagin there
andcalling backinto pagelnf andsaying:okay, time to write this. At which point, we
canusethe extent-basedllocatorinterfaceto do I/O clustering sowe canactuallygo
andsay:what's next to this?It’ s very easyto go to the allocatorandsay giventhis
particularoffsetin thefile, give metherangeof thingswhichis physicallycontiguous
with it ondisk. And from that,we canactuallygeneratea muchbiggerl/O requestSo
basicallywe usethe smartswhich thefilesystemhas,ratherthanrelying on the elevator
code.I'm nottrying to saytheelevatorcodeis no good.Thespealer laughs.It’sjust,
we’re doingeverythingtwice thatway. This pagecleanershouldgo away andbe
replacedwith regularpartsof theVM system- therearediscussiongjoingon about
that.(And | think | saideverythingin here.Okay) At the momentagainour metadata,
we’re doingour own managementf whenit getswritten andthat’'s somethingelse
which shouldmove out of this outinto theregular— therestof the system43m, 40s
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So,wherearewe?Despitewhatthe websitesays this filesystemdoesactuallywork.
For alongtime, it saidthisis pre-alphacode,don’t touchit with alarge pole,basically
| think now it saysit is pre-betacode.Thespealer laughs.But | useit every day Okay,
unlike Stepherifweedie,| haven' installedit all over my laptop.I’ Il dothatsometime.
| will admit,we do have a bug atthe momentwhich causesisnotto flushinodeswhen
we shoulddo; | have to put somefairly heary pressureon the systemto make that
happerandoncel stopgoingto conference$ Il gofix that.44m, 31s

Sothat’s IA-32. We actuallyhave this up andrunningon MIPS aswell, soit’ srunning
on abig- andlittle-endiansystem We canmountIRIX diskswith that. The otherports
areprobablygoingto take alittle while yet. Theuserspaceodein XFS, for historical
reasonsis thekernelcode.It’ s built two differentways.The spealerlooksaround.
Nope,no Dave Miller in here.Dave Miller —thefirst daywe announcedll the code
wasthere,hedownloadedt, attemptedo build it onthe SFARC, andthrew upin
horror; sentusa couplepatchesandsaidno way, no how is this ever goingto work. So
whatactuallyhasbeenhappenings the userspaceodeis still thekernelcode,but it is
startingto be brokenapart.And fairly soonnow, we shouldhave auserspac&hichis a
separateopy of thecodeandwe canstartcleaningit up. Sothatshouldstartto make
someof the otherportslesspainful. 45m, 42s

Most of the utilities aretherenow, somkfs...repaitr which s for whenthingsactually
do gowrong,becausavith journalfilesystemsit doesnt alwayswork. No matterwhat
peoplesay it doesnt alwayswork; theres I/O errors,all sortsof stuff canhappen;
developergyettingit wrong,you know they tendto screv up filesystemsThat's there...
xfs_dbis basicallyaneditor, you cangoin andif you canunderstandhe command
interfaceon thething, you canactuallygo in andwalk aroundthefilesystemandmess
with bits of it. Dump/restorethis slide hasit, up until this morningwasawork in
progresslastnightthey actuallydid succeedn doingdumpandrestore Sol don't
think thatcodeis outon our websiteyet. | think they’ve beenholdingthatoneback
becausét wasnt atall functional.But | expectthatto shav upin the next dayor so.
46m, 45s

Thereis aquestionfrom anaudiencenember

Is it your intentionto keepthe on-diskcompatiblebetweerthe Linux port of XFS and
theoriginal IRIX portof XFS?
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Yeah.It'sjustnotworthit to have two differentones.Initially, we wereworried with
the overheadf byte-swappingandthatit wasgoingto costustoo muchandinitially
we werelittle-endian,becausét waseasierto getthefilesystemgoingwithout having
to worry abouttheendianissuesAnd it wasgoingto berun-timeswitchable put first
thing you have to dois to make it work the otherway around sodo the endianflipping
andthey measuredt andit wasnt worth botheringwith andnow it’ s all big-endian.
XFS alreadyhasseveraldifferentversionsjustlik e mostfilesystemsave, andtheres
backwardsandforwardscompatibility stuff in there.l expectovertime otherbits and
pieceswill shov up.47m, 54s

Theres otherstuff outtherethatgoeswith thesetools; somebodyust startedworking
onthedefragmentedRIX hasadefragmentewhichis anonlinebeastandsomeone
outsideof SGljustsaidhey, I'd liketo work onthat,sothat’s cool. 48m, 12s

Thereis aquestionfrom anaudiencenember
Is therearesizer?

