;e3e=*=L4] 6T*& WO 99/40509 .0 2 AUG 2002 PCTNS99/ 02434 SYSTEM AND.ﬂEZ'I-Mﬂ toud
FOR WEBSI TEvOhbYadsGPMENT 5 RELATED APPLI CATI ONS Thi s appl i c@dTarssgbas4rs t he
benefit of U S. Provi si onal Appl i catl on No 10 60/073,766, filed on

February 4, 1998, a E " d ) DS 8& opnent ,

t*he contents of whi gt 1 St = di scl osed

herei n. BACKGROUND OF THE IN\/EI\FI'I O\I 1. F| el d of the Invent| on The pr esent
i'nvention relates generally to hierarchical file systens and, nore 15
specifically, to a systemand nethod for file managenent wh ed

as a website devel opnent tool. 2 Description of the Backgr oﬂmlllmﬂtm““ﬂmmws
Internet is playing a large role in commerce, and nbst conpani eggh&d to 20

25 30 have a website. Many websites need to be frequently nodified, and
they are usually modi fied i n aREAAFED AUILARIONSr es” of contributors.

Consequent |y, 0 0, Kk webs nt.ent.,up to date,
accurate, and Eﬁppﬁﬁ%é ‘g?lglbs %S%Wéhogﬁg' gg?‘elﬁm@ﬁggpgﬁ@aé:‘qrh§ﬂ the initial
pl anni ng 6%\5173%5%@3%@ , 1596, ha&it e 1 téiﬁﬁng%é'ﬂ?x@atf%?%bs&@e day,
hour , by teans nu erl ng 1n the hundreds. Simlarly, intranet
cont ent Oerblopbrdnt)”the onstbatstdf wisich atd incorparatddeln reteremad as ififaltges to

exi sting content, and, unless new content is quickly integrated, the
i nt r anet disclpsed ber@iBs as a fundanmental communications resources is |imted.

nordfse exponent i al 1y, THAGH GRONPIOR THE BRVEIREION' oo V<"l her casi ng

rapidly, and sites rmust be updated nore frequently as site traffic and

| nternet comMmBr qReld &f'Bhe Mivdhtidi® | Ncreasi ng nunber of contributors,

vol une, and conplexity of content, it has becones increasingly nore
difficult for Ihhq)remmgmemrbmﬂe&twgemémﬂy totkheraneﬂnn&isﬂilersy}tenm avk meere
every change and performqual jty contro - WO 99140509 0 2 auG 2002
PCT/ US99speificalise ¢ A &y stem and éreﬁﬂa@@m iﬂ%mmme@tdféb!éhdaﬁem useh@fé i s a
need for a,centr temto manage and control website devel opnent.
Known syva ebr?gtefig%lﬁéﬁ%‘tﬁgi and controlling website devel opnent include
sof tware configuration nanagenent systems, docunment managenment systens, and
dat abgse publ |2sime@rf?ﬁ§ﬁm§ thé Bﬁ&dgoﬁfﬂ Agwveral di sadvant ages associ at ed
wi th such known website devel opnent” systens. For instance) because

mai nt ai ni ng al?kndstqreemtpéaymqua:%rqlhm ebfonerse, arfd most comphnies tentbtaof
peopl e, it |st|ra e to have we ontr| ut or aral | el
o Py o TR A HERE, AL EBOS Hoes o e EegbeneY TSa Ot el e ety
simul tan f I ne
of the 1%9§&%?&ﬁr‘§$§t%‘nﬁﬁf°ga%c%n$@@§. AR .ﬁg“@‘}%. e Y il
separ at el protesstof kbeping website céntent bpubd date, mahlu;atemhdngela-mhgj'nged tsooftdmen
website. Thus, conflicting changes may be posted to a wepsite_causi n& t he

websi 3 tgrenter @bﬁuw%wmsihﬁc@l%nmammgoﬁedc%mfﬁéﬂpmemeeb%seon nfarnel $it%6$ dual

| evel the Hy

known syslf\g)r’rfggq‘{eqsd a?éd Bg%mégﬁg’sﬁ %grﬁ% IAt gr%nﬁ#%%hmgdggﬂégsg ld}dé c{%
website asiﬂuﬁbmkn&bﬁetc bemeas cf)nﬁ'libtﬂtbfé) c&nstAn¥R DEEShIEr nél S€oriBAt be Smhkat
contributors only change content they are authorized to change. However,
t he mebnmagebﬁomlﬁetg)weateat bend) eméask mhew cdraemebslqueddewet@mdt the

rocess because th vvebrrast o all the .integration esting of
Changes (GEANREDLTTUNeR R AR R R RSP FASREC So RETeE sl and

time 29 CO”SU”T]‘.aHg @9&:}]&'59{21‘3@'[ ﬁﬂ? ngblét'ngeaé Sth@’aﬁﬁﬁ@aprbfb%bf ha&ktﬁguﬁﬁ@'
resolvmg conf ts eto tte tine 1s invested in desi

i nnovat i oimyrease equswetxm]dy MHecwsi@ime andvebntesit of thMteséﬁﬁdrganga tedlya
contributors progress on change until the contributor is ready to submt
t he changand éltf-'ﬁén%mﬁasapéate Tmese frequentlyness site traffin Andc bitemnet comrpeIse

I d et h trj but 2 h
i sacvant BBEST BT B P AP e e PO LR BT Rey TPl & r ack
file ver de}{lexl?d  ahd es_coéw&ermh% 8%51‘4 QAR f%?rlhla QHQ:H r%ﬂ!%e wéiieved,

changed, noved, and renaned, it 1s Useful know wh what version of
a fileoang th\dnmbn’mstewé)rt$>|mraaasevaqdehar%gétalmch‘pdrfomqaahtytcmnmoil or versions,
users can easily 30 find the changes that caused a bug, revert to previous
versions, and identify new bugs. Additionally, known website devel opnents

systens do ot al | ow I nmedi at e g ove suge RuLE 28 T

*G00002*




SUBSTI TUTE SHEET (RULE 25) W O 99140509 PCTI US991024342 AUG 2~I ~T OCZ:EA@@ 2002
t-0 any prew@vsos® sSi on of a site subsection or the entire BCTESIIDR434

ability to inmediately roil back to any previous version of a website can

be a vital di (o) 3 .he [.Site. .Qn he

i stri buti on BrOpReeb ARk Er b WanhRa R Bhr b Thirk R EbR IOl T |
desi r abl &/st@n o \tRartageeindl ey RirOPWEBditeS¥SlefPrBat. RhbMWSsysthy fd?%&ia"giﬁ?

determ né how their changes fit into the entire websité wi thout actually

post i ng amd contmbing website deyiekipmeent Addiudieosfhivere canfigiraien madragemenhave a
web devel opnent systemthat allows contributors to access an earlier

ver si on Wt%fnfriqoé&mﬁ%ﬁ‘w&q}l%é&‘ﬁt%ﬁ?'36‘@‘&&55@?5@6? S S%Mows a

webmaster to k r f N4 S a
T S s e A NS e

i nvent i ofiewslopieRtsystenst Eor ARthnTe! Hresudeahairithifnga agbeRe bftefdequifee thé such
a systemis as a website devel opnent tool. The system of the gr esent

i nvent i oefforts-obieps ot dnereds efrprople. étdb desirableyie have websitegandribuioss wetler r ed

to herein as ‘ar " There are three types of areas: k areas,  staging

areas, altP -?@Wé&s@ g\%aretfpna?‘éﬁag%&amﬂm%%? §°‘\'fl\$u°ew §9§‘F§’?ﬁt°rﬁﬁ ,in
k ag; ' I d ' fi

i et or | S EreBEHly RRICE CRERCRs BN ST LS of A Webdll WPRos: iR prane

exi st ngkewsi $yatemnsl aHous esritsibpesrs avarking &rwpatalidl ¢oweparately tast theirtagihng

area is aread-only file systemthat supports sel ect_versioning operations.
Vari ous Weskswithoglopituall saakiag a ahangeatcethenwiebsifpr Ihyy. censhirting ranges

contents_of their 1S 1o0.thg stagi.n rea. | he stagi ng area,
devel pp_efx?yc%%P%s_(%e%ngg‘f%gﬁg cv%ﬁ”_l}g g}ﬁn‘dw g%éte%&;at\?eﬁ?m&%%anges fit together.
An edition ar gmck Toatibadrd Rhindt foPestl ArfAh HRINANAE vkl 2hé kHBLI®f 2he are
25 virtually copied into an edition area to create a frozen, read-only

snapshot wadrktwierceombined with obherstcagtripntiorsaknowneystemsiyelji oneaweblraster
area re he cont edition of a

contents of an edit, on esent nt f an

nebs i e 19 ARBEEAR A aRHRS POSihlo Ghwebsith ABAY SISk (the SBARES fat ST eabor | es

and file [ i I r i r.eat ed.

Thi's o & Sttt B8 Endites et Uhbitfieol (D! FnBREontehEThedbid ebidrtze 6] ©

of syst eghamgsur HowevAss e avetinadtér oRePURSbmidsTa bbitlehedlRULE tRE) websit®

991 40509 0 2 AUG 202 PCT/ US99/ 02434 each file and directory is a history

obj ect t Hgveloparess pracess hecawse the wehsnasser mywst derall therintqgration and fesingry in
a

each area,ip_whi t i r_diregtory.exists,. | n _another_ enbadj t,
The. br oo Bherrla i Webpirt In Bl irels ¥y of Ruple WO I Pan G A B,
di r eehOr ¥onsuiir, ahHWErddt/leal 6t BMetio vARSd ¥n @kiflc e fekbl@iyg EdhfBAS! her
file or one directory wth another directory and identify whether they are
i dent i cawhite ted khittéal tinhey iy énvestast tre desighottinmonationt had syxategy. ofMorgeven @sent

i nvention includes an I—ITTFi>bpr otocol virtyalization nodul e i ch enabl,es one

web ser veYeRBAYH FARROL £a5ily (OVerRer & SANTTHtRrSWREOgEry ONs2 T ws %each

area to : : [ 9?@ t’tq:,?ll’l‘ (Y R I i
havi ng alaérel%é?g?g l‘ﬁ‘%‘*xﬁg‘? orth%ac g? é%?h%ﬁﬁéﬂ%ﬁéomm%g}u‘e&%rﬂ%”
DRAW NGS chhgot ecotrect | errbrsat @slya arongnd edannet Wdeterinixie Vigdvei tentaibuedrs paent

according to one enbodi nent of the present invention. Figure 2 illustrates
t he @8velPIPHEIFHINEl ow (from the perspective of a devel oper) 15 for

devel opi ng website cqntent _accordi ng to on nbqodi nent of the .pr t
Movent one i guedhet AATkp BEE B Knbke. feP ACVEIGR AR ety & BaERED e
enbodi men{otGhadidiflePFRSR histitRA! iSthee WeBdtLfites! AreUdhkiAh Sy d0ded afkldvedf the
initial contents of a main branch 20 according to one entodi nent of the
present ichaaged,anoveéd, qanderénandd)st isatseful ao kevoanptte mhde whait vetriamoha file

according to one tﬁnbodi_rrent of thev\g),re ent invention. .
and when the version was made. With full access to prior versions, users can easily

>

30 find the changes that caused a bug, revert to previous versions, and identify new

bugs. Additionally, known website developments systems do not allow immediate

2
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Figure 6 illustrates another exanple of a main branch according to o eQA 20
embodi nent WP 99MOHr esent invention. 25 Figure 7 illustratefIIRYEHPE e gp 0z
a main branch and a sub-branch according to one enbodi nent of the present

i nvent i OnaccédstarfyBptehvidifit vt s GiNa 8iaFRbsectlorfofl thieeritire sitel EEhOAbIBE, & €a
according to one enbodi nent of the present invention. Figure 9 is a

pi ct ori al immedietebnrel itank d6 anynwpreviomssewsigreof awebsit N be oHyal3disaster

enbodi nent_of the present invef'nti on. SUHSTTTIELTE.%ET é%E 26) . WO

59/ 40500 BT BEIEP LI BEAYERL GF SiterfCSTHRARY OF (6 i EPIE0R e AGROPERte or
deriving iﬁa%.‘?ﬁﬁtreq}xf'o?&a}—i‘@n?‘ccor ding to one enbodi ment of the present

invention. Figure 11 illustrates an exanple of a geneal ogy tree according

to ones enbodi rRwkefote, t #Heis pdashible itbViedvel anweb Hegelopmedt isgstampititdtoslidls

representation of a directory according to one enbodi ment of the present

i nvent i oncortibutoss 18 detemmineahew sheipisbanges difeirdp nbatentise uvebsitecwithionty t o
one enbodi ne of the present inventian. Figure.14 .J]|Lustrate n operation
of a wor _ka‘ﬁ'r‘%& 8?%5_ gﬂg %b’cﬂgﬁé tactsﬁ rUFRRY et og‘%ﬁh%?féa_ﬂé'nﬁto%i%}f?gl&?mt ve a
present iypyg %«raegniéhgws%m&%ad An&bn%@é@éiba?oﬁ%rae&esg An @hrifer VeRGbSE AFiRRA
creation nodul e atcording to one enbodi nent of the present invention.

Fi gur es lwebditd dubsedtiom, er arebsite matli that alfows aestebinaster kechidckromiheipregress

according to one enbodi nent of the present inventi Orl:'g' 15 Figures l1l7a-c
i 11 ust? at o OREABEPEY, Bs webfasneresasty poskehasigessadiveetsiteor ding to one

enbodi nent of the present invention. Figures 18a-d illustrate an operation
of an add item nodul e according to one enbodi nent of the present invention.
Figure 19 illustrates an operation of an _add direct reference nodul e

according 20 to one enbodi me SUMMARYWESEAE INVENTHAN Fi gure 20
illustrates a eratian of .a remove direct referenc dul e according to
one enbodi ment PReRentIpyentn PWéﬁﬁ o' S%%CL?%%?@??% W&?@e&n

oper ati onogk Re bEHRIENSRIGRY séﬂw&k_ fie AEGAbPHAtEGoIONe enbodi ment of the
present invention. 25 Figure 22 illustrates®an operation of a read

di rect ory noduThe systemdi tye presemeineshidon isscompfisédhef niersehitalifile systems).
Figures 23a-h illustrate an operation of a renpve item podule aceording to

4

one erbodWhish argrelereddpd\ersin 35,1 @EeRs 0/ hers 3ygrthzeetypes,0f Jrpas: Tk areas,

operation . i ile. I C I . oen f. the

or csent 1 Bl 588 e idiRaaf AV BH b 18 OGS B iR 2002
PCT/ US991 4R 4rdd Jused cgh ctdakd) editatieketd Addpend medifpfiles ARd defRtiRicaDUbRe
according to one enmbodi ment of the present invention. Figures 26a-b

i |1 ustrat embadipertas warkaresa isa 'gemﬁ) eopy df ar existing yeabsiteaad rasgreor di ng to
one enbodi_nent of. thog resgn.tt invention. Figure 27 illustrates the

oper at i on PEFPORRHERY A the W20 ane nodul e according to one enbodi nent of the

presenj i nvent i\flaging area is a read-only file system that supports select versioning

operations. Various users of work areas can integrate their work by submitting the
contents of their work areas to the staging area. In the staging area, developers can
compare their work and see how their changes fit together.

An edition area is a read-only file system. Contents of a staging area are

25  virtually copied into an edition area to create a frozen, read-only snapshot of the

contents of the staging area. In one embodiment the contents of an edition area
represent the contents of an edition of a website.

In one embodiment, areas share directory trees so that directories and files do
not have to be physicallvy copied each time an area is created. This allows areas to be

30 created quickly and provides for efficient use of system resources. Associated with

3
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Figures 28a-c illustrate the operation of a submit nodule according{@ MG 200?
enbodi ment w&) 9dido€o9pr esent i nvention. Figure 29 illustrates porusSPRRsEui on of
a conflict checking nodul e according to 10 one enbodi nent of the present

i nvention... FEigures;. -b.illustrate the operation of [ irectory
mdal e J0spFHF RS RIS dha SR e Mo R iR Do f AR e elnets S1 b
1 ust r ahgt HitCorafedcdbhPih éafchar@aqgmmhfthhqﬂ@w%@c@?fefci@lisng to one _
enbodi ment of the present invention. 15 Figure 32 illustrates the operation
of an area déelnetriotnemardbbdinzantcthe ipresend irorentiontscadksithet history loé ther esent
invention. Figures 33a-b jl|lustrate an operation of a | ock nodul e cordi ng
to one EPBSRMtHOAEAG g%a%ﬂpqhé%féﬂﬁy- ThisAlols the-sygtare tgasily| COmRRaze @8 Sifot her

oper at i qn..of_ t I . r-chi j resent
Pvent i aitiarodfed i r B difecing i Blokdr ARy SHPRISHED Wiflnd1feP
br owser ,ara iHehteal Br pélateeicol virtualizati on nodul e, and a web server,

according to one enbodi nent of the present invention. Figures 36a-b
il lustrate annoyseapther estbadimenty tie pystemad|the preseat inyentieom irrbudasanl e

st 1 ST AOIRNG) UpuT SO DI av s SOpPIaY BRI eD SPGArT DRPEeT b o

accordi i : i I i : .l ustrates
yet anot gIr‘é)opér l't%{wgﬁg%ﬁ?ﬁé%%%‘?%tg%e%W?ﬂérﬁgg%ﬁgwggﬁgﬂgccordi ng
to ore eHITW protdcodieved evithios davingny suparare welldseblekAbt Edehldr€aRI PTI ON OF THE

PREFERRED EMBODI MENTS SUBSTI TUTE SHEET ( RULE ,21% W O 99140509 0 2 AUG
20~~ PC f NS99/ 02434 The BREsERESGRIBTION OKIHE RRAWENGRd with respect

to website deyel o t, but as will be understaqod those fam liar with
the art.  the Vigsent Fy=ting SomPBIRscRERS fProrie Chueoprenk afencie ur o 1
i |1 ustrajgs emboaiRELESS mﬁ?ﬁ@ieﬁtﬂr%nﬁgh. websi te devel opnent. On 5
devel opnent workstations II0, which may be conventional personal conputers)
websi t e devel Bigars 2 ddustratesitheajevetbpmerstrfibve Xfromnthe foetspective ofa dev=doper) The
devel opment wor kstati gns 110 are connected to a devel opnent server 130 via
a cohput B dRVEIGRIRE WADSItE GeRtent aqeREding; teonerembadimgnt @ thg AERsent er ver
i ncl udes; %&E&? server 145, which processes |-i TTP 10 requests fromthe

