;e3el @.6dT =  *cooooz* BACKGROUND OF THE | NVENTI ON Technical Field This
invention relates to a nethod and system for managi ng versions of a
fllesystem More specifically, the invention relates to creating and

removi ng | ogical versions of the filesystem Description O ) t
Systens and net hod for managi ng | ogical filesystem versions ’mmmmﬂmmm”m
the art. Fig. 1 is a block diagram 10 of a node 12 running a si nale.
operating systeminstance. The node 12 has. node software 14 with f’lTesystem
managenent l.ogic 16. In addition, the node is in comrunicati on# 1 | ocal
storage nedia 18 that includes fj - stem net a %WHWHMMWL
19. The fil esyst em managenent Iog)i[agmgigb?ﬂﬁ tlglnvsa&ggﬁ%lmnage | ogi I

of the filesystem The prior art system assigns an epoch nunber t 0*Ggoooz+

| ogi cal version of the filesyst e ' n identification
system for objects within theﬁ?ﬁaﬁépﬁa?m*@%ﬂgoﬂ an object has
been deleted in the prior art filesystemversion, additional records nust
be reviewed to deternine what the death epoch nunber for the object would
have been. Accordingly, the prior art IsgtiealFiglbs not include |ogic for

i dentifying obj ecirgs ihddtoR rdidd& tb QeHeBRN ahd é}@t%ﬁﬁ%%}ﬁgfn @RR Nk Qﬁ%ﬁlgsjst@ﬁlm ne a
range of logical filesystemversions in wiich the object 1s valid.
Simlarly, BMgrespe¢ificallyshoimiention eplaten toOreatingzand ir¢nagvinigslegival vensivdeofRe i n
communi cat i Oﬂlestepa.a storage area network 30. The client/server node has
~software 24 wth tilesystemlogic 26. In addition, the client/server node
22 is in comunication with the storage area network 30 that includes file
data space 32 and fil esystem netadata s e 34 I n opening the contents of
an existing file object on the stOrs t“ﬁ?ea(érgﬁ‘?#'?rh‘éﬂstor age area network
30, a client contacts the client/server node 22 to obtain netadata.

Met adat a supplies, the Cl(i)q?}ntig %%Oth information about a file, such as its
attributes and | oYsemsandmethed;ios managing;logical friggystem yessipnsseg knownrip the agtp Fig. 1

performs a ish®RkkdRghin MRSfAGREAL I REALFREH eogé?ﬁtirlgf&%t&ﬁ%f%ﬁéeeﬁi‘hfeinb&‘e HaRi N
the netadata 34 of the storage area network 30. The clientlserver node 22

communi cat estqde peftware Adwith fijesystamemprageraent logis 16 ifepdditiomthemdideig it he | ocat i on
of all data bl.asks ' fidie. i bl ock
| ocation(s), the 'cclaiﬁgﬁvﬂgédﬁplasyggggsd fJtdﬁlelgccﬁ';:ztﬁ gnc?lggs ﬁlﬁgg'?itsﬁj%gg%@s@%tgﬁyxg‘?r o a
shared st or apaceddyile filasytammmandgement dogionl & fanctioss ttroamagrelogicdaversenswof the 30. | n
addition, t I.ent : I .24 wi.th filesystem
ogi ¢ 26, Tre PR R BhE: G s B LASKA SR E B it by g AL
near - i nst anttahdorsot ingiudain identificgivg sydtenafdr iobjesty sithimthd-hesygtern, Tohietermine if

filesystem| ogi 6 assi an_.epoch er to a logjcal version of the
{11 eayat om pioofrsties BEe SRSe IR R BRR s R Bt @ion PP PO E8 A Be P pehietea
obj ect s wi t hiordetelnginé whatssdeath epdehaminben@l the objeet wiuldtavabéenS Wet@Hingi9Sifie NOt
include filesystem | ogic for. identi.fying objects withjin the |ogical
fil esystem v%%é f“gﬁ%?tet"ﬁg?esﬂgtt‘ﬁ?lﬁ‘%ﬁ%g‘%\}(ofé‘%ﬁ%‘g’{ﬂg OF’JS&F &ighingthg E’g%]ttg?ﬁy%‘?‘si ons
i n which thevepdiprB Glat detervithd fhrangd dTeSgiQAKARBIsRE Weksidhk @awvhioR tRfobRcl i9 iRl
filesystemversion is disk mrroring. Wth this nethod, two physical
| ogi cal versions of the filesystemdata are maintained on two disks. A
near - i nst ant aneowsmiSlys N2 Afa ek didelBSYPSABlibR/sEVER0RE 29 RubRidAGod Vifth a
mrror apart. As such,” the |logical version of the filesystemdata iIncurs
the cost of serpgeiaseanehwprk B@ Theplientiser vernodehasspftware 24 grithdidesystem logica2édiln i on,
. this nethod LT ' f t ' r.:Ral uent
| ogi cal ver s{dgﬂ‘ug’f‘ﬁ‘?f%EBP.&Hég{y?%@é r%q{r;igf B@fé‘ug?git(go%wﬁﬁ# ﬁgtgggérgan%t‘g&gﬁ Eg%agat i ng
a fil esyst enn¢lodgs didd dajeespsieci? and fifesystegn inesdata §riabedry dh epening thdicankens of an

copy-on-wite.progedure, i s rformed f very nodi fi ion. of a filesystem
object. A peCS‘ng‘é% féﬁrog'l/efne% ﬂdgﬁ?rﬁ%e Gt lélot%? S?fﬁ%ey%%’feé‘ﬂﬁ’fﬁ3[’@*‘0“2’8{5‘&08*6% Berecord
the state ofcliehtsefviet ssly 32 et medite NMeRIND SuppRésaheaRaOwIIORFERRtidn bBstaSt €M
versions. In additiqn, a background process, continuously unites the
contents of HifSueh 3sdis\ptiibiies and losatinn n siorags devicess Theelicat/esrverpode 22rmsrfpimsia ed
in efficiency and increased storage capacity requirements. In known prior
art systens that support |ogical versiods of a filesystem there are
limtations associated with the requirenents of increased storage space and
background processing. Therefore, there is a need for near-instantaneous
creation and storage of logical versions of a filesystemthat both
elimnates the requirenent of increased storage capacity and background
processing. 2 SUMWARY OF THE | NVENTI ON This invention conprises a nethod
and system for managi ng | ogical versions of a filesystem In a first aspect
of the invention, a method for managi ng | ogical versions of a filesystemis
provi ded. An epoch value is assigned to a |ogical version of the
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In a second aspect of the invention, a data storage systemis provided. The
systemincludes a |logical filesystemversion identified by an epoch val ue,
and a filesystem object identified by a pair of epoch val ues. Aversion
table is used to maintain a list of all valid fil esystem epoch val ues. Each
| i sted epoch val ue corresponds to a valid | ogical version of the
filesystem A version manager is provided to create a near-instantaneous

| ogi cal venison of the filesystemat a single point-in-tine. The current
epoch val ue associated with a current |ogical venison of the filesystemis
adapt _ed to bfooﬁ-tu ro?ﬁme’calaatL ﬂﬂb%ﬁﬁéﬂ f?)pth%?%l?ﬁtédhlgWitﬁin%fn&%ta&e&é%@&eth At{;}a € arca
addition, the vefsion manager nonotonic y 1 ncreases a current % e%ys?en1
epoch val ue. ndiwerkd$) dire chgnd'sérver abdee 2x@immunicefee fillmotaddette theirepestimgrciege of a
| ogi cal versiop .of e file in which the gbject is valid. In a third
aspect of t hglc_[hm}’éﬁlﬁﬁhl(??ﬁ“o ﬂ?éf‘%ﬁ?@lg‘gﬁs H’ahméb’ﬁ'gﬁtfg?'-§E‘§dfé°oql’éfltslﬁnﬁW§Fl’-°lﬁ‘étéer‘}‘f
nmedi um i s pr @eatitark), theannt ¢an abdess thieaitalfor tHRIiledRdcA o8 adRar8PR6Mgd/ ddvit it O a

| ogi cal version of a filesystemand for assi nlng@g pair of epoch values to
a fil esyst enfyppBrieation withdls stierage a1eq ngtyenrk 3G nin addifer, the cligntspevergade 4 Aninchdes
Mmai ntai ni NG g RkSIOANI ARbRA! 1ogil 36V hd fledysbRTY Y, '
" provided, with each I%stecf’%ng((:J%i val ue cg respo%%?ﬂgug{&g&gtovcghwﬁadd%?ng%ﬁ
versi on of t hear{finsfantapeue hagidal veasiong of afitesystann Hdwevar thiedilesysiem dogbal6 asgjgias an
near - i nst ant i cal .version of the file em.a TP

si ngl e- poi nt &Fb%ﬁ)# .ﬁ?r{é&%sg% %féf‘efg%"?‘ olfg}ée ’i‘?ﬁeysetg‘i}é’ t é%lﬁ%%:?égé?cﬁ%d% HrEQ Ryt §q65tﬂ%°§n%{’
~current epochysteal foeoljécts Wwithih digi filedysterar Acandingly,itheprior be Systdneddds Rottikdudeer Si on
table in pergjstent, stqrage and nonotoni.cally. ipncrements a cyrrent |
filesystem eﬁkéiﬁ?%i"é@%f?ﬁeé‘“%ﬂ??e ec@ﬁ’ﬂ&ﬁ“ @8}[{%&a[}é‘ﬁ§wtﬁ%‘@@|‘%ﬁw T fidhes a
range of a | pakEat loMed Filaekidih vérkienstih hae Shebjdenis WhEh the object is valid.
In a fourth aspect of the invention, a nethod for nmanagi ng | ogi cal versions
of a filesystemis provided. Filesystemlogic is enmbedded w thin server

sof tware of a nodgmeMAAmPRs 8f Gtaigh 6f PRELALHIAIstih FLABE & diskin'oREE CWis this
adapted to communi cate wth the nmetadata space of [ocal storage nedia of
t he node. AnmétedHwo ahysical logigalsiersivasiof the Hlepystginodata ayemgintainedfon ttwedisks. A
-filesystem A.pait..0f - i SSi 5 bj

ver ai on ¢ abl b islanfihe B0 Rok Bt HE R ES oRREAPY Siefald LERMBLIA ATl B
| i st ed epochlogeblnersiorofdsgitlngstay daw iscutsahé chst afgiuplidatingethe raguieddmduntof
filesystem ar-instant.anequs | ogical. verison of the filesystemi
created at aé(snlggeg{pgcepm ﬁg&lﬁ?ﬁ’ :f-}lrlrsem tgocusrteg?llrerslﬁregtm@ Nidas erélﬂg8we\?§a/t1€ & Bf
| ogi cal ver siubseqoénttidpical vdrsisy of therfilesystehemayeiezbien. Addthed examdes Kor&tigni

storage, and notoni cal ly.incr nt i a current filesystem epoch ,value.'
The obj ect eBSOREPhICEEA ytsionss & ogPass Hiessyam n vhlth BeqpialavTif ProbivEep
filesystem Vﬁegﬁirm%fdr BvetinGbificdtdn 0D ﬁl%@)'istejnﬁcabjét‘k.i lflpelﬁd&li@ref'i:e'ivtolﬂtlﬁ%ﬁwr%]@; OIt ge
invention, a data stoyage syst is prqovided. Filesystemlogic is enbedde
within ser vefys?B’f‘fﬁ&‘F%Ctg‘stoa%Wé‘gge%@ﬁ[f g’d fgﬁysrt%a“a‘ie RS nopEsisiensed lagiet em

i nstance. Thelefysteasysiiom hogidaionss RERBHOM Jrete SUTHIROGRY Bnildh IHR BRERESE e OF

| ocal . storage of the node. The Sést emincludes a |ogical.filesystemversion

i dentified bfflesysteaptasordinalie both gEthgserex prarly aredimits jireetficiprpy end miceedsedytozgpai r
of epoch val ugg; el table is used to maintain a list of all valid
fil esystem epoch values. Each |listed epoch value corresponds to a valid

| ogical version of the filesystem A version nmanager is provided to create
a near-instantan i.cal. veri f Jhlesystein.at a single

ot e et e, s taeR B A ORR sBboct U5t ERV e imfrahtehSy ca
veri son of tlmithtidnesssediated with thdagineremems dinataeddornge sphee aud backgrouhdibl e i n
persi stent storage. ln addition, the_ versi.on manager nonot.oni cal .