Thereis agrower, thereisn't ashrinker.
That's fair enough.

Shrinkingis muchharder You kind of have to designafilesystemfrom the startto cope
with that.48m, 28s

Thereis acommentfrom anaudienceanember

Talking with Stephenit’s aninterestinghack,but for thoseof uscontemplating
actuallyrunningsenerson this, the groweris far moreimportant.

| don't think that’sthereyet, becausehe lastitem on this saysvolumemanager
interfaceneedswork.

Thereis acommentfrom anotherSGI XFS teammembelin theaudience.

| think thatmeantthe client at somepoint, but think we might getit done.lt’ sjusta
matterof gettingthe API doneon that.

Yeah.Thekerneluserspaceterfaceis very minimal, it’ sjustlik e, heres someextra
spacenow go useit. But onthevolumemanagefront, theresthat,theres finding out
wherethe heckthe stripesare.While thefilesystemknows aboutthem,you have to get
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theinformationfrom thevolumemanageinto thefilesystemandthat’s not quitethere
yet.49m, 20s

Thereis anunintelligible question.

Yeah,you canactually if you goanddo your researctandfigure out how theheckthe
thing s laid out, you canactuallymake afilesystemandexplicitly specifytheoptions.

Thereis anunintelligiblecommentregardingLVM.
Checkyour codein. Thespealer laughs.
Seemgo bethegenerathemearoundhere.Thespealer laughs.49m, 43s

Okay, sowheredowe go from here...Okay, theres alwaysperformancevork to do.

It’ sactuallypretty reasonablatthe moment. think for bonnie,we're doingabout
twice EXT2, for like if youthrow multiple timestheamountof memoryyou have in
your systeminto onefile, sothatyou write a gigabytefile with bonnieor somethingls
thatright, unintelligible?

Thereis anunintelligibleresponse

But theres thingswe cando yet. Theres definitelythingswe cando yet. 50m, 34s
Thereis aquestionfrom anaudiencenember

Whatis XFS’ performanceon mary, mary smallfiles?

Dependonwhatyou do with thefiles.

The explanationcontinues.

Let meexplain, my departmenits the biology departmenat Duke University. I've gota
herdof genesequencerslhegenesequences tenzillion files, all averagingabout700
bytesin length.

You probablywantthis guy over here.No, I'm notafraidto standup hereandsaythat
reiserfsis goingto bebetterfor somethings,XFS is goingto be betterfor others.I
don't regardthis asa competition.Theres differenthorsedor differentcourses,
basically XFSis goingto do okay, but | suspecbtherfilesystemswill do better 51m,
29s
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Thereis a questionfrom anaudiencenember The question's someavhatinaudible but
wasrelatedto theamountof changesn XFS, betweerthe opensourcetreeandthe
original IRIX code.

Thingswe changedn XFS itself, well theinterfaceto bufferswasthelargestchange,
we basicallyencapsulatethe IRIX buffer interfaceandthe pagelf interfacebehind
the setof macrossowe hadto go all overthe codechangingwhereXFS divedin and
outof buffer structureslirectly. Sotherewasthat,but it wasprettymuchaone-forone
exchangeBecausef theway inodesaremanagedn IRIX comparedo how vnodes;
sorry, inodesin Linux versusvnodesn IRIX. We have somechangesn theinodetear
down endof things,whichis wherethebugis. Apartfrom that,thechangesre
basicallytaking stuff outwhichis doneby the VFS layerandchangingsystemcall
interfacesat thetop. The mostimportantthing is gettingthe cachingbehaior exactly
right. The coreof the codeis the same Thealgorithmsarethe samewe haven't hadto
dodrasticsumgeryin there.Soyeah,thatwasoneof the key reasongor keepingthe
codethesameijt’s beentestedalot andwe don’'t wantto messwith it. 53m, 25s

So,okay, whatelseon here.. pagelif andLinux VM integrationis goingto happen;
we’re not exactly surewhat’s goingto comeoutthe endof it, in termsof whatpagelifs
enduplooking like, but we aregoingto getmoretightly integratedthatend,which will
helpwith generakystembehaior. We're nottoo...| canmake XFS draga systeminto
thefloor basically but it’ s becausét’ s thrashingthe disk backwardsandforwardsjust
becausd¢’'m puttingheary stressonit. But I'm sureyou cando thatwith other
filesystemsaswell. But generally (it doesnt kill) it doesnt graball thememoryin the
systemor anything like that. It’ sreasonablyvell behaed,but we cando better 54m,
14s