[

devel opn%‘n Btions 110 for website content. The devel oprment server 130

al so i ncl udes Fgrue@BRDitrRS hn RRAMPRG0S Bfat@R addfiding!6 bnaenib ifelNDENheNT
file systemcomrercially available from M crosoft rporation, in which
websi t e present mvenpAnsically stored. The devel opnent server 130 al so

i ncludes a copventi,opal _nenory 150.(e. g., 15 RAM and a conventi onal

bt ocessor 140 TR SHIRREREREhEXAARIE GiBeind R b REA T IBEREEE of t he
bressgl hanaaiidn dhe éﬁﬁé&fdx&&o@tﬂ@@?éskﬁt gouskopnent - sof tware modul e 135.
The website devel opnent nodule, whith is described below, is stored in the
menory 150. AFiguretDilbrtiates dreexmempie pf 25Haindrandh adcdilipg o¢ onelembodiment

virtualization nodul e 137 which, as discussed bel ow, the processor 140
execut esOf NS PTESERtBKeDAORer ver 145 to operate as if it were multiple web

servers. The I I i bserver

170 vi o a net e PATERkaRS RNBhel ERnIE 01t biholh BEQRUE Wbl 0%, VT,
or it nagnﬂﬁ)canﬁhfbeﬂﬁpreg@tm&ﬁ&he website production web server 170 is
coupled to the Internet or an intranet 175, and when a website is ready to

be pd8ted on tHiguredrillysigates apeexanple pf @ main branchandta sutherageh areyeing to
server 130 senﬁs .1 hetwﬁ&?i te tot.t he tE)roducti on webserver |70, which
pr ovi des OPRERRAITENE Of Hhe Rresent IBYERHGT { he website. A website is conprised

of the cont entrsg e Piuatraldstaa skahlgi€ of ¥ Hidllory e WERAIEE LRURIIARIEBAe Sy S €M
of the present Tnvention Is corrprlseg of a coflection of hierarchical file
syst ens. ehstmddinfent bbthe presentsipsemtian.i s an envi ronnent that manages 30
individual files and provides nmeans to mani pul ate them Wen executed, the
websi te devel dpgaigtd i§6F pigtarial sepresentation pf a wrrkaaea okjectpReordingtagng em t hat
enabl,es m)gﬁ% (?f Sg%ﬁgﬂl‘TUTE HEET (RULE 26) WO 991 40509 PC T/ US9910 434

t he na T i Bfﬁsg? TREBF i | es.  The backi ng storage 160 is where
the files and corresponding netadata (e.g., owner identification, group
identification, access control file name, nodification tinmes, creation
tinmes, etc.) are physically stored. In one enbodinent, the files can appear
to be stored on drives other than the backing S storage 160 (even though
they are physically stored in the hackiny storage 160). A hierarchical file
system conprises a tree of di rmgb‘ﬁﬂ&?\ihﬁ\%ﬂ h files and synbolic
Links. At the top of the directory tree is a root directory, fromwhich all
other directories directly or indirectly stem A file system may be

nodi fiable or read-only. A nodifiable file systemis a file 10 systemt hat
supports read operations (e.g., get root directory, read directory, |ook up

e - T .




wite-tab flipped to the wite-protected position. As stated above, thEUG
website developnmsd system of the present invention is corrprPGHdS%tyza@« 2002
hierarchical file systens. Sone of the hierarchical files systens are 20

nodi fiable to t] f file J ent of

g website. O hlgl S ée%ba lp'lgtr% Fﬁ%é%sh?r 8%%% ?g?LH& %%é%%rf%?%%%ggégngg%ed to
coor di nat embbei@itofttke geégghgavmﬁon,and yet others include the finished

files that make up the content of the website. One way in which the

hi erarchi cal fFiguze ) dlusmatesfantaxampie obagenenlegit tremacgoeding teiosei nct from
convent i onalJ file fsc}ﬁhems is that, in addition to read and/ or nodify

oper at i on&MoedReN Ot the PreseRt YEREOR i n t he present invention support

er at i orSFo8gH FrFEtSYSREns in the pi pport
ani pul ot 1 ons BEUFOLE B pisraial Sttt OF QhateP G oI ohe T ©

websi t e asmbedpaéradbitte pesseat vegtiorad, nodify, and versioning operations
on a collection of related file systens in the 30 present invention. s

SUBST f UTE SHEEZutedl Blystiates a welsigodeseinmnentmadide 2000 dngriosmen/ 02434 A

hi er ar chi calb f.ile tscilfz}lem of Ehe g{iesent invention is referred to as an
"area", aftGePHUPENtFEINE present INWERHGR- ar eas: work areas, staging areas, and
edition areas. F@ﬂ@ililﬂs@?&t&%f@gﬁ&%Pla%vérk'ﬁeasd&ﬁ-iﬁdﬁ n%ﬁ@&&oﬁiﬁgwg and
edition areas are read-only file systens. A work area starts out as a
virtubd coneembodiment oft thegresensirivention] ess there is no existing website,

in which case the work area starts out enpty). In outer wor%s, a work area
starts out havFigyre A2 illgsratesan eprratian of RStABING ALY STRARODIBPLRIEAEEPTENG he

websi te. i ' sonal view of a website, and ever
devel operﬁsc%ﬁ{%@é@gﬂgﬁﬁ%égﬁ%gﬁféwggggﬁso in a wrk area. In a work ar ea?/
10 devel opers ggpriréd B6l-I iBEslrate 8h @peratiin SFM dditivyebeation asthdhcdpdingee how

their changes fit into the context of the entire website. Details of "add,
del et e, atrioneembpdiupentef thapresent ttiventiosed bel ow. Changes made by a

contriputor in_,pone Kk e o _not affect the bsite or the work of other
contr ilgut ors i ﬁ‘%?ﬁ%%%ﬁ&“%ﬂg%? opgrationdf g hrapdicreation @%%P'ﬁf‘gg%ch
area i s agagk %ﬁg‘g'{g fheSIreBnt iy dreibpl Opers integrate their work in a

st agi ng a?ga E‘§/ su mhttfng th"'eEncg)I‘rél‘{ents of their work areas into a staging
area. The subnFigupel8d-ddliustsatenn oplerdtivn sfdreadd itemahodiileqcogreling tocre

referenced above and, di scussed in nore detail below The staging area is a
shared vi EmRoKImERt Ofthe RresentANYeBIoR- t 0 a1l users on a branch (branches are

Soreeceet L oIl e i O S el Pl sy

col | eopi V%bﬁél@rﬁom&ﬁfaftbﬁwéﬁp%ﬁnﬁ@[ k areas and all ows the devel opers
to share and integrate their changes. In a staging area, the devel opers can

conpare their higure2fdllysmatesan pperationefraresndverdirestraference medulonpar e

operation is another_ one,of,. the ect versionj.ng operations discussed in
more det aiaFc‘?fgI"b%\FO oRE ?W&°88?‘P3;°§%%ng ’rrweﬁhg‘?‘agi ng area can be
virtually copi 61915 ARStrRe! AMBserR6K ofh BeterenPe KARR rhO@uIMRALLorairRa®

up-to-date with The current state of the staging areas, which changes as
di f f er ent orerdmbdiditrens of timpreservineemtiemt from work areas. The copying is

"virtual" becayse areas share directory trees so that the directory trees
do not*Shave to*ﬂé“"'ﬁrﬁ?s‘?lﬁé?rﬁ?‘-séﬁmpéﬁa.ﬂ%@éﬁ ¥e3d ‘g-EﬂCF%tm?g"%F‘FPT HE&o%gi ng
area is 3 i j L can be published to create an edition
of the megeé‘??‘g‘{.iﬁge“ghg@ﬁﬁ{#%‘%ﬁ%éﬂﬁzum 76) WO 99140509 ,0 Z a~~ ~~~~
PCTNS99/ 02434 FHigades28ad Wisleafy fPoperativadf @ ¢einboditamimpailel f&bordgngitossragi ng

area are additional ones of the select versioning operations discussed
bel ow. Theembodigerg obtheprasant imyeatiem are virtually copied into an edition

area to create an editiqn.of a website.. Again, yicrtual copyi.ng nmeans t hat
the edition refﬁ%’ﬁ'@é’é‘a llﬁ@t@%@ ApP§Latiep Ry ap edy fﬁ%”i‘}dé}{%?%i%h‘&%é? agc

Becau a J ilgx%g, i = Lle system it is a frozen snapshot of

t he ci@tekrﬁg?a etggﬁégéfgggﬁlvéné{)ﬁa particul ar point along a single
branch. - Each edition is archived and accessible to all devel opers. The
contents of editions can be virtually copied back into work areas and used
as the basis for further devel opnent of the website. Editions also serve as
archives, IO allowing users to instantly recall files, entire directories,
or reconstruct entire past versigns ’g i igure 2 summari zes the
devel opnment flow froma work ar qsﬁ'hﬁ@ *&Eﬁhpﬁ%ﬁ'ﬁ he perspective of a
devel oper. A devel oper edits, adds, or deletes 210 files in a work area.
The devel oper then submits 220 the contents of his work area to the 15
staging area. In the staging area) the contents of the contributor s work
area is integrated 230 with the contents of other contributors' work areas.

e e M . e e




across branches and sub-branches. An exanple of dividing website UG ?
devel opnentyglyghgsedr anches is to have one branch for the cuwmmsgw&bgjzté 002
and have anot her branch for a new version of the website. Another exanple

is to have a %j_ffer&ggﬁ branch of devel opnent for different, 30 regi ons or

for different FYBAPIIINSTaSPAT ORFARAD OF WBISPARE AN GOTBNB AR PR ul ar

Fegi ons i - SHEET ( RULE 26) W O 991 40509 0 2 AUG
ZQ~r Pﬁ%gbgdé%zogﬂnﬁ%ggygﬁgfg created when the website devel opnent
sof t war e nodulFRegures R6s-ballierhte in biperatinalfahegaheraes dizectoAs pathl metinkt ed in
Figure 4, a main branch 400 _ initially include an enpty staging area 420
and enpt yReernding e arspempodiment bf thecpresent iaY&¥iomi tial |y i ncl ude an enpty
work area 410... A kiiarea can be created at the 5 tine th in branch is
creatéd or at AEPSEEANES ?stzxgogefgtéqn ?Q@gﬁ&?rregbﬂ% nag}eéyogpge}clc% B%e wor k
area untigh gnBemsstiment bEREBriRndsivefgohhe attributes of the work area
(e.g., the people that can access the work area). |If a website existed
before the welBgires @8alilystant theaipgesatien ofalsiilemitonodaleactading keonan enpty
work area 410 is created if it does not already exist. As 10 shown in

Fi gure 5,9W¢&d15‘69‘?f6§ Bresens INYeREody i gi nal website are copied into the

enpty work ar . e .St agi [ ( ,

publ i shed int ?@#ei%r?i lplﬁg#até%ﬁei %%%? g%%l%ﬁ}fﬁg n%re%%%i&rﬂgggfaega %(@:31?1&%% t%r eat ed
of f tipe r@{é@r{qb@dm{h@bfﬁgﬁr@@,{tynwnng the contents of the nobst recent
edition into the new work areas. Figure 6 illustrates 15 the creation of

three work ar daguesG0atb illhstrataitine bpenatinniof e wospare direstndy mordule antading of
wor k areas 600 re.subm’% ed to a,staging area 610, and the contents of
st agi ng éP@é‘eﬂ’gb%‘eﬁ’ﬁﬂ PEBSENR {RVe™9Bw edi ti on 620. Sub- branches can

al so be creat ozt : h%% Yo :
creation of aqggg{e%? gﬁgﬂ Ig??&tg%’%?ge}b&%gﬁc 'ac§n e ?tﬁlz%ir.{{dr?ﬁ ‘% é%?%ﬁ\g}go
par ent braecémbadiment o ek presériténvetitioral edition 725 for the sub-branch
730. The contents of the initial edition 7Z5 are then vjrtually copied into
wor k bBY eas 740Figureads lyskntes theseperation pbon awra delatiom padule ﬁ@%ém&ipeﬂﬁ’@h
730. Note_ t g%.gr?ul%-? Ppches 58N %gcﬁgreated of f of other sub-branches in the
sanme rmannar- REFONE BIFL0bH h occurs independently fromand in
parallel to \Aqrrguﬁt@ : d%a%‘ﬂﬁsﬂhﬁ@{o;{é’rﬁﬁ&hofiﬁcﬂqhbdﬁleeﬁ:&dm # télofiglh- br anch

e

can be incor por into a higher level branch by virtually copying the
cont ent s ehbadimetitiof the presetténverntidimanch back into a work area on the

hi gher branch. _Cont fromthe sub-branch wl e integrated with the
content from ofiREFe %ﬁl@sga@aénamrﬁemm\@agk% B&accf: 8 2 AB® hi gher
branchy ngaﬁﬁetﬁ%f(?ﬂgpy%%iﬁo dpi cal usage of the website devel opnent
system 30 has been described, the specific inplenentation of the system
accordi ng to oFiguesndilluserates awolimuaicdten patiebetwiekn3iBed btdiwerSHETTTR RULE
26) WO 99140509 0 2 AUG 2071 PCT/ US99/ 02434 Each, separate work ar e?,
stagi ng apeyocqlyirtaglization medule; andawab seEEroRccoRding toRneembqdiment g

directori I, in a tree structure. Figure 8 illustrates an exanpl e
of a di re%\%oé){?g%?elé& oﬁr&an area, where directory 1 is the root directory.

Areas can shar Bigub@ 36308 illlish@fd & YpéraBen of thed HATP ploRstol RirudBatiee area is
copied to nake a new area the new area nerely references the sane root

di r ec28r ymaslulé according togpnaestbodiment ofihepaeseninkerdioma, st agi ng area, and
edition area is. cre by creating an object. t epresents the area and
That has . nanEiEre 17 Llitates 8o R OPFEAaT i s LT PLHORD iR LAt

di rectory_{4 ; r i Is i4xcl udes the nane of

t he work g{rdégl.lg% %?gi eégtdg?%p[ﬁde @%é—ﬂﬁeﬁ?‘g%r{t@%d&?ﬁdi rectory of the 10
di rectory treeFigure B8 ilhadtiatesiited anofhel operpionsdfabe HIIHP protocoladittihlizationea.
The branch field indicates the branch al ong which the work area |lies.

Fi gure 9 madideacrazding to erteembzddiment of thetpresent inventianor k area obj ect. Note
that in creating a work area a virtual copy of the directory tree is made,
as opposed to a real copy, because the work area object points to the
existing directory tree. 15 Each work area, staging area, and edition area
has two uni que DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

6
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of which is referred to in this application as a "generatio_n ID," ah A6 2007
ot her of whinghog/fdsgoef erred to as an "object ID." The object PEX/UsSIORR43RI es
the object that represents the area, and, once an object IDis assigned to

an object, thatyobject 1D is_n hanged, Each .area i dentif] by a
uni que gener at ﬁ}?‘l ]_P%;Stén i%’g??\%ﬁg@;t ‘_é’gghg% gﬁg%?%gei ghtg‘oagreg %teggt ﬁéggheer
areas. Thge@fBgRRht,0But [sf WillabPahhd&rstod 8YCahésaN thailRanded, thasam Ithe be
di scussed bel ow (e.g., when a staging area is published into an edition).

The gener atvieatioh(3) mayhegmmbodied imethge specifid formsD fiel d. The object IDis
placed in the gpject |D field. Note that directories, files, history

obj ects (di scugﬂ’de Bellg\ﬁb"?teérﬂj CBFWEFETOE?W&I’& 00 forowepsite devplopmenth; @Rt

| Ds which ' - ass: A D, o] ' of a
uni que’ sedeEBphelif SURdER e Aof SokEN Say e SHRI Bl fhsonaPEREpRRE,

i denti fi esvedBiter GdueldPlrs AR, Stemcie, At Cand| SQminei fikdse forh@Wwadbsité.eaThe
related to other areas. An area is related to another area if one of the
areas is developmentiwexkstayiops 130 arnedearmected, td modevelepoent rseryasal30rpia a

exanple, in Figure 7 the.initial edition in the sub branch is directly

deri ved fFBW\Pé‘g‘?’:tI?eGWOEkﬁd't““@??a g{‘teﬁ?eatnch. The work areas in the 12
SUBSTnLI TE SHERE (Ve t stV 09 QL i%hﬁi'pp e

sub- branch are%ﬁrect]ﬁ’} genris\?edéa‘%gir}ﬁgge P%GI%\%? eglgti on In ?%sséeab-granch
and i ndi r eeduestsifrotry g develommient statidng 110 Fer websitd cémtenth Tha dpvekypméran | D
i ncl udes a nunmber unique to it and the nunbers of the generation |IDs from

whi ch t he seaiesddl alse indudes acpnvenfiorab bagking sterage 160+ sichmsither WINBQWS: he
i C . [ d. t if.th Q_Ls. tl i aymb

assigned 10 B IR EPme R Al GR hrm Nk o Rl b agteibu. G

t hese aregﬁega'}eir_;h?sﬁmyymé&!e nunber, say 4, as well as the nunbers 0 and

1. Figure 20 ill'ustrates the nethod for deriving a generation ID, which is
to be assi gned The develpraentaserverolilaalpainctdege aeranvientiondd, menery 158e(eggar ent

eneratio 10 is assigned to the djrect parent of the new area, A uni que

Looens: o RAV g omsnieral Pracessin ik Wi Bhp et Y wroS s ol I
.g., 1, i TTall

2 Soncs’ Rl e EROBTIERR o) SMMENS MUBHE S Rl

sequence oOf uUuni que nunbers assocl ate

retri eved rhédifle 136D The wabkity developinent modgle witiclhis desatibed belost, is stotdbin
concat enati on of theﬂgarent generation I D and the just issued 15 uni gue

nunber i s tbe snemarndd®. Alseestorgdhin thesmepasitiidds a r BERSOFQ} wrtwaglization
t ed | t . | t i dat t
Wher o enc nRgHe L DR a6, BisERsesd RS, i prodeiior Jaf arBldies i il et

Not e thpat s@N&%BQ&prf&éa@Eﬂ&&%trhﬁmpﬁé%5 serwerff ten referred to as
generations). 20 Figure 11 illustrates an exanple of a geneal ogy tree. The

generati on GO rBpr dewlopmenesarmen 130 isectiuplesh to Gepradarckion w@@bseryrreb/dntis 2one
work area (" wo r | " neration G3 represents anoth wor.k_area
("work ar é'gft?o)‘f; Hsgng\feﬁwpgﬁlgwg?ee@@ﬁﬁg‘ea?&&&rgiaﬁm oélﬁ:i%? 8h 1tlma}",e"eaahd
gener at i ong; S | §