i ncreases a E’iﬂfefsglﬂg' h"-’lr%ng{hg’ﬁlﬁe%Sﬁ foy Apqidustanigpeotly Creatign aé‘étstoéaﬁ&?h%\%?lue
pai r pref er abdrioiaifa filsP@em that 6ol Slirfinatds the iqeiddmeneb5ih&Based stbiafe daphd@§uad em
in which the object is valid. In a sixth aspect of the invention, an
article in abikBBURdROGEURBb| e si gnal - bearing mediumis provided. Means in
the mediumfor running filesystemlogic within server software of a node
running a single operating systeminstarkte is provided. The logic is

- adapted to communicate with netadata of |ocal storage nedia of the node.
Means in the nediumfor assigning an epoch value to a | ogical version of a
filesystem and for assigning pair of epoch values to a filesystemobject is
provided. In addition, neans in the nmediumfor maintaining a version table
of all valid filesystem epoch value is provided, with each |isted epoch
val ue corresponding to a valid logical version of the filesystem Finally,
means in the nmediumfor creating a near-instantaneous |ogical version of
the, filesystemat a single-point-in-time is provided. The fil esystem
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.detailed description of the presently preferred enbodi nent of the

I nvention, taken in conjunction wth the acconpanyi ng drawi ngs. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a prior art block diagramof a single
node with filesystem nanagenent logic. FIG 2 is a prior art block diagram
of a computer systemw th a server. node wth filesystem managenent | ogic.

I n communi cation wwth a storage area network. FIG 3 is a bl ock diagram of
a conputer systemwith a single node with. filesystem nanagenent | ogic
according to the preferred enbodi nent of the invention. FIG 4 is a block
di agram of a conputer systemwith a server node with fil esystem nanagenent
| ogi ¢ according to the preferred enbodi nent of the invention, wherein the
server node. is in comunicati SUMMARBOFTHREJNVENTGAON-IG 5 is a flow
chart illustrating the process of creating a near-instantaneous version of
a filesystemaccording to the preferred enbodi nent of this invention, and

i's suggested for 9d ildnRen 8prA6s 4 mbthdd %Q?sté}ﬁ f&r%nh@ﬁ%‘%@icﬂﬂe%iﬁns ofdG 6 is
a flowchart illustrating the process of a near-instantaneous renoval of a

| ogi cal versfilesystsf.the filesystem FIG 7 is a flowchart illustrating the
process of ~a near-instantaneous reversion to a |ogical version .of the
filesystem FIG 8 is a flowchart illustrating the process of inserting an
obj ect into the fIhIaé‘sgtaﬁpecmof Ble@vedtions a aefllodforghmmpging ldgicsk veasiona @f & fikesystentess

of I ooking UP rov1 egegm epoc% aRnglsea%sE1gned t(t> Q Foglcal versYon of the filesystem. A pair of epoch
values is assigned to a filesystem object. A version table of all valid filesystem epoch values is
_ma_intained, with each listed epoch value corresponding to a valid logical versions of the
filesystem. A near-instantaneous logical verison of the filesystem is created at a single point-in-
time by storing a current epoch value of the logical version of the filesystem in the version table
_in persistent storage, and monotonically incrementing a current filesystem epoch value. The
object epoch value pair preferably determines a range of logical filesystem version in which the

object is valid. .

In a second aspect of the invention, a data storage system is provided. The system
includes a logical filesystem version identified by an epoch value, and a filesystem object
identified by a pair of epoch values. A.version table is used to maintain a list of all valid
filesystem epoch values. Each listed epoch value corresponds to a valid logical version of the
filesystem. A version manager is provided to create a near-instantaneous logical verison of the
filesystem at a single point-in-time. The current epoch value associated with a current logical
verison of the filesystem is adapted to be stored in the version table in persistent storage. In
addition, the.version manager monotonically increases a current filesystem epoch value. The
object epoch value pair preferably determines a range of a logical version of the filesystem in

which the object is valid.

In a third aspect of the invention, an article in a computer-readable signal-bearing
medium is provided. Means in the medium for assigning an epoch value to a logical version of a

filesystem and for assigning a pair of epoch values to a filesystem object is provided. In addition,
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FIG 10 is a flow chart illustrating the process of conducting a
copy-on-write procedure to a referenced filesystemobjects. FIG 11 is a
flow chart illustrating the process of renoving non-referenced fil esystem

. 0obj ects. FIG 12 is a flow chart illustrating the process of resetting the
deat h epoch nunber of a filesystem object. DESCRI PTI ON OF THE PREFERRED
EMBODI MENT Overview In a server, a filesystemis provided, wherein the
filesystemis in the formof a subtree rooted at a particular directory.
The root of the tree describes the filesystemtree rooted at the root
directory anﬂle@ﬁsqmmﬁedamf&mahmngéﬁbn #ble dtlail SR PrIbG s EBoch RIS St ent
view of the nang tree. ?I cal versrons of the filesystémare maintal ned at
t he direct or Pravisigd) WIﬂEe%elh 1jteskgpeeh valyg @gy@peﬁnw@raswabda logisabesssigmefdhefilesystgme
nunber, her ei  oleTe n e

fil esyst emi !g ihlafrll)lt’ t%ls ea 3I/l cr egﬁl‘gﬂ %&ﬁtl@a MA& 8{‘1@}@%{%% lc%lf‘}egsgo Oflt:ﬁl\gﬁgﬁy%frﬁe a
| ogi cal ver sptasingle- pdnet ihitinmyptoerded sTlmerﬁieetyetdn ceatién mSan\s\/etefbsa ceoehreputh value
issued to cre |caI on, of, t he epoch nunber is

i ncr enent ed. f‘@? éﬁ%‘ia 5o ?ftﬁ%ile@ﬁ%@ﬁnhﬁﬁ‘ﬁ’éfonéﬁet ‘ﬁé’e’fsste&%}%r?%?ﬁn all objects

in the fil esy®hewhidalanademelt £edreht@Byktin@poA Al MPhERER ¢ %&H%wpax? he
first object egegch nunber -is referred to as the birth époch nunber, and the

second obj ecPrefptndsicimines arange ef elogisd VF@IOasﬁihﬁé'ﬂ@éﬁithme‘rﬁhiewhnahbetrls vafide
birth and death epoch nunbers define the |lifespan of the object to which
they are assigned. An object in the filesystemis accessed by it's object
identifier and bimafowupoashednoftbe mventiodza metbod f@cmnagingf logical versioss afin filedgstem
for organi zi C i ) |nt ined to.identify
the | ogical ﬁg)réﬁ%égs%E}?s Eﬁl?@?g%&x&%&ﬁd%’g@lss A © TRRRBE 3¢t Fy,
there is an emmathgrinstzineer 'ﬁsﬂogmsddapmedtbeoxﬁmhms@tSWEmtheamladaMpﬁB@ﬁlbcﬁlufﬂi}@res

assigned to a mob e Techni ca ckground Fj is a block
di agram 40 of"® éxaﬁ ﬁlbvadues’ﬁ ﬁﬁ}gé‘e‘i)tﬁé‘? ‘?alluﬁeré’%f’tﬂf f%éifséﬁ‘fbep‘ pair of
fil esystem megalesaatis hsa@ned BGANEssite object! Reversid @16 6EhIEvENAHI¥ M epbdg Nnode
42 has a client driver 44 and server software 46. The server software 46 of

the node 42 VHugsityoaininedWith eorh Hifeheperikyalug ogeondingtemalid tpgigel Yrrsionsteé the

software of tilasystaflea n@?-%sfaﬁf&ﬁ&dt@'fbgﬂial @e!?i@oxf ol (RSHISSSEMTONRAEI R Al X lofnt 48 1S
to assign an identifying nunber to | ogi cal version of the filesystem

and to assi ghme Ry steiga ?WP?FQ’O?FMY@&@ thedogicyl vergioy of tfilslystam in thheersion table

i denti fying puRGket &b @%Jhb&&&ﬁ nitfalife a f 09 cal
filesystem versions |nmé C t he o% 2}:,%2:{)% S va% ﬂﬂeﬁ{@% lu% Thgl s a
bl ock di agr aﬁl‘ne}@ epfichyalye Bfm’ Plbfméb’ @ﬁmm yiange @Hw@dﬁb@ysmmmnssn ohizheheand
enbedded f|| gse\%g'anagerrent | ogic according to the preferred enbodi nent
of the i nvent| on e distributed systemincludes a storage area network 62
‘with nmultiple server nodes 70 and 80, an adm ni strator node 90, and

mul tiple client e e area networ has file data
space 64 and net gﬁ%ﬁthsas 58{;&6 m‘f%@“"ﬁé’t@%&?ﬁ?@ 6%1?«5“ fsé’r?vé‘ge r%ﬂffyft‘é‘f’ Iqgigis
server nodeserﬁlﬂ:d&aﬂwiﬂﬁn sdfmhomfzaré bfa ndde @ddptadad am «HinghdheRdingB)teACi6RHRe.AN

obj ect or Ieo ects d on the file data s 64 of the storae
arjea net wor k ]f Byste S’/g‘?ﬁt %(€8§°‘E’W8mﬁ"§‘? 3’&&“&?“"9?)%88%8@ stofage 8hA A (T )

