;e3eD(| D% d6TlI METHOD, SYSTEM AND COMPUTER PROGRAM PRODUCT FOR | MPLEMENTI NG
.COPY-ON-WRI TE OF A FI LE TECHNI CAL FI ELD [ 0001] The presemmmmmmmmn

rel ates generally to filesystem data nanagenent within a

environment, and nore particularly, to techniques for inplenmgghisng a
copy-on-wite of a filesystemdata file w thin various conputing

envi ronments. BACKGROUND ART 0002(]é Many types of conputing environnents,

i ncl udi ng generMETHOGBOYEST Br Omﬁ"fﬂ{ﬁW%ﬁ@m EOR  enpl oy
storage organi zed usi NMBLEMENTING GORY-ON-WRIEHREOF A [Jéler al virtual nmenory
al l ows applications and/or processes that are executing in a conputing
environnent to behave as if theylBAQNNIGALHIELBDI t ed anount of nenory at
their disposal. In actuality, the amount of storage available to a

parti cul ar { cat,on or process is limt V.t he, ampunt of storage in

t he conput i ﬁgﬁijwi r ﬁgﬁstenglﬁﬁerﬁi?ﬁrﬂé}es IgF‘?ﬁrel dt%btyeﬁyﬁ@nh gypnggenethcurrent |y
executing phHBirPdEorah\AngRAvirSiRhert! Midalcre phRicBRdly! loQBchnityués Fsrual menory
schene hides the actual physical address of nmendry fromthe application
prograns. Appplemantinga gnmyemawsiteafaddlssystesi datarfilowithispadeuusinmyptiagl ogi cal
addr ess, V\/nieﬁ:q S tpsen converted to a physical address by the conputing
envi ronnent . ‘f’ﬁ%‘gﬁl A virtual nmenory system organi zes storage in units

cal l ed "bl ocks" (or "pages"). These bl ocks are noved between a fast,
primary nmenory and one or nore BaNEGROUNDART|Y sl ower secondary,
tertiary, etc. storage units. The novenent of bl ocks (often called

swappi ng) |lsmt0‘[2| nsmrent to the applications or processes that are executed
in the comp E ARYORYRESRE cogpaHng pRyIEoREea s InC RN graCH) PHIPBSsses t o
behave as i {yhha¥saaghafl et ; Certain
conventi onalo s@’gtrgrrs o%cg’g(?cggggﬁ]ﬁ}ls%egﬂgﬂgggﬁ?géag&%gérgiﬁé%sﬁ% grfa[eﬁr)r‘gl?é‘;l Thi s
copyi ng canmemohgrschemeis Argenerial viataldnemoiyrellomatapplidayionnambiarpmodenggssy st em
Conventi ona stens .often use a "lazy" copy,nethod,for "flash copy” in
whoh ¢ he o hB A5 eRra e R poibudhe el bumen Ty bikae s by Baa nty, bt ¢ he
act ual CORlYmited &6 @H bPFhektdty ht th@t 8fsposal. RhcRlali§MRie dnfoulREesth@gyw i te into
either the original or the copy, then the nenory i's copied at that tinme and
bot h the or#filable teapartivelar applicatien off nreeesais limitert Biothe purount ¢feorageat us - of
read-wite.. | I i ears. L.hat. S de imedi ately, but

t he actual lcnotg‘fllk%s 1|lts é]fvg?rr"gi &%9 i%?&}%ﬁ%télll}a}gaeg?g ?{h%@%nég%log C?rllcrlrlér.enﬁ no wite
i s perfor neekecotingprpyiang shaGny that ftevagé. hinsaddtRmoa virtual menethatieims cal | ed
"copy-on-wrjte" or "vjrtual copy." _ [0005] GCenerally, a copy-on-wite
operation i ldE%FlFﬁ@Pté}f‘# Riyaicpl addigss pEmgmopiiramdhe aprlicAimePiaRiams. r esul ts i n
two wite ogeh@lati8RSroos: ' S iAol ; copi ed
froman old gﬁysilca?mt% %@%(adtcgssatﬂﬂégvé gﬁ’%%& a%lﬂ%?: é@@%a%%ﬁ?ﬁgsﬁ%%q?ict ual
updat e/ wr i t henpenrtedto 4 physéval address byrth¢ bempgingEnysomaéntbl ock. I n vi ew of
this conputational overhead, there is a need in the art for a novel

copy-onw it gahapl enentatjon which, in part, elimnates eq.dual,, wite
requi r ement ﬁmgggagiﬂl@a epwmﬁewrg%a%ﬁswfﬁ%e 'é’ﬁlélftf(%lﬁﬁ &gocgf wﬁe prior
art are overm@s®)alhesathibicdks afahoad\RRV@@eSfagt! prilhgvhélashy 4nfl oBBQr aspect ,

t hrough a nethod of inpplenpenting a copyon-wite in a conputing environnment.
Thi s met hodMPHCRIESE aEsyRRY slayensacpndary. tentiaivh gics siprage upithelhcor m a first
virtual blo i W&EI?E r i j . k of data
of afile f@?ﬁ%’%ﬁ&y ?g)ﬁﬁés{%ﬂr? gggll or g1|g§ %éé#%ﬁ%ﬁéégggﬁgﬁgﬁoﬁggg second
mappi ng t abpecesseqthbatiape exszutedciartbe vompuwtalg davivokném, glapkngthe bl ock nmappi ng
for use in witing a nodified block Q% the data of the file to physical
storage, whERPLCAHIGNS Y PEATERHFT 1ocbehava a5dt ey cretbavg ap anlidnitsd AmevRiPtusi ng a
single wi tﬁoﬁggr ation. [0007] In another aspect, a nethod of facilitating
a copy-on-wité in a client server conputing environment is provided. This
met hod includes maintaining at a filesystem server of the client server
conput i ng el¥PPdonnérertain qopsehtionplxystgms abtasicnally acad totcopyrpgniongjof abl e for a

file, wherejin th d ing.table is.usable to. perf first virtual
bl ook 1o preresy e Ces REMAt ek B P S st B nEa: o of ¢ e
file from asy@fé)’rﬁi@@{veﬁii&{a@%tér@ioﬁ&dlséia@@dzkﬁﬂep}aiﬂgth_bh'@or%‘iﬂﬁh e&@pi ng table

is usable to performa second virtual block to physical block nmapping for
use i n wri tinighigh thedidragedotbe seried s asaignerhe atabss of madfdnlys bubthglagtyiak al

| ' 1 VIR
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the read mapping table and the wite mapping table, copy-on-wite of a
block of data is achievable using a single wite operation. [0008] In still
anot her aspect, a nethod of inplenmenting a copy-on-wite of a file within a
client server environment having a plurality of clients is provided. This
met hod i ncludes performng a copy-on-wite of a file using multiple clients
of the client server environment. The perform ng includes performng, by a
first clientomfistdhterned uhiiblater.clfiaarattempt spyaderto write intofitkdr thearsgindoe bl ock

of data of the file to be copy-on-witten. an rformn by .a second
client “of ¢ HE <ok figh Bedboriny s Sy atchet firnd Bfoth el clielh sptrBeRRY bl ock
of data of Efée%i%deﬁlihﬁ‘utglﬁ]t;ﬁﬂl?blo?%ﬂﬁ% ;c])le"}e;hﬁﬁwﬂit@. ?ﬁ‘ﬁﬁ@%ﬁ' iﬁ@ﬁb%&ﬁsfthatrahe

perform ng i ncludes perform ng, by irst client, copyon-wite of the at
| east one bkeomkwas madst immoédisthky, butl the ectpdleppyigg as ddfergédeuntdd itheelastper at i on, and
per form ng, bél'tlhﬁ second cgei.ent > coegiy-on-wr.it'e of glpe t | east,.one ot her
bl ock of daPS*HISEMEmbt 2 WVHYF 15 PEYTRIgIE: O CORY g Re0NTS: r?.”‘ralét‘)"@é‘fn’ﬁ?m‘sa further
aspect, a npieid i9talfedcichpy-ahvileBorcamupdopy.rte of a file within a client
server environment is presented. This nethod includes controlling, froma
filesystem server, inplenentation of a copy-on-wite for a file stored in a
shared st or {f85Lini tGarerallyea eppiepm-vwaite operatdonyiscompatationallyexpertivel | i ng

i ncl udes al ' irst client of th lient s 21 _envi fon t to

copy- on-wr i P oblsiyle Rbfilin o e crels®ilhe S KR BUHEEIRG of ene o
the client SRickaeeddny bé eopied frointarcld yhpdicaMbldck taa@btvfﬁn?rﬁeﬁl Heukt @ of the
data in the file, wherein the filesystem server controls and facilitates

per f or mance thsp the ntual ppeate/aaite ppsraténn iprtiarest on the newinbysipgblosk. Var i ous
addi ti onal Lﬁ%&ﬂgﬁé:lagl I&Fggbﬁg%@%@w thée I EnRRY Bie hing6d BFj-pRIS are

al so described an rein, ds are systens and conputer program
product s comrismopldnmgation whiehaingae; elimimates fleddusk phiddequir€@0dik. | Furt her,
additional features and advantages are realized through the techni ques of
t he present invention. O her ' t s of the invention are
described in detail herein aﬁwéégg‘ﬁs(?%@gggﬁgqgﬁt of the clained

i nvention. -3 BRI EF DESCRI PTI ON OF DRAW NGS [ 0012] The subject matter

which is regmudpd abhetdhBribdiiiips bPihe ipsioPat hieCdllefdome ddiadtipdnaut and
distinctly clained in the clainms at the conclusion of the specification.

The foregoi Advaatigenimedrodegde it ane spegtytheayigh grinethed ahimplemensmegatopynvent i on
are apparent..fr i il (o'W i nj uncti on
M thoho. aceueiREH SR RNARAALE 186 AFR0H1RMAN BtThe S1AET.

enbodi ment eafapping datpeita gmgfoemw: ﬁmmia:nal Block quhwioaldﬂ@kanabpinsgfoo aee i NDre
LR T A L Sy
of fsets areeimpRiyfigad é%@oﬁcf)m‘ébﬁihg' #ibld B! REoMA akeesild IHIN DItk tb PRysdal FI G 3 i's

a representation of a filesystem mapping table (300) wherein the

vi rtual / r el blockamappingifonuseiie vaitimg apnglifiod hlogk ok ta of thtvfikei te physicad ck
addresses in _one of nore storage it f filg er 016] FIG 4 is
2 epr esent JerS: ShedRselst P At Ble Dl ofbls e SRV EL FMad b F'c °
within a stepaggorinit of the filesystem [0017] FIG 5 depicts one exanple
of a read of four bytes of data

[0007] In another aspect, a method of facilitating a copy-on-write in a client
server computing environment is provided. This method includes maintaining at a
filesystem server of the client server computing environment a read mapping table
and a write mapping table for a file, wherein the read mapping table is usable to
perform a first \}irtual block to physical block mapping for use in reading a block of
data of the file from a physical storage for modification, and the write mapping
table is usable to perform a second virtual block to physical block mapping for use

in writing a modified block of the data of the file to physical storage, wherein using



starting at offset 5000, and falling within physical block D of a storage
unit of the filesystem [0018] FIG 6 is a flowhart of one enbodi nent of a
wite operation and a copy-on-wite operation, in accordance with an aspect
of the present invention; [0019] FIG 7 is a flowhart of one exanple of a
read process for reading a block of data froma storage unit into a | ocal
buffer or cache for use in a wite operation pursuant to the logic of FIG
6; [0020] Frif@read Mppingnabbchaiﬂtle@\fritomppimgmﬁla copy-answiitcef pbtockss f or
witing a ngidlfle fek of dat to,a storage unit for use in a wite
operation p@f@dSiat “fV HEINEGLTRE vavr&i?@ereﬂon [0021] FIG 9 depicts one
exanpl e of a read mapping table (900) and a wite mapping table (910) for
use in copyiwmmyl tln%llaanf)ihle{aaspb& aﬁfe%aamﬁgmﬁeaua@a% Sh-viifte b1 Present
i nvention; [002 FIG 10 1s a flowhart of oOne enbodi nent of a bl ock of
dat a read pfidcwhinfaclienseervar eavicapyem having hgluopktyatficientpismoedded.t o t he

logic of FIG .6, In ac dance with an as f res l.hvent.i on;
100231 i & Thisthehid FRBenRTonG ACORBOATHEAL® Ble SR BRPA RO ed dat a
write procesig diiht @r@&wwwﬂttq”h@?@m&m@gluﬁwdéyworhﬁng %? afgi c of FIG

6, in accordance with an aspect of the present inventio 0024] FIG 12 is

a further eﬂhﬁﬁl@tlwfmaltlp@sdlemp@mgwwmeeof(alt@@t)or@r’cdocas afrdatzeoftapfileng t abl e

{ne pr esent (@ ReiAr ARV Rg oy reftriing, BEs iePud B ATRRGMIBR R SSF 2

conputi ng erypy-onwaitt of & Ib4xe OhdSthat odhelf disofOme fitd toBel@pRoRasitendf t he
present invention; [0026] FIG 14 is a flowhart of one enbodi nent of a
client-1, fan enhanced aspects, the performing includes performing, by. the first client, copy-

on-write of the at least one block of data of the file employing a single write
operation, and performing, by the second client, copy-on-write of the at least one

other block of data also employing a single write operation.

[0009] In a further aspect, a method of facilitating a copy-on-write of a file
within a client server environment is presented. This method fncludes controlling,
from a filesystem server, implementation of a copy-on-write for a file stored in a
shared storage unit of the client server environment, the controlling includes
allowing a first client of the client server environment to copy-on-write a portion of
data in the file and allowing a second client of the client server environment to
copy-on-write a different portion of the data in the file, wherein the filesystem
server controls and facilitates performance of a distributed copy-on-write for the

file.

[0010] Various additional features and enhancements to the above-summarized
methods are also described and claimed herein, as are systems and computer

program products corresponding to the above-summarized methods.