That G, COergRAARER. TThe WSk PrdthRfion Wi SENEE 1P CAfd jo UN ey
and G3 haver drhintraee 175 anddvherca ovebsits isGRad 4o ibe postid e theyWirid Wide fWelm GO
and directly derived fromd and, therefore, also has the sane root

di rect ¥ty @som@n tnek the development ssrver 330 1sendalthe epebsiterfpattedrrogucton

directory 1200, eagh ti in which the dir been

al tered, tWSQSEﬁrVg&%)f %ﬁ%&é@esﬁg#%e%@éﬂ%%“ﬁgsﬁets%%%b\?\ﬁiéch is an

obj ect that |i5A&vél§SﬁeQ@EﬁrﬁPﬁ§ed’6f the@oflten®F 04 atBitrbRPfilkedytedh] The website
corresponding to the generation page 1280. Thus, a directory effectively 13

SUBSTTTUTEISHESTMERUISTS26) of the\preghdOifgeniio isusompzisedCOIT/aUSobesmNs »

i ncl udes a, snapshof ..of the coptents of the directory at, each neration in
whi ch the haer%fefufﬁbf'ﬁa%/sm% Sadfupktes Y&HSTB 153y 85V OBEeRF FAl BRTAEEP ent
ar eas r : i t i e
i 1 or o HSRPERREAleReaAEy el SR0Efo nBHBIRINE, WheH SEOLBRYHINGRIRLT
in Figure aavelbgﬁxeﬂ't ESftivare/ mdats13528 Ghi RAHCHH @iel fllatsybieginthdt enables atiosedft 0
the directory 1200 in generation 0, that item"n" was added to the
directory 1200 in generation &, and that "p" was added to the directory
1200 in generation G3. Note that, assum ng not hi ng has been renoved from
the directory 1200, the director ages 1280 _include not only the contents

that were 10 added in a parti cul SHERT (RMLE 2650 the contents that
were added in the




generations fromwhich the par-ti cular generation was derived. For it ﬂggewoz
assune t hawo vemogpeneal ogy tree illustrated in Figure | O applPceastn2adai s
exanple. In generation G0, directory dl contains item"m" |In generation
Q) itempetnar ‘ V¢ , : i

derived re om %eﬁ%ﬁr?ggég?%h@%&%éooﬁtjf g?%sngﬁ%ﬁﬁggﬁﬁéé?nsﬁ IRA? &rﬁhe"‘ﬁlﬁs

gener at i and Garrésponding) gnetadatag(s.gn o whemdetification ggieeipaidentifiCakior, taeddss p" 1S
added to directory dl) and, therefore directory 1200 includes the itens "p"
and "m 'entgaldile pamecanegificaian daresy rkatiosntimes, efel are physigaldystoged. In

di rector s.ngt include item"n" in generation.G3..ln pn .

erbodi e epodiiiher e bHEici8 Spkealia e sifrelcCITRRYSE B, coaf 46 Baking
generat | Bragdel 180 fveftheliyh thyl altYPhy dfordd9R IR BAdkeRy Bdgsd D).t hat
generati on. gtameqéa di recgory}Jigs gslt}}ggfeigyi n a generation, a nergti on page
for the generAthiemrdhscal didedystont duangiisecs ereg. ofidiedrtoriespopulateld matdt filey i s
associated, with a hist org/ object. A history object indicates the generation

i n whi chAndhaymbalichinks. /At thertppeof she dinestorpities is raoediresiony, frompduch aldd. | n

ot her wo I I i.nd] es the history of anitemin a
di rect oré&‘%ﬁd%iegpgéé;a%sﬁg:&Cl{nﬁié{eﬁggg&a{nfi eld 1725 fox a generation ID and a
contents fi el d Al@SRtdAlmay BOmbEfiable ¥ rehidridy. A HOAHRbN file sybtehl8 agiaN! €

illustrated in Figure 12,” history object hO indicates that in generation
g0, 1@ ensysterorthatisupponts reac ppatations {e.gi, Bet dooi dinedtorye réad dirsctory ladk ept ho

al so indicates that.Jjn generation it .30 contains the contents
associ at SHeGHPTH r?qaqtféfef ggf(aiﬁab%@ Iea ém%?)}mﬁ'i'g'ﬁ BiS-)angk @ity opRERLOBSt ent s

i roct or b 51 ¢ ASLREY Ry et AR RN RO Uk e Srbtes) Gl o0
PCT/ US9 9fidieiet disedtdny, pehdrnetfile afeabify didedtoey, okitd filep afld rees:} on\thd ARG, Ahe

contents include a "previous field" 1240 that has a pointer to the
pr ecedi ntypical hagd dave welwmng isanseampledt a2 mpdifiablefiletsystert.sted in the

di . For, jnst f?2 points._t i | i ng. contents, "B," N
o5 alhor i er AAsBRioRY e YRRl SuPpiris Sty réad pefiiod ohWesexamities Fa S
had the g SflyFiObystbm &l CH ROMIVdlaH24MS alfit kiwiesehoPRRthe

software nodul @ 135 according to one enbodi ment of "the present invention,
whi ch enwpritedab flippeddatthewritaeproteateslipasifion. of t he work, staging, and

edition areas., T site devel 0 nt software nodul e 135 includes a
wor kf | ow subs Qgtsgareﬁ%ggye,éhgéy &%ﬁ%%‘?ﬁb‘?ﬁg SyAterp q%égﬁ,Pré?ﬁi‘téﬁvﬁmoé‘c’P
subsyst e@&:ﬁgﬁged E@ %éﬁ&&ﬁ&ﬁ%ﬂ%“ﬁ%i’%&&m%ﬁé‘ﬁ%é e ARARES SR K s BB %e
stagi ng areas, edition areas, a ranches. The versioning subsystem
manages awdlifiabie toleaablentiei oegicnieh tas filsachhy ntidreasis tiadedritant bf h evebsibel

directories) conparing files, conparing directories, submtting the
cont ent sObhers epable flpsfromothes files sygteme to ba samparadongpardinate Hhegwebsite

di ' [ i.ct. . The.obj b he, dj j [
of  obj ectEveiaBmeRe dal oS e FE InCHRS KR Bt ol PRRE BR ke Soflehif ' "
subsyst egaegitebe | Npl enented as a conventional persistent object storing

and cachi ng subsystem The work flow subsystem indudes a work area creation
nmodul e 1312, &netway by vehich the dugrarchitad fiesrsystems afrthediresent iaventiasy &gt i on

nmodul.e 131 branch 20, creat,ion nodul e 1346, d. an area, del.etion jmdul e
194525 T BISVE B A Jile Bt st 1t agtan e 28dder mpd

conflict JaT-Tol 4N > j |l e
1318, re? ngence E%uﬁn%)% &P%%ﬁ%’s@lg@@ B??%@?%@Péﬁ%%%%gg{ég%%m enove
direct r eperations, whithlwilllBRdiscussed blowe tm;enabléuh&ﬁgﬁ&iﬁoﬂsmf&we driracse

modul e 1328, edit file nodule 1330, renanme nodul e 1332, generate 25

di r ect or yelptad filg auptems33The |comkanty afoelwvebsitesare greatadaby operfeymipgiead, 348.
These nodul in the workfl ow subsystem a he versionj subsyst em,enabl e
the cor catM Lt aATHOMSE GREBROR? L P FrisionyPf adiated Ble SYagtm, Robe

obj eghs uhsssbnk vdaMehop a website. The workflow and versioning subsystens
are inplenmented in the C++ 30 progranm ng | anguage. The operation of the
nodul es in the workfl ow subsystem and the versioning subsystem are

descri bed bel ow. 15 SUBSTI TUTE SHEET (RULE 26) WO 991 40509 a z auc 200z

PC TNS99I Oz434 As di scussed above, a work area is created by virtually

copying the contents of a previous editison into the work area (with the

exception of the first work area % ' which is initially
enpty). Figure 14 illustrates PHE %&m@ggﬁ’area creation nodul e

| 312 for creating a work area Froman edition, which will be 5 arbitrarily
naned "edition e." The nodul e 1312 obtains 1410 the root directory and




the generation ID of edition e. The nodule 2312 then obtains 1420 @ roflbh&)0?
generati on M owsisbe 1348 a new generation I D, which is deri petukswomishe
generation I D of edition e. The generatl on I D nmodul e 1348 derives the new

generation 1D é}&g&f theqs&st mMy ctgt? ?&Sgeslellnblilx?é ! ed 'reglerreg:l’J t§ gg arrta’l’-llg_gt%r’T1 y or

modul e 1312 1 SO o ains™a new o uni qu

sequent i adrdy tHERR A dtiade MAPRES) afeS: WHE WRIAK, %ﬁﬁw Jﬂéas il bQitlod dregd.cal €s
avi

2430 an object representing the work area and ng a nane field, a root
di r ect or ywobrlehrka ism muigjifiahle file $ystdrd, wherpas etagingand Bditios ateanan xaadb-loa}yc h
field. The nodule fills 1440 in the nane of the work area in the nane
field, tHHeEES®BSt di rectory of edition ain the directory field, the
generation I D gder ' ct

I D i na)Jt he obj e‘g?wk%%?aé , tﬁge}nla%ec {Jsfogggfe:;(gs%ﬁt Qv%l%{e rﬁg%cshmﬁpro%?oe\;\hl ch

the work édigting websitd) ih he}ubh&:aﬁﬂdfd Rtk afétistarfshsutahgsf). ilndothet evortiflal t he
work area is a data structure having the sanme root directory of edition a

and havi ntgorlhereﬁetttiakugémm thensanie contents: amthe file %)tsmrerdqslgnate@ agdihe i on
a were not gxée'tsm opied to creﬁatethe vvorll< ar ea. . Rat her 43(eCt was
created i¥EPE rtg ?‘?elsn@mﬁi?v PRS- petwomal Anew pPhidt WA Fi}e'h Vs ame

data str U&éx}éﬂ@éi-sc&ﬁhbh&g%% gl ggﬁﬁtelﬁobe lsUStd & GorkNgreaPEAA QDo atdd®

staging area creation no or creating a staging area from an
edi ti o, ddveldpers|danbieclef &id edelete, a7 ®ddifiyowebsitel eotfent razal see oWaghaig
area, the nodul e 1314 obtains 2510 the generation ID of edition a and_ then

obt ai ns 28E@ges fi§ ntorthe sentexhof Hie ¢®Im@5@31§2@a&5 REaddedelets japd medify

derived f h n f t|on obtains a
new obj ec{)}%n fi g“‘%ﬁ%%‘?*%ﬁ%}gw % P%Flcﬁn%%& @Eénﬁg‘lrﬂfgr P 3¢ t he
stagi ng ah@Paffddt ehéMeBkite eB¢fe %ﬂ@b@%tﬂé%@nﬁﬁb&@kﬁﬁ{ ofHeatwrkPaREE NThistife
staging area and 30 that has a nane field, a root directory field, a

gener at i obedaDsé,iagisthteibeloby, eath area fis ekeparahedﬂasjmtamnh field. The nodul e
I314f IIs 1\5/\08 rlthe nane of the SL% area i 16 SU TnUTE SHEET
( RULE! §¥TI9BEANEETALE thell WoF BomeRb e Emte’a
d|rectory i h e

obt ai ned F{r%grssg%&l a§‘|dht€2>th ﬁag%gg %H I on ggb&lfteégﬁt‘enggbjgegﬁéa% &%t al ned in
step | 525versidriing eipeeationsFeférenhced abekve hrd idisnisséd datrmore détaihbelbwanthe

al ong which the staging area lies in the branch field. 5 It is sonetines
desi r abl eSfﬁglftﬁa\?éearrlﬂ @ shazeds (vigy n@f thee yeebsite raviaglablgntos allj ysergdan j2ohrangh 5

ublic st le . to hav few r|v e st reas
o vt o (PPeE 8 aidould doWE k] el pichall Saling iR ¥ B a9 g 817
be cregt egdcdaysiBRY #o0alMuB&kstAen@ AOMANEES A ishRh %ta?éﬂ Helcer@e é‘dneaﬁv@nrdmtdtod

multiple tinmes. 10 Figures 16a-b illustrate the operation of the edition

creation ﬁmaiedeb@kﬁ’emnv@ﬂmﬁ@dmﬂws theodevalopars h@Sbamtaemi' integrate theingi ng
area, arbi rarllﬁ{‘la el.ed ' The dul e 1316 obtains 16l 0 éhe gene atlon
ID and th P& t%?%atﬁa E}tea%‘?v RETe 5213 COmpare, ifi WO 8B4 GHR APHSTFE 15 a

uni que obiggd @eés[?uft%geﬁfétt TRE Bmph? oﬁ@fﬂﬁo‘i é%@tﬁ &eEES HR20e180 WHhishihgt At

represents t new edition and that as a nane aroot 1 Sdirectory
field, a gpemtmmdlmchﬁl;eﬂlmlrﬂoreatetabbelew ID fiel d and a branch field. The
modul e 1326 fills ?30 in the nane field with the nane of the new edi tion,
t he géheration TF"B‘-"P# qtiyewrark inRsStRERS AR G By lﬁﬂuagb’ &prgl Rackdoghe pRyateqot

el d vt RoResh SERRAE Plork 4168 Sedasiarg btk B ARenSral Rt PR FBbiRe
the ident Iatéaeawmh arighs ab H@ﬂﬂ&@n@k&wbﬁ%ﬂ@hﬁﬁuﬁ hewetdixttéz&rtrbhearoﬂsméaakl ng

the generation ID of the stagl ng area, nodule 1316 essentially converts
st agi ng aflée copyingist virtwadwbectuse @mas@hasaedpmmtoryytremthah&\edxrmtow frees

created, the edjtion greati.on, nodul ta| s 1640 new generation ID

and assi g ‘1‘6“5%3 0 Ee Pﬁ}émg gF‘n%‘ear e e‘ZEﬁ ?FSH?@?’QZ"YS" R 2 §RGOL AR he
[ 6 t

oGl 6075 sEenieel SRR 1E"cGERL #tﬁl%iéémﬁ%g?%%ﬂc?% 3, BF 3he biRite

branch. If the branch is not a naln branch, the nDduIe | 346 obtains 1710

t he generation ID of the base edition, call it "edition b," fromthe parent
branch fromwhich the new branch stens. Edition "b" can be any edition on

t he parent branch. 30 The nodul e | 346 then obtains 1715 from generation |ID
nodul e 1348 a new generation | D_derived rontthe %eneratlon I D of edition
b. An initial edition, call it W%%Eitﬂ? HBYEERULE 26) WO 991 40509 0
2 AUG 2002 PGT/LI899/02434 "edition e," is then created 1720 wth the sane
root directory as edition b and with the generation ID obtained in step
1715. Additionally, zero or nore work areas may be created 1730, each
haV|ng the sanme r oot dlrectory as edltlon a and a dlfferent generatlon I D

. Y o o o



created in accordance with the methods discussed with respect to Fi gr24U Pl
| 4-16. Refegd ck to step 1705, if the branch being crea} ! gain
br anch, the%doﬁﬁ‘g ule 1346 obtains 1750 a root generation lD’@ggﬁ?/oﬁs g0. A

root generation ID is a nunber generated using .a conventional pr ogramfor

gener at i ngTaANNG A WIRIASRR T AN pditionaRd guPHSNIBg fr HAEHIRRIRErarg @AM N
tD. The I : t J ty directory, call it doO,
and a hi rsr({))rgéréy(ﬁé j%@?&h%g?@ﬁlﬁgcﬁ%rﬁéo&sglﬁé&g??ggﬁ%yy The rrodul>/e 1346 adds

. 765 an entry Tig ddiReiis QA ta@birefba afdliRaldlfGopRal irfth @nMidfidldrendBlcflte 15
is associated with directory dO"in generation g0. This entry can be

r epr esent anl editionhef aovehsiten Agdindoirtualit ecopying meamg thht the edition refejerces t he
creates 1770 an initial .edition_having ro

nmodul e, 1346 t. directory dO _and
r oot gseneé’z?t?aﬁ'? gEectPRy thesiat Ehe,Flaging @584 s Becppse “s?%&f’ﬁg‘sa?r éeédéﬁﬁ‘g)’é & or

nore work s i t. Qi : O
odi 1 on (7ot sp=0R thaliibb Bt BUTBAAN ofthe BRhIERA 4G Pkl bl
gener at i oflonpatsthgld braridhe. Faehlediticiess Aehived ahdwecdssibletocdlbdévdoptrs.t he tinme
of branch creation; they nay be created at a later tinme. The add item

nodul e 1318 enkitd e@ntents of editionsrcant beoirtually copiedhback inte worlateadiandused i es,
to a work ar,ea, or taQi ng area. Figures 18a-d iJJlustrate the oper,ati on of
25 the_acth FECHRIRAEIE e BeF O PRt 07 YaPBie- FAFORA A30 ShecoranTe 1
to a ¢ regi@iihg ters Qg%t%hﬂ refall (6L %rAirE HrePrfes/'BE kefSrRRrulf eftirs! ng

area, and 1tem™n can be a fife or a directory. Itemf can also be a Tile or
a dir ect ovgrsiobs ofitlte wiebsitd.em t he nodul e 1318 identifies 1805 the
generation ID for area a, call it "g." The npdule 1318 then reads 1810

directory d anfigHer &rsHmERrizes shouslevaioprrens tow Sramq warkt 318 ta@nmReEOR or