- contents of @stepxhdltdesd 1ddidabfiRBsRE! veRiion! iBéhtiSit @b PRIt Aud fnd I@lesiRmdBRect
area network, 62, fg:abcl ient contacts the server node to obtain netadata and

| ocks. Met adideniifietl by e pais of epach valusst Avyerston taffloisvaed to e e list of pll malids uch as
its attri bUtﬁEsy@Qﬂl épeaa&ame@ e&hqfsga@g&h%\& ESifespdrAf oS &ﬂemgycaf g ﬁd

with privileges it needs . to open a file and read or wit Hhe 'ser ver
node per f or nilesystegld vassien mﬁmgaldapmvwn«ﬂ toraneetd ameaf- mstanthleeousah?lesltvedsml olf the
within the f k.6 The

nodes 70 or Te0sanths SRAGE pblk Bluhl i A AN RS Bt FiFerl

the requesti nglsmi o fdlng ﬁlmymem is aapted talge gdred inabatdrsion table inhyserdaénm sﬁofa@ek&

maki ng up the 1to e cli entt noﬂe hol ds a di s(g |but ed Ioaﬁ and knows
the data bl o%dﬁ 1%8¢ 8? %ﬁ?%?‘a“‘igﬁ‘ém@?‘% whiellY ipgreases a Surrenf, flegystem grgeh yaluess The
directly froma shared storage device attached to the storage area network.
In addition, each of the server nodes 7® and 80 includes server software 72
and 82, respecti vely, with enbedded fil esystem managenent |ogic 74 and 84,
respectively. The fil esystem nanagenent |ogic enables the server to produce
| ogi cal versions of the filesystens they are managing. In addition, the

| ogi'c assigns an identifying nunber to the |ogical version of the
filesystem and assigns two identifying nunbers to the filesystem objects.
The object identifying nunbers determine a range of logical filesystem
versions in which the object is valid. Fig. 5is a flow chart 100

il Iustratl ng the a near-| nstant aneous process of cr eat| ng a Iogl cal ver sion
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In addition to creating logical version s of a fllesystent | ogi cal versions
of the filesystem may al so be renpved fromthe version table through a

near - i nst ant aneous process. Fig. 6 is a flow chart 120 illustrating the
process of a near-instantaneous renoval of a |ogical version of the
filesystem from nmenory and persistent storage. The operator provides the
epoch nunber identifier associated with the |ogical version of the
filesystemthat is selected for renoval fromthe version table. The entry
for the primary epoch nunber identifier is renoved fromthe version table
122, followed f_th - t f

fil esyst em velr’nggtoeﬁ hf\éa?]u? aggtegetragjrltf Rgt{r}é‘r"geg ng(’f%%gscgd)ﬁgg) 0?%6% SXSt ng?;rmound
process |S||WMdﬁm&ﬁM&mmh@mmve all nonreferenced obj ects that mere a part
of the logical filesystemversion fromthe version table and persistent
storage. Followi ng step 126, renoval of the specified |ogical filesystem
version is conpl efn6 shdR aspPGo? ifdiimehdon, bAISHiBE AE L Empudr-réARBIY biBkhl AedrR@l Cal
version of the filesystemfrom nmenory and persistent storage includes
removi ng t he mediuneis pavisledgMepsdn thwmﬂetm fos aypningifidesyyers ingicavidin ogryas seffyeare
logical file 0, r.enovi ng
a | ogi cal. veﬁ’gg}é‘ﬁ@é’\r‘ I%&éf %?ne%lé(%{& rS %%Héniél?r%?cteqpétgﬂdéQsﬁg? egﬁlté fgrad%)(r?ez(iigtg an
oper at or nay cahmosieatt mthawmdatat)ﬁloaalsmageﬁnedlalodi@emde fMbans ysthe mediansfoon .
Fig. 7 is a flow. chart %40 |IIu ai g% (3 fﬁ $ a ne ar-lnsfantaneous
reversi on t o EHEANPRC SB’F(E%? O IOF A hBY ‘?1?8% t BMETAE SR PO epoch
nunbe[] i dent vhlu&'to %@ﬂé&rt?dtﬁﬂoﬁjhﬁlmeﬁd%d)ﬂnmd &, féﬁaﬁseﬂ%'&nddfilf ni fr?ﬂul‘amaﬁmﬁ’ga
search paraneter. test is,then condyc to deternine if the pr ry
epoch nunber VPR #abs Fall ypliq ﬁ@swtewétt@ﬁﬂeﬂgpfpwée‘gm cach lstpd coedlh vafe
paranet er 142erdshorddifs th 8SRABEichI ekt off BRIfiIAYststh € PindHhy? miednsNE 8Rlrhedfim fone
entry for the epoch nunber identifier is renpved fromthe versjon t abl e
144, . e. frcoaingmsayinstananesys logical versionef theyfilesysten pea sipgle-pointistispe is
identifier i % SRRG

identifier i % ({E vgg%{ilgﬁmt é&reétlpgﬁ%%@vtsg)%razhng%?g O%hﬁlgrgﬁghﬁlrelt egerve:?%gﬂs)&t han
t he previ ouslthe filesystemdn Ehntvcxyzidn rtabﬂmimpmyxst;ntstorageoed siopbtenicallytingrements ai@ureThe

al gorithmth turns t t tr

epoch nunber %Teaté& OCh P Eest eﬁ%gpé’g]?%ﬁee qjaf]t %ie’al g%rtg%lg& 2 r? 46%%5 gcﬁlonse
to the test aemﬁmopﬂﬁ4m%y5mmoswmmNmpthaldo@Mcal version of the filesystem
associated wth the primary i mage .epoch nunber identifier becones the new
primary inmage 150. The process at step 150 includes marking an entry in the
version tabl e ford@véivaspedt GBIhy lﬂvmgxﬂ afﬁhﬂaomeﬂmmagmgnqgldam@ﬁoﬂss)fal o)

stored in per i stent stor 52 bse a back pr.ocess is .
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| ogi cal version of the filesystemis conplete 156. Accordi ngl y t he pr ocess
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i ncludes r emwsfag tfbld is LEHIRS ¥R RANa liQSE g@taﬁdlfit@sw&h%mcne«aﬁtso MNShch Bstbd&och
version table and 1 n persistent stora(? nd setting the prinmary epoch
nunber i dent ivhives adeptedhe ceperepnchtgrstyek Ioaehltwefﬂ(erofmq fﬁgswteveﬁt\@w%nmeaew
filesystemi i A r

i nks, efc. &? 4 ﬁoeé}jg/ist?g%éaoh%éa%g gegé]?ic{&sctao\r/efé%&&& tgéjﬁl ttr’éftgicajtt)t"?§ “gﬁﬁa erei n
each record (hscurdneepcohealos asmaedm;tlea:curremslbglnaieysrlatolnatf thefidesysdiemisi adagted to

Fil esystemo ect% n be. st in gege er Si gnt thdat a, structures

provi ded t he gaap tvgrrSlOBrtia "‘hl&plgrsff AT 110 ‘%“[;5 & PO 8K 8% okup and
S ]tc:an hacces S rimlh?d&auﬁmbzeﬁlmt leam&tm ﬁIéE}&tedDepBﬂi vdlt&aq ]lci[lhlé ebje@@pédhoalue air as part
~of the process o creatlng a |l ogi.cal  version iles Sim

when a | ogi cRrefralE deprmipesa r?rraeé%g} Y°§S‘9"e9f'6 C%Fte?’étvfgt*tcgm%“t ‘ﬁ&a‘}/‘f
filesystemobjects do not require nodification. Non-referenced objects are
renoved as a result of renoving or reverting to |ogical versions of a
filesystem however this is done by a separate background process that is
‘triggered by the renove or revert processes. If a filesystemobject is not
nmodi fi ed subsequent to creating a |ogicab version of a filesystem then no
additional space is required to store the object in the logical filesystem
version. Accordingly, a single record in the btree can represent an
unlimted quantity of identical instances of an object w thout requiring
any additional storage. Fig. 8 is a flow chart 170 illustrating the process
of creating a filesystemobject. Each object in a filesystemis identified
by two epoch nunbers, a birth epoch nunber and a death 11 epoch nunber.
The first step in creating a filesystemobject is to assign the birth epoch
nunber to the object. The a55| gned b| rth epoch nunber IS the pr| mary epoch

o, A — o~ o N



persistent storage 262. Thereafter, a test is conducted to determine if the
scan has returned an object 264. |If no object was return, the scat is

conpl ete 266. However, if an object was returned fromthe scan, a reference
count is calculated for the object 268. A reference count of zero is an

i ndication that the object is not referenced by other objects, and the
record is deleted 274. Thereafter, the process returns to step 262 to
continue the scanning process. However, if the reference count returns at

| east one obj ect referencing the object identified at step 268, that

referenced objecty, 'a§ elgﬁfﬁ%ﬁe@poftﬂ% 13‘7&&101{" Q(hafaréﬁ)ra{g%f té:t‘ﬁ‘ GSH0vRIde FlledyRERTckid i
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11 is conpleted Th| ui r enent reve ts erroneous btree recqords fro
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response to the process of a near-instantaneous renoval | ogi cal
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filesystem > [
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shown in Fi gobjaclmdcﬁhanemedeﬂ‘erabw&hﬁmm;aﬁgaﬁarragtcdbeersibdbfrheﬁlesydmmr,
only fil esyst gn@g} cts ;ﬁl]%t are unique may be nodified. A filesystem

obj ect that VaichHheioliepts ¥alidii pl e fil esystem versions rmust proceed through a
copy-on-wite procedure before a nodification may be conducted. Fig. 10 is
a flow chart 220 illustrating the process of conducting the co - on- wrlte
procedure for a rieasinth asmedt obithe invaptiongustiol i scomputsiEcag) eesna @aring
identified ipe.ghmRs d@r&%d&f Nikdds inthe Héhﬁm%%ﬁﬁiﬁé RleSteRl lloélc%ﬁfﬁde%r SR
two or three recor for the 1dentified object to preserve the data i n the
nonpri mary i pfefgervemindgén eeapoprdetion with  shar t«tr;ﬁeermthre iy provided. grheilegiqis nodi fy
a preserved
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of the | ogi caskigriag sn eposh oﬂurttmetlbgltaésyrsmenf a fitsowstenr gndifor agsigninglapdir efirepeshst em
occasi onal i ir t n-wite
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Exanpl es V\II"IeV&i!sﬂnhIablelmfghValidEﬁld:sgﬂdnap@hlvalués 1bpaysiee,rmdfmclklmgi aoch wﬁmaal r or

to update a file ohject th has data bl ocks resi |st torage
that has. ai EPORABE N 1 AARaRT rional b Bl il ol e e hes g
ab! ocal vgrl &Ezitﬁtga neﬂ\ﬂhsﬁ%ﬂdnlaoﬁg@gi&hl wﬁrbrabfﬂhalﬁleg,altaﬂeatafsutgtbepoml mgmlahs
object's birth eppc er and to assign a |oca riabl e

epoch number PPHEN flts?farsttfﬁereerqngwar St5H & cprrent %&EHallé“t)?féWa]HE‘ﬁg SP508 Ot he
identified ofb@gkystedin the V26 ABIEEn F@4AENt Wotdpe and mbSdtoliedI9 iRFlenffa dubiént
birth epoch nunber and a second paraneter of the search epoch nunber |ess
one is then Blststsmepech wiue, Thaebiactagodhivelus #pip prefardibodaiermitsee Regepie legiedr d,
which will h HERES o I the original birth epoch
nunber, and §¥ %gfﬁh%%%éﬁgﬁﬁﬁﬁgr equaﬁg¥%‘? g search epoch nunber m nus
one, wll be created in nenory and will be witten to persistent storage
226. Since the b|rt nu r.of the r

btree record alr eady og%e g{]pec \?\ng%) “ﬁ’gn tbeftcl)lge‘I Or%felg?)l{lgga% bl%’ awﬁ’f l{'%er et%l?% Sucg
repl ace recossghomer mcessdrily,s nug@er, whi ch nodi fies the data associ at ed for a
pre-existing key. Thereafter, the new birth epoch nunber is assigned the
sear ch epoch nunber. Follow ng the assignnent at step 228 or a response to
the reference count at step 224 of a value not greater than zero, a
reference count with the first paraneteré of the search epoch number
increnmented by one integer and the second paraneter of the death epoch
nunber is then conducted 230. A referenced count at step 230 of a val ue
greater than zero will result in creation of a third record, the after
record. The after record, which will have a birth epoch nunber equal to the
search epoch nunber plus one, and a death epoch nunber equal to the
original death epoch nunber, will be created in nmenory and will be witten
to persistent storage 232. Since the birth epoch nunber of the after record
has a neM/vaIue no record mnth the after record S key should exrst |n t he
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17 CLAIMS 1. A nethod for managing | ogical versions of a filesystem
conprising (a) assigning an epoch value to a |logical version of said
filesystem (b) assigning a pair of epoch values to a fil esystem object;
(c) maintaining a version table of all valid filesystem epoch val ues, each
| i sted epoch val ue corresponding to a valid |ogical version of the
filesystem and (d) creating a near-instantaneous |ogical version of said
~filesystemat a single point in-time by storing a current epoch val ue of
said | ogical version of said filesystemin said version table in persistent

storage, and nMONQY@EY feahrey ald AV ATRNRE biNHis dnvebidrBRill bekdnRSapPAreP FRIAPEE fRWIR
2. The nethod of claim.1, wherein said object epoch value pair determ nes

a range of | dgjeiledidescripiian ofithanresently mrefsrrechemprdishent af de dtyention, fakenvin korguncgon
The net hod,o;vitﬁltﬁiag&&?pa}qﬁg g:ljag,intgpe step of creating a near-instantaneous
| esé

| ogi cal version of a stemi'ncludes limting additional space of said
| ogi cal . version to multiply referenced changed fil esystem objects in said
filesystem 4. The nethod of claim1, further conprising maintaining a

| ogi cal version of the filesystemwhile preserving an original state of

said filesystem 5. The metBRIEPDESCRIPTION OF THEDRAWINGS Ng a
near - i nst ant aneous renoval of said |logical version of said filesystem

FIG. 1 is a prior art block diagram of a single node with filesystem management logic.