[0011] Further, additional features and advantages are realized through the
techniques of the present invention. Other embodiments and aspects of the
invention are described in detail herein and are considered a part of the claimed

invention.



exanpl e, of the client server environnent of FIG 13, performng copy
on-wite of at |east one block of data of a file, in accordance with an
aspect of the present invention; [0027] FIG 15 is a flowhart of one
enbodi ment of a client-2, for exanple, of the client server environnent of
FIG 13, performng copy on-wite of at |east one other block of data of
the file, in accordance with an aspect of the present invention; [0028]

FIG 16 depicts anot her eBRIBFOESCRIPTEAYN MapRAYINGS e ( 1600) and wite
mappi ng table ( 1610) for a file enployed during a copy-onwite, in

accordance w an as f the present lLovention. and. -5 . 029] FIG 17
e 1 owon i " ARGl rat SR B G RR b BLEL ool oy ng
copy- on- W i peintddl AL 6Ad disfis@lydldithed in 8rReEbins af thekendligsef thenvent i on. BEST
MODE FOR CARRYI NG OUT THE | NVENTI ON Overvi ew [ 0030] Presented herein, in

one aspect, spesificatienhhhefpsegaing andunthererbidctry feadign andwedvaatages of henput i ng
e o ead el HE PRl Trorh e PRI B e e Railigh B L ARy RLR "
copyon- wri te\dthfthaamhipa@fin@lafaavih%s ia WHi¢le using a single wite operation. As
one exanpl e, copy-on-wite is achieved by reading from physical storage a

bl ock of data. of a file for nodjficatign using_ a first virtual block to
physi cal bl 8d3kappi ng, Heu 1idspistsgrecnhgdimens 9f f coapyinggavgrnngsktodat a t o

the physical stor aqac#pa‘)aa& &dﬁﬁ&BﬁQBﬁV{gE e%?%eé%&ﬁhe Efésﬁflgﬁeﬁ%n-b' ock

mappi ng, wherein the rst virtua ysic mappi ng and t he
second virtual block to physical block mappi ng conprise different mappings.
[0031J | n abilder aspectElGoRelspictsamhclrzample df's fde teprdsantgtien (200) tonpl enent i ng

di stributed - on=.wr. i t f fi i.pl | i.ent f l'i ent
Cerver envi ronnont <PRFEIoh & s hToRABRR AT OIS RELERIARIR o the |

mul tiple clients pefifiedliBlaGePVoSOnihbérs; of at | east one bl ock of data of
the file, and a second client of the multiple clients perforns

copy-on-wite of at |east one other block of data of the file. In one

i mpl enent at I¥HS] t he cl i s 3damrepsepertatien pka Blesyiers mapringdatie (W) syst ens,
w th each copy-on-w -0f - it i i ! '
copy-onwitten bei \rllwgﬁetégpg%er nengblzlgsé#%ﬁlgg gf&g{zﬁaﬁfgg\%ﬁﬁf réég%)éllF a %@EH P(,%\I so, the
copy-on-wite can bshysichl dvekoaddrgskesyin oge ar inoresstorapppnitgofithafikkydtéron (e. g.,
using a read mapping table) and a second mapping translation (e. g., using

a wite mapp| tabl e) nmari zed apove. These.an t her . aspects of the
present i nvi‘hﬁ!%l)n are d???f #5%?1”6’@?589\53‘{3\ ofa ‘iSP(és&I“CTrhgfttﬁ%S@fséﬁa of%pended
herewi th. Detail ed JdgfssdsifiFO0. 3 Kithin a storage unit of the filesystem;

[0017] FIG. 5 depicts one example of a read of four bytes of data
starting at offset 5000, and falling within physical block D of a storage

unit of the filesystem;

[0018] FIG. 6 is a flowchart of one embodiment of a write operation
and a copy-on-write operation, in accordance with an aspect of the

present invention;

[0019] FIG. 7 is a flowchart of one example of a read process for
reading a block of data from a storage unit into a local buffer or cache

for use in a write operation pursuant to the logic of FIG. 6;

[0020] FIG. 8 is a flowchart of one example of a write process for
writing a modified block of data to a storage unit for use in a write

operation pursuant to the logic of FIG. 6;
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[ 0032] One exanple of a conputing environment, generally denoted 100,
incorporating and using copy-on-wite in accordance with an aspect of the
present invention is depicted in FIG 1. As shown, conputing environment
100 includes, for instance, at |east one central processing unit 102, a
menory 104 and one or nore storage units or devices 106. [0033] As is
known, central processing unit 102 is the controlling center of a conputing
unit and prd092igs t he seBi{edadepirtaont qxamplessfiatgad mapping tabde (390) anmtks4 r uct i on
execution, interrupti,on action, timng functions, initial programl oading
and ot her machi ne r%(FIEﬁ’EEPH‘%@Mecfﬁ@) f%ﬁlé“c‘@r???ﬁl"“ﬁ\“&%b%gmunit execut es
at | east one operat} 1 i d to control the
operation of the co%ﬁ%ﬁ?ﬁﬁ?%%@oﬁ??épﬁﬁ%éH%vﬁrelﬂilg’ecuti on of other
prograns, controlling comunication with peripheral devices and controlling
use of the JO0At er resobkEd$.is p G08¢harCehoneaimimdinessif adlaghiaf da@PU) 102 is
coupled to nenory 104, whi cfkpi s di rectl% addtr _essagl e _and rﬁ/@%jes for high
speed processing of FAAPECES TPHESCIR ACPRY OB HUE SRFIAG O RS 8164
includes a buffer ogf[aE Bein’REbrARNECAtVAN Sdpettof BPpreseRdinvEntidly 102 as
descri bed further herein. In another enbodinent, buffer 103 could reside
within CPU 102. Storage unit 106 is one exanple of an input/output device.
As used her d0®23]st or age blF-t11198 flewghart peoneanehadimentof g ting unit or
within a computing yni f ti enyir - ' ude, for
exanple, main rrermr%‘f)dlﬁ]ggrqgfaf{’g}?tgtpg?%aseﬂr{r%5?&?@%&?%%%@& @Iﬁ'g?( nrt1gt(lnd di rect
access storage devihesogi€bfFIGE, &1 &R0rdagcd Wik aih @speerbfith®plessid to CPU 102,
menory 104 and storage unit 106 as shown. [0035] In one exanple, conputing
envi ronment 100 i s BVERHWE e system environment, which includes an RS/ 6000
conputer systemrunning in Al X operation system (RS 6000 and Al X are

of fered by Ippisynat i onal pRyshnes furlfe BkAsle 6Ph ROThidMNe tallRg 13 aRY 1 on 15
not limted to such an environnent, however. The capabﬁ ities of the
present invention camritemapgiog pblail@d0)xfodusesisdopy-ohiwritingg fileyipes of
conput er environnents d many types, of . conputer systens. For instance,
conput er envi ronnen?ccﬁ%"%eoﬁ’%aﬁg%ﬁﬂ%femﬁp QBRI conput i ng
environnment, and could include a UNI X workstation running a UNI X based
operating syeezsn O her VHY.i13tdepits dabthepb®bodiaRai & £commshtinge consi dered a
part of the clained invention. [0036] As is known, a file is a naned obj ect
inafilesystem of eNViIORPGN} IOGNMRITASHAENEC QR UMt RsPRSts afdhe P§setor e
user/application daja, Jhis data can then be accessed by specifying a file
nane, an offset and a Tength. To the user applications or processes, data
on the file appears to be continuous, but within a storage unit (such as a
di sk), the d8826]r epr esenFKi.ildris e flowohartipf neremphodirEentiof iclientyktfem mai nt ai ns
a mappi ng tabl e which provi.des .a ping .or tran i.gn_bet ween a virtual
Corarivd) ort cet brE p e ol By e BE Rt e TR e b ek
can be a page or ot kit atQéastlanetbloblt bf dutd bfn filel @, acebridindehgitisaze of the
unit being specified by the filesystem [0037] In the exanple of FIG 1,
the filesystemis a&pested theobrespphiivedtialhe st orage unit, which again may be
external or internal to a particular conmputing unit of the conputing

envi ronnent . 2 depi I o 200 whi ch
correl ates Jggﬁcati on OEK%rlg(r:lg%?%ﬁ%ﬁgﬁ%@%@@r@né@&ggﬁggmﬁ%ﬁ

virtual /rel ati ve bl ecmplelmiféiesclieat seaveyieneinorfmdnt of Rik.d 3t paforerngcdpyt e has

its owmn set of virtual/rel ative bl oc er I hi.s exanple, file data
fromO0 to 4K bytes PEWiHppedfleast %ﬁr?tﬁf}ﬁ? ‘Efqa{i’eor}ﬁf'%b%’ Hmfg&da‘i‘fe data from
4 to 8K bytes i s mMpRRGUnLSHRt Ske PIBRNventidRt @ from 8 to 12K bytes is
mapped to bl ock nunber 3, 'and data from 12 to 16K bytes is napped to bl ock

nunber 4. Again, these numbers are provided for exanple only. [0038] FIG 3
depi cts one [8028]pl e of aFIG.|lésiepiceanethspexamplavf @ radanappingtapla(16QN| ar

file. Table 300 is enployed in t { t file! X | /[rel ative

bl ock nunbers into ngﬂﬁ%‘Bﬂ@%?%éﬁﬁﬁh@@bqgh%ﬁgé?@§8%§‘¥%%&é?@P%%@'unit. For
exanpl e, virtual/relgtd, veadbRiakceWithah aspkct &F the pleséht aivenib@vadnapped to
physi cal block address A, D, G & L of a storage unit 400 (see FIG 4).

[ 0039] By way of exanple, if an application or process w shes to read 4
bytes of data froma particular file starting at offset 5000, then using
the file representation 200 and fil esystem napping table 300 of FIGS. 2 &
3, the actual data read is found to occur from physical block D as shown in
FIG 5. Thisis g_ because the 4 bytf#s of data starting at offset 5000
fall within virtual/relative bl ock nunmber 2, which as noted in FIG 3,
transl ates into physical block address D of the storage unit. [0040] As
noted initially, a flash copy operation enables space efficient copies of

oy b - - o v o r  a .




[0041] FIG 6 is a flowhart enbodi nent of one enbodiment of a wite
operation, as well as a copy-on-wite operation in accordance with an
aspect of the present invention. A wite operation 600 begins by

determ ning whether a full block (or full page) of data of a file is to be
witten 610. If a partial block wite of data, then the applicable block of
data in the file is read fromthe storage unit into a |ocal buffer 620
(Pagel n). THO®%s fol | onBKS-0Y ian flapghartobgnetaxamplenfia dafa presesve n t he buffer

630, and then a writin f the podif] f fi to the
storage unit 640. I%ppéﬁ?tﬁqnl C@S%gg?ﬁﬁg?'a rﬁ?h%é)cfc})@?es&[ﬂ&taﬁgspﬁ# ten, then
the logic sinply prog snttifvetiohe the full bl ock of data to the storage
unit, denoted 650 in FIG 6. As is known, logic of FIG 6 can be

i npl enented within an operating systemkernel. FIGS. 7 & 8 depict exanples
of further pr OCESSESBEWBWBE&?%%R‘RYM%FFEHEOWYIENEEPNI‘]E | ogic of FIG
6. [0042] FIG 7 depicts one enbodi nent of processing for reading a bl ock
of data of il.e froma storage unit into a buffer. The application input
is again anzbfwf—rvg‘yffset and length of file data to be read 700, which is
used to conmpute a virtual block number 710 (for exanple, using a file

r epr esent at i[608034 uc hPaserdebhear¢iagdiniane Rbact, 29 a tePhmiqes fir impleentipecdmyrns a
subroutine call .File. Get to map the virtual hlock lr'}gnber to, a si cal

bl ock addr eSE&-WiEie if AEORPPRNGERVIORMERT nt hilechigiegalugrs emploRing GUiHgt ne
physi cal bl ekeaaeHsess, o ka8 np%gﬁi]é t8fle B4R & wirle M@BSink AR, kb RlFERI RS- Uni t
into the local buffer 730. [0043] FIG 8 depicts oRe exanple of processing
for witing oa-waiesf ashitddidatadh adilé idieg & singlesvrite ageration.t As Ase sxesple, t he

virtual block nunber, 800.is ed i.,n Fil e~CGe i ro, s to.obtain
the virtual OB BRyGie s actiest By esdhe o By slrega Hak el AgR

nmappi ng t ablgr bgificafor@MeCd Bkt Vittubl KhoclSto physicalblsdkcahppgih® Glid atehr ess i s
t hen used when vvrltln]_%ﬁ'ékge nodi fied data b fromthe buffer into the

storage uni tWiding a ad ek odithat deta to the Py sieal siasea yingoesesprd Visiualk g 7
| d i At .
of FI G 8 cauy BT pdtl aihoBl Sfpin e R il BEGE s SLRARIOLE Dl oy

di scl osed hevapping shdahé ssebmd giwal doclawphgyicaldleckangypine vamprésediffrent any
change in the high level wite logic flow of FIG 6. This techni que enpl oys
two sets of MIPRH¥Sati ons or mapping tables, referred to as a read mapping
table and a wite mapping table for a particular file of data, for which a
copy-on-wr i t{§o31§ t OIPmoBRE Bﬁfeﬂﬁgresélﬁe@ﬁﬁeﬁﬁpg@écﬁﬁiﬂhe férhﬂl%férﬁéﬂ@ingﬁppl ng
tables are naintained by the filesystem and accessed by a clien

appl i cat i on distdbsed eony-@opyitoeltafiietaerass mulliphecligats efradignt gayerexanpl e, t hese
two mappi ng tabl es. areg pr Rt.ed. si n I I:l.esy: m driver at
the physi cahaniriel SERERER Sre-BbEhabF A Bb el SebibbEBEET &1 TG
depi cts a r gafforfRPEipyon-atitecofQN (Castthedlouki dfeariiphafile; atl £s¢230d clRawmd

mappi ng table 900 maps virtual block numbers 1. 2, 3 4 to, physical block
nunbers A, Bfths r&ultlpPervé»§Bt§@Frf9gn§/9omcrﬁq-wrlwqftaél%ﬁweﬁg*qraﬁch ngetaﬁﬁps
virtual blo . - 1RA%TaA RbmpBHQCket HUBRRbSs WerdtingY & Z.
respectivel §ﬁe ﬁi’ﬁgﬁ?gg%&nr%g%lfﬁgé?rggﬁ% provi desmg ' I rst g%ﬁraet usawetromghysi cal

t ransl at i on sy$tems,iwitleeqehe@ppytofiorrita of e btbckpé dataivdthin thisifile being copy-be- mappi ng

. table provides, a bsecond Vi réual t o, physi.cal tr.ansl ?t i gln whi ch i S enpl oyed
for a write WAtSD beGIEReRforgRd URBE & SIPRIG VR RPIAION 1 8190 e SRR OPEYIS
Copy- on- W i tegn 68 BcHISy B IORAS & Hirdt ThapgideifankRA6n 2P &idg ARl dd for
Pageln and wite %abl e trrgdg?sil.éati gms ?grﬂgPage_OJt . (?%046]% FI G 16)?g%pi cts one
enbodi ment déble) andtassepdrslokaprangitransintionde.obising @ Wrre mapping-talelasi t e

- operation pursuant the.loqic.of, FIG B. sho .appl.i 4

opeci1i oo b uEspd Suves THOR Mg Rinsrneh Pl Pl BRI B e

vi rtual b! O Mel oW A ecitsd iﬁqng)ghm!; appdflledIRfewiltlc. 2) . Processing then_ uses a
read mapping table for the file (e.g., table 900 of FIG 9) to obtain a

virtual to physical read mappi ng 1020. This physical read mapping is then .
used to rea il Il data bl ock of the file fromthe storage unit into
the |l ocal buffer 1030. [0047] FIG 11 depicts an exanple of a data bl ock
wite process for use in a copy-on-wite operation pursuant to the |ogic of
FIG 6. The virtual block nunber 1100 is used to obtain a virtual to

physi cal "wite" mapping 1110 using the wite mapping table (e.g., table
910 of FIG 9) for the file. Using the physical wite mapping, the nodified
data block is witten fromthe local buéfer into the correspondi ng storage
unit physical block 1120. As noted above, if a copy-onwite of a full block
of data of a file is to be performed, then the nodified data block is
simply witten directly to storage using the physical "wite" mapping of