T35 or carieth HiRRr S s o vl TS e BPEH gl Griglits g SR M ©
gener at i ovoRRGRe! TH SLRIIIMEtHINERIbRIA2025: conV¥htd Yf4A5 000k ZreAWs tRE01
PGT/ US99/ 02434 the nost closely related parent generation ("best match

gener &§ i ostapirnighareahadn dhgestagiagi aneapdipe confents ok ithé eontriibutiory workeareaaisi on
page for generat] ,or creatin i.t, the nodule 13T8 scans,1825 the
contents OFg} edggq’eg’é %‘ﬁcﬁg&é‘t?Bf‘ogf‘FriCP&WWtPﬁ YR rﬁﬁ%saﬁan ‘ﬁ%‘:%?’éfﬁm ne
1$35 whet iR the it%}'ﬁ i i ' j . i

naned "n" Qﬁgsn#\ot foun§ I %ia?ee%!tng%%%?oﬁﬂggﬁearggtgﬁgﬁ&}ge,a@t‘%é&%oé ult%l?sl %ftl%@
creates 18t@irty iveatane published 290 frtoan editioy. idtheheish) teatontribiiteed continue

i ndi cati ng t hat contents "f" are associated with itemn in generation g.
The not at FoRditR1Ghe; files pati thay avg apPsPee®nt such an entry. The nmodul e 1318
subseguently a 4 n.entry. rtepresente he notatiqgn (n.h), to the
genergﬁi on paggqéod'%éﬁcgi%r%ﬁ ﬁ'j’”ﬁ%?ngi 8‘1"51%'8{"(?&? mgggsg%:ll‘aeegwﬁ%dhdﬁ?lgtory
obj ect "hgevdial rahétids dfdev@bprhefit. 'Froen didevelopky's ?erép’e@ﬁilé‘, d Srafi@i {shepath

virtually copied nor physically copied into directory d. Directory nerely
r ef er ence9of dexelopment dor a single twehskte. ove dluseratechirs Fignre $38 single bpanch 300

affirmative en itemn h al ready been ed to the directo but, an
pdat ed vEILHER sPHE TR 07 AeFRENE 3Teh Az b Bre, o Y, B Webhe,
contents gpgidiavs3pe B&&ﬁ%@%hﬁtiﬁ&u\&et SuB-bEHcRs, sbfthhb uéva%ghmt Gy rrtage
nodul e 1318 w Il scan 1850 the contents of the history object associ atéd
wi th @251 e Keep ‘aitbmate pathsws developniergsapamite fromi eachioitivdr. i Catetincanbashared

altered. The dul e 1318 then determnes 1855 if itemn was altered in
gener at i odcEpsporanches and sgbdirand®ss deternines if itemn was altered in

i J D g Lf i 2 I i
orea 2, beoase S RelloS SRASEY WUhsh Blioblehk S piiRE Rl R T
i ndi cati ngrhhel f@rotheeRlrbniVafebaté Anahve Whothef ibrahdh fdt ASROF Fbisih &f tHd em
f has a field that indicates the previous contents of itemn (e.g., itemf

i ncl udes avehsitet ématber exampplevisdohave ra diffeserafbrandnohylevelbpmentior diffeyent
sets 1865 the prexjgo(gﬁ field of jtemf tqQ point to tﬂe cc?ntent_s of "n" in
the bedt FESIORS Q8 Y ditfesant dlientgimeprdes oy vg@s%@, orgd 1 BARtGUIRE SLBPRL s ed
in gener af]er:'Piths.the” nmodul e 1318 alters 1870 the history itementry
associ at e th generation g to reflect that, in generation g, the content
of itemnis itemf. Then the nodule 1318 sets 1875 the previous field of
itemf to point to the previous contents of n in generation g. To reclaim
resources, an object (e.g. a directory, aofile, a history object) is 30
physi cally del eted from st or ageSUBSTITUTE'SKEEDRULEC28)sed from any area.
Addi ng and del eting an object froman area can be virtual because often
only one physical copy of 19 SUBSTI TUTE SHEET ( RULE 26) WO 99/ 40509 Q 2
AUG 2002 PCT/ US99/ 02434 the object is stored. Therefore) in order to
determ ne whet her the physical copy of an object should be deleted, it is




5 count is maintained for each object, where the reference count i_nyip S o
t he nunber \Qﬁgg,gﬁggs from which an object can be accessed. Apcqljs9§ibr45aN D€ 02
deleted if the reference count for the object is zero. To enable the

cal cul ation of, a reference count,, each object is associgted with a .
"reference |igt .maam&araﬂc- Bt E—“iegf‘fgﬁéﬂéae I‘+ ite %Vp@p@gﬁéggwag% 1qdve it es
the direchaplies ohdnbUeHciinalt QRUEE! AWARLANARH AHgutl, #3RdnHRARICARP
directory, the generation’(i.e., area) in I ch the~object was added to the
di r ect or yinitfalgcintiudel dry emgey Braging asen 420 end ensptydettidiohal3d. dh meaih drsmchan
entry is added to the reference Iist indicating the generatjon in which the
obj ect waBanalsednitiglly faclyde antespty warlaprea-418¢ & viork areaean brifreated at thee

directories fromwhich the object was 1 emved_and, fo ach. ref efenced
i t ootior e 108 S Bibech S TR 01 R A Ja R R P clhal st e B

di r eCt Or Yore 3R tHe! EHK Yrea SAH] thd (8erd8 r€i P ddfined BRRARhUtEOH e WIrRGHE] V

an entry is added to the anti-reference I'ist indicating the directory and
t he gener(aigi, the peoplbildt caheccdsp dod woak arex)pved fromthe directory. The add

direct reference nodule 1322 adds entries to reference lists. Figure 19 20
i | lustrates tHE opeabsiteopxisied; hefosedhai vebsite @FEF}@IP&E%%F‘@“:FSE‘?W%# an

obj ect (e.q. il.e i tor K LSt gr J ) a1l a
di rector ymgtéue?’n&{ae#‘e%in %gnpaty%éﬁ? 85?%%}&(1:5 %éeggegldgdgé t%ﬁ?&etc?%e%@g%%g‘ diR Tect

r ef er nceskyfwtlirt Pighreé 5, Béd@khtertd 500 BEEh\BFigial WeBsite@hes edpied nts th@empty
indicated that ¢ was added to directory d. To add a direct reference, the
add di r ecworlearendid@cthendbe emayp staging areai29; and tiosroanepublished intp @n inftiabs
area a, V%C.h %6' be called "g" for convenience. The add direct reference
modul e 13880PRERY det er mi nes 1920 whether there is an entry in the reference
l'i st of object,gaidaati Wil { j pr ool ] 4.1 n
generation g. ‘&gr co%"\l/ké‘;rﬁ;lé(r\?g%asscsa;l}c ngggﬁﬁfg/&}e\éﬁrﬁepre?gﬁibgd%ﬁﬁ]?%gs%ti on
(g, d). |ftHegomterits ofidlie hibst herehtbiticitd ithd new wbtlecateas. Fignere dillaseatesy i s
added 1930 to the reference list. 30 After (g,d) is added to the reference
list, lbr the cugation isthaee svark aneas 160y et dhe dpain| brancht Famy gditign 4% The

f dul e ;1322 det ' 1940 whet her, t.h t '
SUBSTINE PR ity oty afees 268 siBans¥s ® et 3 R AL0cSf tod rffis o .
anti-ref e5apHERy dre$610 appmgwdmo@ n¥wledekidiesdon the anti-reference list if

the object ¢ was previously removed fromdirectory p in generation g. If
the entry (g, djub-branshes ranhalsanié -aredtedeoff ca Imain ot etbeediranch. t Higuneh &

process of,, adding.a direct peference js conplete. If the eniry d is in
the anti - HBEERIRIDe Greation Héaé‘ﬂi’F apgh o %ﬂ“l@ﬁﬂ"#’rmgs’ﬂ?@ 7 %Sth e
anti-pgfe ' ki | . . g€ ' i '
di rec??y g%@edéhﬁého%ﬁggheésg??%n&& Et’? Sﬁgﬁﬁﬁ‘ ?? %%)qu? éﬁglgg%%&lgg() Fget he
antir ef er eowtentsi st thelhwitiab @eitiorf J25 tdiestheastirisiallp ¢opiethahta whekiareas 740,
generation starts out with the same contents as itsiﬁarent t’g]ener tion.

#

Ther ef or e Staging#rea gpRcand gawWirRdition 468 dy theysehrragchei3h: iNete that 1gaches
accessed f i i ri. f tq S
he.ob; ectad e aeredotoliEr b andtel i3 sHOThe PR doB orl RS, |
chil d gengt@ichQttuBindep@sderitlysroii £ inpsralelad wHkCddneah b highefbrathf rom
the child generations. nsequently, if an object is added to a directory
in a @énerati oMVorkwraatedxomn aisnl-tranthl cae herincdrpatated lintaa thighes fleved heanchj st
nmust indicate that the. object cannot, be gccessed fromthe. existing chilkd
Goner at | o HEGATE SOPRING HectamaRS Gfoah BArOTos™ L Smberich: B nBP a Tk o
the tine kSd 1 ' e It ¥ | : : j ect
can al so tgg&a%g%é %eﬁ? réﬁ?k?dégé%é?atl o\r?g1£ Eglg-%éﬁ( ewrlrlgb ﬁgg{%@ﬁ%wg} g{dy in
and descr icoftknefron ompeesrikiaedd gd pabliteedths alfew editivteon thekigherdiranence
modul e 1324 adds entries to the anti-reference list. Figure 20 illustrates
the operation &fow Heatrasmeverview and typiralusage ofthaivebsitodevgienmerd s¥steBhj ect
"c" is renoved fr.om ipectory "d" .in an area,a". The_rempve direct

ref er szch S dgsczibed ‘c’tp§F¥l§ Iﬁtﬂlﬁmfﬂgmé)@ﬁgf%? PERETDAGP AP AC 80 whi ch
w1 be calhissinat Wl BLgveRbegce. The renove direct reference nodule 1324
then determ nes 2020 whether there is an entry in the reference |ist of

obj ect that indicates that object ¢ was previously added to directory d in
generation g. Such an entry will 25 be represented by the notation (g,d).
If (g,d) is not in the reference list, tAen the process is conplete because
obj ect ¢ never had a direct refSUBRTEFTUTE GHEET{RMYE @86) n generation g.
Therefore, no reference need be renoved. If (g,d) is in the reference Ilist,
it is renmoved 2030 fromthe reference |ist of object c. Additionally, for
each child generation, call it g,, derived fromg, if the entry 30 (g;, d)
is not in the anti-reference list, the entry is added 2040 to the reference

o, —— o r - . - T T Y - o

N =




5 anti-ref erence list, it is added 2060 to the anti-reference Iidl.2 AUG unz
Q herw se, 4@ opfagreess of renoving a direct reference is corrpbgmgg,ﬁhjﬁoug
the entry (g,d) should not already be in the anti-reference list, the
renove direct - erence no 24 makes thla determ nation in Lase t he

entry was err o §5R?r3‘i§d*é%f atfe? hs AZING ALSARR SHton 3TER Is ?W%‘? BF Fi ne.
10 The refgsRNHes £/ ArefBAE & r?lae &ﬂlﬂéﬁﬁﬁf?gfg&ﬁpggﬂéﬁ%&g ghences to

an item To do so, the refere count nodul e T32 Ist p of two
tupl es, wekaimpisof adirectbtytrenrfuirian ke, widre direceorgdus themndt Hiret@20. Aress uses
an integer n, which is initially set to zero, to represent the number of
r ef er enceSamahare the pABRGITectory, tegs 1 factyvien e exigheg arfe ipEepigditomake a he

Com 15 TREP ey B SE el Al SRS hE RN o YIS B3 RBPhs earc
and anti-ref er FACR séparhte WOFk afe%nbfaéu@@rea ehed QARRICANEAts Efeaflibe cAbiimighs

2525 the generation 1D, which will De called "g" for conveni ence, of the
root node aofobjeet g\aheequggnts ithe afexeat| thahhas al hambdicddears abject HB felds <ant

i T e T

i nst ance, d ngL.a n uId
be entry %Io? %gk?aggirgllge&% m"(ﬁldtE eﬁ%’n%:ée&cggﬁgbgg(fql e 1320
woul d 1poc aﬁﬁchbvysu@aw the peaticeiae hw@f:ktai’éa eﬁgmgearean drhediBOR a2éd. OThe brirth

r ef erence count “nodul e 132D adds 2130 an entry (itemnane, +) to list p,

where "i t éxeldu amdrcateg thecbranele abong tvehich ¢he rwozl eresclies. n Figurged dHustrates @
The "+" e item was fere edl e [.e ncell (as _opposed to
the anti-f 8 E%P’F?%‘F'j‘ g 2 HeTaAten Svifchy HUStEL{HRD I SRS A TR AT
the ref er y SHfthe U&@ory Hag 1§H{ard¥ obbd WO 4 reallR8 %%B%Quiié)tﬂe'ﬁéﬂp
li st paread |ncludes an entry with t é’samltemng (e.g., di, -),
the referemeeob;eu«pomtsdultheansﬂmgdn‘eh@tytfee entry is set to (itemnane, +).

30 The reference count nodul e 1320 al so searches the anti-reference list to
find 4340 a11 FAchiwrk arep fiagingiareafandadiion pzea hast wunigugidentifiersrone

5000 pe TARBEERIERARR R ks dopiilioh s mepetiopdts, 264 B gthe? pE Wit

ref er ence g @efidtredng Wsean * alils TheQbjtt ED idantfidsQHk BB{Eet that réfrebdrts ik
where the "= " neans that the itemwas referenced in the anti-reference

list. If larea, @@,mmadym ohjestUdots agsignedr tp an ohjech shataelkiedt: Bhisnatchanged.
reference nt__nod t hat. t he en t. to |te nane

The r of or AL 1568 A LD IAFENed By 4 RbidueaeBiaie T iich GidiciBnhR | aieh i [
P W thoa "rhjatelf36 dtHer s, Wﬂe%én@i'éti&{ Iy fred %ix@lcﬁl%EQreaTéﬁ E@él‘%‘%@ﬁeam't
nodul e 1320 then determ nes 2 whet her generation has an

gener at i orte @iscassedgbeiowald.gn sviver av&ta@hgngemqmbimlmd into ah{ ed(ﬁqn)t hEhe
reference count |is npl ete 2170, and n is._the_nunmber of refer nc 0 item
£ Tt gengamersHon I blared i thegenarationdD - dberbiss Misa o5t ho
ref erence nodul e 1320 sets 2180 g equal to the generation ID of t he
child generation and returns to step 2130. Figure 2Z illustrates the
operation Of t hNotecihat dlhfeel@h@s Yile®duktoryl 3Bjects qdistesed teldwip afidrither objedts a
directory "d" in an area "a." The read directory nodul e 1326 obtains 2210
t he ge¥fer aarecsoassigned @Jemm@whmh terpinusthangad onceassigned. The read 15

directory nodul g 1326 s throug%i dlrecto to determ pe 222
whether there i & EERRVAIDOR SHEGRrITes OF anthidip RIBENR GF se4ip] Fupibess. A
generat | °”g§l?é}§ﬁ69 ﬁDQﬁ@%hgi 4Ridully 1deﬂhh€§£x%ﬁéadbéﬁ§s é‘da’ié%?&%x%e 8o 'IR&'kSﬂe@d

in area a ere is a generati‘on page for generation g, the read
di rect ory howudrearkd 2relstedtdothizzaPess. | i st of the entries on the generation
page "g." Oherw se, the directory returns 2240 a list the entries on the

20 generation pAdeatse is melatadyt another areal pene of t@‘éﬁ‘éﬁ*’étlﬁ sleriyage diresibs o

mat ch nera 0 An _exanp of th rati

modul e R BB e (BT A2 Eon Biateply P Pl O of imibrif b SSteY
read the CBFE&‘N:% difectl Rlefived Hdth editlodD iR SR phfthk Beard8NTha v AR 4#8as inhibe
read directory nodule 1326 returns a |ist of Fhe 25 entry(ies) on
generation page G3, which is the entry (m hO) in this exanple. Assune the
generations in Figure 12 are related in the manner as illustrated in Figure
10. To read the contents of directory d i generation ) the read
directory nodul e 1326 determi ne§WﬁH%E§(BBLEZQ)aner ation page for G4.
Since there is not a generation page for G-, the read directory nodul e 1326
searches for the best match 30 generation page. GL is the closest parent
generation to G4, but there is no generation page for d. GO is the next

cl osest parent generation, and since there is a generation z3 SU88T1TUTE
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5 ltemn can be any object in a directory, such as a file or anothpgr
directory. womomye an itemfroma directory d, directory dcﬁmsﬂﬂtgﬁgtwgd 2002
in accordance with the nmethod described with respect to Figure 22. The
remove i 1 . t L,Oes 2 wether, I 8,2 QET i page
for generap anh Brd tARAp: BCALER o the WP cdiifh in o SHEBEEAH 20300

f or genenadirectwdéryvedoPymegiitibn 2. ae vdreftbfaagk. from 10 t he cl osest parent
generation ("best match generation') The renove item nodul e 1328 deterni nes
2330 if there Ageanra@mﬁwimluideem nuinber hnigaegealti and ghgyaumpers |of thet

the renove item | e 1328 i,ndi cates 2330 t hat er.ror_has ,occurred
because B %1%%3'{?41 W%H& g&e( BP9 é‘chgl:}:od ‘%‘%ﬂ?cet ffetﬁSF‘BF@,er dannot
pe T o8V afliid BHldulhuniit Gsibied R GROSIAlAAR She haniBek 0/illuhRiudrifinBet 30,

if there Is an entry tor 1témn 1n generation page g, the renove item
nodul e 1338ignketiao asothdbarehihehithé generatipeilD of anraeepderivatifrom theseldreas gnove

item nodul e 1328 determ nes 2355 whether the history object indicates that
i tem n wath WEIUTIGHE numbes aavatiasivell ag thesumebergdamsl 1-t he renmove item nodul e

1328 determn h i stor ject .includes an. y.wth "g" as
the generati oﬁﬁg%e#(?ﬁllrutséﬁ%ﬁ %‘/ﬁgnﬁ%‘f’g?f)f ?F’é*éf%ag?&ﬁ‘s%ﬁom? 'g","?'\'ichel_s rtg r}f’ﬁve
i tem nod l&s@ig%éa&ofam greb0frdth S:}Jta}%tf[g‘én&ﬂ%ioﬂ' I3, Wiere th@ phrenf Gefidratibg [Dhat
itemn was renmoved fromdirectory d i'n generation g. Sihce the deletion of
iteml i dsassigoned to thet Hirectravemisef, thedwiwgreahi A wijug nefribectis vbtanatic1000e s

itemn fromdirectory d in generation g. This entry _is represented by the
not at i on 45Ng)3a REtional 3lgpritBniys sgqUSHIaEY (ot T, 2ii Satbeor FaRdomly2s

i tem has d | ect g%ﬁg [ .the -

remove it (r?ﬁ%?r%%sﬁe %gﬁé%?%é%'e@p%g% 05[}1@ %%RIE ef er 9?%18 0 s{ g%os()ﬁ%g?,u'i‘ item

n has beeahegdrentgeriefatgRNED 4§ titdh thtribVii 16IU0VSubseqieniy W setlot2skqaeh®y 6f 2360

the entry in the history object corresponding to generati ontg to indicate
tthe

that n wayumbgs/dat iy the concatanatipndofi thegparentigeneragoni[Deand tthe jeer issuedy
beco;igs (‘ggz;%. The tenove le%n nodul e 1328 creates a z object for itemn
if one doBUANGOWRRRLIEfFeaeAdP20-54 SUBSTI TUTE SHEET (RULE 2B) WD 99/ 40509
0 2 AUG 20D PCRALSIRHRSARAbdWERNAS afdas G 508 1repteeddDy d busddlghPteb N A
Figure 12) a z object af{gﬁ has !al ?g%ék&at irng% cg%%s tylhekprev?%secontents
of an it eganealngy fréeisch datarstfustured wheraeadhhmodegofthieomee fepeésthts Aidifferent eps