Real-time I’ ve saidthe codeis there.Thething thatisn’t thereis the supportfor it.
Theres thisthing calledguaranteedatel/O, whichis basicallyaresenation
mechanisnwhereyou say:| wanttwo megabytegersecondor two minutes.And this
userspaceodeis responsibldor managinghatandsayingeitheryou've gotit or you
didn't getit. And theres assortedhooksdown in thel/O systemin IRIX for
maintainingthoseguarantees/Vhetherthosewould ever go into generalinux, (|
don't) I'm notsureatall; | doubtit. 54m, 52s

Thentheres thevolumemanageendof things.It’ s still awork in progressSothat’s
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purelya portability thing. We’'ll have Linux volumemanagesupport And then,once
I’ve gotall thatdone,or we've got all thatdone,it’ s not justme,we have to godoit
againfor CXFS,whichis the clusteredversionof XFS. And that's goingto bereally
interesting55m, 27s

Thereis a questionfrom anaudiencenember
Is the problemunintelligible or arethereissueswith Linux? unintelligible

Well, CXFSdoescaching. don’t know if youwerein the GFStalk. Therestill is one
sener;theresstill oneplacewhereXFSis runningandall the othermachinesise
fibre-channeto getto thedisk, but they doit... they dodirectl/O betweertheir
memoryandthefile datablocks.All metadatas mediatedhroughthe sener, but
CXFSletsyou dothingslike move the sener while the systemis running.Which
meansyou’ve gotto do lots of stuff with stoppingpeoplegettingthroughthe filesystem
interface,holdingthemup, moving stuff out from underthem,puttingotherstuf (in
theplace)in its place,andalot of thatis very filesysteminterfacespecific.That's one
of theareaswvherethingsarequite different.56m, 31s

Thereis aquestionfrom anaudiencenember

Are you goingto opensourcethe CXFSpart?Becausdasttime | talkedto your
engineerstherewassomediscussioraboutthat.

Actually, I doubtit. Oneday, probably But currently it’s somethingve canactually
make money on,andSGl asyou all know probablyneedsmoney. Thespealer laughs.
So, probablythat’s not goingto be opensourcewhichis goingto make it really
interestingjt’ s probablygoingto gettied to specifickernelversionsandall sortsof
weird stuff, butit’ Il be...don't hold your breath. 57m, 10s

Thereis aquestionfrom anaudiencemember
Is thevolumemanagepnpensource?

| believeit will be,yes.And theres two aspectdo that. Oneaspecis thatyou needto
be ableto understandhelabelson thedisk andthat’s not too hardto do, to implement
from scratchXVM understandslustersjs oneof the otherreasondor doingit. And
that's alot of managementode,but the actuallabellingof diskscouldbe donein a
muchsmallerpieceof code,l suspectBut yes,it will beopensource 57m, 57s
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Thereis acommentrom anaudiencanember

unintelligible Themainincentive for portingXVM would be CXFS...

And just sopeople SGI customersgcanmove disk farmsaroundbetweersystems.
An audiencanemberequestshatthe questiorberestated.

Okay, sotheLinux LVM plusMD providesmostof the functionalitywe have in XVM,
sotheresnorealpointin portingthatto getanothervolumemanagerTheintentionfor
portingthe volumemanagemwould be CXFSandbeingableto move this farmfrom
IRIX boxesto Linux boxes.58m, 41s

You never know, maybeyou guysdo somepartof it better
We'll see.58m, 49s

It supportsnorewaysof gluing diskstogetherthanthe opensourcestuff in Linux does
atthemoment.You canstackthingsthreewaysfrom Sundayor whateser you wantto
call it. Which doesnt alwaysmake thatmuchsensebut you candoit. Soyou know
you canstripeon top of RAID, ontop of stripeontop of ... basically it' sa complete
stackingimplementation.

Any morequestions?
Okay. Thankyou.
Theaudienceapplauds59m, 40s

3. Additional resour ces

3.1. Presentation materials

Theslidesusedfor this presentatiomreavailableat
http://oss.sgi.com/projects/xfs/papers/@i8a
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3.2. XFS

Projectinformationregardingthe XFS porting effort, aswell assourcecodefor the
Linux XFS portareavailableat http://oss.sgi.com/projects/xfs/
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