[ 0049] Referencing the mapping tables of FIG 9, and using the exanple of
FIG 5, if a copy-on-wite change is to be nade to the 4 bytes of data of a
file at offset 5000, (for exanple, changing data content "first second" to
"second first"), then the updated bl ock of data is witten to physical

bl ock nunber X in the storage unit (which using the wite mapping table 910
(FIG 9) corresponds to virtual block nunber 2). After the copy-on-wite
operation, 1#82or r @spexmmpleof eeempuiing enyirermens, gvorllyfdempted 109, can be

updat ed such_that vir | . bl ock nu .. 2 translates into si cal bl ock
namber > w e SRIMA e in oot gt M i BEREE et
mappi ng t abligveh@OWisafepictdd in F2G. Thas Widving caﬁ;@mixggeﬁmhﬁlehem BtlugeG 12 is
identical to the wite mapping table 910 of FI 9. However, after the
copy- on- wr i f@r ingipeaehatrleash angesntrahpropasyisie aait 102 crmemarsb M and angerr ead

mappi ng tabln?orggto%g%hﬁg ]dgégl.crég%gpon the application using the
copy-on-write. For exarrpf)e, Oof "a "data preserve" type of application, the
physi cal bl ock nunbers in the read mapping table could be naintained to
preserve th¢0033iti ahs fs knewhel@trang@sessingfunét 100ad the @emedﬂﬁﬂ% CertyfXsT 20f
application, wherein file data is to be physically noved fromone portion
of a stor agSOWRANENG Wnibaisknayidpoihe seanen¢ing apgd pigeessingdasilitiesfor bl ock nunber

could be fr j . Xole]l < AJ. .physi cal
bl ock addr e?gsgrqun@{e]?)&? ?@%’pﬂ%&%ﬁop gegn%%ggg] a{%ﬁgﬁfflﬁhég)f &@%’]8%9 resents
anot her enbadd nthat mathiae cadatpdifunoiorsn Viihe @anted tprocg esiigy anit yxedaresbeldast 300,

whi ch can incorporate and use one or npre aspects of the present invention.
Envi r onment CB23BRFIRYRG %Yd@gl’é{‘ﬁ‘ﬂﬂ jﬂ"PW’ I5ruseq foghontol 'ﬁﬁ@PﬁF&P Oé‘i%Fent 1 1320
and client 2oh3dihe Wi SPcBURRREEE RN Sthér RIGTRE Ecdi¥rofifhg! Nt r net
Protocol network for client/server conmunications to a filesystem server
1330. Ser veromgBdicgtiomwithgetiphealStevicagiandgamtroNimgwee kf hd40mpwerch has

mul tiple storage Pools | 350 avail able for storage of file data. Cient 1
1310 and cl ireésﬂgrcﬁ‘lwo al so directly connect to Storage Area Network 1340.
[ 0051] As one exanple, conputing environnment 1300 is assuned to have
certain feaf003df, iOaitatprgessingamigOMUY 18D ¢ecobledad pentbry ilDesvisdE s as
descri bed herein ( mappi ng table and wite napping table for a

.g., d t
file) at onéirF%lYaﬁq%mgﬁs%béfér gn% prpyides fogé@sspéffﬁ rrepepaing of fiﬁfé%mtgfemntral

oA on . EO inle st
D00l <)t hr oPsRE N MeACECER huddl YRR RPEcHBaion 16y waH'id B ° 21 Pone®

have access emplayedty Wil £02aasydesdyjbed tfurthier defeid. elni anothee embibdinehe bufifgr

st orage pool Sych a, SAN .enyi t is di ssed in detajl in various
publ i cat i on§:83 F‘?‘fﬂ_ﬁﬂ?ﬂd_r?gw’y‘lf‘wg g%?ﬁ‘ﬁﬁ&?“iﬁgﬁ%ﬁ BATRE ¥t ed "Data
Managenment fdpufoldpit ddviviét ek skd ReroinS §t8ragE Qhit 306 caEE blleRRMEtWI KS",
University of California, Santa Cruz, (March 2000). [0052] In another
aspect of tReMPYELANt oriviiie p eamputing wiit piremuanting gyviennment 4 80.fapdcan on i s
pr esent ed i .ne di clien [ catjons e djffer.gnt portions
of afile. o?ﬁsx%?fsf‘%‘?ﬁ%"‘?‘%‘%tmeﬁn%@355#‘*%‘%8%’3&%%&3?h-%-’*51 N ‘5{3&8 bl ock 2
of a file, dhedtacelss aotagd dpeicdsed® Dagpsande-tyihsfefred frowi 4idualCHU 00k 4 of the
file. FIG. 14 & 15 de(Pi ct this_ exanple in greater detail. [0053] FIG 14
depi cts oneMEROEP Q4 #1d pragebnit 10645 hoRng copy- on-write of virtual bl ock
2. Cient 1 initially obtains the mapping tables for a file, |abeled "ny
file", fronygeas) filiaswneoampe! epipulift Cnvillini & HO6I R ﬁﬂglégyéstéxﬁr exanpl e,

of fset 5000, copy-on-wite is performed on virtual block 1410. dient 1
i nf orns t heefvitaamest, evhigeinekudes 4naR S/600¢ eorhputersy semcwpyingrin WXt e of vi rt ual

bl ock 2 142Q nd the fi te ver t its. i ng tables

accordi ngl yorﬁf%ffn ﬁyﬁ%%giié(g@pqngtfﬁge88%&%%?1&}6{1}%0@#&5 ¥rformed as
descri bed apf¢RinkfC6 F&R}h%.@hé’\inb&ltﬂn(ﬁnotﬁlirﬁfit&i't%?sucl{ Wedlirorhieant 1 perforns
the copy-on-wite update of virtual block 2 of the file data using a |ock
mechani sm lewevesc Tfﬁrn eanabiitian pEiire prasprti igeantian icar ke ineprpordtedsgrst eed obj ect |
which a cli er;th. needstto ac uire fromthe fi I(gs st mseéver .0 order to
perform an OPSPAPHORYERS A GpMferenyRonmenty i iany (ped RECUMMEe SYSMS: when
~client 1 reBeiimsiandehtémp@eKenvironibsitol 0eLAIMVRMpr{3e aiRdRbuIEd E@hp@gf Or the
file, and when client 1 loses the |ock, all mapping tables at client 1 for
the file be®®ENMenh AN coyld icduderadNKE wrorkstationguneing a UNBE based t he | ock,
client 1 cannot use any existing mapping tables, but instead obtains the
current mapping tables fromthe filesystem server. [0055] By way of further
expl anation, the conputing environnent-Bf FIG 13 could enploy a

di stributed | ocking mechanismto control access to the filesystem objects
fromthe different clients. There are two types of distributed |ocks,
nanely, a session |lock and a data | ock. These |ocks are per filesystem

- A . o o " . o



-14 wite of afile in the distributed filesystem A distributed |ock
mechani sm such as descri bed above can be used, which would be owned by only
one client application at a tine. For exanple, when client 1 has the
distributed lock, then client 1 will have the valid read mapping table and
wite mapping table for the copy-on-wite operation. If client 2 wishes to
do a copy-on-wite of another portion of the same file, then the filesystem
server takeSPYHEGIYSient Jothervargépng e gise|possitle andipig cgnsiderefla pag of| i ent ™ 2.

In an alterpati . the distributed | ock could be divided by file
ranges, so 5@“@8??‘?@?4@% 1 and client 2 could sinultaneously perform
copy-onwite on different portions of the file. [0058] FIG 17 depicts one
exanmpl e of [03dht a Ay 8kaoWR, a files h Gamedobjkarin a filesyyteM of ddngputinga

di stributed client server environment. Injtially, an adm nistrator decides
to take a p&Rwtonment whishicampe ussd t slorg yseg/applipation data.1 ¥bis damragdhemi st rat i on
command is d VeI fil e 1 Chy | | oned by the
filesystem Eée(%é\%gésggg&%%&mar@le n?ﬁwt Jﬂ{e sle]Jréx}(P%{/e‘ﬂgﬁ te]Rd @F f(Slrgr‘{:rt he client

appl i cat i onspplicd@@éhs drprocessasiplaey, ori the filé dpeysitebe saitinmbud, biewithinay any

distributed |ocks for the file fromthe client applications. (This step
woul d not bSO%BI“PEZ%‘ICE 2§ ﬂdgk()uslﬁrdﬁ%é% FePEIF Ao 2o difRkent dhdpbr

envi r onnent ) *\A@éﬁ, - h8ink b |n?a§%5 . [ ping table
to facili tatlee > he (%atﬁli/}?lg%lgwrl g&?%g%rhg‘%{op r%i ﬁgeﬁfsilﬁl\? gﬁ‘i‘ﬁg\g% Lr?ﬁsslggo%nt rol back
to the respbkeieerea virtuahfrelatiyd)ioffaeti tdock) nuin7std to &pbysidahbkchaumber, or war d, any

update on " file' a client applicatipn automatically results_.in the
Copyon- W i tg%ffg}%b]ﬁgl%/?@rl?%p?%rmpﬁﬁ U%Pfﬁi%%iwé “b%‘Fgﬁ%Pﬁ/‘BTt?‘F ggerfl e, while
still presefhgivpft teli sphafis@bpiRalibsyblene- . the physical block nunbers in the
read mapping table could be maintained to preserve the initial file

- references). Sgeci fic Exanpl es [0059] One detailed inplenentation of
vari ous aspH@84l of lnte qemwlanf Ky bribe Sitesysfemdx asspmed émeaspriserthe hi s

detail ed ex i . ' . i / rations
possi bl e, i mé Bg%h?%}%la?? %?%%{39&%\?%5%%?? %n?‘léﬁélg gr%’&‘q 1%5'1 %y[g%%%@%%ﬁfer ed I/0
means |/ O pefithe computiny avirhnaetuFI6r 2 degibie oné exdnpls of a$ids repidsentation
reads/ write fil:‘si1 go to the cache, and later this c&ched,data i s hardened
to a storagio%w ich cgrrglates gpRlicption popyesessdaiaransss 2ahodsstsWithy file is done
by reading o3k Al I ;

cached/ buf f??‘23‘/"8%‘3%"%ﬁ%‘?@?ﬁ“ﬁ@?ﬁ‘ﬁéﬂ'?ﬁ Noté SR 9 (18 bEs o6y sot. ng this
fact into cohditddrelativmbloclopymberswii thes examgles Gilcodatalfrhey GiodK bytee i eved

wi t hout any add cost . f exanmpl e, clje hat.is to access a
di stri but edePf?eggﬁ}é’Pi‘}#/ H?E%}‘V\ggﬁ%‘%i gty Ty ‘gﬁ%&oﬁdyw&ﬂ%&ﬁmf&‘;‘me%‘? (i) an
I nst al | abl eblbtk Aurby&ts dhta ffoR) 8 tOMN2IC Byies isREFRHit6 Blotk aupbesPemididag and

handl es requests fraom appl.ications, and communicates with the buffer nenory
syst em and SeBrlade 1§8\hydesds mappeddie blpckiymbsnd. digain, these mymbsrs at at e Manager

(csay, ‘Ahiﬁjavfdéd?&"@{ﬁﬂ inftl operating systems, and handl es | ock
managenent ‘and communi cgti of with the server. Froma flash copy
perspective, an |FS contacts a CSM for the follow ng operations. Read -
uses CSM AHI0038]s nrFa@Gs3 depas onkexanple of g éitesysterh madpping tpblyg $06 dbr a

transl ations. , ite = ha ns in two steps;. 1. | need 0, e sure that
it has b;ck?mcﬂrggﬁsiﬁgfgﬁ l%ﬁﬂﬁ?{% Lanvalpg ?‘Gﬁ‘?sﬁtvm"(af{'éé‘i}&’g} ‘c‘f‘é‘cﬁe. So
it calls @Mﬁwrpywadtaﬁa ph¥lical GRoBRlbAREEL AF R séarag@hunivg% &%%fé,ss of

csmAttachBl ocks, IFS allows the wite to go through. rectl In this
case, the vrirtnel/rglativeblogk gombersd, &i & 4 arBshdwn sdpprd teghysicaidlogked to get

the page | gy &RAND, TR b bbredBflnk 160 WL G, B0 01 Sk |

[0039] By way of example, if an application or process wishes to read 4 bytes
of data from a particular file starting at offset 5000, then using the file
representation 200 and filesystem mapping table 300 of FIGs. 2 & 3, the actual

data read is found to occur from physical block D as shown in FIG. 5. This is



Truncate - uses CSM API, csnDetachBl ocks () to shrink the file. [0062] IFS
enmploys the followng three interfaces to do file block related

mani pul ati ons. -16 1. csmAttachBl ocks(): Wen IFS's intent is to wite(),
this interface will be used. If CSMcan't satisfy this request through its
cache, it sends transaction of type stpMsgType Bl kDi skAl |l ocate to server.

2. csmiransl ateBl ocks(): This interface can be used either for read() or
wite(). | Fbeemse theat essofi dateestarting at affhet Morfekidwﬁmmvmal/@laﬁm@mmg t he

cache (part of erati ant a f hi t hr ough
te cache, - romblt R ith AP B 3, Gblo@ni RS ot ioRessf Bihe "t o
server. 3. cpmehaenBl ocks(): This is used for truncate(). [0063] In
accordance wi th an aspect of the present invention, two types of virtual to

physi cal &) s are maintained in CSM 1. Read translations: This tells
what is thel ual As goted yajtiallyl, aflaplbrony dpsratignieaahles spaceefificient eemied at i ons:

This tells I s.the viirtua f.0 Wl’lt 0064] In
one erbod; mibgtordg® 4 BEmat piBley, SRR Gtk AR et 3 b Rjcal PO°1 T
fol | ow ng t koppisshitinlp madyas patt HeBe opérafici. At dter) anypattempi\@hiodifWthe ©
translations. Valid ite translations but Invalid Read transl ati ons.

Both read anapkyﬁabkeeﬁlf: datadets dha cetyeony yrityoprgpes |In pelient SEBier a read syst em

call, |FS C%hlu §&a%5{%@'9§§‘6ﬁ§£ﬁt8‘i\é @Exc’éﬁf‘@#xleé‘gu%‘ﬁlé Qt'e ate that

it needs rea ran ons anstati ons wite
transl ati onserfver, &th.nleltlﬁe file datal Dpg-oandrifeds catried eut byta ¢lehtir Pepelu mtde bI ock

transiatl On%agc(%h?t threads can be used to bring a block of data into a cache at the client,
update the data and then write the data back to the storage unit. If different
translations for the Pageln and PageQOut are employed as described herein, then the
client can read potential copy-on-write data into its buffer, apply any updates to the
data in the buffer, and write the modified data to a new location in the storage unit
through the PageOut thread. By having two mapping tables or translations, a copy-
on-write technique is thus provided which, in one embodiment, takes advantage of

existing Pageln and PageOut concepts.

[0041] FIG. 6 is a flowchart embodiment of one embodiment of a write
operation, as well as a copy-on-write operation in accordance with an aspect of the
present invention. A write operation 600 begins by determining whether a full
block (or full page) of data of a file is to be written 610. If a partial block write of
data, then the applicable block of data in the file is read from the storage unit into a
local buffer 620 (Pageln). This is followed by an update of the block of data in the
-buffer 630, and then a writing of the modified block of data of the file to the
storage unit 640, If a full block of data of a file is to be written, then the logic
simply proceeds to write the full block of data to the storage unit, denoted 650 in
FIG. 6. As is known, logic of FIG. 6 can be implemented within an operating
system kernel. FIGs. 7 & 8 depict examples of further processes implementing a

write operation using the logic of FIG. 6.

[0042] FIG. 7 depicts one embodiment of processing for reading a block of

data of a file from a storage unit into a buffer. The application input is again an

9.