FIG. 2 is a prior art block diagram of a computer system with a server node with
filesystem management logic in communication with a storage area network. |

F IG. 3 is a block diagrain of a computer system with a single node with filesystem
management logic according to the preferred embodiment of the invention.

FIG. 4 is a block diagram of a conipu_tér system with a server node with filesystem

_management logic according to the preferred embodiment of the invention, wherein the server
node is in communication with a storage area.

FIG. 5 is a flow chart illustrating the process of creating a near-instantaneous version of a
filesystem according to the preferred embodiment of this invention, and is suggested for printing
on the first page of the issued patent.

FIG. 6 is a flow chart illustrating the process of a near-instantaneous removal of a logical
version of the filesystem.

FIG. 7 is a flow chart illustrating the process of a near-instantaneous reversion to a logical
version of the filesystem.

FIG. 8 is a flow chart illustrating the process of inserting an .object into the filesystem.

FIG. 9 is a flow chart illustrating the process of looking up an identified object of the
filesystem.

FIG. 10 is a flow chart illustrating the procéss of conducting a copy-on-write procedure to
a referenced filesystem objects.

FIG. 11 is a flow chart illustrating the process of removing non-referenced filesystem
objects.

FIG. 12 is a flow chart illustrating the process of resetting the death epoch number of-a

filesystem object.



6. The nethod of claim5, wherein the step of said near-instantaneous
renoval of said |logical version of said fil esystemincludes renoving a
correspondi ng epoch val ue of said version fromsaid version table in said
persi stent storage. 18 7. The method of claim®6, further conprising
renoving a non-referenced object associated with said renoved version. The
met hod of claim1, further conprising a near-instantaneous reversion to an
exi sting |l ogical version of said filesystem The nethod of claim8, wherein
the step of said near-instantaneous reversion to an existing | ogical
version of said filesystemincludes renoving all intervening entries in
said version table in persistent storage and setting the fil esystem epoch
val ue to an epoch val ue DESGRIPF0ONi OF THE BREEERBER EMBOIIMENT fil esystem
version.. 10. The nethod of claim11, further conprising preserving an
original state of the filesystemby performng a copy-on-wite procedure in
response to nodification of a nultiply Knkeﬂemced filesystenlobject 11.

The net hod of clajm 10, ein the step of perform ng said copy-on-wite
procedure incl ude@assﬁlrvmf%ywﬁmw y¥hessih 5j feesystetA doin therferm lopubtes n

response to pRgdfat £ partiQNarQfire@ofyU |TBé RloY of tBE ﬁé@J&Q&lb@é ih@ %Ye?&s?éﬂ QRI B6tkd at the
bel onging to a non-prinmary | ogical version of said | esystem 12. A data

st orage syst a9 dicestapy sl pigyides the dapabjlity &onallehieritoie hatzjfemmlslstenr vigw effthepamesh
velve o LR A oL AL Bl oo BBTREL PSR
val ues, wher ﬁleﬂysmn{rerdwxsis askigapde hniyed menteq rheesqaﬂerdm eb@haumbetr th thofprm af an
o o o A a8t SIS nBRPL L B EDERLS °
logical version of the filesystem is created, such as when a command is issued to
create a logical version of the filesystem, the epoch number is incremented. In
addition to the epoch number of the filesystem, all objects in the filesystem have an object
identifier and two epoch numbers. The first object epoch number is referred to as the birth epoch
number, and the second object epoch number is referred to as the death epoch number. The birth
and death epoch numbers define the lifespan of the object to which they are assigned. An object
in the filesystem is accessed by it’s object identifier and birth epoch number. A data structure
with a version table for organizing logical versions of the filesystem is maintained to identify the
logical versions of the filesystem persistently stored. Accordingly, there is an epoch number

assigned to the filesystem, and two epoch numbers assigned to a filesystem object.

Technical Background
.Fig. 3 is a block diagram 40 of a node 42 running a single operating system instance
filesystem management logic according to the preferred embodiment. The node 42 has a client
_ driver 44 and server software 46. The server software 46 of the node 42 includes filesystem
management logic 48 embedded within the software of the node. The function of the filesystem
management logic 48 is to assign an identifying number to the logical version of the filesystem,
and to assign two identifying numbers to a filesystem object. The identifying numbers of the

filesystem object(s) determine a range of logical filesystem versions in which the object is valid.



filesystemat a single point-in-tinme, wherein a current epoch val ue
associated with a current |logical version of said filesystemis adapted to
‘be maintained in said version table in persistent storage and a current
filesystem epoch value is nonotonically increnented. 19 13. The system of
claim12, wherein said copy manager |imts additional space in said |ogical
version to changed objects in said filesystem 14. The systemof claim 12,
wherein said version manager is adapted to maintain a |ogical version of
said filesystemwhile preserving an original state of said filesystem 15.

The system of cl ai:m. el \; ' - DAl L] ted to
~deternmine a rang?lﬁl@’ F ?ésg% ﬂ\?é?%?%%gjgg(ag%@ggﬁﬁ% S{sé& e‘ﬁqﬁi} %ha%/\e/ﬁipgﬁﬁ{s%gfd .
obj ect i s vaktorge dfil embadded\fddsestern tnandgementlldgic ecotdirgrto derppefersedregntedingént of
ver si on nmanager, adapt t.o conquct a,near-instantaneous renpyal of said
ogi cal ver o GRIGy e RS st o7 e g B 6F R BB

sai d ver si ONpsRE 8@ Hd 805 arPlRihiSPatdhod® D6l WEA mAltIHRAieht DU AN OMSTRERRYR!  Of
a correspondi ng epoch value of said version from said persistent storage.

18. The syst aif Betwerkdi2rag file dataspase 4 gud Bepera saee Gfankhganctadatasnass isgeserve
non-r ef er encﬁﬁltl%l%%ﬁ/g#no%%iﬂﬂnﬁtii@.dE\Ml{&ﬂ?@dl@rgrn%ﬁa\@%h@@hﬁglacc%@ oBfdct - The
alm 12, co er to

syst em of cl urther nmprising sald version nmana adapte
conduct a ne&aultiptesdbiactsatvesium thefilerdsfaspace 64 afithe xiosage aga hetgokaR, buemsy mot  of
manager

said fil esyst em 0. et le SYSt of cl ai,[ng3 C%gtentv\h?r eéxnsﬁsai A ver i on . Tl

"o adapt od & 8RR G oAt tme SRR R AP Ul BE g 85 TERE

persi stent shRdiagetha&dragearsehet®aikh2f 4 tieAaySin@dts the server node to obtain metadata and
locks. Metadata supplies the client with information about a ﬁle, suéh as its attributes and
location on storage devices. Locks supply the client with privileges it needs to open a file and
read or write data. The server node performs a look-up of metadata information for the requested
file within the metadata space 66 of the storage area network 62. The server nodes 70 or 80
communicate granted lock information and file metadata to the requesting client node, including
the location of the data blocks making up the file. Once the client node holds a distributed lock
and knows the data block location(s), the client can access the data for the file directly from a
shared storage device attached to the storage area network. In addition, each of the server nodes
70 and 80 includes server software 72 and 82, respectively, with embedded filesystem
management iogic 74 and 84, respectively. The filesystem management logic enables the server
to produce logical versions of the filesystems they are managing. In addition, the logic assigns an
identifying number to the logical version of the filesystem, and assigns two identifying numbers
to the filesystem objects. The object identifying numbers determine a range of logical filesystem

versions in which the object is valid.

Fig. 5 is a flow chart 100 illustrating the a near-instantaneous process of creating a logical
version of a filesystem. The new logical version of the filesystem is assigned an image name
102. The logical version of the filesystem is assigned the former epoch number of the filesystem,
and the epoch number of the primary image is incremented by one integer 104. An entry in the
version table is created for the new epoch number identifier of the filesystem 106. The data -

structure maintains a list of all epoch number identifiers that are valid for a filesystem.
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epoch value to an epoch val ue associated with said reverted | ogical
filesystemversion. 21. The systemof claim 12, further conprising a record
manager adapted to conduct a copy on-wite procedure in response to
nodi fication of a mul'tiply referenced filesystemobject. 20 -21 22. The
system of claim 21, wherein said record manager splits said record into
three copies in response to nodification of a nultiply referenced
filesystem object belonging to a non-primary | ogical version of said
filesystem 23. An article conprising: a conputer-readable signal-bearing
medi um A Roldibd BT RANITL hoch SO {86k AG: SRAROINR o Both Olgfiflnt of
version of a filesyst means 1 n I 'um assigning palr epoc
values to a ﬁlbk)ﬂsrygtieng«]bpntemdm&reﬁmsepocrh rumbermdentifier 6the pmnm’yanagemgd the _
version table.of all d fi sV, te ch val ues,.with ea | i sted epoch
Val e cor r espnEm RRpep by RRRT el EBE B ob R b tn B8 et e ang |
the medi um f pdrsiGierd@iokdze 180. leﬂlbvvhﬂgSst@rltlaﬂﬁ@MSatioﬁ@E @Rllogiel %rﬁlﬂn &f th& Ble§ystetnl i9S
systemat a single point-in-ti storing.a current epoch value of said

" logi cal ver stusFesefilly epngpleted blgys%cg?fmnﬁlysapwwwaaw‘lﬁ amc@s Pherprting  dagigel
storage and oameﬁ QPh ﬁﬁL)leéni RAEILETRRYi thieli nd tiEeLd] gaammﬁue} RIS MR BRI aYPinthEe

24. The article of clai'm 23, whereln the mediumis selected froma ‘group
consi sting and the near-instantaneous logical version of the filesystem in persistent storage.

In addition to creating logical version s of a filesystem, logical versions of the filesystem
may also be removed from the version table through a near-instantaneous process. Fig.6isa
flow chart 120 illustrating the process of a near-instantaneous removal of a logical version of the
filesystem from memory and persistent storage. The operator provides the epoch number

- 1dent1ﬁcr associated with the logical version of the filesystem that is selected for removal from
the version table The entry for the primary epoch number identifier is removed from the version
table 122, followed by deletion of the entry for the identified logical filesystem version from
persistent storage 124. Subsequently, a background process is initiated to remove all non-
referenced objects that were a part of the logical filesystem version from the version table and
persistent storage. Following step 126, removal of the specified logical filesystem version is
complete 128. Accordingly, the process for removing a logical version of the filesystem from
memory and persistent storage includes removing the corresponding epoch number identifier

associated with the logical filesystem version from the version table.