2360 or 2370, the previo field in the z object is set 2380 to poin{ to
the previSRRETREMR By ATEH Lﬁotie gethepughayyt this appligatian ateas are CPfF%’EE?%’EE fhe

operatio .edit file nodule 1320 fox editing a file "n" in a

direct or;hs(?%gﬁ%}%n%gz\brk area "a' having a generation ID "g." The edit file
nodul 2 1320 r eBiguved1 28abrateyr i exeopTaad af énézilb%y "tee. The gehdrafiont €50
nmodul e 1320 then obtains 2410 the history object for file n, and determ nes
2420 whetiepreseands the iaitinl ieslitiom e femer P meprasentstanenwerk prea (“workiages e an

i th, j 2. Lf 10 edit fj,l dul e.1320 wrj. 430
o1 Enanghd” ESRERHORIGY ThprdsenBlangelfy Workcten ot efprl R (7 T Erpeiptos BT
gener at i Ofepitesdrits A €difiohl (C&ditioR 124,  arfiPSehebMor M GreBresBits laYstiging A&NETR | ON

g, the edit file nodule 1320 findS 2440 an entry th the best “match
gener at i ogencrlegrttee ilhishatesatiat €1,1G20G8 hemdirept e defivéd frome GO mdyickcmieans t

R el B8 e S LA ok S S5,
Contents o i SEstPRREERCRy L il hieRte, fRb eyl G SRk TEE Rufeply B

nodul e | 3@Q. adds the entry represented by the notation (g, f2) to the

history object. Figure 25 illustrates the operation of the renanme nodul e
1332 for renanFigarad2iiustrates @l pictdrial repregentatianfaf] a directoryli1l28@:t dioy earh
directory dl in area a tp [tem.n2. in directory.d2 in.area a. The renane
moaul o 1385nerReRn e R, e Ry Bag diseh Wielad. wiRl decony | B By
i tem 8 i BefléfaiohQiase dbso, NPkEn il ah | | @l difackSiySin thbe
r enang m)gﬁﬁée alSS?aﬁgpor t gmblgh?ﬂghgglefp?ﬁggggn@lgﬁgﬁ&ﬁ%? g%cul?éfeéd. Af ter
obt ai ni ng geherationt arespbndiog, tot the geiepatidnpaitd £2803Thudes eirectory eRfetively
whet her an 25 itemwith the name n2 exists in directory d2. If so, the

rename nodul e determ nes 25Z3 whether there is any overwite protection for
itemn2. In one enbodinent, there is overwite protection for directories,

but not for files. If overwite protectign [ he renane nodul e
reports 2527 that an item n2 a|$tmgﬁ§%rﬁaﬁls-$§§} ory d2. If there is no
overwite protection, the renane nodul e 1332 renobves 2830 the existing 30
itemn2 fromdirectory d2 in accordance with the nethod illustrated in and
described with respect to Figures 23a-b. 25 SUBSTI TUTE SHEET ( RULE 26) WO
991 40509 PCT/ US99100z434 ~! "~ Once the existing itemn2 has been renoved
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Note that the rename process is the same if dl = d2. Figures 26a-b0 2 AUG 200

illustrate {Baoaes ati on of the generate directory path nodwcenksserasor
generating a full name path for directory d in area a. The .generate

di rector ath nodul e 1334 reads directory d in area a and identjfies the
e ont BRIy Sapsfipt Pt hefBIEneS 5 i BURksRyY 4t SACD SEBRHGoGRoRbich The
enmbodi MeRirefiory R8s BEST Slkrel N\(GdHetAibn gags?sr ?%b HFP i@kt SrASI0cLREGfeWM LD
the entry ".."in a directory. In thi nmbodi ment, the generate directory
pat h nodthee safid4dirdetnty,f even theugh rthet dirgctony rmsp dmalien glifferehbh ecoatenty ify. . .
The nodul e 1334 reads directory Pd in area a, and finds the entry for

di r ect or iffeyent arg?fe npdul e 1334 then identities directory d as a name in

the directory th,. Thi i kS kepeat.ed  unt.i Otsadhrectory i s
reac héd . Spec ﬁjlaﬁg glf%/cfértilhgo?re 1%%%%%% :F f%‘gﬁ Hgbg‘\?eé’ﬁ%ﬁtégfgé%&]tﬁ{) (‘)néc;lf"a:‘)tg ctory
d i s repegitgeerh O divheaHaed t&dha@bskebitRy 1206 iReBBiatidn G0/ @&k Aein P waRd so
on until the root directory is reached. The nanes that are found are the

names i natdted db thectivacyorydi2A0 irT genaraties G end dhatd’p"rwadaddetbto die dizestoryo
first in_the director th. name. Figure 27 i]|lusirates the operation of
the geneda®® l%ﬁﬁerﬁgﬁé q?}gd[}ﬂ‘éte%ﬁtj ?%W‘Bﬁﬁmnﬁgi‘ﬁéeﬁ%éﬁmﬁé{ fgmthe

hi St Or y H n n i d' n n H n n b

modul ¢ 15355y 1200, the UREROH tbagks 1780 Ihfdsthor Gy AR EofefislaRE |14

di r egpor ydded TinCa gRiAfiE@LE deaseatidREbutDalEb etht 3esntbrleNEHalk | Were? 4d8ed e @RI TY

25 with history object h. The name of the item corresponding to history

obj ect h genexations frory which the prrtioulaz genexatightwasderivedt Hov instiricet dssumet r y
(n,h) was, found in.,direct d.ip area a,,"n" woul d.be the base nane. of

b st or v Shrtbe spnebiot it Sidesfendd i el Enn PrUS IR it FriBle e BRmHOR
modul e 133 dfi.féEto?*' BYicbhtdifs A8mi M {)geMirhRoRICH, Hetn R RCdddbPRLiiFRRISN S |
to a directory d 1n staging area a 30 having generation ID g. The submt
oper at i o208, arskdhérefarapsinte G wasrderivted froma Giprdireaters 1200acosttaigs Migmer ea.

Since the contents of a file are defined by its history 26 SUBSTI TUTE SHEET
( RULES28)'m” ¢ 09 im gsneragon Gy @ssuming>ay 1sad nobresmovise dn, gangeatianseay y

bj ect of., a file | ty:d t i1t t - ea.. The '
subm t_ ndtn oP1 Bael e it BHUN dfed S DO IARLEA R RS 1P
conput i NGridemf“ Note @idt GHwRsGlot Hekivet FromiGa hd, RenbafindgTHirkétsHP1200

object h in area a, in accordance with the nmethods illustrated in  and
descr i bedlagsmiet inshysiedtern onfiiy gergratien 3and 27. The submit nodul e 1336

determ nes 2810 if there..a corresponding itemw th the sane.full path name
' the. ot agi nghati eReE i a HFerERE BTt BBsh: RSTAR Bt hRT R | h
read i r eh@ridiOthe dird338) wilPnslehQuHk Az MReL e é’%@fd?%atoéﬁr{%ﬁtidrﬂ Oh&e

st agi ng ea has the sane ‘full path nane” as hi stgr object™h. If there is
not a cora éxprtodi inglteteshin agerneratiomg genezatien pagefoarthaigenemdionds 40ddd 86

ascertains 2830 whether the directory path conputed in step 2805 exists in
t he stagitﬁsd&?eé@."}’-lf it does not, the directory path is created 2835, and

modul e 1336 carEh e 5 agERaety bR ShitoRhenits A NGB BBk
f to dir aatfayestthe FehbRgiondindvhichathe[Cshtentanaft a ifilel ot @liddbiryadre afiddd entry

(g,f) to hi sgpardz object. 15 The submt nodule 1336 then determ nes 2855 if
i tem35 i smadifiadecimofhen wosds,, a thigony iobjact (indisates the histasyeefean|itemtigndf s
a directot, t hen,f.or, each. chil ddirect.o .. .the subm.t dul e 133 dds
oot v dibecsont e iR SBieET ki dsor Held afa o gfiraon TS tha agifensf 00
Thi s stepg t : (s i i | its
ohi td o SR for NRin 1B et aRfkecialy? MURELIAROI Mual SR, |

i s a corrkisfpapdobjecti h@nindivatdse tisitagi penerativn Ehe itnbm tconeadnd ethéd 3fmterets | s

the conflict checki ng. modul e 1338 (described below) to determine_ 2815
whet her t#sspeiated with dile f].c Histeryuebiect h@ aéamr@mfd%hag imigenenafioppeitem B | |

it hs,,and hist pect H st or bjects.h e .not _i.n _ganflict
if a) 391 a&;ﬁ{ﬁﬁglsg#%c?t%gggsaﬁgc:%%e%)w#@ﬁfgggnq Wgﬁglﬁesﬁi'r 6@38 ’l;leén%%l?tle\%e’g tH?'om
h. 11 thegghbfitstld R23000iht & théchell WBRiknks #9595 dfTRe DI 193 RRNGE aIrddtdry Oty
object hs, the submt nodul e 1336 proceeds to step 2840. O herw se the
submt nodul e 1336 determ nes 2820 whet her the overwite node, which allows
an existing file to be overwitten, is in effect. Is so, the submt nodule
| 336 proceeds to step Z840. If not, thelsubnit fails because of the
conflict. 30 Figure 29 illustr SUBSTIRHETHPHESETI(BHLBR6) he conflict checking
nodul e 1338 for checking a file ftargec against a file freE~~~e for
conflict in area auger in branch b. The 2? SUBSTI TUTE SHEET ( RULE 26) WO
99/ 40509 0 2 AUG 2002 PCTNS99102434 conflict checki ng nodul e 1338

determ nes 2910 whether fc~r~e is locked in branch b. Afile is locked in a
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the staging area. Locking a file provides a neans to avoid conflictg 2l AUG 200?

fcargec is IV@@E@‘Q, 4o branch b, the conflict checking nodul e d3ggssdpbdlm nes
2920 whet her the Fock for 5 f target is owned by a different area than

ac~get. |If there i conflict and f..t~gec not,., be bmtte 0 area
aca?gec. WP‘S’?C{:PQé‘Et F%I%Wah?rogﬁ@lﬁtqr}ﬁalﬂ?eaﬁgﬁc rﬁrﬁaﬂﬂ' th-éhel S‘Sﬁtef‘g’r & @is

d b ’ 7 i 4 | . f —~—
and 11 oy, Hrd0Rfs elle S ek haf A0 TR bRcRS AR Sditekiry WsbltRled © ¢
sane?) . |#ithhey ieai Hitetldn the dirediory.ORbeinbtantcé &2 oimen lai file Hivegkédigenwdul e

1338 finds that there is no conflict. If the two files do not have the same
content, thé ason¢ll pee peintexil240todll mearsBg that priaf tregengationted litem'm” ~ i s
an ancestor, (,i . €. S -nanme- ancestor) a copy-fromancestor, or a renane
from éﬁce@%&‘ea@n&ég?ﬂgﬂ?bel ow of f c~rsec. If f refers is an ancestor,
there is no comphicis BRRAUEE fie WelkileYdvbltphnterd sARSAE otk N1BS Akl
fTe~,~e. O herw’se, there is a conflict. 15 Figures 30a-b illustrates 1he
oper at i ontooforiehembodijmaert df rihet presen dnnentibddOvhizh emahies ithg eredfiorecdrad y

dt~rgec in area ac~sec_against directory drc~, ~e in_Igr ea aref~~. To do the
conpar i somanipida riBedivPEst $R§INGand cedition areasds [3e0sebsie devrlepmenty

di t ~ecC_l1 o ' d it h . il d
in and deetraeaieR 12 BETREe 2 MagiavBRsotin by R bR mpehiiell <
al so {radf303) hAd 2AACoectCRbbPitbm D5109ITHRONBIFOW bRbsysferh Rrétefarimdrighs
accordance wth the method 1llustrated in and described with respect “to

Fi gure 22wothareasppragingliareast editionanehs ar@brandhes.i fThe sve3sivhinghsulisyssem i t em

in directory dt~get, and deter.m nes 3020 ether there is an itemin,

di T ect or yTERES 806 CoR IS BCUGRL IS Beditring 10 eiting fiieh Aad Seecryes

dc~g~t. | ; BHQ{ el . gﬂ’éf‘% S 4 t

there is %%R?%gﬂé ?ﬁesg?e t ag’fﬁa"rgtﬁg géé(st, Eg I eﬁ%ﬁ}%&éﬁﬁ:@%@?% g‘é%gﬁéagﬁ)da

proceeds stagg-lzgearea%ﬁd dRebleingi fles andedieevtipaeseiot doedlicr YThe dbjeet k@Y stem
5

det er m nes whet her the two itens with the sane nane have the sane
cont el s. mBRegenthestipaiiusion ofrhiksreinthe mairimemary ehthesreiasandob; the disk:

ot 1t 5. o TPRCIEkH B3 a8 i PHOCTEReR 4 S Ual GOt e ieteqe Qo yaag

at ~gee, thRdcarHiRpESbdfstdhe directories are the same. If the contents are
the sane, the conpare’directory nodule 1340 reports 3030 that the itens 28
SUBSTI TUTE SHEEe (WothE fRBYy subygstesy aehies~a vadiGapa0 2re@bion] biseini®) 2332, have
t he sane nange and contents

nd e conpare directory nodul e 40 procgeds
Lo ston. 3086mg Areagoean 3a1E ModrlR i Pliop sk FrAHARAREINS A8tk Brapeh
nodul g4 13 . 5 @ﬁ 2
cont e%? S, él%r? o’%l ﬁ{qu(?:%%plgs(rag' %flmr]g%t%%dﬁlo u é’?‘ﬁﬂ%ag‘%%?g@%é’%})°’gﬁgﬁhg%§6@5 I n
st ep 3050130 Haciadaeparsabinit eabdule 1338}k econBiddls aheckih@imedleSIB3sh at duenpdrker e
is another itemin dr~~c. |If there_ is another itemin de~~t, the conpare

f
di r ect or y masiiled348.4an jadéhitemy mpdude 3318, gefessnce; equnt anaduler 1330; add diress

3020. If t = h i i ,~e~, 1 j. t |
1940 | dontRErae InSehe % Bimd i Sererie mddiRe I37E Aefd il o REY ©
1340 det enpp6laemane e fidiRile 1528, LQitifle ModuleIBI0 RiRabRSmbaaIS ™R, at@s an

itemin d~gee. If not, the conpare directory nodul e 1340 reports 3065 that
t he i @&nt idirestbriytpath modite 333 docking mostudel Hdy generatiom Ild meeduleid4dh r Theseds
to step 3067, |If t h&gidden if i edu'étem has %h sar ne _nanme gs an itenlﬂi nth

dc~get . t FROGwERins they We FYsiery 2R VEFSIONIE SHIBYSIEMY enefBsthé: he

conpar e di P Sg 7 : +ql he
conpare di#%g%og{ én%%%gﬁgn d%f?gfr:e%g'ngiseg'\/\/?]ﬁergﬁg?gg ’hgrrlétia %legn%{’% :illgtgae n’tloi n
di rect ory dévelop 4 websigponse to there being no nore itens in d~~e, the
process for conparing dr~~c to d~e~e is conplete. O herw se, the conpare

di rect ory nodullhel3quk8pwaiand yorsioning suhsystemsmare impémantedetinrihe C5+st ep
3060. 20 The conpare,file nodul e 1342 co res files (.as.o sed to the
conparl diBETORY S dieatagiol i PRREaR SRR e Teques Bt HE TR Resiybidh
conpared when  Ghi gsgﬁlg i E?ar% i area. Additionally, website
devel opers nat;;{evhﬁsﬁ@?% corrpggégrtg il ggéﬁr?eta%ﬂ&ﬂ?/v.r espective work areas.
Conparing files includes | ooking at the ancestors of a file. Three types of
25 ancestors a file nmay have are a same-nane-ancestor, a

copy-from ancestor, and a renane-from antestor. A sane-nane-ancestor is a
previous version of a file, cal ISUBSTITUTESHERT (R-Es2Ble nane as file f

(i.e., "f"), where the sane-nane-ancestor was previously submtted to the
sane area as file f. The "previous field" (e.g., field 1240 in Figure 12)

of a file 30 points to the sanme-nane-ancestor of the file. 29 SUHSTI TUTE
SHEET (RULE 26)




WO 99140509 0 2 AUG 2002 PC TNS99/ 02434 A oopy fromancestor of a f{leg, AUG 2007

call it f, {43 Rufshd € Whose contents were copied into file f. PAAS%%MBQ or
revert operatlon on a file may produce a file |n a work area wt

copy-from ancest s occurs |f the operati oV rvvrltes n existing
file. For i nstpérfg%usfeé alqueea @@rk@r%p Fireated F%\jt? HGORVER t%‘Eétmfeﬁ'Ff‘eOfa be

afilel " Br aC| rt]:ﬁ)?\t b the ﬁoﬁi éf%a‘i?ﬁ{ﬂ {ele xlé’%:#?orf\ b¥ he® ] ork lak

updat ed by re e cont a copy o e con en S of

file e2, rhhia n:laﬁlctt Mﬁcﬁl id mitidley sapry)a triagtaecmtmrsn&ftest tee upéi-ahsﬁi of ivériu,
and f|Ie e2 is the C@E) y-fromancestor of the updated file u. File e2 can be

a file frasea grestibe meguwle 1312 émmcmnngraamk #Teh dTern amnAditione wWhdcka will ke i n
t he version. hi stor f, f.l afl i ersi i tor f another
file dn AOIHSRY Breeh edn%ef. & maadde 118 bfhiRs ad e B dltacBy n

"previ ougpkl @J_x{éran{aﬁ - of | 'eﬁ %401't{é BGHIE 1370 Hed %ta&&'ﬁz@%&kstﬁo the

copy- from antest or as wel to the sanme-nane-ancestor.