If not, then CSM | ooks at read translations. If they are available and are

In use, then they will be returned. |If not, CSMreturns zero's indicating
that these bl ocks needs to be zero filled. [0066] Wite For a wite system
call I'FS calls csmAttachBl ocks(). On success, it guarantees that the

backi ng bl ocks are allocated. |If it is an update, |IFS needs to bring the

bl ock into the cache. So the Pageln thread calls csnilransl ateBl ocks () with
read flag. MBffsenhanddermiovifilerdatadb bk ogad?00) Wichat wselito cémputamsiidwdlons. ( For

wites into,new bl ock is st wi || he skipped). w | ES ypdat es the
i n-cache paé’gocgﬁ’émg’ﬁ&zlq{fgﬁ ?‘Wﬁ%w% af‘ﬁﬁ%ﬁ?r“ts%gt?u%hﬂ’é’yt%é dﬁl?lgﬁg,gl?’i‘ ? i ;gai n
cal l's csmlT anspriceRimpakén porfoMnis A sihlotifind ¢AMFilPG¥ EaMpREdRtubPbIBEN € | UST
wite translations. 1FS uses the translations given in previous step and

fl ushes t he ngmbheto(aphysiss! hlockdadslkgss fgrobefile drtawthinghe stp@ge ahit320.

csnbDet achBl gcks() for .fi hr, i, nk. ne t.0 rk bgth the read and the
Wi e &1 ans iaTeshe PBfsical bioch AR e ek AT SRR P ot e PR BT o o at o
[0068] The sagvie ReARFEPMO W I | be done at CSMs cache. At regul ar
intervals, or on specific conditions, CSM can update the server with

modi fi cations through bl kdi sk update. Al so, the above discussion nostly
assunes t hal0843¢ wFiG 8idepists' engetramplefpegosssingfor writinggsbletkaeigdataeiewhat

for "direct la/ it t% Lt%Fa%‘e uB)lit.r g%tsh&(mc,) the- Girtual block number 800 is used in a

File-Get mapping process to obtain the virtual to physical mapping 810, for
example, using a filesystem mapping table such as depicted in FIG. 3. The
physical block address is then used when writing the modified data block from the
. buffer into the storage unit 820. In one embodiment, the block read processing of
FIG. 7 could comprise a Pageln thread process, while the data block write process

of FIG. 8 could comprise a PageOut thread process.

[0044] Advantageously, disclosed herein is a technique for achieving a copy-
on-write without any change in the high level write logic flow of FIG. 6. This
technique employs two sets of translations or mapping tables, referred to as a read
mapping table and a write mapping table for a particular file of data, for which a
copy-on-write is to be performed. In one embodiment, these two mapping tables
are maintained by the filesystem and accessed by a client application whenever a

. copy-on-write is to be performed. For example, these two mapping tables are
presented simultaneously to the filesystem driver at the physical address translation

boundary.

[0045] By way of example, FIG. 9 depicts a read mapping table 900 and a

write mapping table 910. Read mapping table 900 maps virtual block numbers 1, 2,
3 & 4 to physical block numbers A, D, G & L, respectively, while write mapping
table 910 maps virtual block numbers 1, 2, 3 & 4 to physical block numbers W, X,
Y & Z, respectively. The read mapping table provides a first virtual to physical
translation that is employed for a read operation, while the write mapping table

provides a second virtual to physical translation which is employed for a write

\
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[0069] Since the Direct 1/0Cs do not al ways happen on bl ock boundaries, we
may need to mmc cache I/O for un-aligned portions of the wite(). [0070]
In response to either stpMsgType-Bl kDi skAl |l ocate or _

st pMsgType_Bl kDi skGet Segnent, CSM gets a |ist of extents for each segnent
request ed. These segnent translations are unmarshalled and stored in CSM s
cache. [0071] The server may not send the read translations if they are
exact | y sanepastidarhéVore pagtiqulaxhys aonagr@mpldyasoppoh-dvrite cambo poplaimested on.

[0072] Each se nt |s,represented . he data structure na
oBl KD ok Sola e Teashible ngaincto Plactp &nd At Bhls s hiot o Passtte. i ght
I ncl ude: s objPPointer to the file ob'ect to which this se nent belongs.s

se NoSe nentouaapbemw. 16 48pith dné binBodinleRPEIRARNbIGEK Ra\prb R84 fopusdRr of read
extents in this se nent.s readExtentListList of contiguous bl ock segnents

t hat repr esenepy-eradtite ppexatsdrepuraast tofthe higee efddfeht As shownmReadExt ent | nli ne

re resentation. of above |ist, s readBlockUsedState. lThis.is a .bjt map. One
bi t foreac BBt SR e » SoigeE ind S ELEE Fe (Gl b Bofadh s

used/ un- usedirehPblBek AumbdrISEbmputed 1 MI0EesSFI. 28 EBvolc B3R trfeHET §3¢k h@8dd nunber of
wite extents in this segnent.s_witeExtentListList of contiguous bl ock

segnent s t henappiaptaddefor thegiled(er., tabde¥00afildfis bt abitdis ayisgab tr plysical

writeBl ock . aThis 4 It i e hi r ch in the
segrent . 1| o RigPpina025 11 Bl AR mirgdt e e ERTPPATE bR ooy
un-used. s i 84 blo¢R 0B hel file fideh the ¥R rieamit iffoaheldhlbuffeg1030.cont ai ns updat es

[0047] FIG. 11 depicts an example of a data block write process for use in a
copy-on-write operation pursuant to the logic of FIG. 6. The virtual block number
1100 is used to obtain a virtual to physical “write” mapping 1110 using the write
mapping table (e.g., table 910 of FIG. 9) for the file. Using the physical write
mapping, the modified data block is written from the local buffer into the
corresponding storage unit physical block 1120. As noted above, if a copy-on-
write of a full block of data of a file is to be performed, then the modified data
block is simply written directly to storage using the physical “write” mapping of

FIG. 11. In such a case, only the write mapping table for the file is employed.

[0048] Those skilled in the art will note that a regular write operation can still
be performed using the logic of FIGs. 6, 10 & 11 by making the read mapping

table and write mapping table identical so that the read, update and write occur at
the same physical block address within the storage unit. Advantageously, however,
this logic is also the same for a copy-on-write. When a copy-on-write is requested
for a file, the filesystem allocates, for example, new physical address blocks and
updates the corresponding write mapping table for the file. By doing so, the write
operation occurs at a different physical block address then the read operation,
meaning that the original data remains untouched in the storage unit. After the
write operation, the read mapping table for the file can be updated depending upon

the particular copy-on-write application.
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that must be synchronized with the server.s extentListValidTrue if extent
list is valid and is in cache; [0074] A client changes only s

readBl ockUsedState and s witeBl ockUsedSt ate under exclusive data | ock. The
remai ning parts of segnent translations stay unchanged at the client. So,
whi | e sending an update, the client sends only these two bit maps to the
server. -19 [ 0075] Read operation does not change any bit map, i.e., it
uses either [M%adﬂ(ekwdsmgﬂneameppﬁng tablasiof #B6 o0F; latd asiBg stheeexamply alvi de r ead

transl ation it doesn't change i 0076], The wri operati on operate
only on s \An%;[‘t}e%PB%RWé@S%F"eC hagg 15&8&@4&5‘9 L}@@’ ‘bftﬁeaﬁ?c‘%eﬁs@@@f at eIo )
Unlike the K %@@r@(&ﬂ&ﬁ id ¢ rggll}ﬁ nQé?l'ﬂtﬁrs§%c§ﬁd’tt}39‘spdo§1€&‘i?st%7 A

writeBl ockUs State cat e ccessful wite operation
truncat e opéhentthenpdatsd Whelngidatoisiwritien tophygsicdl 08 nusder X 1al1imsttorage r ead

operation changes. nothing, a wite o set a few hit n.s
wri t o8l ock ABHEVEiC Ysie Wvéec%wpm ﬁgfeﬁlpr(ﬁﬂéoasﬂwaﬁ Vi Bt i ts
in both bit 'ﬁﬁﬁ‘l YEDL A fFer t%@%?ll i tioﬁethe'cﬂrré Bndiag fedl magpiied 1/ O a

copy-on-wite can t al nbst no cost. Th| S I's because
there are tyq:lﬂc:@ODpftF\Eﬁ i dah de epdateh swhdbdtopéuad blosk siuimben? trexklates conpl et i ng

2 L2 0L DAL h90R0L 2 o Bl bt caploperst g v b nos
PageCQut t hr eagiedPRiad mpPinhhslb 1200618, hac K ht Rt RABHIRE t#1€ 2 10of

FIG. 12 is identical to the write mapping table 910 of FIG. 9. However, after the

copy-on-write, whether and how the physical block number in the read mapping

table is updated depends upon the application using the copy-on-write. For

example, for a “data preserve” type of application, the physical block numbers in

the read mapping table could be maintained to preserve the initial file references.

For a “data movement” type of application, wherein file data is to be physically

moved from one portion of a storage unit to another portion, the original physical

block number could be freed upon updating the read mapping table with the new

physical block address number from the write mapping table.

[0050] FIG. 13 presents another embodiment of a computing environment,
generally denoted 1300, which can incorporate and use one or more aspects of the
present invention. Environment 1300 includes a plurality of clients, including
client 1 1320 and client 2 1320, which are connected in this example by an Internet
Protocol network for client/server communications to a filesystem server 1330.
Server 1330 connects to a Storage Area Network 1340, which has multiple storage
pools 1350 available for storage of file data.” Client 1 1310 and client 2 1320 also
directly connect to Storage Area Network 1340.

[0051] As one example, computing environment 1300 is assumed to have
certain features, including: the maintenance of mapping files such as described
herein (e.g., read mapping table and write mapping table for a file) at one location
(e.g., the filesystem server); the client applications have direct access to the storage
unit (i;e., multiple storage pools) through the Storage Area Network (SAN); and

the client applications have access to read/write any object of a file in the multiple
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the disk. [0082] Gven this, a CON can be performed by using read
translations for Pageln and wite translations for PageQut. [0083] Consider
as an exanple: [0084] Upon new file creation, CSMgets - Wite bl ock
extents) - NULL read bl ock extents) [0085] Since this is newfile, there is
nothing to page in, so wite data goes into the bl ank pages of cache. -20
[0086] As the wite proceeds, IFS sets (through CSMinterface) the
correspondi sigrdgetppolsn Sachwa SABEdiobrredSEk aiseudsed invéstaibin variods cat i ng t hat
they are in use. [0087J As expl ained above now future reads and wites in
thi's block PHPlf@tigRs lrth athesn by Rapiriten ﬁk&néﬁpgﬂed[ d8] Assume that an

adm ni strat Sht 3 Al RS ang i y
operati on, %aenta erver re]%% 1eHsil allﬂe[dﬁggé?% g@i%ﬁ?%oérgggﬁ‘@ﬁ% ’g@ﬁ/g&?@mdi fied
data wi || bef €glifomiarSantdCiua, @akh 30@D)et adata will be sent to the server

t hrough the update transaction. Since client doesn't have a data | ock, any
of its tran | ons._becone invalid. After a flash. 0090] Far a read,
client carl D@2k IndnapEBrpERS yic nifeof e Catiy & disiaited fhpy-on-witte

function is presented wherein different client applications update different portions

of a file. For example, client 1 performs copy-on-write of virtual block 2 of a file,

while client 2 performs copy-on-write of virtual block 4 of the file. FIGs. 14 & 15

depict this example in greater detail.

[0053] FIG. 14 depicts one example of client 1 performing copy-on-write of
virtual block 2. Client 1 initially obtains the mapping tables for a file, labeled “my
file”, from the filesystem server 1400. While updating at, for example, offset 5000,
copy-on-write is performed on virtual block 2 1410. Client 1 informs the
filesystem server that it performed a copy-on-write of virtual block 2 1420, and thé
filesystem server updates its mapping tables accordingly 1430. In one example,
the copy-on-write can be performed as described above in connection with FIGs. 6

& 9-12.

[0054] Client 1 performs the copy-on-write update of virtual block 2 of the file
data using a lock mechanism. The locking mechanism comprises a lock per
filesystem object, which a client needs to acquire from the filesystem server in
order to perform an operation on a given file. Therefore, in one embodiment, when
client 1 receives this lock, it also receives the mapping tables for the file, and when
client 1 loses the lock, all mapping tables at client 1 for the file become invalid.
Hence, the next time client 1 obtains the lock, client 1 cannot use any existing
mapping tables, but insteéd obtains the current mapping tables from the filesystem

SCrver.

[0055] By way of further explanation, the computing environment of FIG. 13
could employ a distributed locking mechanism to control access to the'ﬁlesystem
objects from the different clients. There are two types of distributed locks, namely,

~ asession lock and a data lock. These locks are per filesystem objects. A session
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all "read" translations but "wite" translations will be NULL. (0091] For a
wite, client calls csmAttachBl ocks(). Now server returns read transl ations
(sane as above), and for the wite extent list, the server should allocate
a new set of unused bl ocks and return them Thus, client has two

transl ations. The client uses read translations as part of "page-in" and
wite translations as part of "page-out". [0092] So we Pageln data bl ocks
whi ch wer e pmkts er[uiﬁdlmmo am)pyen' ‘file Heschipfoi’er When tes ldck énacapired byipdat es.

VWi | e aln out se wrltetranslatlons whi ch _poi he PageCQut
thread to ¢ t %ﬁe g;hﬁ seafer aééu%cmmjerww\w {5 ke o alignt Gane | o

different. ngars%gstlorL ek $h i réif oaescsrs?TJxan@fa?élg QaERQuwiit oyt ite flag

set, to seel I't has |ng fOcks t6 proce wite. Ater anal yzi ng
t he transl| atxduwsvd mode @&\AForfexiuap]le; wberbd:lmnkA 1aheldmgtsesd1d>mh>akad |FS calls

CSmAt t achBl oc csmAtt.achBl oc needs to switch its
Gt ol oonfr Belaiye PRGN BBt Tien, BRCHLAEY BEviShrodp PBF e GaRF T i o
finished, clifet eKﬁo%ﬁl@s%‘?vé?'f&Ca{(s%s&Qn i&ﬁ M\g%@véxtﬁ}e%ts tﬁét l&hd éq&és{m tohe

client needstoh d a data | ock in exclusive node. he Drect
boundary i sbmuscactheghAdlamn hxctlhsvd:)tmdk, heneeclient B)camqtlmpelfatercstthatﬁmb I ast

bl ocks i d ' St t hat I Call CSM f

"Read Tr anshlf FSHES VERG! SR BRLBaK i FRRI0cB.fy s Bkl OIUE bl ook 1 nt o
the newy abhagal %dKﬁ‘it@ﬁ'AQHEﬁt%hould%d@& @atta}P@ckkiﬁrréh‘?leﬁtéfrﬁ@de to doal | CSM for
wite translations. to the new b | ocation ( Wite translations )

Cal | CSM t orasdtvwrite log ﬂnteﬂlevwﬁnwa)bofibkthsr exlpsmmlorb jatsessian0lodl cardye hehdbyri ddl e

bl ocks, two clients in write mode at the same time. This means that both clients have

permission to write to a particular file, but those clients cannot write until they
obtain a data lock in a write mode. But at a given point in time, only one client can
get the data lock in the “write mode” so that only one client can perform the real
I/O. If both clients are actively working on a file, they will be holding write mode
session locks while data lock will be shuttling between both clients for completing

their writes.

[0056] At some point in time, client 2 requests a lock in order to perform a
copy-on-write of another portion of the file “my file”. As shown in FIG. 15, client
2 obtains the mapping tables from the filesystem server for the file “my file” 1500.
While updating the file contents at offset 14000 (i.e., virtual block number 4),
client 2 performs a copy-on-write on virtual block number 4 of the file 1510.
Client 2 thereafter informs the filesystem server about this copy-on-write update
and the server updates the read mapping tables for “my file” accordingly 1530.
FIG. 16 shows an updated read mapping table 1600 and the write mapping table
1610 resulting from the copy-on-write updates of FIGs. 14 & 15 for “my file”
(having starting from the mapping tables of FIG. 9). As shown, the read mapping
table now has virtual block number 2 mapped to physical block number X, and

virtual block number 4 mapped to physical block number Z.

[0057] To summarize, implementation of copy-on-write within an environment
such as depicted in FIG. 13 could be distributed across multiple client applications.