In addition to removing a logical version of a filesystem from memory and persistent
storage, an operator may choose to revert to a specific logical filesystem version . Fig. 7 is a flow
chart 140 illustrating the process of a near-instantaneous reversion to a $pecific logical version of
the filesystem. A specific epoch number identifier to which the operator wants to revert is input
as a search parameter. A test is then conducted to determine if the primary epoch number
identifier of the filesystem is the same as the search parameter 142. If the response to the test at
step 142 is negative, the entry for the epoch number identifier is removed from the version table

144, i.e. from memory. Thereafter, the entry for the epoch number identifier is removed from
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of a recordabl e data storage nedium and a nodul ated carrier signal. 25. The
~article of claim23, wherein said object epoch value pair determ nes a
~range of logical filesystemversions in which said object is valid. 26. The
article of claim23, further conprising neans in the mediumfor a near

i nst ant aneous renoval of said |ogical version of said filesystem wherein
sai d neans includes a version nmanager adapted to renove a correspondi ng
epoch value of said filesystemversion fromsaid version table in

persi stent storage. -22 27. The article of claim 26, further conprising
means in the @Ts‘gleﬂf’@tgrgé e 148MRYUL G cfin cﬁfl 1&%@% 91?109?%1})1&? R gk &enflatl
sai d renoved verS| on The artic o alm conpri st ng neans
i n the nedi umnm¢ mtdgerless thwa:he prmblmmmmemd&ntrymemmnmy ahd irppersisténs Storage 148)iThal

it od {0 1 QlBUL R EhER o IRERT  iepLum RSl odhSoofn wihee ol e

persi st ent stsaﬁa@ahamguttpara&ﬁter smtnt r‘éspb@s%y&hemasem&b M2Us4RsitiOe, Qﬁbl %1@& Rervigh ue
correspondi ng to said reverted tlgﬁllgca ver si on. The article of claim

23, further CbmEAlesysign Asagiated wi pﬁ@a{yumaswoaém%bem%h ier besoynes hewevt e
- procedure ingHESRARSE: 150, mgbiobe‘s@us@é}, 130 ik 1uldt fobiking arn%ﬁ% ﬁﬂﬁ@vé(rél&‘?ﬁ?ﬂ%rf(ﬁm

obj ect, V\/nerel n"sai d nmeans 1 ncludes a record manager pted to split said
fil esyst em olfjesw Hrimasy mngeeThmpivvemmam m@gpcsmﬁe stooecblnnvwnsfenwarmrﬂsaf a

vorsion’ of *say reripil TGk BRICRS' RELAHR Aol Puf-RRletd B3 SRR |

~the nedi um f oersion ezbld ang persistear storaget 15A1 a%ﬁowmglsmg Ilﬁ‘/alrew;&li(ﬁnl t0 theGpecsfddddogical

filesystem at a, si oint,int rsiop managesr adapted to limt
addi 4 onal - <yeaien of He S B iscamp b o Cros SR Brouny et s R aptrous
filesystem 3Zdversidio @ldgical @rfdn 6f AfilRERERm MEIBdER irdn &OHEUIT ifileR@niAE Rigfcal fMledyBem
medi um mai ntai nj ng, a | ogi.cal versjion of said fil es%stem whi |l e preserw ng an

original stat’&Hps @éhedverﬁlqne%lgﬂgew pgpsistent sterasto and SHINGARFGIGY Foeh Bymber

versions of aechiifi@y it epochATRbeSIdGfe(RInggBRALeINg fil esystem logic within
server software of a node running a single operating instance, wherein said

| ogi cal is adapted to conmunicate with netadata space of |ocal storage
medi a of said nOdﬁéch filesystem includes objects in the form of files, directories, symbolic links, etc. All

filesystem objects are stored in btree records, wherein each record describes one or more object
instances that are identical. Filesysfem objects can be stored in other persistent data structures
provided they are cluster on their keys, and support efficient lookup and scan access methods.
Filesystem objects do not require modification as part of the process of creating a logical version
of a filesystem. Similarly, when a logical version of a filesystem is removed or reverted to, the
ﬁlesysteni objects do not require modification. Non-referenced objects are removed as a result.of
removing or reverting to logical versions of a filesystem, however this is done by a separate
background process that is triggered by the remove or revert processes. If a filesystem object is
not modified subsequent to creating a logical version of a filesystem, then no additional space is
required to store the object in the logical filesystem version. Accordingly, a single record in the
btree can répresent an unlimited quantity of identical instances of an object without requiring any

additional storage.

Fig. 8 is a flow chart 170 illustrating the process of creating a filesystem object. Each

| object in a filesystem is identified by two epoch numbers, a birth epoch number and a death
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(b) assigning an epoch value to a logical version of said filesystem (c)
assigning a pair of epoch values to a fil esystem object; - 23 (d)

mai ntai ning a version table of all valid fil esystem epoch val ues, each
listed epoch val ue corresponding to a valid logical version of the _
filesysytem and (e) creating a near-instantaneous |ogical version of said
filesystemat a single point-in-tine by storing a current epoch val ue of
said | ogical version of said filesystemin said version table in persistent
of said local storage nedia, and nonotonically incrementing a current
filesystem epEed nimbete Thd Brst IBLin TR0 ?a Afes J@ (‘;H]jgt%ls tx\@s%ggﬁ'tﬂk Bifh 0(39 m?lﬁlé&'
epoch value pair determnes a range o I esyst ém versi

sai d obj ect itesthg abjeet. TBejassiphed bigh bngh oﬂmbérasmﬁdmammohlmnﬂ)hedaﬁﬁpr dffthe

creating a n t-an |cal ver temin Iudes

Cimting addites né}?t‘?ﬁa@e%g gt 0 Sperh s Mg By 18“@1%‘%?‘6?33?‘6% iSeEis thep

changed fi | esiddlized whi ecsigedt Reniticd 176 I l&ﬁM@irfgmss@rﬁnenTBﬁhéT&MQﬁo&fnuﬁl'b@ﬂ & 32,

further conpr, sj nRng near - i nst?nt aneouys renpval sai d Q{I cal version of
sysdedh eRpsRp

said file wnber 0 g fi %@%%J%%Eﬁh%P%@f@F 0@ ddeptifieri B i s

removed fr omfisadeny 66j&d AndeRtbd ﬂt&h@ﬁﬁe%lm%brcﬁtmrm@or@ihgz 81139 é‘hf&éa%gge
medi a and a non-referenced object associated with said ver si on

removed. 36. fiasestarpbient aps regerdiimibg bree rgquitee pssigimg idestifyipgaprotocols to each
near - i nst ant Bﬁ%ﬁ_r sion to an existing |ogical version of said
filesystem erern intervening entries in said version table are
renoved from persistent storage of said |ocal storage medi a and sai d

filesystem epoch sset to,a och, v esp di,ng to said
rever%/ed Iog!ocal ]}:C:hog 7¢] or\'«;g'u%ﬁhgﬁtre ordl'WghFrg‘f B ?FF%?W?@? ofthr ey &
conpri si ng ptiesbferi 16@1t1ﬁ6r QS’ is GifidlizeSatatep 106, ahﬂlﬂlefsédoﬁ&)ﬁ&i @ﬂ'fh@h(cyﬂ@fhte@frm éplct?

t d 0 eto,dlflcatlonofarmlt
Tof by enced { PHBAGSECHPBARLRD T3 80 obiGeA MU St gE oL P rasPasIng GFish o g birth

epoch number is sorted in decreasing order. Fig. 9 is a flow chart 190 illustrating the process of -
looking up an object stored in the btree. The operator enters the object identifier and the epbch
number to be searched as the primary search elements, in conjunction with an indication of
whether the searched object is intended for modification. Following entry of the search
parameters, a test 192 is conducted to determine if the epoch number being searched has a value
of zero. When a search epoch identifier of zero is requested, the epoch number of the filesystem
is substituted as the search epoch number value 194. Following the substitution of the primary
epoch number at step 194 or a determination that the search epoch identifier is not zero, a scan of
the btree is conducted 96. The start key of the scan has a first parameter of the object identifier
and a second parameter of the search epoch number. The stop key of the scan has. a first
parameter of the object identifier and a second parameter of one. The btree is scanned forward
and will return the first record it finds for the object identifier. The returned record will have the
property of the birth epoch number of the object being less than or equal to the search epoch
identifier. A test is conducted to determine if the scan is completed 198. If the response to the
test at step 198 is negative, a subsequent test is conducted to determine if the death epoch number
of the returned record is less than the search epoch identifier 200. A positive response to the test
at steps 198 or 200 is an indication that the record was not found within the scanned range 202 as

pfovided at step 196. However, a negative response to the test at step 200 is an indication that
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-24 filesystem | ogic enbedded within server software of a node adapted to
run a single operating systeminstance, wherein said logic is adapted to
comuni cate with netadata of | ocal storage of said node; a filesystem
version identified by an epoch value; a filesystemobject identified by a
pair of epoch values; a version table adapted to maintain a list of all
valid fil esystem epoch val ues, wherein each |isted epoch val ue corresponds
to a valid logical version of said filesystem and a versi on nanager
adapted to create a near-instantaneous |ogical version of said filesystem
at a single Ind - R-dd erqi r . oci a with a
current | ogi %rg@fadregf)%]h&% vailgi %BTH% I rgtg@g?grﬁg%tsuﬁ geggc%ts \é{g”llv?%m%}%%%?sna{t g‘i%ed in
sai d ver si on Acadridimgiynthp firss pat efithe b asagfdoakingami atetond il thsbieged g rewmtitatiand a
current filesysten epo h.value is nonotonically incremented. 39. The system
of claim 38, ° ‘étrlggl“ﬁ‘ ‘§‘£Wﬂh18 CARRUt BYBBHCal ue pair is adapted to deternine a
-range of a logical version of said filesystemin which said object is
valid. 40. The system of claim 38, further conprising said version nmanager
adapt ed to conducFolipwiugreversien torfhaidensifisd phiggahiterod04satest if eayiducied toaletsimine o
said fil esys - i Al ) ' : qﬁaﬁi; ' r )
correspondi ntgameﬂgcl)c ?\(/vg% g%glfdjtggti éé\;lg?rs‘?ign fr %ezgt?gﬁggﬁg?ttggﬁ't abqilIB éﬁllvg
per si st ent stopernge tacthe sl afl stew2ef, isshdndigpeomthei the apraatorovantadoy &cate the specified
non-ref erence, ohj t associ.ated wi.th said.r val ..Logi cal ., version. 41. The
Cystem of cor Spirnf ShesBr BRRLRE miGintaRRL o SEPRGHRSGr Hidh Flmithe
- conduct a nedate-dbjest laedtian andieversiveisTompleteR0BNHOW kW, a1@sitiOHesinsd/0 isd 84 aOf
said fil esystenb elrei sai d_version m?ina er | s adapted to renpve an
i nt erveni ng &P 200l tesplfiinAdeteregee Goupy te detarmyas K thereiined regprd glescsibesayniqueo c al
storage nedi abRAd1bOISRhdERhEhE cAIeaMhefh %?%h:e\é&kdd,ghi tgnﬁ &B%Jﬁtbé&%&f@eath

. The.systemo

associated with said reverted | ogical version. -2 _ . _
cl ai m 38, furperBmumbeRfithejobipctare gwfnd Apcipgeporyeean ol essiandable entrigs ranging

COpY=- ON- W i t GoR {RE Gt efiodhhumB &G AR ekt efBRH nlinb&H it fifofthedprilifak BlcYunt ¢
referenced fi Ioesyst emefg%j e(l:lt . 43. Tﬁe S‘%t gm of lcﬁﬁgliom id%r \MgeFeicnunstglft ¢
recor d nmanaganrmbgsiof erfriesin ¢hat wogs, teferreddo astheefesense eopnt.nif thegplereses dopnt is

nodi fication of i pl fi ohj. : el ongi ng..to a
b bR B SLSLEIEE LY LA BP0 B
.a conput er - r éadqiited 232 befade-tizaacardiganrbe dhadified. Accordingly, the process of modifying the

returned object from step 204 requires the calculation of a reference count to determine if the

returned record describes a unique object since only a record describing a unique object may be

modified.