renane- f rgeseatioas iDr moiduge fIB&& a Qmw géndratios IMe witich his ﬂe:heedf rfedm Wiec h
filef is renamed, If a file has_a renane-from ancestor, the "previous

field" ofgertﬁ@tm@paﬁ gelifiang et hd hee ggReratiopni@nmestude | 3&§ demreSa the; pew

Compar o [P BHRRIIPDY SRorE B Btk Myl fn RN R Ric e

a fil® F.also gbtains a ﬂbﬁ'db%&t o Ywhich 15 a ubdifiel Wérﬁlj bt SedtRAdhRy Jg%ftératélpks

up. 3110thef|Ie cal | that contains the conterts of F',~a in directory
d~"E.,. NuImberf)uéordhéfAmrkracm bet ween F" 6 and f, is that F~"~n is the name
of the file in_the Lgulrectory, wher eas, is the actual contents of F, uge~
in directory 2dedrodule Igkacieatesddafan omcmeﬁmnng rk area apdhaving

di fferenc c ]

Fi gure 12ae S‘E’SHYEEZ&C% E?% ngig&twﬁglgf ryﬂ {)ge&trrﬁ) ?iﬁﬁc%e%gexffa&ﬂy ﬂ%‘@g alegnapar e
file modutrandB4dldl Thkincdwle (g 144@irf tHetharfi@bf tHe whbik atdadh thé'Rarte fieR, ke t he
contents of F. ,~, in d,~ The conpare nodul e then determ nes 3l 30

whet hdr froopsiirestary of edition erini thal directoxyofieldn dhe igeneratiapally derived rin dtere

1341 rep 314&ﬁeetgg§t F él 1“? %‘ﬂﬁogﬁ‘g °Fi)§91f1 I |de |c§)Je?1ié &Hgfnd f, are
not i dent | ﬁfﬁf" I
F,~ """~ qen@fAcARATHRE bindh aldng w g wiHEe gt% '\;vtol?ﬁtaré;' fes BOERMAnSH ERC 'THdS) ©

contain a pointer (in the " revr to the same- name-ancestor of

t he file the. @;ecttmdxcafkspthamthelswnﬂnamfzt L aa:harta sttudthee fhavinghdse same root
copy-fromancestaor ,or a renanme-from 30 SUBSTI TUTE S E T (RULE 26)

991 40509 YISty £gLIOTPR N bYiNg the Aesived geperation contepts 3 of

conp t e e f

ance?’go&or g&? ﬁhggaﬁ%\égg%?hﬁw fé%ﬁgéo%%a%%gfen%ngc’??%{ %A hgirj}ae\? [ %ILS ?&gf’égs

traver Sedcrehtl&dnmﬁxchng titat dhe aRAAlY! Bfeatdd EVGIQ:‘areaalitﬁnhhg K@NER' Sarhé |data

nodul e 1341 reports 3050 that F'~"is a nodification of .c.n,~~. 5 If

F,.~., ~, kstructuress editiomeest or of F'~8~" the conpare file nodul e 1341

e ot WFatd g bieBheAl R sttt meRREF e

I ts ancestRhtihg aSePif % #ba from bh dditiBRPRRHich mn%@réftnteaeto & &dition'e, f 8! ds”
traversed, the conpare file nodule 1341 reports 3160 that F,~ .,~ 1is a

modi f 2% at createcs stiging aré, libe wicslaje 1314 clutajra1510 ithe genetation 1D df aditiatee endi nes

3165 vvhet er there me file that ancestor of both F" and
. erroft é‘a'f% From the gRReEREeR |I§ ﬁepecw&aé 8o gRneRRRn @3 figmyed

re orts 3 c not
(0ot S Sk g oS o QR ERFERTL A, okl dhRi SRR 1ot
del etion ﬁmt;deﬁrahaé&uﬁet gé nﬁéﬂg%ehbﬁte&hﬁn{&rj fOaRé siesid ada. by a 15 user

or system adnini strator. gure illustrates the operation of the area

del eti on nodul Ehe_smzhﬂerlmékzmatesglﬁﬂ a eh]etatﬂat‘lifepreaeass thel stagmg arealahd
retrieves 3210 the dire ry tree for a a, and finpds 3230 ess
node ?ff ghaﬁéeta&f%/flef% Rt GHTREtoR fleldl) 282758t0R LhhHeld, A obiss h@ﬂ gfr

The area I t ve
3240 the ¢ QRH dls r‘a:?cffo‘i‘r?héi!dt §n|{oar g’dgpeldil flelcfpfs iﬁwens[‘)ethk;% |ﬂepg-¥ee%&§3§€t} e?aofrlllettrr?’%dul e

1342 al so caIIs the renove direct reference nodule 1324 to renove 3240 the
reference to the parent directory fromthe reference list of the c node.
The area del etion nodul e 1342 then call séthe reference count nodule 1320 to
determ ne 3260 whet her the ref SUBSTITUTE SHEES (BULE 26hnd, if it is zero, the
physi cal object associated with the ¢ node is deleted 3270 from storage.

Q herwi se, the 25 physical object associated with the ¢ node is not del eted
from storage because, although the ¢ node has been renoved fromarea a, it
st|II exrsts |n other ar eas. After deterntnlng the reference count the
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30 Figures 33a-b and 34 illustrate the operation of the |Iock nodul eﬂ 123A§G 2002
Fi gures 33aWD $9/40609%t r at e t he operation of the | ock nodul e 13RGT/H8/@B#Mat i ng
a lock onitemf in 31 SUBSTTTUTE SHEET (RULE 26) WD 991 40509

Pc' 11 US994{ind Bield, oL idut itéciony B EditRdnad #Me %@P&He&orﬂ_ Beldll ﬁ@%en%kﬁ?ribxﬁltb ock,
fhe | ock nodul'e 1346 determ nes 3310 the full path name of 1temf in

di r ect or yobtaineddnestepal R29dntthe generaser I Diehd, tBa2bjech &P odtainey irosteprl5SRBdk has

t he same full . pa . |f, so, the |ock dul e ] 346 reports 3250 that the

| ock crea&heml%ﬁiﬁﬁéaﬁa@%ﬁ%eﬁagm of the ranghiaioRg .“ﬁgch Staging Ayt her

| ock has ﬁ%%%ﬁ%ﬁr%hlﬁe@@th nane, the | ock nodul e 1346 creates 3230 a | ock
es e tull

that inclu path name identified in step 3310 and marks 3240 the

llock v th aredtds adnidtinededirable thendvecinulffpRusiagid hidasst Fad estddte, in
operation of the |ock nodule 1346 for determ ning whether an itemin

di r ect or yadditiangp e publie stagirgeareaihenayo bk desitable to3haveas dewt private s6aging 0
the full path na of ittemf in directory d in ar a and then detern nes
5450 whet RERS 5 MBS Sk S 5 tan Aupm <omvend LM BofBlengng arews A be ne
| ock nodu r’gﬁﬁgn bbedyEsd 0 i

nmodul e re%)%?{egp%?%rt at é?@émakai S Sc%%eeg. gtﬁggv’%fﬁ%ta (?ﬁg&c\é\fgtrgi&%l 8azk§1\}iet%%rrent
sof t war e Hawsbeen described, the 1-i'lI TP 15 protocol virtualization nodul e
137 (" the virtualization nodule 137"), according to one enbodi ment, wll

be ded@ribed. Fguresalaasb ilhpirate theyoperagionmiphetadition sreation: mpdule 13tfHor
tocol level. T lish this wit havi t ” f

bach ar categine ah R MRk e BhEol bhd iRy 06 rBERRNT ISl 5 (Bhear

as mul ti phRpdied136 Msthins 1610 $he? exwrs%hxorﬁw&?esr&%mwwg?tof% i@ hRdaeqance

costs while allowi ng each area To be a conplete website thel1~1Z2>P
pr ot ocol TheehodiEeqise obtringd L6kt a atrdgue lobject iDufor ozdition epaThe modwderil3d6web

browser on one t he, devel opnent wor kstations 110, the virtualj zation
modul e | 39{%@%&3{!@]@“ RblsCt et Erprasents theoney sdisiasans thay s ﬁm/ﬁl@mymt

kstat i [ t | k. . 50l ks h
Uype 47| Blkpabty BIE &\defeiafn 1B HRIH “pdghied? 10 &8, S0 4 AERRIFKEOL O ®
the virtualddidé 116106 HIBULE30l Bv thd hafiretialdl witle thé rantd iof ahé Qiewiditich, 1thé

alters the directory path of the request so that the directory path
cor r espongeneration dDxfield with thegeneranpn [D-elidteging augarsathel rqqtrr}z/mecmreraﬁﬂd

f d he ! view i red.| ' )
G scussed BT S5 260t SiBhohy & Rethgohide) e, RS TOCHRIAL Bt Had, BBiest P
modul e | 3gb@iited BHtES 1625 anldfthe BRARS, fid1 Wit thd IRnsifisheon 6P HeaSRAGS hm% ;)

the view ng area or another desired |ocation. 32 SUBST1IME SHEET (RULE
WO 9928056¢hich therdition2eRCTNS99102434 After processing an HTTP request, the

virtualization_nodul e 7 forwards_ the TP request to t server .145,
whi ch retrieveBYt ﬁg“'f% %sﬂeé‘ara&BBuHén?f !F_g%ﬁfac@l’égl%ﬁ%rt M@%ﬁ?ﬂe@aﬂmﬂ%e
request. 45 .1 he re fg’n ﬁm er.r or
si gnal ifzpﬁv%ng%%gﬁ?%gﬁ %%%kﬁ%ﬁ eeél/iltexr%tn Ualailég%% onq% ul'e ?gé;%dgﬁ%{sch
forwards treated; civeséditior agrtaton moduler1316 shtgingl 164028 newd geheratioh D ausier .

The virtualization nodule 137 uses mapping rules to determ ne whether and
how to al @8¥igAHL g A%Fappi ng rul e naps one expressi on to anot her

Q

ion. A ' i s, b down i nt i des.
cqual 281 gn. ThERRH T B Rg Sramion ot e PR R PR R
whi ch def ich@ge h BearcR, B inddfe 1348 detedhlifed RIS Rether B PRKEK BEing thdate@e| ar

expressions of the mapping rules follow well defined rules of reégular
expr essi orzsmain brasch.i &f the ranchaishets inain brahcbo dpumedute 1346oshtaian 4719 theone

enbodi ment, the regul ar, expressjons used,in the napping rules are applied
the sanme \@Sperakion ﬁﬁg&taﬂ%ﬁ call gf g ision; b SR Fhe DRIeRt @5@@&3&5\
system (€. Quiml b SJ e 15 T i

si de of th@mﬁ%ﬁgg%@%’l’agé%?%ﬁg gg'gﬁrft,ﬁt é%%%rég&g?%lﬁobi O.neh'?e ?#ggéggh?{gg'si on
subst igout erhef @hodule 13MBUIRN SLRARSSIZAS Dbrk ﬂeesﬁorham;lzrgbd_sl)e; 1%43 tahGrew

substitute expression, the synbol $N, where is "1", ",

r epr esent sgenisetionr 5} derived drams the generativerl® ohedition|tef Anhimitinl sditton, leall ibr e
represented by the regul ar expression parentheses operator () (e.g., $1
represents the first pattern on the left side, $2 20 represents the second
pattern on the left side, and so on). A HITP request can be divided up into

three parts in the follow ng Orﬁ?éé'm'u'rs SHEET (RULE 26)




area prefix/docunent roof prefix/name of requested file The nodul e 1287 g 2007
redirects Hylfyg@gyeests by altering the docunent root prefiXp&ftsds @336” a
prefix of the request. The docunent root prefix is the path nane of the 25
"docunent, rQaqt,"' wmhere the doc nt. rot is the source directory for .the

yeb. ser ve edTEnR oS TRERITIASR 17 20 PHEN Hie BRo 9% ATERERY A1 edibipa K and ikt
which th \éﬁ% r GhES; I e &p% Ha 1

speci fi e%‘. n%?z[ oculniﬁtﬁfar oot lri%%pt}gg%!héggﬁ% 0 wgg@%cﬁ%l( V\/et%glﬁ)\fgtra}%@r%%?on

of its rosd cehatel 1730 . eathehdvang |ttw san@ foot tdirectofy as editivh & andiod different
necessarily the docunent root. A 30 devel ﬁger may set up an area such that

the top |g&nearagen Hotdarivedsiram theegenesatipmty o zdsumst TibeEwricEras RAYEDO6)

WD 99/40509 0 2 AUG.200Z .PCT/.US99102434 correspond, to the docunent .r. of
Uhe b sTFOGH 2t EHAIR CATHEL GRERDN F50t & P THE. 15 ST BFa R edd Ry
number thmmg%ega;ﬁé rQSt“&ﬁ"é&?of)th &&&oﬁre%adhaﬁagq %ene-fﬂ?orgﬂl_? RO R Tor
an area is spécified by a speci‘al mapping rule. Fn one enbodi nent, each
branch hatheagexesratidn Ha pyti edjtion lee SEdigiogl, e, ithe Wuirk aehs)dindethe staxing) afeas agel
along a particul ar branch has _ the sane docunent root as ngecifi ed by the

speci al ' crgateddBRecorapraith the methods disprisedwith sesRschig figpees Agl6s he

d . i b i QWS : =/._di A
aiectoryp 10 FHPRRE BRECH Serl T M o8 o Cbe Bl oreB IR R e hrafil B0
the dogungiydul®284asistains 1W50/a RsotarkRAdRM D, @tk g0i NA bétgeritlatdieD id &1

"/" of the original request. In other words, the prefix "/ directoryA

di r ect or yBumbier geheratesiusingd cooventgorial pragram for gémeratingt wiigue dembhtspérid .
There are, situati ons ere i is desirafQle o use a r prefix LDsS d of
the 15 dottdsBAtdessd %gg'f %P.J‘%%?\“%P‘P% -o'ﬁée mfﬂa@%@% C?%ﬂ@b@;ﬁg@
configure oD I o) ' t; L e Lases
fhe name 7 g MxErs0 LRl 1680 P 1Rab7oBRE! TEL 1 BB Yor thE BEREON, ThE2D!
the area hmdiile 1346edcrd sl 765 mparithg td tHedlstbey objeesmdigeinigahatsthe hadtoynshjectnd,
if the_request matches one of these special mapping rules, the substitute
expr esdi oif gspegatedivaith diregiory S0 inrgenerasismrg). r 47 begeprasented Hyghaded
to the regu Io i(@@tdﬁgd of the docunent root prefix. For instance, assune
the follo ﬁ%‘ &S ipping rule for a particular branch: /Special (.*)=/
Foo$1 |f the onit@ bAdatingCHe Bistbey SEidct, thaRRSHEle/ 1348 ¢edatéy T770 ahhfitil &ditivn "/
Foo" is added to "/ index.htnl" 25 The area prefix is appended to the front
of the dobavimg raodatirgetardyi d0 and rdotogrmeratainl g0). tTiee spetulalklsprabates AFAR a
repl aces the, docunent, root prefix. The ar eq}gre,fi X 1s deri veg, b decoq%ipng
the "cookF@SIRE aFFaANck Qe GF MOTR YEOT 3185 £ACT BRVIBS: the faRE gRPEdirectarysa

anounty, of =1 Jat A b b OtHeN o0t
virt ug i zggﬁgﬁ ermngﬁ g%?,% A 3(;00di é %g%r%cgﬁqu&@g{li%gmﬁsg‘g?%% tHe"'foo

i nf or mat i genématign, Nftetthat thdembdbii yread dohwt bhaee totheareatedtt the tirne af bearchs
session ("session ID"), port nunber, etc.), and one such type may be an

p .
i ndi cat i ofrestionhtheyInay be created atddater Mea. I n one SUBSTI TUTE SHEET (RULE

el udes the adtSar e BrSRe 1555 <HuRen i g BRTEL PuRtn SR £8 B o,

modul e exigiretcrieaNRt A Workapea 6f aisk{g@hpatda0 fFigﬁﬂé‘shls%Sd AlE88Hd @R dperdtonfof
port nunber, fromthe cookie and | cokS up thé area prefix in an external

| ook @ t dhe exdidhitemnapadule d3i§ pler cddding anriteirofiné xhavdng dle tcontangs “fr &F iaxes.