Thus, a plurality of client applications can be involved in performing a copy-on-
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- Make boundaries aligned to block size. - Call CSMto get wite _
translations. - Wite to the disk. - Call CSMto mark the bl ock's "USED"
bit. [0095] The following is an exanple of the bit netrics on a client:
[0096] WiteBlockUsedState Bit array: Wit [0097] ReadBl ockUsedState Bit
array: Roit -22 [0098] In Brackates (@) indicates the Physical block
Address. That is, (@A) neans physical bock address is A [0099] UD -

Un- Def i ned. wite ofBl fle#in the\distriButed #ilesystemBl A dig@ibvted 18tkm#ehatizar such W R( W R( W R

@ Bl Kbl KR SRR AR £ b R EprAERT oV P e clicy aprlisaios) UD( @
D) Ubbl ocks 1 OMOBLUPRUBAERT Tt oty O ey oEe ey Gyl 4 ™ ©
No 1UD1 UD1 UDhdvecthang&f readrempping table medhitveife i@ ppiniXabdeEpiibe @ f)-ov@itd) UDt o

21UDL1UDOUDOUDbI ocks,, Read NUL LL( @ B) UDNULLUDNUL L UDA) UD1UPUDUDUDLWANt
to( @ X) (@ APRTEBHOY @%mm%%ﬁe @E?Bﬁ)(-)@mvmte@g JPO§%°’§§|£!§JW1P% e(@X) (@

A(@Y) (@ ) ient’ - N(@A (@
9 ( @ 5) UUE ORIt St B AR W e R g i Cher

W i t eBl ock Usedishe?.elnBirt alernatiye arainple atiBldzoitisatistiatenlBbe davidedybytfdet he

server in a client server _.environnent 101], CSM jnterprets these bits
and mappi ng¥"&s> F%F}}%{z\%t.ﬁ clignt 1 ang cliepj? R’&gg?‘ﬁﬁJlt@B?‘“ﬁ?’i ger%%&’cgpmog- Mappi ng

Exi sts for {gikSobli®fekent portions of the file.

[0058] FIG. 17 depicts one example of a “data preserve” application for a
copy-on-write in a distributed client server environment. Initially, an administrator
decides to take a point-in-time image of the file “my file” 1700. An administration
command is executed to preserve “my file” 1710, which is followed by the
filesystem server taking control of the file “my file” from the client application(s)
1720. For example, the filesystem server takes away any distributed locks for the
file from the client applications. (This step would not be applicable in a non-
distributed, non-client/server environment.) Next, the filesystem server updates the
write mapping table to facilitate the copy-on-write 1730, and the server returns
control back to the respective client application(s) 1740. From this point forward,
any update on “my file” by a client application automatically results in the copy-
on-write being performed for that particular portion of the file, while still
preserving the old data path (i.e., the physical block numbers in the read mapping

table could be maintained to preserve the initial file references).

Specific Examples

[0059] One detailed implementation of various aspects of the present invention
is next presented. In this detailed explanation, there are two types of input/output

(I/0). operations possible, i.e., buffer I/0 and direct I/O.
Buffered I/O

[0060] Buffered I/0O means I/O performed through a buffer cache. In this case,
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StateWite Ma inWite BitRead Ma i nRead

Bi t Unal | ocat edX0XOUndef i nedX0X1Undef i nedXOMDReadabl e, Shared (COW Bl ock

Al l ocati on Required) XOM

~1Undef i nedX1X0Undef i nedX1X1Undef i nedX1MdUndef i nedX1MLW i t abl e, but not
Readabl eMdXOUndef i nedM)X1Undef i nedMOMDOCOW Pendi ng, Reads Uses RM Wites
uses WWDOMLW i t eabl e and Readable via Wite ma

i NMLXOUndef irereldivirites st go tocttitvicadhicnatel latee tid 0Achfd) date 2§ haTdendé teea storaget he
mappi ng of a ﬁl ock Mfirst | ooks at the wite mapping, and if one is
present and "PHé&S-BofSE€5ponding Whit is set, then CSMuses that mapping for
both the read and wite operations. [00103] If the wite mapping is

present, bufoddl¢ Wbpdaté sn &ﬁéﬁstiﬁ%"ﬁ[é i£8bhd BPkeadihgda@ indaRe SRARI Ng. [00104]
If the read ping 1s not present, then the block is considered unused

ma

(uninitiali m;yinmll chenges wek thegached/bpfigecd pages anskthom wriging therdatd back. Al |
read operati 0 zero-fiil.l cthe buffer. J00105] 1f .the read ing is
present t helrtlc_) ?%lé E’fﬂglgﬁhpg _fac? gﬁg? aoé}séd(}frqtkp usd y}‘?“ﬁ}‘ffﬁgea Si (ﬁsé‘%segﬁgf%@é?ﬂ assunes
that the R hthieved Witlkout why sdiedtcosth B4 wWapel examhphd, aGkichtithiths fo feb@ks@ 1S
consi dered COW pending only and would require a CONto nodi fly Its contents.
-24 distributed filesystem may comprise at least two components; i.e., (i) an Installable

File System (IFS), which is operating system specific, and handles requests from

applications, and communicates with the buffer memory system and storage

devices such as disks, and (ii) the Client State Manager (CSCM), which is common

to all operating systems, and handles lock management and communication with

the server. From a flash copy perspective, an IFS contacts a CSM for the following

operations.

e Read - uses CSM API, csmTranslateBlocks () to get virtual to physical

translations.
e Write - happens in two steps:

1. TFS needs to make sure that it has backing blocks before accepting
any writes into the page cache. So it calls CSM through its API,
csmAttachBlocks ().

2. Upon success of csmAttachBlocks, IFS allows the write to go
through.

» DirectlO: In this case, the write directly goes to disk.

* BufferedlO: Here IFS need to get the page into cache,
modify it and then write to disk

o Truncate - uses CSM API, csmDetachBlocks () to shrink the file.
[0062] IFS employs the following three interfaces to do file block related

manipulations.
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[00106] If the wite mapping is not present, then CSM | ooks for a read
mapping. If the read mapping is present, then CSM assunes the R bit is one
(which it should be) and the block is considered in-use (initialized) for
read operations but not for wite operations. Before a wite operation can
be perfornmed, CSM nust request that a new backing bl ock be allocated by the
server. [00107] CSMreturns the bit vectors to the server to indicate
changes in st al.ussoAttbtidilkeksfs WhesyFaisanteseid to wrie(g, ahis dnterfabieowill be

copy-on-written. On turn Lrip.the server .interprets the bits as
folo?/ows. XI = Don'uﬁedcilﬁ(gsgte%‘gé\ﬂ%‘f E}ES F%unﬁ\ﬂémP%}é%I%‘WB& 8RS al | ocat ed

bl ock in use)1XT ; i ' ) i i.f I n use -
fr eeabl e) 00No mgﬂﬁgg“%ﬁnE’ﬂ!iy?eE%pgglgwg%ymégﬁlég%%%%ﬁvﬁrhg)01 [00108] |f

the wite bit is set: server ignores the read bit. If the block was in the
Al |l ocat ed stata CiméranskateBdodkisQnéhisantedacet cad bomsedeither forgeads) or, wtiteEn i t

ts ch dt Lj tate (i.e.. the.block..i itabl dabl e) .
PF The bl ack was etk Bt Snina e pnd e BiShing BE e Gafth o read
and write nmappi ngf amige bpextich)! HRCSHQanREARKTS dtis RiquéPlroudihi@cdche il ock goes

to the Live state (i.e., the block is veritable and readabl e through what
was the wite mp«g}c}q@ansactlon of type stpMsgType BlkDiskGetSegment to server.

3. csmDetachBlocks(): This is used for truncate().

[0063] In accordance with an aspect of the present invention, two types of

virtual to physical mappings are maintained in CSM.

1. Read translations: This tells what is the virtual to physical mapping for a

read.

2. Write translations: This tells what is the virtual to physical mapping for a

write,

[0064] In one embodiment, a segment may have read and write translation lists

in the following three states.
¢ Valid Read translations but Invaiid Write translations.
e Valid Write translations but Invalid Read translations.
e Bothread and write translations are valid.

[0065] Read

e For aread system call, IFS calls csmTranslateBlocks () with read flag

set to indicate that it needs read translations.

¢ For “Read” translations, CSM looks at write translations first. If it

exists and is in use, it returns write block translations.
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[00109] If the wite bit is not set, and the read bit is set: This
signifies to the server that there is no change for the bl ock in question.
If the block was in the Allocated, COW Pending, or PIT COVNPending state,
then the block may remain in this state or may be freed -25
asynchronously. The client cannot nake the assunption that the block is
freed or whether it remains in one of the CONPending states. [00110] If
the wite bit isendfnsgthen@IBMtbksaeadd biahslhtbor30Uf they are Bvailatsé gid drees to
the server that the block has been truncated (provided it was previously
al l ocated). If the iBpsRihendhey will heretwragd.ocat ed state, then the bl ock
remains in the Unall ocated state. If the block was in the Allocated state,

State, then the Bl QChol6EM [k o el G hise et R A Y (he®

Shared state, then fiilkd. bl ock goes to the Unall ocated state and the read
(-only) mapping gets discarded. If the block was in the COWN Pendi ng state,
then the bl ock goes to the Allocated state. If the block was in the PIT COWN
Pendi ng sta[@ﬁﬁ?henwt"ﬁé bl ock goes to the Allocated state. Advantages

[ 00111] Advantageously, a technique is presented herein for inplenmenting

Oy O | L€ s AP TRt R Kl SATEA th{ARaBhBloBR. A0fiShcEgehs L0
conventional data file wite procéssing by mnrm zIng redundant
i nput/ out put. The quptantees wrak the Haekihp ibtpeks preedlecdted] i s transparent to upper

| ayers, such as standard fil esystemdrivers. The technique includes

enpl oying two different sinultaneous translations, that is, a read mapping
table and a writ® rfhppi #RyuR ’éFSP%Fdéé‘Png@K}%ﬁ’@&g‘gﬁj‘dﬁt%ﬁ?P@ fSatifnit of data
inafile using a $i,a0lqhihi b REBMPRBILEKA) HilhGtaPARE HomRieseNt ed is a
techni que for inpl eal ntnl ng a ?gstﬁbut%ﬁccopyﬁgn-wi%e %ﬁ‘ amPimFe acr oss

mul tiple clients ofabaveireetitlogerl¥8igesrblockaramsiationsAiantigemtshsy t he - 26

blocks, this step will be skipped).

e Now IFS updates the in-cache page and once it is ready to flush that
page to disk, it again calls csmTranslateBlocks () with write flag. Now

CSM needs to give just write translations.

o IFS uses the translations given in previous step and flushes the cache

(writes to disk).
[0067]  Truncate
e IFS calls csmDetachBlocks() for file shrink.

e (CSM needs to mark both the read and the write translations of the

corresponding virtual block(s) to invalid state.

[0068] The above operations will be done at CSM’s cache. At regular intervals,
or on specific conditions, CSM can update the server with modifications through
blkdisk update. Also, the above discussion mostly assumes that the write is a

“cached/buffered 10”. Things change somewhat for “directl/O” writes.

Direct I/O
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di stributed copy-on-wite inplenmentation reduces the | oad on the
centralized server, scales with the addition of clients, and allows
copy-on-witing of a file to proceed notw thstanding that one or nore of
the clients nmay becone inoperable. Further, the distributed copy-on-wite
presented allows parallel copy-on-wites, and allows a work | oad to be
distributed anong nultiple clients, thereby providing a nore efficient
utilization [606%esofincethe Dir¢w 1istde eatbbatiysbapsen|oddildd] bolintlriasgiwe exanpl es
of conputing environnents have been pr.ovided, these are only exanples.

Ct her enbodﬁﬂ@’n‘fcfdg‘éwl’@éc %Eﬁlf/ongF uv-ﬁésm,ﬂl%ﬁ&rgwrl%)- exanple is

descri bed herein with reference to a filesystem this is only one exanple.
One or nore ra ; i i pplicable to other
envi ronnent 5[90‘{13011%1%%021%06&812%{ &?)ﬁ%gm?édémggﬁkggoﬁf?ﬁded in an article
of manuf act wtpEMggdype , BlkhaskéretSagment, difiMtgets adiso gf entergs tuotieattseghmut ng, for

i nstance, caopputer, Hsabl e nmedia. .The nedia h odi ed t.herein, for

i nst ance, cé%{??téf" f‘beéaé?ﬁ‘%engfféaﬁlatiﬂ“é&a%“ ggliallgﬁbapgaqogzed(lg_ M's cache,

i nstructions, code, commands, etc.) to provide and facilitate the

capabi | i ti eqo@f1]t heTh¢ sgeatmiywRREMDINe rdddaraklatiEhEif SeyiBeia3a) YWirfe N be
included as a part of a conputer systemor sold separately. [00114]

Addi t i onal | yhe writq @anslatigne Thisepulthbesaoeptijeizatian. ce readabl e by a machi ne
enbodyi ng at | east one program of instructions executable by the machine to

f h bi | {11 f 1 [ [ ' i ded. [00115
The 11 ow d 7Rk, abnyeeen R EmbaRatioy (Y 0 LR ERRaREI D' 10 00 vy

vari ati ons mecBlkP&&Seimagrnans or the steps (or operations) described therein
wi t hout departing fromthe spirit of the invention. For instance, the steps

may be perf in differing order, or steps may. be ded, deleted or
modi fi ed. Aﬁ‘{ﬁi thE@E’e\’}%?rqefé 1§ JHSACHF SR S &Bf&fa%ébhwﬁgiﬁ the cl ai ned
invention. [00116] Al though preferred enbodi nents have been depicted and
described iR gigpai | herein, [ipoinvet lo thefiRiAER N wificH MASBadkhidefdhgh N |t he
rel evant ani {bRj, various Mymdh{al hiiiBer vitiih Hedile, Supstitutionsand the

- +

l'i ke can be.§r11% &E‘%‘Iﬂ@wﬁhgf Falehel® nirhber of read Stehts mithis soaraat. fre—vent i on

and these afe et ot e consae, to—be LU & ' ention
as def i ned | PACPHEEUFTw ng |drishgheontigius BlocKskments thatiepresentgread

i mpl ement i ng—a_copy-on-writg tr%ﬁlshtlgmﬁthisﬁggmem-

s_inlineRéadExtent Inline representation of above list.
s_readBlockUsedState | This is a bit map. One bit for each block in the segment .
It indicates if the block is in used/un-used state. 1 —
Used, 0 un-used.

s_writeExtentCount Current number of write extents in this segment.
s_writeExtentList List of contiguous block segments that represent “write”
translations of this segment.

s_writeBlockUsedStat | This is a bit map. One bit for each block in the segment .

e It indicates if the block is in used/un-used state. 1 —
Used, 0 un-used.

s_isDirty True if the live block state bit vector contains updates
that must be synchronized with the server.

s extentListValid True if extent list is valid and is in cache;

- [0074] A client changes only s_readBlockUsedState and
s_writeBlockUsedState under exclusive data lock. The remaining parts of segment
translations stay unchanged at the client. So, while sending an update, the client

sends only these two bit maps to the server.
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environment; conprising: (i) enploying a first mapping table to performa
first virtual block to physical block mapping for use in reading a bl ock of
data of a file from physical storage for nodification; and (ii) enploying a
second mapping table to performa second virtual block to physical block
mapping for use in witing a nodified block of the data of the file to
physi cal storage, wherein copy-on-wite of the block of data is achieved
usi ng a si ng0@7Slr i t Reabepeadtionrdoef notithengeednlydodlt roéip, dleqiitosds eidteer ei n sai d
first mapping t e conprises a read ing tabl e and said second mappi ng
tabl e conpr iss’igg‘?]gfoﬁ#ﬁﬁg@%‘bﬂi wr{tﬁ%ﬁ?&ﬁét%@r@i’ﬂd%ﬁaﬂ tigpslaeonsebii ng t abl e
contai ns at il RAsk’t oK ﬁiit(tual bl ock mapped to a different physical block of
t he physical storage F an the corresponding virtual block to physical block -
mappi ng of the read mapping table. 3. The nethod of claiml, wherein the
copy- on- w i {@076}pl eThatvatd aperdtiontdperates@mniyr orse svritaBlockUbed Stheé, endidoésng

whet her a nodjficati ag cg rjses ﬁ Pl?r&:i@al bl ock, wite or a full block
wite, and mPtUesarsaigjoc e Polike theseadapermtionniy mayichangedoalyi ng (i) and
sai d enpl oyisgg) fk 'b)tmaBFo‘?@r\)Of_iéBlcEl&Ufsé’dSﬁtQ% ﬁﬁidate%@ceéé'sf%g “\Xﬂ%é dpethitdout

performng said enploying (i). 4. The nethod of claim ereln said
enpl oyi ng (i% conprises reading the bl ock of data from physical storage
into a buffd¥077hnd Miameata operatiommiali shafggrborebit menpri ses nodi fyi ng the
bl ock of data in the buffer before performng said enploying (ii). -29

[0078] So in short, a read operation changes nothing, a write operation may set
a few bits in s_writeBlockUsedState bitmap vector, and a truncate operation may

unset bits in both bitmap vectors.