As noted in Figs. 8 and 9, each object of a filesystem is stored as a record in a btree.
During the process of reverting to a specific logical ﬁlesystem version or removing a specific
logical filesystem version, a background process for removing non-referex;ced objects from the
btree is initiated. For example, after the primary image has been reverted to in Fig. 7, the btree
housing the object records will contain records for object instances that do not exist. The btree is
not affected by these records, as they will not be read during a look-up procedure. Fig. 11isa
flow chart 260 illustrating the process of removing non-referenced logical version s of a
filesystem object from persistent storage during the process of a near- instantaneous removal of
or reversion to a logical version of a filesystem a shown at step 154 of Fig. 7 and step 126 of Fig.

6. The process is initiated with a scan of all records of all logical filesystem versions in
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means in the mediumfor running filesystemlogic within server software of
a node running a single operating systeminstance, wherein said logic is
adapted to conmunicate with metadata of |ocal storage nedia of said node;
means in the nediumfor assigning an epoch value to a | ogical version of a
filesystem means in the medium for assigning an object epoch value pair to
a filesystemobject; neans in the nediumfor maintaining a version table of
all valid fil esystem epoch values, with each |isted epoch val ue
corresponding to a valid logical version of the filesystem neans in the

‘medi um for crgatiing sBrag€ 367, I Thefedfid 2NEQ Won@Bhdidd défgrhﬁf\l/eol? th%fsc%%ag rehjr*l%sa%ﬂ em

at a single point-in-ti'rme by storing a current epo al ue of sali ogi cal
versi.on of sadbject 264edsa ehject wasmfuch, erssands cimitte 2661 Fieraves ifantobjtiovage of

id | | st dj d tonically.incremgentin urrent
11 esyst em opouegiuete sesd refEics G enctuae o e ooisplapl: & Tehenshsbaiof s
sel ected fronsego ig bR UdicaBdBthatithd Whjedf is Aot efeRmbyRRAbBe &, RhAME 1Pl iR IaRE 2

modul ated caryrier signal. -26 46. The article of claim44, further
conpri si ng medfts Topredltss thaRIpesss Tewins4o pem#62 ta sontinte the sepsning peogess. Blowseer,df

| ogi cal versi ' | ' i [ . IL.on
ranager adapt o Ra TR oS KAERY SIS onb L@k TSk POl |BRUAGSP iy YO Bl
versi on from referacedegbisichis revatiedeto 20, and the sefemunced pbjectgesout is sepladed with the birdr age

to for a near” _
If the removal of the non-referenced logical version of the filesystem shown in Fig. 11 was

initiated in response to a revert procedure, then no additional logical versions of the filesystem
may be created until the process outline in Fig, 11 is completed. This requirement prevents
erronéous btree records from appearing to be part of the primary image. Alternatively, if the
removal of non-referenced logical versions of the filesystem shown in Fig. 11 was in respbnse to
the process of a near-instantaneous removal of a logical version of the filesystem then additional
logical versions of the filesystem may be created. Accordingly, the process for removing non-
referenced objects of a filesystem removes all records in the btree with a birth epoch number
greater than the epoch number of the current filesystem following a reversion to a specified

logical filesystem version.

In addition to removing versions of non-referenced filesystem objects as shown in Fig.
11, referenced filesystem objects may be modified. However, only filesystem ijects that are
unique may be modified. A filesystem object that is valid in multiple filesystem versions must
proceed through a copy-on-write procedure before a modiﬁcation may be conducted, Fig. 10is a
flow chart 220 ilhistrating the process of conducting the copy-on-write procedure for a record
that does not describe a unique object, as identified in step 212 of Fig. 9. This procedure entails
creating either two or three records for the identified object to preserve the data in fhe non-
primary image. Three records are created when the intentioﬁ is to modify a preserved non-
primary image. Generally non-primary images may not be modified since their contents must be
preserved to maintain the integrity of the logical versions of the filesystem. However, ina

production system, occasional maintenance is required and support for performing copy-on-write
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I nst ant aneous reversion to an existing |logical version of said filesystem

wherein said neans includes a version nmanager adapted to renov

e all

intervening entries in said version table in persistent storage of said
| ocal storage nedai and to set said filesystem epoch value to an epoch

val ue corresponding to said reverted |logical filesystemversio
article of claimd44, further conprising neans in the nediumfo
a copy-on-write procedure in response to nodification of a mul

n. 48.

The

r performng

tiply

referenced object belonging to a non-primary | ogical version of sai d

filesystem 3o nEhGrahhifhse Oprovld B dditatt 1 hdlneilnte CORKAR @@gsmﬁt om

procedure means in are manager adapted to sp

obj ect into bhusedardpiilesysiem qh@dmgmd repairgorro updateceile objea fthan handatai tddoks
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Uieiioum

for creatingagighedscal @Iaﬁl@faaleﬁibuﬂl dp6i iualbeMBE $al0dl0fQhe Srdish] bbjb@SwEtEHot 2
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in said | ogi BéMbeyapdiogsignR @P@Hg&alme&&egthleaoc@walbvr theyahug efithe Giginapobigt hod
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226. Since the birth epoch number of the before record was not changed, a btree record already

~ exists with the before record’s key, therefore the replace record operation is used, which modifies

the data associated for a pre-existing key. Thereafter, the new birth epoch number is assigned the
search epoch number. Following the assignment at step 228 or a response to the reference count
at step 224 of a value not greater than zero, a reference count with the first parameter of the
search epoch number incremented by one integer and the second parameter of the death epoch
number is then conducted 230. A referenced count at step 230 of a value greater than zero will
result in creation of a third record, the after record. The after record, which will have a birth
epoch number equal to the search epoch number plus one, and a death epoch number equal to the
original death epoch number, will be created in memory and will be written to pe‘rsistént storage
232. Since the birth epoch number of the after record has a new value, no record with the after

record’s key should exist in the btree, therefore an insert record operation is used to insert a new

‘btree record and key. Thereafter, a new death epoch number is assigned the value of the integer

of the search epoch number 234. The remainder of the flow chart (236, 238, 240, and 242)

concerns the creation of the middle record. The middle record is created last since this is the

record that the caller intends to modify. The middle record will have a birth epoch number equal

to the new birth epoch number, assigned at step 22 or 228. The middle record will have a death
epoch number equal to the new death epoch number assigned at step 222 or 234. Following the
assignment at step 234 or a reference count at step 230 of a value greater than zero, a test 136 is

conducted to determine if the birth epoch number of the original record is equivalent to the new
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filesystem and (e) creating a near-instantaneous |ogical version of said
filesystema a single point-in-tinme by storing a current epoch val ue of
said | ogical version of said filesystemin said version table in persistent
storage of said shared storage system and nonotonically incrementing a
current filesystem epoch value. 52. The nethod of claim51, wherein said
obj ect epoch val ue pair determ nes a range of |ogical filesystem versions
in which said object is valid. 53. The nmethod of claim51, wherein the step
of creating a near-instantaneous |ogical version of a filesysten1includes

I t ddiy ' j '

L 0 PRl SRS Bin Sl b 2. LSO b BERISERGEE R i
near - i nst ant ammpl;usemmtmﬁﬁaul equngsmbm‘d IZB)?Wiﬂath;mew irthrepoch tmmbdr :iﬂng?gm duath g
wh val ue of said version is mye [om sai
voreron §an ePi Dl S ERGR, abGnRt e GO At LGl eplin Hrton of

non- r ef er enceig miﬂﬂ&@écoﬁﬁmqh &teefammﬁseﬁﬁg o récBrNNB the/Rfed Wi theSpal SABRYEEE bofh S
. The method of claimb51, furt conprising a near-instantaneous reversion

to an existi (e ‘}eé)’d?uéléFPO\?@F‘%mWr’i a@? the aevy dgath epegisauapher. WFhernsoagssnficreatingthe eni ng
entries in saliggy ?ercéﬂd%lltrégft ﬁ1 é?tﬁl@f dGRIRMH of 4 Réwlfé\%r? it fR%trad & r@ﬂgceg'fentscﬁ"ag

shared storage systemand said filesystem epoc ue I's set to an

val ue corr esgondigrgeard Bl cmeaﬂlewefthes:bw@gtm atfstepeégﬂsaréﬂﬁ) will sswlnin a%gnn“ﬂne
met hod of cl r h .81 0 ari ate of the
filesystem b? g%?‘ %P irﬁ%neé g{%ugrpogﬁ)%sntﬁ%/\?lg{'ep 0%r oce ug‘é@&’ﬁn%gﬁ%ﬁ?@c{’fwmb“ as the
nmodi f i cat i on dedth aparhhtiinpdry242. eAaroﬁﬂn@ﬂ tHeIcloﬁﬁys-Wﬂt’e 128gesdnables the 8bject record

identified for modification to be divided into either two or three copies, thereby preserving the

original state of the filesystem object as it appeared in the prior logical version of the filesystem.

Advantages Over The Prior Art
Once a logical version of the filesystem has been created, it appears as part of the

filesystem root directory and can be used by backup utilities to create secondary storage backups
while the filesystem remains online. In addition, the logical version of the filesystem can be
referenced for file restoration or to maintain a history of the filesystem. The near-instantaneous
process of creating a logical version of the ﬁlesystem disclosed herein is space efficient. After a
logical version of the filesystem has been created, updates to a filesystem object cause a copy-on-
write procedure to occur, thereby preserving the original state of the filesystem object as it was

! prior to the logical filesystem version. Only filesystem objects that change subséquent to the

' logical filesystem version is taken require additional storage. If a filesystem object is not
modified subsequent to creation of a logiéal'ﬁlesystem version, then no additional space is
required to store the logical version of the filesystem. A single record can represent an unlimited
number of identical instances of an object without requiring additional storage. In addition, no
additional background processing is required to maintain either the primary image of the
filesystem or a logical version of the ﬁlesysteni. As such, there is no additional cost requirement
associated with accessing an object of the primary image as compared to an object referenced in

a logical version of the filesystem. Accordingly, the organization and maintenance of the logical