5 To contipue. the gacunent roqQt prefix exanple, if the area prefix .derived
Prom the. CHRIGYL BN 1ea - 8y | HOER@ oaribs ARITK SERet & SOEIG HHemATi o 1
defaul t/ j o T3 i | og&g/?é~

fol | ows: @? I}'ﬁe %’ﬁ_feﬁuﬁ% %@?&ullﬁ#ﬁrﬁc?ﬁ? &\f?gé a?itlaéa? gjEloe ecé&lx{yé(;[toory teem,

di rect or y§hé niedula@B18& {dentidies 1805 lthe goneMieshED far weda Hreallset .t oliemodule
alll-i' I TP requests to the virtuaiization nodule 137 or just some depends

on the typ338shen readscldlfdirastony diand deternnines/183® evhashersthere isifegengration
Th t | t three di t t f l.inks which, b t ai,ned
Wi thi ritan FPESTRE EABBAHERS. Halers SnpGt geTrtiphrieecay S5SoPat & Fnodliy o
full N . ' b T . . . _

expl L oit - prap e A A Bk N R T o oD AR SR ERSEY | e
full pathnane to a docunent.
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An absolute link is a link that contains neither a protocol specif( QatAUPn 00
nor a host ngy@ge/deede does contain a full pathnane to a docuneptT/ué®y/@ismo
Tink usually starts with an initial slash character ('/'). Arelative |ink

is simlar to a | ute |.ink ut|S|nst adcha cterized | eadi ng
sl ash cha&f p(cijl e@’ relpteenPAIRS, c%ﬁ"@Eatf%t(%tt’h‘@ BRN§TAtOR, af}\a\?g’aﬁo t he
current dogaH¥RRd Nk fret BitRENBARAIMY & é’rE%h d brigBke@&Ont6r &RHENE Ul |
pat h namegof theng éérent edolcument ig%::egenf grlt g(flegftou namen%‘I he é
docunent itetheembdudle 1518 seanst 1825 thetdomtertts ddfilthe _‘g;éﬁemmnppageeﬁm aal 1tem twigle
types of Links. |f the |~TM content stored within the system 100 requires

virtuali zshq RAMS{N/f (P eyfeqmer 183ywhethes lte%nt%tﬁxgb Hﬁe'\weée Ingeperatipy & ed

br oveeds SpRRE phted FakEmbt SR if sttt el R IR 1008

one enbodiyeRrs. 184D éhﬁstﬂ@b%bze\gtqpﬁﬁ a9len lﬁhr&enﬁfé&ﬁ'@”@ Ectofncﬁéh that
qualified links, the web 'br er passes | st absolute’and rel ative I—FI'I\/L

i nks to .comtents’f Uateiassadiasad lmduiteml Bih gmambosgr\ﬂhemmngfg)ethbeesecho
speci al configuration for 30 absgolute and._r ve | i nks

aut onat i c&? FGPEEFT TUGht e epfYt udite Bodie dd |se feque eis%sﬁﬁaem
(RULE 26) 8 rL eyt he
oper at onreo%r‘%%?%%fﬁ’i?%??ﬁ%%ﬁ%ﬁ R L R
requesqus. isldsosiatet waikh historgrobj@dhe’ Note tRatetovRid &sxlnon endireddiy d,rxeauesfs
froma web browser on one of the devel opnment workstations_110, and extracts
3620 the ODeither virmelypopied memphysitaliy yopiad riate dinestory sk Pisgatesy d mezely
virtuali za&g on m) ule 137 al so extracts 3630 the cookie that has been sent
with the BN The virtuaiization nodul e 137 then determ nes 3640
whet her t he retmsahswér ?dﬂu?ebgaéstefoa feHHE 3835 will E@hﬁ%@%ﬂ@ﬁ&m{ﬂmﬁe
request enbodi ment, these uests are |st| ngui shed by the fact that a
relative maamemmrto\me direttorgdyuten/epdated veasidf opitefri x isyephatitertheo it

before it is processed by the virtualization nmodul e (this | done
aut orefi ¢ SISHNG Yersin (8pNeH GRBIANSS ate ROV fhel %@ﬁsaeéfqéew&éﬁew) It thye ithee an

area prefix.a t

oGl b 5 s RREAGRCe D1k WillSLoH Tadd il BRE DS B Ridropleck URCERL WA |
the corredile Fht forsthetraostaredert gRRrMide In Which itehbenf iwa systémThedmodule
directories fromwhich the view ng docunent was 15 accessed), and the

vi rtual | zd81bthensisternings 18554 emas 9Gstaltered: tfugeneration e ives the arodsie 1318 t he

request |;§P§§n ab%o]_t te re gftﬁgigleﬁéraéﬁ’eilaﬁ%a%kgn md%@ﬁf%jq?&@e&mﬁﬁggsl?%o
t he mappi M5 THIES CHFFE] r’i‘gh%ﬁ i ea
resi deg aﬂﬁw%@'rf%@h&ez%ﬁﬁﬁ’x %J&ré‘t@&‘i Prh& ehPhfSdute 1818 REHS %d@ﬁﬂ"@?{ﬂfy tPede

prefix or a 20 speci al fix bas on the mapping rules (as discussed
above)). 'lf‘bﬂori}{ 0byerallmdxaammglthmduhent 8 Wastassoriated 367K fildwe irsgéreratich gr Heinx t o

th t t th f d th th t
rmppt ng r o s & BEE el indichie: e TSNS SRR OAER: Br(ederynd Raides s ©
di d

rontor Ry BPOUIAGRERRR B inl T ASyc 80K BN S e ol

portion t Hﬁleof iterad to @maﬁmheecmteﬁed:f “nheh ehobest rhiteh Fefleratio37 rout es
3690 the nodified request to web server 145. Figure 37 illustrates the

met ho®Df t he Refertiagite stepotBdFpifiitem mewas @kemddmen@nqrum then modyle 4318

l i nks. The VI duI e 37 _rece 710 _an TIP re fr

one of the {)tlgfd %ee?ﬂés @SS 88’\?&0(2; SSR6 8nrseg]f§t0£hat’ g{nBO
extracts Fﬂheaeaﬁtérheomeh R it iRM Eheriean a@eﬂnod%@e %ﬁszétwﬁﬁs SWEET
(RULE 26) V\D 99/ (0509 0 2 Auc Toot PCI/US99/'Qz434 The virtualization
nodul e 137ptelieusSiebd ofitem 3 T8 Poiritrto vk previpasigontenisof nan genktayioqugl i fi ed
requests, and determines whether the request matches the regul ar e ssion
of a mapping r (i%reciaimy, gesourens, apqeliset (&8 & diEaceRy. 37 bt/ taog{ @eetgrl%er

as is f n ule 1 t p

resul t?(hg ? &(’)srlr%apﬁ egt%g{ﬁ‘ﬁgg‘?’&%?g ?H8°E§a&§és%%g§£?’°g‘z§§¥ta?§an @ﬁ %g)?ndi n
accor dancedgefify bR BbRBPROMTar el camitR WittuhlBédatiaé bfRnHBUHbRe ﬁﬁgs@ tcbpy o$ or
derives (as discussed above) 3760 the area prefix fromthe cookie and
attaches 3770 it to the front of the prefix attached in step 3750. The path
of the request is now conplete, and the virtualization nodule 137 10 routes
3780 the nodified request to web server 5. The virtualization nodule 137
al l ows dynamic splicing of cont SHBSTFOMEPHERT Wk 26kb server. In sone

cases) a website may include content that is not




managed by system 100. In these cases, the vi rtualization nodul e 1 A\% 2007
enabl es a request to be dynamically redirected to g8l b
server if ?ﬁg)%ggggcunent does not reside at the location originally

searched (e.g., the view ng area). |f a docunent request returns with the ~
error codbe obpgt iisteregot Thezeioge. inordenoxdaienmingtwetheide Rhysral coanyr s t he

mappi ng rules, ,and, i f t.ch i Qun it alters t est .|

accordan c?g’ ’%% £ F}O'tllﬁlebéﬁa e_?:eﬁ%??\’gl ¢ ?Sufl%g' ;Sa% go zhn? &r ‘e“’é"e#ée(fptg § t()%]eeg’fj f%é He S%g%efs%do t he
speci fi eqr@xntAiGHe e8! INat bbjectval tetic¥@ked BOnd AR a¥éd, itUal tefadehesd MRduhe 137
al so provides for dynamc stEI i Ci ng of content fromdifferent branches. In
some casesea.Wgbsietarmingtvehethemgn bbjestaandomacedssedt fooni dnfyemerareraraférencaf
devel gpnment. | n these stances,. if fhe virtualizatron npdul e 137 receives

| I
an erPor Yas1s mgintaned Ippea grt whers ?F%fﬁ’éﬁf}cﬁét’%ﬁngt?}atﬂséh‘i3‘?“}b€bP‘éces

t he exist} g : | 1 he i her
br anch, - 2504 386 FERkh, A Bbicht Bl be fickotelr A BEIIP LI EPBLIORLRE Wi RleBBEC 170
i 11 ustrat@snt Aér thRbpdck &zepbd. t he virtualization nodule for perform ng
dynam c site-based or branch-based splicing. The virtualization nodule 137
recei ves the rEsenaliedhe galceirtipnradqursierenecounte eanhbobjeat e assodBtedTivith a
virtualizatjion maydul e deteyrm nes from.the results et.her the, reguest.ed
Hocunment RElSTPRRiRt AR AErIereD i 4 BREFTARCR S B pHELSGIHEE he
requegt e ; I ol : t to
e vior ¢ g VI objRct ¥ 480e olE Rl g et oot P B 7
(RUL. E 26atea) iV whithl thedifedd wsAlddedto ThéAivetiSPP/ BpddHcallgueath tire an object

virtualization nodul e searches 3830 the mapping rules to determni ne 3840
whet her tiReadder tp etydisectary. asap dityors tadeledoto the nmefarenden Bstrdmdisating the

tches the |eft hand.si f f les. If so, th t 3850 i
i torod 15esRe BRI 8 Biss? Was 3o 8Bk var ded 3800 to the
appropri at e WeRnS&ityRbferénclSlid¥ iddifRed RETRELRASHAY o PhitRMhei Sbjed Wast he

art, the invention my be enbodied in other specific forns w thout
depar1d ngreimayad aed,sforrdach gefezencedt dizdctotyathe generation sn widck dhe objebsivas

devel opnent is just ope af man raciical . applicatiaons for the . pventions
i sl obeckoRueachFom HBF Hesstoia: PBRLITANY, Ak e ey DHEtds Semsved Reorn

i nclude d I éd:&l% i fd TS il Ia?glc

mul ti medi a (,é&tgp}"rfqull ae gf%‘g@&gﬁ% etc. {'Aécf%:%r%&iéﬁa ‘de‘{‘r?%‘ggf}%c osﬂogg agfl t%‘ﬁe
present igemﬁhﬁmirlWﬁifﬁﬂfﬁiﬁﬂedtﬁvéﬁeiﬂdvddfffdmithedirbubry‘mt limting, of the
scope of the invention, which is set forth in the follow ng clains. 38

SUBSTi ME SHEETTheesi¢ diryct referencagwduly 3323 aqddmentrigs to seferearedistsi Sigure 13
met hO?q T g%lu%%\é?ésn !g%%reg?t%%p % él'ﬁe: acf"c:fj cliltrl%cQQ'ePer?sx%.!ee&todgg 19355 ""I’}Peéiaarn\g_?%jg‘éta(rf 2; 5

subm nte . area to'd stagi'ng axea; integ .
contents pFild, kR aMifdctafEdr WiHiStody BBjecty B RMdStoSdAFkétbBY d Ointd¥ea S4 A0WIHEn
area; determ ning whether said other contents is in conflict with the

cont ent s objectheisvasidedatcedirectory doa directereferanee obdsaicds addast. boether wazdsiot
being in gonflict with the, cogntents of the rk arega, nmakjng.the,contents
of L e ot B8 FRICERRES Lish %5 TR GRaGE WASa0ard o0 Brosrelyet-orat fid A AL
TANAGENEN}o(GARRE! (Hefid Hirdts HEfblerib God iR 399 HesAERirRISA the (dehBrabibhlam
having read and wite operations to enable a user to edit fi I'n the work
area; 25 a afcaga,ghivthewill theecaledgigioforrcoavardeng:. aThe ladidsdisdce refersncegnbdalé and
ver si oni ngé&perati ons and adapted receive the contents of the work area ;

and 20 an thesdetesinesnk920gwhether sherg ipanmptey in the wferenes Hehofepied £d

operation nd .a eceive.the caontents.of th z A The
syst em of ﬁﬁ%dpﬂ%cg@%ﬁgﬁ é}gé?&ccg‘snﬁsf ?%‘?%gtoa&ﬁ‘%cg?é'l ﬁi@g%?e%eﬁérgg'a?gﬁg&gﬁﬁu $&r ei n
the stagi ER@nk i9€@pHe8shtb bgecasin&s ] gd)e ¢k (g Dris ROl the kréfetdhcd dist of
contents g‘fgc?wo o{FT?rmre of the plur alf\aty o%q)mor k(gfac?eas. 4. In a system
havi ng a pbjecat,ithgn die éntre isyddeht930ao tip¢ teferehoe liswi nt ai ni ng an identity of
contents of an jtem iCB .each gf the file systens in_which tge,itemis
i ncl ud8d, the MEtHdaDdsprred ig thersfersaeiist Pny (8D wasairpadpiin the THER¢THe
item and,3 Q for .eac [ t ' ' ' |
i ncl uded, REitRE aaldéi @g%*ﬁf%%ﬁfme ‘?‘r?d%‘ﬁeeﬁr#s‘ieg?‘?‘x%‘t‘f?g%%&i”\#g#h%gtt%‘%g"trkgg)‘f) I
contents associated with the itemin that file system 5. The nethod of
claimd4, further conprising: 5 in response to associating new contents with
the itemin one of the 20

SUBSTITUTE SHEET (RULE 26)

D




plurality of file sysutems altering an entry in the history object § 2 AUG 2002
correspondi Rgh bgadshrt file systemto indicating that the itepRageiagsnew
contents; and adding a reference in the new contents to the previous

1 1 6. Th t hod of | 5, th det

et hor ik ot ARHTELSHRCE St B ETEY (D PRIA PEa b5 ATBCiererEnsh ek dhfer
t t t

Sootem s b rﬂfyéiégﬁ’é%%%?@%%%%#%%@c@?ﬂr‘“lﬁ nlarbi. [F 68 entt) (B d) i€

eonf i guuanetlirt theeaei-reférehed BStlbt@b}étfé WRén elmoyrctésscafraudrx*rg fdirectbsbhce it 0
provi de each user of a work area personal view of website content as it

woul d appeemplate. aIf\r.bg entry, (gdamwrbe Rngreferengepliststha gnm'fls r@z@ww fizpwn ng
read acad wite eratrons sers,to edit fil s associ

o nen Ol an SRR eSS AGARBRNE LR 3aih erbraron, if 3 o ettt Seaved e
content f t

Submi ¢t ed B %éé%%éﬂﬁé’ﬂ%‘eﬁéz@%o@? sl 996 to MICLBEIaHEIROON S remson
submi t t edfdrothidiasastep, is tthat s tiaged ganaratibhstares ounQﬁﬂxgﬂhecsdnteoadmém as its

versions of content submitted fromthe wor k ar eas. . A sy stem according
to O ai unParenfigenerations T hgsefereiban pejeet gan lae §§F§§5@ﬁ112 Oeeﬂeaﬁe@ow tt IR be

vireun ossad forf 2 ARy HenoranRRtHany o8 T BRE AR Rl e B et
file syst qmsSi@ia tvithd Iﬁaxéfﬁrm&éet&@daﬁapﬁm 8eflatidit of Yhed'ehit@ rgeﬂ&tantah@ Bra

work area, the staging area eonfigtu~d to maintain vczsions of courant
recei ved funtessa theordbjente hamsbeeny ispecifitallyo pemzowedarfromt gy athildn gerefations m 3

40”0 2 Linsduanty, KR ohicd s raded o axirPTy O gehRion hetipespgcdd
fi
C.O” ! 9‘” ?ggﬁ ati8nS," fifd nee%:ﬁt?—ré%géngﬁgsl ?ﬁh‘?rﬁ‘dfcﬁ?ee at¥fle o ﬁetct %Lx%%ota%d?cce?sgg

directori 0 no y copl e mhen an area 1ts

10. ' The sitmhethiedxistirg Ghild efaeidﬁstﬁéeaﬁs@tmb;eer has rictopatees the parent
virtualization nodul e confi red to all ow di ~ereut arns to share directory

trees lénalgenetaq@eaqrto&»eaﬁver ehildh geperations eversderivied. d@ﬁéowmame of
bsi t fil dd t

of "0 ai m UG EpRRtorHeLS i@rgf@rﬁwﬁ#&éﬁa@%@%ﬂé o daersnai o

confi gur edjek&ribdd Rithide! @@pgg%gsmr.@_ of a request sent fronu a web brrwser

so that 10 the directory path corresponds to a desired location to allow
di fferent areadhecestvvealitkct eefexanyge triogkede 2324 addwtﬁeerhmthe raahemfemg,nce list.

operations_to enahl e the devel opnent of a websj using vir copj es of
files and Fasweébdﬁrleeateﬂhe oneagygpéﬁheorer@%ﬁ a=t t refResrir 1 eé r@hr
fvrtligr i $ 83V, l4 1.0 £3/C eqnt equest
sent By & iRy Rl £8P GO0 BHa Y | Tl iRt
request t qeferewde modiulz1329 aktdreding mOwab gefénationdBrofragdd a,evigich hdlldecut aent

fromthe logation specified by_the request wherein the virtuali~tion
modul e i s cafled “gh&r canvenipneed The reraave divectrefayencemodigeddzbthary om t he vvcb

Syet om of SEREg 2R RERr KBkt eb YRR s s rbBbEa R e PR e o™
cot ~goJt eq:hh@ol?jbétftfwas pRSH6Edly hHASA fo YRECBFPWSAgehbatidh§. 'SHRR’AHENkY! il t O

snap arse expression to anot her expr Essi on) V\/ncar ein the mappi ng rubs
def i n@5hoéx tepressdied /by Hee nistation (g,d). oIrﬁl(g,Fibm‘mmt inrthie teferencelistpthenithe of t he

t. 14. A nethod, f d I ' & eat
Vi 1 ual  COPPeET IR CIRPIEtE ORGaRSE FPRGH UBPUETONaEH 4 BTG IHBSERSBAD GRECiOR 8B 1 t ne
2 5 vi ”!Jgée gﬂ(or?% ‘l‘ﬂ@reff&lt ?8?6’? F“@?&bb@exgi odRgk area to vices and
e con

nodi fy ti confent 1n page ~t which it may be

i ncozpor at ed, nmqgmt)ufsmnameweber@ﬁ@é BeY it 3 tdiRoved RO3D Gam alnel refulumice lishof a
virtual copy of nodified web content fromthe work area to a staging 41 O

2 AUG '>~~2olargctc hdifionally, for eattcinid generatien, edhip gi derived formegni theentry
whet he t.her web eontcctt ar nf | b co
submt @, CBH% NRBIKE ?ﬁraé‘é"r ?F&ng%}gitn&ieﬁr‘gw 4@9\\;&@4@& H}ea%% IFIFCetrlf‘Fg i’hsl’ e
no conf| ' Cleds @ﬁf?&gtrﬁé‘?cep%éé&&ht%ﬂé‘} thencégstl t&at‘ﬁrap‘ﬁdotgé%g @éﬂcgesmble
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Assume the generations in Figure 12 are related in the manner as illustrated in

,_

Figure 10. To read the contents of directory d in generation G4, the read directory
module 1326 determines whether there is a generation page for G4. Since there is not
a generation page for G4, the read directory module 1326 searches for the best match
30 generation page. Gl is the closest parent generation to G4, but there is no generation

page for G1. GO is the next closest parent generation, and since there is a generation
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an item from a directory d, directory d is 2310 read in accordance with the method
described with respect to Figure 22. The remove item module 1328 determines 2320
whether there is a generation page for generation g in directory d. If not, a
generation page is created 2330 for generation g by copying the generation page from

10 the closest parent generation (“best match generation”).

The remove item module 1328 determines 2330 if there is an entry for item nin
the generation page “g.” If not, the remove item module 1328 indicates 2330 that an
error has occurred because item n is not in directory d in generation g and, therefore,
cannot be removed from the directory in generation g.