[0079] To summarize, in the case of cached I/O, a copy-on-write (COW) can
be achieved at almost no cost. This is because there are typically two different

threads/operations involved in completing a write operation, namely:

[0080] 1. A Pageln thread/operation which brings the target data to be
updated/changed into the cache; and

[0081] 2. A PageOut thread/operation which flushes back the updated page to
the disk.

[0082] Given this, a COW can be performed by using read translations for

Pageln and write translations for PageOut.
[0083] Consider as an example:

[0084] Upon new file creation, CSM gets
- Write block extent(s)

- NULL read block extent(s)

[0085] Since this is new file, there is nothing to page in, so write data goes into

the blank pages of cache.
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5. The method of claiml, wherein the conmputing environnment conprises a
client server environnment including a fil esystem server and at | east one
client, and wherein said enploying (i) and said enploying (ii) are
perfornmed by the at |east one client of the client server environnent. 6.
The met hod of claim5, wherein said enploying (i) and said enmploying (ii)
performed by the at |east one client further conprise making at |east one
call to the[0086¢sysAethesenite prodeedsy Bl Shsats @hrohgla€SMoimgerfifceY the first nmappi ng

tabl e and the second ing tabl e erformng copy-on-write of the

bl ock of daP%“%SPOPﬁngﬁFB’%S—%ltgﬁgcﬁ'{]@ﬁg@?ﬁ“ Ycter }Ca%g fhat the gFRolir si ng
updatirig thg first mapping table after witing the nodified block of data
to physical storage, said updating including nodifying at | east one virtual
bl ock to physical block translation of the first napping table to agree
with a corr ¢¥8dhdi ndys explained atiwivectow Gutpieyedds ahd birbeddntthia bidckirange gef t he
second mapping.table. 8. .The thod of claiml, wherein the conputing

envi r onment tr@%%}qngg?nbw&%‘?ﬁﬁ%ﬁﬁg unit and an external storage unit, the

external storage unit conprising the physical storage, and wherein the

enpl oyi ng ('{0088Ed t REsut¥RhA o REminibthated @kder i QhBPy:DY the conmputing unit.
-3 0 9. A nethod of facilitating a copy-on-wite in a client server
conmputing environment, conprising: maintaining at a filesystem server of
the client §8%kr conpowt ggthérﬂ?ﬁh eonveeRerationethd serypiienokas bl datadlaeksa wri t e
MAPDI NG t ablignf PLiidh: TidiRe AGAMIBLE AN RSy ARSI IR AR AN SadaPa WAAP! © 1O
performa first virtua 'ock to physi cal OCK nmapping ToOr use In reading
a bl ock of datentaos thelservii theotghahe pidase tadsactionr Sfpee tlhient doeknft legehon, and t he
wite nappia %%&Ie is . usable to performa second virtual block to physical
bl ock mappi %a » B0 it thgnsiatings becpmgiinYalld bl ock of the data of the file
to physical storage, wherein using the read nmapping table and the wite
mappi ng tablager §PRANPEPY i te of a block of data is achievable using a single
wite operation. I0. The nethod of claim9, wherein the wite mapping table
for the file contains at | east one virtual block mapped to a different

physi cal bl ¥0R0bf tites agrgd icHent callhesaransiatpBlonks(b end dwpenur mgyvéendual bl ock
to physi cal altfl'x%%” {rﬁrﬁﬁ%iloﬁg Baﬂ'%%%ﬂg%s[aﬁggs &ﬁf)@éﬂﬁLtLabl e. 11. The nethod of

claim9, further conprisin i e read nappihg table after a
copy-on-wite of a block of data of the file is perforned, said updating
i ncl udi ng )i ngFaata writastlienneallsicsmdtaciilocks(t Nphyaiveadetuphoekd

translation, of .the read mapping table to.agree with a correspondi ng virtual
bl ock 1o phySILEoTIGaIE o Ramu it e v Yieh Beadlp S ShanRatlocdd

a new set of unused blocks and return them. Thus, client has two translations. The

client uses read translations as part of "page-in" and write translations as part of

"page-out".

[0092] So we Pageln data blocks which were part of flash copy in the buffer
cache, then apply updates. While paging out, we use the write translations, which

point the PageOut thread to the new physical blocks.
[0093] A COW for directlO is little different. For Direct 10:

o IFS calls csmTranslateBlocks() with write flag set, to see if it has
backing blocks to proceed with write. After analyzing the translations
from CSM, if backing blocks are not allocated, IFS calls
csmAttachBlocks().
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12." A nmethod of inplenenting a copy-on-wite of a file wthin a client
server environnent having a plurality of clients, said nethod conprising:
perform ng a copy-on-wite of a file using nmultiple clients of the client
server environnent, said performng conprising: (i) performng, by a first
client of the multiple clients, copyon-wite of at |east one block of data
of the file; and (ii) performng, by a second client of the nmultiple
clients, copy-onew it Bomd camAttahBlocks@, [6Sheedstbaeitchits datibcktrobhe file. 13.

The net hod of cl ai in said 1 (i) conprises perform ng,
by the first cli engﬁ‘%%wm@d%fopﬁgégm?gast one bl ock of data of the
file using a single wite operation, and wherein said performng (ii)
conprises perforging, Abir {88 $OMslsidd] Skt nfaARMKER BIBKs fo B tidip at | east
one other block of data using a single wite operation. 14. The method of
claim 13, wherein atdté.|Agsinstiom, derokient meeds tochadd a datia leck mexclasive nodeent i s
associated with at | east one shared storage device containing the file, and

wherein the fil esyste erver i nt ai ns ppi ng, tabl.es .fqr .th jle stored
in the at |east 8ne sﬁéﬁ%@lrgftol a é‘ng ilig& ‘ﬁﬂgds‘é’%gﬂf?:l?lf"g?ﬂﬁad{o)

conpri ses obtai ni nghe Hyst hitPlabt B16dksG d@Helin aRaéRATaIBRiISHGDs k@b thagNd a wite
mappi ng table for the file fromthe filesystemserver, and enploying said
read mappi ng tabl e iBglddesai d wite mapping table in perfornming said
copy-on-wite of the at | east one block of data of the file, and wherein
said performng (ii) conrj A UNE .hensecond client, the read
mappi ng table and the wi tgﬁﬁgjgg?tﬁ% ?g c?”é“r@élra{l{)]rﬁse file fromthe fil esystem
server and enploying the read mapping table and the wite napping table in
perform ng said copy-on-.w Allecaé ldchikeatiel baffet. one ot her bl ock of data of
the file. -32 15. The method of claim 14, further conprising informng,

by the first client, the filesyste erver that the first clie per f or med
copy-on-wite of the at Iegg?ds'ﬁﬁélsg}bg’&kl%tf’ ﬂi’Jea’EeéVlXﬁﬁPWée kqrael b&ﬁ[ﬁr'responsi ve
thereto, updating at | east one of the read mapping table and the wite
mappi ng table for the fisl eUpdatotiad keeskl buffehe fil esystem server. 16. The
nmet hod of claim 14, wherein the filesystem server prevents any client of
the plurality of clients from perform ng copy-on-wite over the at | east
one bl ock of data of the& ffpl @rﬁltﬁngliaf’@a%ﬁat ed by the first client and
the at | east one other block of data of the file copy-on-wite updated by
the second client. 17. The i : e ‘| ystem server
of the client server envi rm%ﬁﬁe?@g@é@%{!’g%@nﬁﬁ%&%@%ﬁ@%ne shared
storage device containing the file, and wherein the nethod further
conprises taking control* ofall R&M id matkihe hewrite block's MUSEDV dit. t 0 initi ate
the copy-on-wite of the file, said initiating including updating a wite
mappi ng tab rt i enpl oyed by said performing (i) and said
perform ng '(0;%?];;]0 -g?tﬁelljgﬁdk%&ggﬁbd of facilitating a copy-on-wite of a
"file within a client server environnent, said nethod conprising:
controlling, froma fil é4sicttemndaiesalignédiplbdonkrsizet i on of a copy-on wite
for afile stored in a shared storage unit of the client server
environment, said contraqlli Q i S] al l.owing a first client of the
cl'i ent server environnen alk%ﬁ%{‘gﬂte&%nf%hgmporti on of data in the file
and allowi ng a second client of the client server environnent to
copy-on-wite a differenvriRaotthodislef the data in the file, wherein the
filesystem server controls and facilitates performance of a distributed

copy-on-wite for the file. 19. The thod of _cl aj 18, wherein said
COE%II’ ol I'ing conprises™t zﬁﬁ? M to markrtgaebqocg('s "USCED" lgnlt

[0095] The following is an example of the bit metrics on a client:
[0096] WriteBlockUsedState Bit array: Whit

[0097] ReadBlockUsedState Bit array: Rbit
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control of the file by the filesystemserver to initiate a copy-on-wite of
the file, said initiating including updating at |east one mapping table for
the file to be enployed in performng the copy-on-wite. 20. The nethod of
claim 18, further conprising maintaining at the fil esystem server, a read
mapping table and a wite mapping table for the file, wherein the read
mappi ng table and the wite mapping table are enployed in performng the
copy-on-w i t[@098}1. IEhBranbatbm(@@ﬁ) intiehtes 812, PHysichltdockcAdiresssiThgt sp@@t i ng at

| east one of, the re able and the wite mapping table for the
file subsequAe)rfPe*\“épEW&gE’ %ﬁ“ﬁﬁe copy-on-write. 22. The nethod of
claim 18, wherein said controlling further conprises preventing, by the
filesystem 6695 " - @@y_@ng fgal updating on the portion of the data in
the file copy-o vvrlte upda by the first client or any additional
updating of the di f f erent portion of the data in the file copy-on-wite

Updat ed by t-he—-se nnrl client—-as f of th . -34
23. A syst em for | Bk | o ng Vi ]&#gn W t\éﬂ'm #3 COHD:LI\(IFIBHQ#A/I ronirent ,

sai d system corrpr|S| ng: (1) rreans for errpl oying a first nmapping table to

perform a at— gk —trouphy sieat—btock e n" £ar—t5€e Pt adi ng
a bl ock of éjaptea'of W(flle( rom sic stor%e f gcatléﬁ aud (1)
means for enployin §(: il % tanl e per(for 21 ¥ong ‘( al

bl ock to physi cal i 23 usielki n (Bt i nigRRIt mogiBt of the

data of the file tpoWhHysi st W@Qe @her i@) copy- onwr i @) of the bI ock of
data is achieved using a|Rbitgl ¢ wite Ripier 4tWbit. 124. The Vékist em of c] ai m

23, wherei nFilai d fi(r@A)T%mm ng | (@MBe (dobpri|ggsCa |rebd nag@ Dy |THbl e @and
t

sai d second Greqpnngd t abl e Udnprigses q Wi t € grappi gDt abll @, and ywerej n sai d
wite mappilggAliebl e contains af | east| one Mvirtual| bl ock|mapped to a

different p | R The i ' di n

virtual bl E%Tﬁ?phgj@ocal %ocl<§%ﬁ£: (r:gDoS[ q@@e[[ﬁﬁrr;a:)p?@rcﬁj[ ﬁ]gun 25. gThe
t em of —@;E et he—copy Rt .;m her

?c/)?rprl ses : F%ﬁeo L ﬁgy gl @;q’*n a‘éﬁg \M{@ mr nodi ]z@LCJDl} Mj conpri ses

a partial bIpc le or ul | *bl ock ite, and a paptlal B ck write,
then for peff8ESi ng said|enpl oying (i|) and |said errpl oying (ii), otherw se
for performfi®§esai|d enpl oying (ii) wilt hout |perforimi ng said enploying (i).

26. The syseboNedf |claim 23, whérein said means far enpl oying (i) conprises
means for 1 dadicat tt@ A) otlD of | @B) f|ridin phyga €xl| SDor agéaidy ¢ UD bufff er,

and wherei pte2ai d siystem { UM her 1conpr{iges means flayDrnodi Oyi ng | U bljock of
data in theblyekéer; beforé perform ng |said gnployilng (ii

LN —

Read NULL | (@ NULL |(@B) | UD NULL |UD NULL

UD A) UD 1 UD UD UD UD

1

Wantto | (@X) |[(@A) |[(@Y) |(@B) | UD NULL |UD NULL
U?date 0 1 0 1 UD UD UD UD
1%2
blks
Write @X) |[(@A) | (@Y) |(@B) |UD NULL | UD NULL
(utpdate) 1 1 1 | UD UD UD UD
12 '
blks.
Truncate | (@ X) |(@A) |[(@Y) |(@B) |UD NULL | UD NULL
tolblk |1 1 0 0 UD UD YD uUD

[00100] Client sends only WriteBlockUsedState Bit array and

ReadBlockUsedState Bit array to the server in a client server environment.

[00101] CSM interprets these bits and mappings as follows:
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27. The system of claim 23, wherein the conputing environnment conprises a
client server environnent including a fil esystem server and at | east one
client, and wherein said neans for enploying (i) and said neans for
enploying (ii) are perforned by the at |east one client of the client
server environnent. -35 28. The system of claim 27, wherein said neans
for enploying (i) and said neans for enploying (ii) performed by the at

| east one client X aNdleiapgiagberthis bheskns for naking at | east one call to the
filesystem server to obtain at | east one of the first mapping table and the
second mapping t when erfo m . ng .cqpy-onwite of the block of data of
the file. 29. Th RS x;@fs thﬁi%’lo‘a{jrther conpri sing means for updating
the first napping table after witing the nodified block of data to

physi cal sfg@tgge, sard means for updating [ Weld/dl TOVRRATRe ToRILY| ng at

| east one yirtual block to physical block h@t P 01 M?E&J rﬁitt nappi ng

tabl e to agreeswtia—corresponditig viltuanL PDHOEK Fr €&
¥ Unall q‘él\ M Y P
t ransl at i on—sF—He—second—napping—table—30-The N\p te claknt 23,

wherein the Elqﬁi%mq ng environnment conpri selsXa rnrrlrd)(l ng an t and1 an

external sid&ndginedit, the external storageXunit ddhpri Mg t hel Ghysi cal
st orage, amh®ReadrdleiShated¢CON BdodkoAll@apbowyin§ (i) ard t heMreans [fbr
enpl oyi ng (iReyuinéd perforned by the conputfing unit|. -36 31. A systlemfor
facilitati n@Wmdchimgdy-on-wite in a client slegver cdnputer xenvi r gngrent|, said
syst em conpijgefiged Neans for nai ntai i ng a firirggystemgserverf pf tjhe

{
cli ept -Ser Y ‘Und ﬁﬁé‘&“' llg ENVIT UIIHb‘IIL. =} Leg*uxggpglhi ; lLﬂg.U R d\n rte
LI}

[
mappi ng t abt Hte—and—wheret-n—the—rgad—rapp-reg—taple—+s—usalbl e to
perform a *IL ;F‘ﬁ‘ﬁf“a' bl m*\ t o physical Il ock rnappi-ng l:r usa-inrleadi ng
a bl ock of | %itabls; bytnet Readable, o 5 physi raTIMQtnraﬂJf ar | ¥odifiddtion, and
the wite mimdefieed able is usable to perforM a sedéhd vi®ual Hlbck |to

physi cal bl dhklefimgapi ng for use in witing [aMmodi filéd bl pdk of t|He ddta of
the file toQuwReddingsRodBABes RVEMWhitesusésnigvt he read mappng tabl e gnd the
wite mappi ygvt abl e, copyon-wite of a block of data isjachievable using a

single wri{qyRRREI8h® Readible Vil itk thappidg [V M 31,1 Whe 94 N the v Te

mappi ng tal U‘Bd@ffﬁth T T e Tontarms at easﬁd OTTE YTy tua tock K "Epp dto a

different p i btock—of —the—phystecat——stgrage—than L i C
irt | bl np a ﬁ th\lel ceal hl oelk trancl ot of—th 1r o) ML
VI r ua JU T M\Jl Ll

D
ndefindd * = 1 v

r
I

r
I
I

oFJuu i ng
ng—table.