16



57. A data storage system conprising: filesysteml|ogic enbedded within
server software of a server in communication with a shared storage system
wherein said logic is adapted to conmunicate with netadata of said shared
storage system a filesystemversion identified by an epoch value; a
filesystem object identified by a pair of epoch values; a version table
adapted to maintain a list of all valid filesystem epoch val ues, wherein
each |isted epoch value corresponds to a valid |ogical version of said
filesystem and a version manager adapted to create a near-instantaneous

| ogi cal ver sy@&omfof 8l fileskyitbrR aNPAsEaBiatdd objetds AhirRaiROlbPikal versiohsTBs tht\!“?ﬁgﬁ{ega a
current epoch value associated with a current |ogical version of sal

fil esyst em i Whilgpigiesdng an asiginghstate ef thesystem. sai d version table in persistent
storage of said shared storage systemand a current fil esystem epoch val ue
is monotonically incremented. 58. The system of claim57, wherein said

obj ect epoch val ue pair is adaptedAlitenakirecRmbotdments ange of a | ogi cal

version.of said fjl stem.n ich said ohject j.s valid. 59. The system of
~claim57, furt herl{_ Wﬁ%rﬁpgﬁeﬂateém;b a@?l“g}i‘ ngﬁﬁlgé@%ﬁﬁt&mﬂ@“@ﬁhw&wh
near - i nst ant @ReMes heRMAYE ursYsesSoFiilthsiratbinCatkio¥Ethadifdhtiohs M 1 ddde Samsiem
wherein said version nmanager is adapted to renove a correspondi ng epoch

val ue of sai ¥FPoingfrem the pintead eropesithoiavensiph elnipartisules referenred sbisvtagen logicalai d
O o o RISy S YRR ehInd HADY o AR LPLGRRPAS ALy ARBRERELALH

FhE
sai-d renoved | ogi cal i ‘esystem version. 88 e systemo
f urt her conpievesbipg tosaipecifielogicalfilesssiery aersianl apthe thverteddogichl gersian of the filesystem

near - i nst ant i . i stin ogi,.cal ver.si on,of sai
T ooyt om AOGRUSHE EAPREHAD AR EHAIAT ARREE wE LR B Ruhd ¢t ine
i nt er veni ng @imary image $idsghtane hasi aaleath apdch nimb@ef Hifire nFig SI2As 8@6w@harsz80d

shared storage system and -29 to set sajd fjlesystem epoch value to an
epoch val ueaigggﬁg‘i’%&gdmﬂﬁ ?fﬁ%ﬁP&t}F&@f‘P@HLPU@{W{Q %Fir?f%r%@g@W\e?/telAstFﬁhs. 61.
The system Odon@cdddD82 fo ddHitear the BiHAlehSdhHinmBer (TER objddBiE REEhaR b ado tH
conduct a copy-on-write procedure in response to nodification of  a nultiply

referenced fPEsRRsHPLE logical ygpsiomd ghedfijesy e op nepitivaesppnsa ip dredpst atsgpd82,

record nmanagefll teRblidwed beiadest SE0 Aetertlife i e @Bath Qfmcﬁﬁur:h&rro?ﬁp,ggﬁgt i Preater than
nodi fication of a nmultiply referenced fil eysystem object belonging to a

non- pri mary ¥6gva & the epash Bambr of tie dogial wassien efithes@lesystomb & thousifonsato the test at
' steps 282 or 284 is negative, then the death epoch number does not need to be reset 288.

However, a positive response to the test at steps 282 and 284 will result in resetting the death
epoch number of the object to infinity. The process outlined in Fig. 12 occurs for records with a
birth epoch number less than or equal to the epoch number of the logical filesystem version and a
death epoch number greater than or equal to the epoch number of the logical filesystem version
image‘ as the records are accessed. Finally, the epoch value can be any incrementable value such
as an alphabetic character or raw bytes — not necessarily only a number. Accordingly, the scope

of protection of this invention is limited only by the following claims and their equivalents.

17



63. An article conprising: a conputer-readabl e signal-bearing nedium mneans
in the mediumfor running filesystemlogic within server software of a
server node in comrunication with a shared storage system wherein said
logic is adapted to conmunicate with netadata of said shared storage
system neans in the nediumfor assigning an epoch value to a | ogical
version of a filesystem neans in the nmediumfor assigning a pair of epoch
values to a fil esystemobject; nmeans in the mediumfor storing a version
~table of all valid fil esystem epoch values, with each |isted epoch val ue
corresponding to a valid | ogical versi orh?{n\&@e filesystem neans in the
medi um for creating a near-instantaneous logical version of said fil esystem
at a signal point-in-tine by storing a current epoch value of said | ogical
version of said filesystemin said version table in persistent storage of
said shared storage system and nonotonically incrementing a current’

fil esystem epoch val ue. -30 64. The article of claim®63, wherein the
mediumis selected froma group consisting of a recordable data storage
nedi um and a lnodufdecshpddar managing jogical versians ofi Blegysteny pempsising) aj m 63, wherein
sai d object epochgyal pai } . Of qi i.l esystem

ver si onls in V\Ei ch(a ai t?gsol%?}ééc?p@ga{/ﬂlggsagngcg%gm%r%f:sggg? 0 Sté::rl:l’ai m 63,

further conprisi nip) meassigning a pair ofegdochivaluertoa filesastem object;

(c) maintaining a version table of all valid filesystem epoch values, each listed epoch

value corresponding to a valid logical version of the filesystem; and
(d)  creating a near-instantaneous logical version of said filesystem at a single point-
in-time by storing a current epoch value of said logical version of said filesystem
\ in said version table in persistent storage, and monotonically incrementing a

current filesystem epoch value.

2. The method of claim 1, wherein said object epoch value pair determines a range of

logical filesystem versions in which said object is valid.

3. The method of claim 1, wherein the step of creating a near-instantaneous logical version
of a filesystem includes limiting additional space of said logical version to multiply

referenced changed filesystem objects in said filesystem.

4. The method of claim 1, further comprising maintaining a logical version of the filesystem

while preserving an original state of said filesystem.

5. The method of claim 1, further comprising a near—instanténeous removal of said logical

version of said filesystem.

6. The method of claim 5, wherein the step of said near-instantaneous removal of said
logical version of said filesystem includes removing a corresponding epoch value of said

version from said version table in said persistent storage.
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i nst ant aneous renoval of said |ogical version of said filesystem wherein
sai d neans includes a version manager adapted to renove a correspondi ng
epoch value of said filesystemversion fromsaid version table in
.persi stent storage of said shared storage system 67. The article of claim
63, further conprising neans in the nediumto for a near instantaneous
reversion to an existing logical version of the filesystem wherein said
means i ncludes a version manager adapted to renove all intervening entries
in said version table in persistent storage of said shared storage system
and to set said fitheaxsie ot QRALE) et SnlRisAR r@RRG a1dh Yereeh |oPilteli ©
said reverted logical fil esyst em vereS| or%)(Pls gr Thgﬁgrtlhc% Oc%eﬁ??%ﬁ%gégg@te&
further conpri si neyithsaidgereved Nersiordi um for performng a copy-on-wite
procedure in response to nodification of nmultiply reference fil esystem

obj ect belonging to a non-primary |ogical version of said filesystem 69.
.The article & cl| dhembthod ehesiai ]nﬂﬁ'ﬂieﬂcdm]ﬁﬁm@l thﬁs&nﬁh&ﬁx@Mﬁmﬁ%@ﬂﬁemstmg

i ncl udes a record, nanage to split said fil esystem object into
- three copies in rc‘bgb‘i‘}ﬂg"ém?‘b"%gﬂrﬁg‘?sﬁ '@t ion of a multiply referenced
filesystem object belonging to a non-primary | ogical version of said
filesystem 70. The article of claim®63, wherein neans in the nediumfor
creating a ndar i hbe methadhebelaim & yhergin thester Qfﬁaléneagans@nfanec@sm@mnm amg
single point in tipe.i NE r;pdg@ d|t|o al . space
in said |ogical ver sfc%sl ?ca %rglﬁggf 0 ]gsggtg&?%%sdg?ﬁh?) nm em e s i

A LAyl AL A . A Said\versidfgable in persistent storage and setting the ﬁlesystem epoch value to an epoch
AZR@_SUZ ?F( g‘y' A 'vzﬁXe CO%CSISA(‘)%I(‘ﬁng to SaldA\ ee‘tetq ?ogﬁ‘:a(yﬁledtheme\/erlgﬁmA [Y-A LY. ALY A HY
:?X( D' &e&&mx/ 36889r 999: } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca

Ra] cRa!
Lealcal cal cajgel og %&&rﬂab‘] C%lriﬁe] GO gbS etafibadconti] ta obihe Alsisieta) o
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11.  The method of claim 10, wherein the step of performing said copy-cn-write procedure
includes splitting said filesystem object into three copies in response to modification of a
multiply reference filesystem object belonging to a non-primary logical version of said

filesystem.

12, A data storage sysfem, comprising:

a filesystem version identified by an epoch value;

a filesystem object identified by a pair of two epoch values;

a.version table adapted to maintain a list of all valid filesystem epoch values, wherein
each listed epoch value corresponds to a valid logical version of said filesystem; and |

a version manager adapted to create a near-instantaneous logical version of said
filesystem at a single point-in-time, wherein a current epoch value associated with a current
logical version of said filesystem is adapted to be maintained in said version table in persistent

storage and a current filesystem epoch value is monotonically incremented.
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16. . The system of claim 12, further comprising said version manager adapted to conduct a

near-instantaneous removal of said logical version of said filesystem.

17.  The system of claim 16, wherein said version manager is adapted to conduct a near-
instantaneous removal of a corresponding epoch value of said version from said persistent

storage.

18.  The system of claim 17, wherein said version manager removes a non-referenced object

associated with said removed logical version.

19.  The system of claim 12, further comprising said version manager adapted to conduct a

near-instantaneous reversion to an existing logical version of said filesystem.
20, The system of claim 19, wherein said version manager is adapted to remove an
intervening entry in said version table in persistent storage and to set said filesystem

epoch value to an epoch value associated with said reverted logical filesystem version.

21.  The system of claim 12, further comprising a record manager adapted to conduct a copy-

on-write procedure in response to modification of a multiply referenced filesystem object.
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23.

24,

25.

26.

An article comprising:

a computer-readable signal-bearing medium;

means in the medium for assigning an epoch value tp a logical version

of a filesystem;

means in the medium for assigning pair of epoch values to a filesystem

object;

means in the medium for maintaining a version table of all valid
filesystem epoch values, with each listed epoch value corresponding to a valid

logical version of the filesystem;

means in the medium for creating a near-instantaneous logical version
of said files system at a single point-in-time by storing a current epoch value of
said logical version of said filesystem in said version table in persistent storage

and monotonically incrementing a current filesystem epoch value.

The article of claim 23, wherein the medium is selected from a group consisting

of a recordable data storage medium and a modulated carrier signal.

The article of claim 23, wherein said object epoch value pair determines a range

of logical filesystem versions in which said object is valid.

The article of claim 23, further comprising means in the medium for a near-
instantaneous removal of said logical version of said filesystem, wherein said
means includes a version manager adapted to remove a corresponding epoch

value of said filesystem version from said version table in persistent storage.
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27. The article of claim 26, further comprising means in the medium for removing a

non-referenced object associated with said removed version.

28. The article of claim 23, further comprising means in the medium to for a near-
instantaneous reversion to an existing logical version of said filesystem, wherein
said means includes a version manager adapted to remove all intervening entries
in said versioh table in persistent storage and to set said filesystem epoch value

to an epoch value corresponding to said reverted logical version.

29. The article of claim 23, further comprising means in the medium for performing
a copy-on-write procedure in response to modification of a multiply reference
filesystem object, wherein said means includes a record manager adapted to split
said filesystem object into three copies in response to a modification of a
multiply reference filesystem object belonging to a non-primary logical version

of said filesystem.

30. The article of claim 23, wherein means in the medium for creating a near-
instantaneous logical version of said filesystem at a single point in time is a
version manager adapted to limit additional space in said logical version to

changed objects in said filesystem.

31. The article of claim 23, wherein comprising means in the medium maintaining a
logical version of said filesystem while preserving an original state of said
filesystem.

32. A method for managing logical versions of a filesystem comprising;

(a) embedding filesystem logic within server software of a node
running a single operating instance, wherein said logical is adapted to
communicate with metadata space of local storage media of said node;

(b) assigning an epoch value to a logical version of said filesystem;

(c) assigning a pair of epoch values to a ﬁlesystefn object;
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(d) maintaining a version table of all valid filesystem epoch values,
each listed epoch value corresponding to a valid logical version of the

filesysytem; and

(e) creating a near-instantaneous logical version of said filesystem at
a single point-in-time by storing a current epoch value of said logical version of
said filesystem in said version table in persistent of said local storage media, and

monotonically incrementing a current filesystem epoch value.

33. The method of claim 32, wherein said object epoch value pair determines a range

of logical filesystem versions in which said object is valid.

34. The method of claim 32, wherein the step of creating a near-instantaneous
logical version of a filesystem includes limiting additional space of said logical

version to multiply referenced changed filesystem objects in said filesystem.

35. The method of claim 32, further comprising a near-instantaneous removal of said
logical version of said filesystem, wherein a corresponding epoch value of said
version is removed from said version table n persistent storage of said local
storage media and a non-referenced object associated with said removed version

is removed.

36. The method of claim 32, further comprising a near-instantaneous reversion to an
existing logical version of said filesystem, wherein all intervening entries in said
version table are removed from persistent storage of said local storage media and
said filesystem epoch value is set to an epoch value corresponding to said

reverted logical filesystem version.
37. The method of claim 32, further comprising preserving an original state of the
filesystem by performing a copy-on-write procedure in response to modification

of a multiply referenced filesystem object.

38. A data storage system, comprising:
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10: EY@aB: / communicate with metadata of local storage of said node;
a filesystem version identified by an epoch value;
a filesystem object identified by a pair of epoch values;

a version table adapted to maintain a list of all valid filesystem epoch
values, wherein each listed epoch value corresponds to a valid logical version of

said filesystem; and

a version manager adapted to create a near-instantaneous logical version
of said filesystem at a single point-in-time, wherein a current epoch value
associated with a current logical version of said filesystem is adapted to be
maintained in said version table in persistent storage of said local storage media

and a current filesystem epoch value is monotonically incremented.

39. The system of claim 38, wherein said object epoch value pair is adapted to
determine a range of a logical version of said filesystem in which said object is

valid.

40. The system of claim 38, further comprising said version manager adapted to
conduct a near-instantaneous removal of said logical version of said filesystem,
wherein said version manager is adapted to remove a corresponding epoch value
of said version from said version table in persistent storage of said local storage
media and to remove a non-reference object associated with said removal logical

version,

41. The system of claim 38, further comprising said version manager adapted to
conduct a near-instantaneous reversion to an existing logical version of said
filesystem, wherein said version manager is adapted to remove an intervening
entry in said version table in persistent storage of said local storage media and to
set said filesystem epoch value to an epoch value associated with said reverted

logical version.
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The system of claim 42, wherein said record manager splits said record into three
copies in response to modification of a multiply referenced filesystem object

belonging to a non-primary logical version of said filesystem.
An article comprising:
a computer-readable signal-bearing medium;

means in the medium for running filesystem logic within server
software of a node running a single operating system instance, wherein said logic

is adapted to communicate with metadata of local storage media of said node;

means in the medium for assigning an epoch value to a logical version

of a filesystem;

means in the medium for assigning an object epoch value pair to a

filesystem object;

means in the medium for maintaining a version table of all valid
filesystem epoch values, with each listed epoch value corresponding to a valid

logical version of the filesystem;

means in the medium for creating a near-instantaneous logical version
of said filesystem at a single point-in-time by storing a current epoch value of
said logical version of said filesystem in said version table in persistent storage
of said local storage media, and monotonically incrementing a current filesystem

epoch value.

The article of claim 44, wherein the medium is selected from a group consisting

of a recordable data storage medium and a modulated carrier signal.
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means ‘includes a version manager adapted to remove a correspondmg epoch
value of said filesystem version from said version table in persistent storage of

said local storage media.

47. The article of claim 44, further comprising means in the medium to for a near-
instantaneous reversion to an existing logical version of said filesystem, wherein
said means includes a version manager adapted to remove all intervening entries
in said version table in persistent storage of said local storage medai and to set
said filesystem epoch value to an epoch value corresponding to said reverted

logical filesystem version.

48. The article of claim 44, further comprising means in the medium for performing
a copy-on-write procedure in response to modification of a multiply referenced

object belonging to a non-primary logical version of said filesystem.

49. The article of claim 48, wherein said copy-on-write procedure means includes a
record manager adapted to split said filesystem object into three copies in
response to a modification of a multiply referenced filesystem object belonging

to a non-primary logical version of said filesystem.

50. The article of claim 44, wherein means in the medium for creating a near-
instantaneous logical version of said filesystem at a single point in time is a
version manager adapted to limit additional space in said logical version to

changed objects in said filesystem.
51. A method for managing logical version of a filesystem, comprising:
(a) embedding filesystem logic within server software of a server
node in communication with a shared storage system, wherein said logic is

adapted to communicate with metadata of said shared storage system;

(b) assigning an epoch value to a logical version of said filesystem;
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(c) assigning a pair of epoch values to a filesystem object;

(d) maintaining a version table of all valid filesystem epoch values,
each listed epoch value corresponding to a valid logical version of the

filesystem; and

(e) creating a near-instantaneous logical version of said filesystem a a
single point-in-time by storing a current epoch value of said logical version of
said filesystem in said version table in persistent storage of said shared storage

system, and monotonically incrementing a current filesystem epoch value.

52. The method of claim 51, wherein said object epoch value pair determines a range

of logical filesystem versions in which said object is valid.

53. The method of claim 51, wherein the step of creating a near-instantaneous
logical version of a filesystem includes limiting additional space of said logical

version to changed objects in said filesystem.

54, The method of claim 51, further comprising a near-instantaneous removal of said
logical version of said filesystem, wherein a corresponding epoch value of said
version is removed from said version table in persistent storage of said shared
storage system and a non-referenced object associated with said removed version

is removed.

55. The method of claim 51, further comprising a near-instantaneous reversion to an
existing logical version of said filesystem, wherein all intervening entries in said
version table are removed from persistent storage of said shared storage system
and said filesystem epoch value is set to an epoch value corresponding to said

reverted logical filesystem version.

56. The method of claim 51, further comprising preserving an original state of the
filesystem by performing a copy-on-write procedure in response to modification

of a multiply referenced filesystem object.
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filesystem logic embedded within server software of a server in
communication with a shared storage system, wherein said logic is adapted to

communicate with metadata of said shared storage system;
a filesystem version identified by an epoch value;
a filesystem object identified by a pair of epoch values;

a version table adapted to maintain a list of all valid filesystem epoch
values, wherein each listed epoch value corresponds to a valid logical version of

said filesystem; and

a version manager adapted to create a near-instantaneous logical version
of said filesystem at a single point-in-time, wherein a current epoch value
associated with a current logical version of said filesystem is adapted to be
maintained in said version table in persistent storage of said shared storage

system and a current filesystem epoch value is monotonically incremented.

58. The system of claim 57, wherein said object epoch value pair is adapted to
determine a range of a logical version of said filesystem in which said object is

valid.

59. The system of claim 57, further comprising said version manager adapted to
conduct a near-instantaneous removal of said logical version of said filesystem,
wherein said version manager is adapted to remove a corresponding epoch value
of said version from said version table in persistent storage of said shared storage
system and to remove a non-reference object associated with said removed

logical filesystem version.

60. The system of claim 57, further comprising said version manager adapted to
conduct a near-instantaneous reversion to an existing logical version of said
filesystem, wherein said version manager is adapted to remove an intervening

entry in said version table in persistent storage of said shared storage system and



10** 10**

10>V, 71 109%*& ()-![,,'10%/& ()-'[,f& 10%/ & ()-yl0%& ()-h*ydE"P1
OY10%0%& ()-z@®' 109&' ()-10%& ()-1 10%&' ()-@10%& ()- 10%&' ()-aB Pl

9Y10( 10%&' () - y&MLOY&' () - y#10%&' () -!" 10%&. $9:= 109& () - @10%& () - @GHIE NP1
9Y106: 10%&' ()-3t10%& ()-1110%&' ()-/:10%&' ()-,109%& ()- +:109%& ()- HSMNOPUB_@
oY1, Y 1109 ()-!", "109%#4& ()-&F10%&' ()- 10 10 10 <10%&' ()-7109%&' () -

B) (dB_@ 9Y1! [, f & 10%ét sfid filegystcd¥@pdch-value'td AA@pdch-vahidaksdciated WH&aid)reverted
10%: () - (yhdE_@ 9Y1! @/4I 10%& Q, §F1310%&' ()-110%& ()-y

L 109& () -, , ! 109 (\peislfgsgsem vegio

oY1! @4! 109& () - yF1310%&' O)- /10%&' ()-910%& ()-710%&' ()-510%& ()- Normal"
"Headi ng 13]c¢" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]Q" " Hekhsi sagteueqfcclalmrﬁa@uﬂtgr g@ppnsmma@nongn@a@gemdam toudanduct

52r gg@ﬁgf F?rt—;l%ﬁ%yﬁ vﬁn @ éjﬁl{%‘(ﬁ %’l rresg%ge b %ﬁ)ﬁﬁgéﬁggﬁrmgﬁmﬁew\fﬂe%&

Ent r yWor dDocunent filesystem object.

62. The system of claim 61, wherein said record manager splits said record into three
copies in response to modification of a multiply referenced fileysystem object

belonging to a non-primary logical version of said filesystem set to be modified.
63. An article comprising:
a computer-readable signal-bearing medium;

means in the medium for running filesystem logic within server
software of a server node in communication with a shared storage system,
wherein said logic is adapted to communicate with metadata of said shared

storage system;

means in the medium for assigning an epoch value to a logical version

of a filesystem,;

means in the medium for assigning a pair of epoch values to a

filesystem object;

means in the medium for storing a version table of all valid filesystem
epoch values, with each listed epoch value corresponding to a valid logical

version of the filesystem;

means in the medium for creating a near-instantaneous logical version
of said filesystem at a signal point-in-time by storing a current epoch value of
said logical version of said filesystem in said version table in persistent storage
of said shared storage system, and monotonically incrementing a current

filesystem epoch value.
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64.

65.

66.

67.

68.

69.
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The article of claim 63, wherein the medium is selected from a group consisting

of a recordable data storage medium and a modulated carrier signal.

The article of claim 63, wherein said object epoch value pair determines a range

of logical filesystem versions in which said object is valid.

The article of claim 63, further comprising means in the medium for a near-
instantaneous removal of said logical version of said filesystem, wherein said
means includes a version manager adapted to remove a corresponding epoch
value of said filesystem version from said version table in persistent storage of

said shared storage system,

The article of claim 63, further comprising means in the medium to for a near-
instantaneous reversion to an existing logical version of the filesystem, wherein
said means includes a version manager adapted to remove all intervening entries
in said version table in persistent storage of said shared storage system and to set
said filesystem epoch value to an epoch value corresponding to said reverted

logical filesystem version.

The article of claim 63, further comprising means in the medium for performing
a copy-on-write procedure in response to modification of multiply reference

filesystem object belonging to a non-primary logical version of said filesystem.

The article of claim 68, wherein said copy-on write procedure means includes a
record manager adapted to split said filesystem object into three copies in
response to a modification of a multiply referenced filesystem object belonging

to a non-primary logical version of said filesystem.

The article of claim 63, wherein means in the medium for creating a near-
instantaneous logical version of said filesystem at a single point in time is a
version manager adapted to limit additional space in said logical version to

changed objects in said filesystem.