T

[00102] To determine the mapping of a block CSM first looks at the write
mapping, and if one is present and the corresponding W bit is set, then CSM uses

that mapping for both the read and write operations.

[00103] If the write mapping is present, but the W bit is zero, then CSM looks

for a read mapping.

[00104] If the read mapping is not present, then the block is considered unused
(uninitialized) and the block can only be used for write operations. All read

operations zero-fill the buffer.

[0010S5] If the read mapping is present then the block is considered in-use
(initialized) and CSM assumes that the R bit is one (which it should be). A block
in this state is considered COW pending only and would require a COW to modify

its contents.
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33." The system of claim 31, further conprising neans for updating the read
mapping table after a copy-on-wite of a block of data of the file is
performed, said neans for updating including nmeans for nodi fying at |east
one virtual block to physical block translation of the read mappi ng table
to agree with a corresponding virtual block to physical block translation
of the wite mapping table. -3 7 34. A systemof inplenenting a

copy- on-wr i {00166] a If tHeewnidetrhappimg is hbepresenenthar CSMviooksfve atreddaviapping
plurality of clients, said systemcaonprising: (i). neans for performng, at
a first cli &ihepa twpe}glém%g@rthéncgﬁmsamﬂw,ﬁéﬁ@owmthésmulcbt | east
one block o W o] 21O\ : 1.0 ns for
per f or m ng, Pg g MEBISERR qoseled i AR T b boglifint bl e

copy- on- w i weitodpeastidnsa Beforaa witheperatiacsandfe pdafoamed, GIM nust esquestbe '
copy-on-witten, wherein different rtions of the copy-on-wite of the
file are pth%?ﬁﬁwbseﬂﬂasP%é%ﬁ@ﬁew ystlhﬁmserf’ﬁre plurality of clients in the
client server environnent. 35. The system of claim 34, wherein said neans
for perforqmoﬂ) CONMERBRShEBRREctbRIto BRY defleitd hdidal dnbfigdsiih Stanklorent ,
copy-on-wite of the at |east one block of data of the fiTe using a single
wri t e oper ablogks asdhely afearsed, trugedted amHorscobgronperiftar. @nthe ¢étudn tdpitps | ses means
for perform'%?é .b%/: thet & ndfc ient, copy-onwite of the at |east one

ot her bl ock B¥'dY Q.’rﬁt&%gl iRg?%¥Swrite operation. 36. The system of claim
35, wherein a filesystem server of the client server environnent is

associ ated with xXt=DeaxtCseee shared storage device containing the file, and
wherein the fil esystem server nmaintains mapping tables for the file stored
in the at [gagd one shared storage device, and sal d| gefaRs| for perform ng

(1) compri SBFIFASe (AFaAUCOW BTl Bc le)CITFIT ) r ead mappi ng

t abl e -and TP tanre 1T or thne. rtre rronth tTesystem server,
and for emngé% f‘gtfgg{lﬁgpcygg@ﬂ?@ qt%uﬁedﬁ}neusgﬁd sai d Ngi 1Q mappi ng table in
per form ng 5599 Yopy op-write-of the at least one block of data of the
file, and Nﬁr(phangginfﬁl&ﬁ%&(mayrcaﬁ@m%m@@g)) rnLrQr dels neans for

obt ai ning, by the second client, the read mapping table and the wite

mappi ng table for the file fromthe filesystemserver and for enploying the
read nmappi n{f0188) e 15 wiite bilris & mappi ng table in performng said
copy-onwite of the at |east one other block of data of the file. -3 8

37. The system o I furtdder conprising neans for informng, by the
first client, théer?%rlqglg%ggtehﬁ]r%%ir@gr that the first client perforned
copy-on-wite of the at |east one block of data of the file, and responsive
t hereto, for updHtthabloak waeastheritvcated staee (i.eatraditippalradjotaied butarndlivdhe write

mappi ng table for file intained. by the fil esystem seryer. 38. The
system of claim ?ﬁ%tsqﬁﬂb’? §Ptﬁr°TF egit‘? g@%%‘eﬁ?@é‘r% e%fo‘ggéﬁwgta&%ax@i i ent of
the plurality of rglaefs from perform ng copy-on-wite over the at |east
one bl ock of data of the file copy-on-wite updated by the first client and
the at | east one_other block of data of the file copy-on-white updated by
the second cl i enifthgblockpas WQ‘F&QWLPEIP%FST’?@@,(1-%@%’%{9?1(&13? pplAIeEdm ser ver
of the client se : ' %E'EH [ j j shar ed
storage device c%%f%rlnﬁéﬁ@ﬁ |ﬁhg,§ dgﬁ?ﬁ{g&g&ﬁ ‘202& ék@?nﬁ%@tg ﬁker

conpri ses neans gogs to dhd Inige statet (i.0), thefblodkeis fwrltabloynd feaddbild teysthewhater ver to
~initiate the copﬁ;og{wri.te of . the file, said neans for initiating including
nmeans for updati Hgs REWHIEMaPRE®INg table for the file to be enpl oyed by
said performng (i) and said performng (ii). -3 9 40. A system of

faci l'itati ngnoaosPPyf R-witethd i9hotsel, 1ah& thM el bit & €l:i ent server environnent,
sai d system conpri sing:

>

This signifies to the server that there is no change for the block in question.

If the block was in the Allocated, COW_Pending, or PIT_COW _Pending

state, then the block may remain in this state or may be freed
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means for controlling, fromthe filesystem server, inplenentation of a
.copy-on-wite for a file stored in a shared storage unit of the client
server environnent, said neans for controlling conprising neans for
allowing a first client of the client server environment to copy-on-wite a
portion of data in the file, and for allowing a second client of the client
server environnent to copy-on-wite a different portion of the data in the
file, wherein thesynchunpuslgnlhealigat canoot makestheassufmptivnh thatthedleakrié or mance of

a distributed copy-on-wite for the file. 4 sy.stem of cl ai m 40,
wherei n said rreaﬁ’)ée‘?B’f%BthFrrlf)Fqn?aﬂﬁg @%Pf@?%@%ﬁ S{g’}ﬁi ng control of
the file by the filesystemserver to initiate a copy-on-wite of the file,

sai d initiafeoudo] ncifukk wetetidtnoneet,indtRafehd B1es ARREE:Ng table for the file
to be enployed in performng the copy-on-wite. 42. The system of claim 40,

further conprising nmeans for maintaining at the filesystemserver, a read
mappi ng tabl e an signifies todbpaneerithaiithe bloek hasdepn francaigde(pedvidedie r ead

mappi ng table an ite g table are enployed in performng the
copy-on-wite. 4 _ats!iB ee"'\{\gsuSIs}{[ael{ré%%gd)gl aim42, further conprising neans for
updating at | east one of the read mapping table and the wite mapping table

for the file subdttediicktwasie tfedinmlocstedstatethes diyblock wiiaie.infle The system
of claim 40, wherein said nmeans for controlling further conprises nmeans for
preventing, by tﬁ{%‘aﬂP‘Faé%‘%/%%tém server, any additional updating on the
portion of the data in the file copy-on-wite updated by the first client

or any additi onalif peRIk-Rekseh i1 HaldIREARhBARE bRRK Mmbiieindaca in the file
copy-on-wite updated by the second client as part of the copy-on-wite of

the file of the fAllosated4@te. 45. An article of manufacture, conprising: at
| east one conputer usabl e medi um havi ng conputer readabl e program code

| ogic to inplene a.copy-on-white in a conputing environ t he conput er
r eadabl e programlfé%lﬁé\’-i:qC giwc?sélbv%r]‘i“éef ﬂat'e, %‘F? e&’é‘i’% §%° tﬂnﬁllegﬁgﬁmf:f%rst mappi ng
table to performssatdirst virtual block to physical block mapping for use in
reading a block of data of a file from physical storage for nodification;
and

If the block was in the Shared state, then the block goes to the Unallocated

state and the read (-only) mapping gets discarded.

If the block was in the COW _Pending state, then the block goes to the
Allocated state.

If the block was in the PIT_COW_Pending state, then the block goes to the
Allocated state.

Advantages

[00111] Advantageously, a technique is presented herein for implementing
copy-on-write in a computing environment with minimal added costs to
conventional data file write processing by minimizing redundant input/output. The
copy-on-write technique presented is transparent to upper layers, such as standard
filesystem drivers. The technique includes employing two different simultaneous
translations, that is, a read mapping table and a write mapping table, to achieve
copy-on-write of a unit of data in a file using a single write operation. In another
aspect, presented is a technique for implementing a distributed copy-on-write of a

file across multiple clients of a client server environment, Advantageously, the
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(i1) logic to enploy a second mapping table to performa second virtual

bl ock to physical block mapping for use in witing a nodified block of the
data of the file to physical storage, wherein copy-on-wite of the bl ock of
data is achieved using a single wite operation. 46. The article of

manuf acture of claim45, wherein the conputing environnent conprises a
client server environnent including a filesystem server and at | east one
client, andddmebaedcayt-ch-Woigs Enplementpdicnyredudes aedoadionl tHeagh@alizedenpl oy (i)
are perforned by the at |east one client of the client server environnent.
47. The ar t iSeTver, sealesawith theradditiorof gligntsmang allowe pamnonsairiing ofpdlle ® enpl oy
(i) and sai j ; t her
conprise | og)lr(gdgtg%ﬁér{rta {élgt)g{]&ﬁég]g{[ gﬁ%gp%lg{elr@tgé %lhegl@ﬁg%cso eelrrl1ﬁ err{i/ﬁgé' to obtain
at | east onduchet, e distribatedrappi-og-wirdad bresamel allevsseeailel copmpmi-ngitésabl e when
perform ng copy-on-wite of the block of data of the file. 48. The article
of manuf act @hd allewep Hopk lpgd t‘%g%fi’étr utedamangnylfiple cé‘ﬁ()‘isf@ﬁ'ﬁh}ﬁi’rqy{ﬁn’b%i ses a
comput i ng U@rﬁox@’é@'ﬁﬁ&t%ﬁi%tﬂﬁ'of%s%'hié‘:gﬁ unit, the external storage unit
conprising the physical storage, and wherein the logic to enploy (i) and
the logic to enploy (ii) are perfornmed by the conputing unit. -41 49. An
‘article of pdteniseEmbedinmmbpri sing: at | east one conputer usabl e nmedi um
havi ng conputer readabl e program code logic to facilitate a copy-on-wite

in a client ryer uti ng _envi r.onment, the conputer readabl.e program
code 1 ogi ¢ dA0TIET < AORRE R amPl ok PR e HoR PR pYheBarvatechy ¢ he
client servekesearauly Behn@il¥d. FOMEEShbeimeAE mliHRI38d.t P& ifstansd, Athduih €

mappi ng table for a file, wherein the read mapping table is usable to
perform a fiapskampletydgschbestchereis withrefesencerio adilesyatpmi s Sonlyuwe in readi ng
a bl ock of f i [ i . f LhLeation, and
the write mepBins Onts md olief RS Ot leiBtcht AL ANER ol EMIERF ol
physi cal bl otfer eRyipinagnior use in witing a nodified bl ock of the data of
the file to physical storage, wherein using the read mapping table and the
‘write mappi table,_ copy-on-wite of g block of data i.s achi evable using a
single wri tzg‘b‘dg?at l@ﬁ-,presqlgmveg@qnmb(;rm?lg&a(lgfanm? qEmangfactusdssi ng:  at
| east one c " i [ A code
0gic 101 ol epnmore S fer JROhr RO NG Ko Inleec 20 rhul AR

envi r onnment nieslid. nbheamediahad ¢mbodiéd thereamtfer, insthiecec oorpputer readsbitarbgrapr ogr am

de | ogi isi ng:; l.ogi f - ON- W f..a fil '
i t1pl e ol oy eate Fiesieh niSuBFinnt G FamiaRE: dlpPugfent o per form

conpri si ng: facilitate the capabilities of the present invention. The article of manufacture can

be included as a part of a computer system or sold separately.

[00114] Additionally, at least one program storage device readable by a machine
embodying at least one program of instructions executable by the machine to

perform the capabilities of the present invention can be provided.

[00115] The flow diagrams depicted herein are just examples. There may be
many variations to these diagrams or the steps (or operations) described therein
without departing from the spirit of the invention. For instance, the steps may be
performed in a differing order, or steps may be added, deleted or modified. All of

these variations are considered a part of the claimed invention.

[00116] Although preferred embodiments have been depicted and described in
detail herein, it will be apparent to those skilled in the relevant art that various

modifications, additions, substitutions and the like can be made without departing
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(i) logic to perform by a first client of the nmultiple clients,
copy-on-wite of at |east one block of data of the file; and (ii) logic to
‘perform by a second client of the nultiple clients, copy-on-wite of at

| east one other block of data of the file. 51. The article of manufacture
of claimb50, wherein said logic (i) conprises logic to perform by the
first client, copy-on-wite of the at | east one block of data of the file
using a si nftbm the kpifit OPRE drivetion ambitheseedre thivrefatectonsigered (o be withiiahe ses | ogi ¢
to perform by the second client, copy-on-wite of the at |east one other
bl ock of das$w@peef g investingpedelineddn dedolewing. claimg. 52, The article of
manuf acture of claim51, wherein a filesystemserver of the client server
environnment is associated with at | east one shared storage device
containing the file, and wherein the fil esystem server nmintains nmapping
tables for the file stored in the at | east one shared storage device, and
said logic (i) conprises logic to obtain, by the first client, a read
mappi ng table and a wite napping table for the file fromthe fil esystem
server, and to enploy said read mapping table and said wite mapping table
in perform ng said copy-on-wite of the at | east one bl ock of data of the
file, and wherein said logic (ii) conprises logic to obtain, by the second
client, the read mapping table and the wite mapping table for the file
fromthe filesystem server and to enploy the read mapping table and the
wite mapping table in performng said copy-on-wite of the at |east one
ot her bl ock of data of the file. -44 53. An article of manufacture,
conprising: at |east one conputer usable nmedi um having conputer readable
program code logic to facilitate a copy-on-wite of a file within a client
server environnent, the conputer readabl e program code |ogic conprising:
logic to control, froma filesystem server, inplenentation of a
copy-on-wite for a file stored in a shared storage unit of the client
server environnent, said logic to control conmprising logic to allow a first
client of the client server environnment to copy-on-wite a portion of data
inthe file and logic to allow a second client of the client server
environnment to copy-on-wite a different portion of the data in the file,
wherein the filesystem server controls and facilitates performance of a
distributed copy-on-wite for the file. 54. The article of manufacture of
claimb53, wherein said logic to control conprises logic to take control of
the file by the filesystemserver to initiate a copy-on-wite of the file,
said initiating including updating at |east one mapping table for the file
to be enployed in performng the copy-on-wite. 55. The article of

manuf acture of claim53, further conprising logic to nmaintain at the
filesystem server, a read mapping table and a wite nmapping table for the
file, wherein the read mapping table and the wite mapping table are

enpl oyed in performng the copy-on-wite. -45
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h& (_) LZi vﬂ’%l block to physical block mapping of the read mapping table.

3. The method of claim 1, wherein the copy-on-write implementation
further comprises initially determining whether a modification comprises a partial
block write or a full block write, and if a partial block write, then performing said
employing (i) and said employing (ii), otherwise performing said cmploying (ii)

without performing said employing (i).

4. The method of claim 1, wherein said employing (i) comprises
reading the block of data from physical storage into a buffer, and wherein said
method further comprises modifying the block of data in the buffer before

performing said employing (ii).
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comprises a client server environment including a filesystem server and at least one

client, and wherein said employing (i) and said employing (ii) are performed by the

at least one client of the client server environment.

6. The method of claim 5, wherein said employing (i) and said
employing (ii) performed by the at least one client further comprise making at least
one call to the filesystem server to obtain at least one of the first mapping table and
the second mapping table when performing copy-on-write of the block of data of
the file.

7. The method of claim 5, further comprising updating the first
mapping table after writing the modified block of data to physical storage, said
updating including modifying at least one virtual block to physical block
translation of the first mapping table to agree with a corresponding virtual block to

physical block translation of the second mapping table.

8. The method of claim 1, wherein the computing environment
comprises a computing unit and an external storage unit, the external storage unit
comprising the physical storage, and wherein the employing (i) and the employing

(ii) are performed by the computing unit.
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maintaining at a filesystem server of the client server computing

environment a read mapping table and a write mapping table for a file; and

wherein the read mapping table is usable to perform a first virtual
block to physical block mapping for use in reading a block of data of the
file from physical storage for modification, and the write mapping table is
usable to perform a second virtual block to physical block mapping for use
in writing a modified block of the data of the file to physical storage,
wherein using the read mapping table and the write mapping table, copy-

on-write of a block of data is achievable using a single write operation.

10.  The method of claim 9, wherein the write mapping table for the file
contains at least one virtual block mapped to a different physical block of the
physical storage than the corresponding virtual block to physical block translation

of the read mapping table.

i 1. The method of claim 9, further comprising updating the read
mapping table after a copy-on-vﬁite of a block of data of the file is performed, said
updating including modifying at least one virtual block to physical block
translation of the read mapping table to agree with a corresponding virtual block to

physical block translation of the write mapping table.
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12. A method of implementing a copy-on-write of a file within a client

server environment having a plurality of clients, said method comprising:

performing a copy-on-write of a file using multiple clients of the

client server environment, said performing comprising:

(i) performing, by a first client of the multiple clients, copy-

on-write of at least one block of data of the file; and

(i1) performing, by a second client of the multiple clients,

copy-on-write of at least one other block of data of the file.

13.  The method of claim 12, wherein said performiﬁg (i) comprises
performing, by the first client, copy-on-write of the at least one block of data of the
file using a single write operation, and wherein said performing (ii) comprises
performing, by the second client, copy-on-write of the at least one other block of

data using a single write operation.

14. The method of claim 13, wherein a filesystem server of the client
server environment is associated with at least one shared storage device containing
the file, and wherein the filesystem server maintains mapping tables for the file
stored in the at least one shared storage device, and said performing (i) comprises
obtaining, by the first client, a read mapping table and a write mapping table for the
file from the filesystem server, and employing said read mapping table and said
write mapping table in performing said copy-on-write of the at least one block of
data of the file, and wherein said performing (ii) comprises obtaining, by the
second client, the read mapping table and the write mapping table for the file from
the filesystem server and employing the read mapping table and the write mapping
table in performing said copy-on-write of the at least one other block of data of the
file.

32-



10G 104 = 10%G& () - YGKPKKKKKKaMkmhC8 10 U, Z109B& ()- 10B 10B
10B@1098& ()-Y: 109B& () - #8109B& () - s$MLOYB& () - aMURRUTZzT{ T| T} TAYNC8 10 U
10B 10B 10B=1098& ()-/109B& ()- /10% ()- nloYB& () -
109B& ()-MTTWMAZW] | ]}]1~]dE:/ 10 h 10 h=10% h& ()-'10% h& ()- 10% h& () -
X10% & ()- 10% h& ()-nl0% h& ()-~]] cjeTgYgZg[ g\ gdhxnmbWs h 109B& () -
| 15.  The method of claim 14, further comprising informing, by the first
client, the filesystem server that the first client performed copy-on-write of the at
least one block of data of the file, and responsive thereto, updating at least one of
the read mapping table and the write mapping table for the file maintained by the

filesystem server.

16.  The method of claim 14, wherein the filesystem server prevents any
client of the plurality of clients from performing copy-on-write over the at least one
block of data of the file copy-on-write updated by the first client and the at least

one other block of data of the file copy-on-write updated by the second client.

17.  The method of claim 12, wherein a filesystem server of the client
server environment is associated with at least one shared storage device containing
the file, and wherein the method further comprises taking control of the file by the
filesystem server to initiate the copy-on-write of the file, said initiating including
updating a write mapping table for the file to be employed by said performing (i)

and said performing (ii).
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write for a file stored in a shared storage unit of the client server
environment, said controlling comprising allowing a first client of the client
server environment to copy-on-write a portion of data in the file and
allowing a second client of the client server environment to copy-on-write a
different portion of the data in the file, wherein the filesystem server
controls and facilitates performance of a distributed copy-on-write for the
file.

19.  The method of claim 18, wherein said controlling comprises taking
control of the file by the filesystem server to initiate a copy-on-write of the file,
said initiating including updating at least one mapping table for the file to be

employed in performing the copy-on-write.

20.  The method of claim 18, further comprising maintaining at the
filesystem server, a read mapping table and a write mapping table for the file,
wherein the read mapping table and the write mapping table are employed in

performing the copy-on-write.

21.  The method of claim 20, further comprising updating at least one of
the read mapping table and the write mapping table for the file subsequent to

performance of the copy-on-write.

22.  The method of claim 18, wherein said controlling further comprises
preventing, by the filesystem server, any additional updating on the portion of the
data in the file copy-on-write updated by the first client or any additional updating
of the different portion of the data in the file copy-on-write updated by the second

client as part of the copy-on-write of the file.
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23. A system for implementing a copy-on-write in a computing

environment, said system comprising:

(i) means for employing a first mapping table to perform a first
virtual block to physical block mapping for use in reading a block of data of

a file from physical storage for modification; and

(ii) means for employing a second mapping table to perform a
second virtual block to physical block mapping for use in writing a
modified block of the data of the file to physical storage, wherein copy-on-

write of the block of data is achieved using a single write operation.

24, The system of claim 23, wherein said first mapping table comprises
a read mapping table and said second mapping table comprises a write mapping
table, and wherein said write mapping table contains at least one virtual block
mapped to a different physical block of the physical storage than the corresponding
virtual block to physical block mapping of the read mapping table.

25.  The system of claim 23, wherein the copy-on-write implementation
further comprises means for initially determining whether a modification
comprises a partial block write or a full block write, and if a partial block write,
then for performing said employing (i) and said employing (ii), otherwise for

performing said employing (ii) without performing said employing (i).

26. The system of claim 23, wherein said means for employing (i)
comprises means for reading the block of data from physical storage into a buffer,
and wherein said system further comprises means for modifying the block of data

in the buffer before performing said employing (ii).

27.  The system of claim 23, wherein the computing environment
comprises a client server environment including a filesystem server and at least one
client, and wherein said means for employing (i) and said means for employing (ii)

are performed by the at least one client of the client server environment.
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means for updating including means for modifying at least one virtual block to
physical block translation of the first mapping table to agree with a corresponding

virtual block to physical block translation of the second mapping table.

30.  The system of claim 23, wherein the computing environment
comprises a computing unit and an external storage unit, the external storage unit
comprising the physical storage, and wherein the means for employing (i) and the

means for employing (ii) are performed by the computing unit.
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server environment havmg a plurahty of clients, said system comprising:

(i) means for performing, at a first client of the client server
environment, copy-on-write of at least one block of data of the file to be

copy-on-written; and

(11) means for performing, at a second client. of the client server
environment, copy-on-write of at least one other block of data of the file to
be copy-on-wrftten, wherein different portions of the copy-on-write of the
file are performed by different clients of the plurality of clients in the client

server environment.

35.  The system of claim 34, wherein said means for performing (i)
comprises means for performing, by the first client, copy-on-write of the at least
one block of data of the file using a single write operation, and wherein said means
for performing (ii) comprises means for performing, by the second client, copy-on-

write of the at least one other block of data using a single write operation.

36.  The system of claim 35, wherein a filesystem sefver of the client
server environment is associated with at least one shared storage device containing
the file, and wherein the filesystem server maintains mapping tables for the file
stored in the at least one shared storage device, and said means for performing (i)
comprises means for obtaining, by the first client, a read mapping table and a write
mapping table for the file from the filesystem server, and for employing said read
mapping table and said write mapping table in performing said copy-on-write of
the at least one block of data of the file, and wherein said means for performing (ii)
corhprises means for obtaining, by the second client, the read mapping table and
the write mapping table for the file from the filesystem server and for employing
the read mapping table and the write mapping table in performing said copy-on-

write of the at least one other block of data of the file.
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' the at least one block of data of the file, and responsive thereto, for updating at

least one of the read mapping table and the write mapping table for the file

maintained by the filesystem server.

38.  The system of claim 36, wherein the filesystem server prevents any
client of the plurality of clients from performing copy-on-write over the at least one
block of data of the file copy-on-write updated by the first client and the at least
one other block of data of the file copy-on-wtite updated by the second client.

39.  The system of claim 34, wherein a filesystem server of the client
server environment is associated with at least one shared storage device containing
the file, and wherein the system further comprises means for taking control of the
file by the filesystem server to initiate the copy-on-write of the file, said means for
initiating including means for updating a write mapping table for the file to be

employed by said performing (i) and said performing (ii).
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environment, said means for controlling comprising means for allowing a
first client of the client server environment to copy-on-write a portion of
data in the file, and for allowing a second client of the client server
environment to copy-on-write a different portion of the data in the file,
wherein the filesystem server controls and facilitates performance of a

distributed copy-on-write for the file.

41.  The system of claim 40, wherein said means for controlling
comprises means for taking control of the file by the filesystem server to initiate a
copy-on-write of the file, said initiating including updating at least one mapping

table for the file to be employed in performing the copy-on-write.

42.  The system of claim 40, further comprising means for maintaining
at the filesystem server, a read mapping table and a write mapping table for the file,
wherein the read mapping table and the write mapping table are employed in

performing the copy-on-write.

_ 43. The system of claim 42, further comprising means for updating at
least one of the read mapping table and the write mapping table for the file

subsequent to performance of the copy-on-write.

44.  The system of claim 40, wherein said means for controlling further
comprises means for preventing, by the filesystem server, any additional updating
on the portion of the data in the file copy-on-write updated by the first client or any
additional updating of the different portion of the data in the file copy-on-write
updated by the second client as part of the copy-on-write of the file of the file.
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at least one computer usable medium having computer readable
~ program code logic to implement a copy-on-write in a computing

environment, the computer readable program code logic comprising:

(1) logic to employ a first mapping table to perform a first
virtual block to physical block mapping for use in reading a block of

data of a file from physical storage for modification; and

(ii) logic to employ a second mapping table to perform a
second virtual block to physical block mapping for use in writing a
modified block of the data of the file to physical storage, wherein
copy-on-write of the block of data is achieved using a single write

operation.

46.  The article of manufacture of claim 45, wherein the computing
environment comprises a client server environment including a filesystem server
and at least one client, and wherein said logic to employ (i) and said logic to

employ (ii) are performed by the at least one client of the client server environment.

47. The article of manufacture of claim 45, wherein said logic to
employ (i) and said employ (ii) performed by the at least one client furthef
comprise logic to make at least one call to the filesystem server to obtain at least
one of the first mapping table and the second mapping table when performing

copy-on-write of the block of data of the file.

48.  The article of manufacture of claim 45, wherein the computing
environment comprises a computing unit and an external storage unit, the external
storage unit comprising the physical storage, and wherein the logic to employ (i)

and the logic to employ (ii) are performed by the computing unit.
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at least one computer usable medium having computer readable
program code logic to facilitate a copy-on-write in a client server
computing environment, the computer readable program code logic

comprising:

logic to maintain at a filesystem server of the client server
computing environment a read mapping table and a write mapping
table for a file, wherein the read mapping table is usable to perform
a first virtual block to physical block mapping for use in reading a |
block of data of the file from a physical storage for modification,
and the write mapping table is usable to perform a second virtual
block to physical block mapping for use in writing a modified block
of the data of the file to physical storage, wherein using the read
mapping table and the write mapping table, copy-on-write of a

block of data is achievable using a single write operation.
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clients of the client server environment, said logic to perform

comprising:

(i) logic to perform, by a first client of the multiple
clients, copy-on-write of at least one block of data of the

file; and

(ii) ldgic to perform, by a second client of the
multiple clients, copy-on-write of at least one other block of
data of the file.

51.  The article of manufacture of claim 50, wherein said logic (i)
comprises logic to perform, by the first client, copy-on-write of the at least one
block of data of the file using a single write operation, and wherein said logic (ii)
comprises logic to perform, by the second client, copy-on-write of the at least one

other block of data using a single write operation.
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52.  The article of manufacture of claim 51, wherein a filesystem server
of the client server environment is associated with at least one shared storage
device containing the file, and wherein the filesystem server maintains mapping
tables for the file stored in the at least one shared storage device, and said logic (i)
comprises logic to obtain, by the first client, a read mapping table and a write
mapping table for the file from the filesystem server, and to employ said read
mapping table and said write mapping table in performing said copy-on-write of
the at least one block of data of the file, and wherein said logic (ii) comprises logic
to obtain, by the second client, the read mapping table and the write mapping table
for the file from the filesystem server and to employ the read mapping table and the
write fnapping table in performing said copy-on-write of the at least one other
block of data of the file.
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53.  Anarticle of manufacture, comprising:

at least one computer usable medium having computer readable
program code logic to facilitate a copy-on-write of a file within a client

server environment, the computer readable program code logic comprising:

logic to control, from a filesystem server, implementation of
a copy-on-write for a file stored in a shared storage unit of the client
server environment, said logic to control comprising logic to allow a
first client of the client server environment to copy-on-write a
portion of data in the file and logic to allow a second client of the
client server environment to copy-on-write a different portion of the
data in the file, wherein the filesystem server controls and facilitates

performance of a distributed copy-on-write for the file.

54.  The article of manufacture of claim 53, wherein said logic to control
comprises logic to take control of the file by the filesystem server to initiate a
copy-on-write of the file, said initiating including updating at least one mapping

table for the file to be employed in performing the copy-on-write.

55. The article of manufacture of claim 53, further comprising logic to
maintain at the filesystem server, a read mapping table and a write mapping table
for the file, wherein the read mapping table and the write mapping table are

employed in performing the copy-on-write.
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