15 Returning to step 2330, if there is an entry for item n in generation page g, the
remove item module 1328 obtains 2350 the history object corresponding to n. The
remove item module 1328 determines 2355 whether the history object indicates that
item n was modified in generation g. In other words, the remove item module 1328
determines whether the history object includes an entry with “g” as the generation.

20 If item n was not altered in generation g, the remove item module 1328 adds
2370 an entry to the history object indicating that item n was removed from directory
d in generation g. Since the deletion of item n is virtual in this process, adding this
entry effectively deletes item n from directory d in generation g. This entry is
represented by the notation (g,z), where “z” represents an object that indicates that an

25  item has been removed. If a z object has not been created for item n, the remove item
module 1328 creates a z object.

Referring to step 2355, if item n has been altered in generation g, the remove
item module 1328 alters 2360 the entry in the history object corresponding to

generation g to indicate that n was removed from directory d in generation g (i.e., the

30 entry becomes (g,z)). The remove item module 1328 creates a z object for item n if

one does not already exist.
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then obtains 2410 the history object for file n, and determines 2420 whether the file n

has been altered in generation g (i.e., is there an entry with generation g?). If so, the

10 edit file module 1320 writes 2430 all changes to file “n” to the contents associated

with file n in generation g.

If the history object does not have an entry with generation g, the edit file

module 1320 finds 2440 an entry with the best match generation. The edit file module

1320 then copies 2450 the file, call it f1, associated with the entry in step 2440, and it

15 writes 2460 all changes to the new copy of file f1, which is referred to as 2. An entry

is added 2470 to the history object indication that, in generation g, the contents of file

n are those of file f2. In other words, the edit file module 1320 adds the entry
represented by the notation (g, £2) to the history object.

Figure 25 illustrates the operation of the rename module 1332 for renaming an

20 item nl, which may be a file or a directory, in directory d1 in area a to item n2 in

directory d2 in area a. The rename module 1332 obtains 2510 the history object,

which will be called h1, of item nl in directory d1. Note that if no such history object

exists, the rename module 1332 reports to the user that an error has occurred. After

obtaining the history object, the rename module 1332 determines 2520 whether an

25 itemn with the name n2 exists in directory d2. If so, the rename module determines

2523 whether there is any overwrite protection for item n2. In one embodiment, there

is overwrite protection for directories, but not for files. If overwrite protection exists,

the rename module reports 2527 that an item n2 already exists in directory d2. If

there is no overwrite protection, the rename module 1332 removes 2830 the existing

30 item n2 from directory d2 in accordance with the method iilustrated in and described

with respect to Figures 23a-b.
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Figures 26a-b illustrate the operation of the generate directory path module
1334 for generating a full name path for directory d in area a. The generate directory
path module 1334 reads directory d in area a and identifies the parent directory, call it
Pa, to directory d. According to one embodiment of the present invention, a parent
directory is associated with the entry “..” in a directory. In this embodiment, the
generate directory path module 1334 identifies the directory corresponding to the
entry “.".

The module 1334 reads directory Pasin area a, and finds the entry for directory
d. The module 1334 then identifies directory d as a name in the directory path.

This algorithm is repeated until the root directory is reached. Specifically, the
method described above with respect to directory d is repeated for directory Pd and
then the parent of directory Pd, and so on until the root directory is reached. The
names that are found are the names in the directory path. The names are found in
order of last to first in the directory path name.

Figure 27 illustrates the operation of the generate base name module 1335 for
generating the base name of a history object “h” in directory “d” in area “a.” The
generate base name module 1335 reads 2710 the generation page corresponding to
area a in directory d. The generate base name module 1335 identifies 2720 the entry
with history object h. The name of the item corresponding to history object h in the
entry is the base name sought. For instance, if the entry (n,h) was found in directory
d in area a, “n” would be the base name of history object h.

Figures 28a-c illustrate the operation of the submit module 1336 for submitting
an item “n” with history object h and contents f to a directory d in staging area 2

having generation ID g. The submit operation is used to submit the contents of a

work area to a staging area. Since the contents of a file are defined by its history
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h& ()- If there is not a corresponding item in the staging area, the submit module

10 1336 ascertains 2830 whether the directory path computed in step 2805 exists in the
staging area. If it does not, the directory path is created 2835, and file f is marked
2840 frozen. After step 2830 or step 2840, the submit module 1336 calls the add item
module 1318 to add 2845 item n with contents f to directory d in staging area a. The
submit module 1336 adds 2840 entry (g,f) to history object.

15 The submit module 1336 then determines 2855 if item f is a directory. If not,
the submit process is complete. If item f is a directory, then for each child directory
di, the submit module 1336, adds an entry (g,d.) to the history object associated with d;
in the work area. This step ensures that, when a directly is submitted to a staging
area, its child directories are also submitted.

20 Returning to step 2810, if there is a corresponding item in the staging area, the
submit module 1336 calls the conflict checking module 1338 (described below) to
determine 2815 whether there is a conflict between the corresponding history object,
call it hs, and history object h. History objects h and hs are not in conflict if a) h and hs
are the same or b) h derives from hs or c) hs derives from h. If there is not a conflict

25  between h and the corresponding history object hs, the submit module 1336 proceeds
to step 2840. Otherwise the submit module 1336 determines 2820 whether the
overwrite mode, which allows an existing file to be overwritten, is in effect. Is so, the
submit module 1336 proceeds to step 2840. If not, the submit fails because of the
conflict.

30 Figure 29 illustrates the operation of the conflict checking module 1338 for

checking a file frarget against a file freference for conflict in area atarger in branch b. The
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be submitted to area aarget.

_tv_a

If fiarget is not locked in branch b or if the lock for firget is owned by atarget, the
conflict checking module ascertains 2930 whether frarget and freference point to the same
content (i.e., are frarger and freference the same?). If they point to the same content, the

10  conflict checking module 1338 finds that there is no conflict. If the two files do not
have the same content, the conflict checking module 1338 determines 2940 whether
freference is an ancestor (i.e., a same-name-ancestor, a copy-from-ancestor, or a rename-
from-ancestor as defined below) of firget. If freference is an ancestor, there is no conflict
because frarget is likely a desired modification of freference. Otherwise, there is a conflict.

15 Figures 30a-b illustrates the operation of the compare directory module 1340
for comparing a directory darget in area ararget against directory dreference in area areference.
To do the comparison, the compare directory module 1340 reads 3005 the contents of
directory durget in area amsget in accordance with the method illustrated in and
described with respect to Figure 22. The conflict checking module also reads 3010 the

20 contents of directory dreference IN area areference in accordance with the method
illustrated in and described with respect to Figure 22.

The compare directory module 1340 identifies 3015 the first item in directory
darget, and determines 3020 whether there is an item in directory dreference with the
same name as the first item in directory durget. If not, the compare directory module

25 1340 reports 3045 that there is no item in dreference that matches the identified item in
duarger and proceeds to step 3050. Otherwise, the compare directory module 1340
determines 3025 whether the two items with the same name have the same contents.
Such a comparison is done by looking at the history object of each item, and if the
history object of dreference in area areference points to the same contents as the history

30 object Of diarget in area awrger, the contents of the directories are the same. If the

contents are the same, the compare directory module 1340 reports 3030 that the itemns
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directory module 1340 proceeds to step 3050.
5 In step 3050, the compare directory module 1340 ascertains 3050 whether there
is another item in dearget. If there is another item in durget, the compare directory
module 1340 identifies 3053 the next item and returns to step 3020. If there is not
another item in drrge, the compare directory module 1340 identifies 3055 the first
item in dreference. The compare directory module 1340 determines 3060 whether the

10  identified item has the same name as an item in durger. If not, the compare directory
module 1340 reports 3065 that the identified item in diarget does not match any item in
dreference and proceeds to step 3067. If the identified item has the same name as an
item in diarget, the identified item was already found in step 3020, and, thus, the
compare directory module 1340 proceeds to step 3067.

15 In step 3067, the compare directory module 1340 determines whether there is
another item in directory dreference. In response to there being no more items in
dreference, the process for comparing duarget t0 dreference is complete. Otherwise, the
compare directory module 1340 obtains 3070 the next item in dreference and returns to
step 3060.

20 The compare file module 1341 compares files (as opposed to the compare
directory module 1340 which compares directories). Files are compared when they
are submitted to a staging area. Additionally, website developers may wish to
compare files in their respective work areas.

Comparing files includes looking at the ancestors of a file. Three types of

25 ancestors a file may have are a same-name-ancestor, a copy-from-ancestor, and a
rename-from-ancestor.

A same-name-ancestor is a previous version of a file, call it f, having the same
name as file f (i.e., “f”), where the same-name-ancestor was previously submitted to
the same area as file f. The “previous field” (e.g., field 1240 in Figure 12) of a file

30 points to the same-name-ancestor of the file.
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g ()- ShnstepseJéet(file e2 be a file in a staging area.” Let file u be a file in a work area that is
5 in conflict with file e2. If file u is updated by replacing the contents of file u with a
copy of the contents of file e2, the old file u is the same-name-ancestor of the updated
file u, and file e2 is the copy-from-ancestor of the updated file u. File e2 can be a file
from another area or another branch. File e2 can also be a file in the version history of
file u or a file in a version history of another file on another branch. If a file has a
10  copy-from-ancestor, the “previous field” (e.g., field 1240 in Figure 12) of that file

points to the copy-from-ancestor, as well as to the same-name-ancestor.

A rename-from-ancestor of a file, call it {, is the is the file from which file f is
renamed. If a file has a rename-from-ancestor, the “previous field” of the file points
to the rename-from-ancestor, as well as the same-na;ne-ancestor.

15 Figures 31a-b illustrate the operation of the compare file module 1341 for
comparing a file Fuyge in directory dumge to a file Frmee in directory deeece. The
compare file module 1341 looks up 3110 the file, call f, that contains the contents of
Fume in directory duge. Note the difference between Fu.e and fi is that Fuge is the
name of the file in the directory, whereas, ft is the actual contents of Fiuge in directory

20  dumge. The difference between Fuw and f:is like the difference between the file named

" ”

in the directory illustrated in Figure 12 and the contents, “A”, of file “m” in

generation GO.

The compare file module 1341 looks 3120 up the file, call it £,, that the contains

the contents of F iN deeterence The compare module then determines 3130 whether f.
25 and f, are identical. If so, then the compare file module 1341 reports 3140 that Feterence

and Fu. are identical.

If f. and fi are not identical, the compare file module 1341 determines 3145
whether Frueece is an ancestor of F.ge. Recall that the contents of each file contain a
pointer (in the “previous field”) to the same-name-ancestor of the file (e.g., the

30 previous contents) and, if the file has a copy-from-ancestor or a rename-from-
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5 If Frewrence is Ot an ancestor of Fuge, the compare file module 1341 determines
3155 whether Fuge is an ancestor of Fuwewe. Specifically, the compare module
traverses back through the z previous field” of f. and its ancestor in search of f. If £,
appears in one of the “previous fields” traversed, the compare file module 1341
reports 3160 that Freieene is @ modification of Fuge. Otherwise, the compare file module
10 1341 determines 3165 whether there is some file that is an ancestor of both Fi.g« and
Freference. If there is some common file, the compare file module 1341 reports 3170
Freterence and Fuge have a common ancestor, and, if there is not a common file, it reports
3175 that Fuge is unrelated to Freference.
The area deletion module 1342 deletes areas that are no longer desired by a
15 user or system administrator. Figure 32 illustrates the operation of the area deletion
module 1342 for deleting an area “a.” The area deletion module retrieves —1-’:210 the
directory tree for area a, and finds 3230 any childless node (i.e., directory), which will
be called the “c node” for convenience. The area deletion module 1342 calls the
remove item module 1328 to remove 3240 the c node from its parent directory(ies).
20 The area deletion module 1342 also calls the remove direct reference module 1324 to
remove 3240 the reference to the parent directory from the reference list of the ¢ node.
The area deletion module 1342 then calls the reference count module 1320 to
determine 3260 whether the reference count is zero, and, if it is zero, the physical
object associated with the ¢ node is deleted 3270 from storage. Otherwise, the
25 physical object associated with the ¢ node is not deleted from storage because,
although the ¢ node has been removed from area a, it still exists in other areas. After
determining the reference count, the delete area module 1342 determines 380 whether
there are any nodes left in the area. If so, the module 1342 returns to step 3230. If not,
the area deletion process is complete.
30 Figures 33a-b and 34 illustrate the operation of the lock module 1346. Figures
33a-b illustrate the operation of the lock module 1346 for creating a lock on item f in
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creates 3230 a lock that includes the full path name identified in‘step 3310 and marks
3240 the lock with area a as the owner of the lock.

Figure 34 illustrates the operation of the lock module 1346 for determining

whether an item in directory d in area a is locked. The lock module 1346 ascertains

10 3410 the full path name of item f in directory d in area a and then determines 3420
whether branch b has a lock with the same full path name. If not, the lock module
reports 3430 that item f is not locked. Otherwise, the lock module reports 3440 that
item f is locked.

Now that the website development software has been described, the HTTP

15 protocol virtualization module 137 (“the virtualization module 137”), according to
one embodiment, will be described.

Each area appears to be a complete website at the HI TP protocol level. To
accomplish this without having a separate web server for each area, virtualization
module 137 enables a single web server to appear as multiple web servers. This

20 greatly reduces deployment and maintenance costs while allowing each area to be a
complete website at the HTTP protocol level.

Figure 35 illustrates the communication path between a web browser on one of
the development workstations 110, the virtualization module 137, and the web server
145. The web browsers on the development workstations 110 are directed to route all

25 or select (depending on the type of links as discussed below) HTTP requests for
website content to the virtualization module 137. If needed, the virtualization
module 137 alters the directory path of the request so that the directory path
corresponds to the area from which the request originated (this area is referred to as
the “viewing area”) or another desired location (as discussed below). In other words,

30 HTTP requests sent to virtualization module 137 are redirected, if needed, to the file

system corresponding to the viewing area or another desired location.
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5  which forwards the requested document (or error signal) back to the web browser.

The virtualization module 137 uses mapping rules to determine whether and

how to alter an HTTP request. A mapping rule maps one expression to another

expression. A mapping rule is broken down into two sides separated by an equal

sign. The left hand side of 2 mapping rule is a regular expression, which defines the

10 parts of a variable pattern to be matched. The regular expressions of the mapping
rules follow well defined rules of regular expressions in the fields of mathematics and
computer science, and, in one embodiment, the regular expressions used in the
mapping rules are applied the same way that regular expressions are applied in the
UNIX operating system (e.g., regex(5) extended regular expressions).

15 The right hand side of the mapping rule is the substitute expression (i.e., the
expression substituted for the regular expression on the left hand side). In the
substitute expression, the symbol $N, where N is “1”, “2”,..”9”, represents the first ten
parts of a pattern on the left hand side that are represented by the regular expression
parentheses operator () (e.g., $1 represents the first pattern on the left side, $2

20 represents the second pattern on the left side, and so on).

A HTTP request can be divided up into three parts in the following order:
area prefix/document root prefix/name of requested file
The module 137 redirects HTTP requests by altering the document root prefix
and the area prefix of the request. The document root prefix is the path name of the

25 “document root,” where the document root is the source directory for the web server.
The document root is the directory in the file system under which the web server
searches for requested documents (unless otherwise specified). The document root
can be thought of as the webserver’s notion of its root directory.

The top level directory of an area is not necessarily the document root. A

30 developer may set up an area such that the top level directory of an area does not
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embodiment, each branch has a set of mapping rules, and, in this embodiment, each
5 area along a particular branch has the same document root as specified by the special
‘_docroot’ mapping rule.
An example of a mapping rule for the document root of a particular branch is
as follows:
_docroot=/directory A/ directoryB

10 If the original URL request is GET /documents/idex.html, the document root
prefix will be appended directly in front of the first “/” of the original request. In
other words, the prefix “/directoryA/directoryB” will be appended to the front of
“/documents/index.html”.

There are situations where it is desirable to use another prefix instead of the

15 document root prefix. Such situations include where a developer configures content
directories outside the document root directory, aliases the name of a content
directory, or applies an arbitrary transformation at the area level. There are mapping
rules for these special situations, and, if the request matches one of these special
mapping rules, the substitute expression (right hand side) of the mapping rule is the

20 prefix appended to the request instead of the document root prefix. For instance,
assume the following is a mapping rule for a particular branch:

/Special(.*)=/Foo$1
If the original request is GET /special/index.html, the prefix “/Foo” is
added to “/index.html.”

25 The area prefix is appended to the front of the document root prefix or, if
applicable, the special prefix that replaces the document root prefix. The area prefix
is derived by decoding the “cookie” transmitted with the original request. A cookie
is a small amount of persistent data stored by the web browser and passed to the
virtualization module 137. A cookie can include various types of information (e.g.,

30 the identity of the user, the identity of a user’s session (“session ID”), port number,

etc.), and one such type may be an indication of the path of the viewing area. In one
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mount/default/ main/workarea/joe”, the transformed request will look as follows:
GET /iw-mount/ default/ main/workarea/joe/ directory A/ directoryB
/ documents/index.html.

10 Whether a web browser routes all HTTP requests to the virtualization module
137 or just some depends on the types of link contained within the HTML documents
in the system. There are at least three different types of links which may be contained
within an HTML document, namely a relative link, an absolute link, and a fully
qualified link. A fully qualified link is a link that includes an explicit protocol

15 specification and an explicit hosthame followed by the full pathname to a document.
An absolute link is a link that contains neither a protocol specification nor a
hostname, but does contain a full pathname to a document. An absolute link usually
starts with an initial slash character (‘/’). A relative link is similar to an absolute link,
but is instead characterized by the leading slash character (‘/’), which indicates that

20 the path is relative to the current document’s link. In other words, a relative link has
the same full path name of the current document except for the actual name of the
document requested.

The virtualization module 137 can process all three types of links. If the HTML
content stored within the system 100 requires virtualization of fully qualified links,

25  the web browser is configured to send all requests to the virtualization module 137.
Many common web browsers support this feature with a configuration setting.
According to one embodiment, if the website does not require management of fully
qualified links, the web browser passes just absolute and relative HTML links to the
virtualization module 137. A web server usually requires no special configuration for

30 absolute and relative links to be automatically sent to the virtualization module 137.
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The virtualization module 137 then determines 3640 whether the request is an
absolute request or a relative request. In one request embodiment, these requests are
distinguished by the fact that a relative HTML request will already have an area
10 prefix appended to it before it is processed by the virtualization module 137 (this is
done automatically by the web browser), but an absolute request will not have an
area prefix appended to it before it is processed by the virtualization module 137. If
the request is relative, the request is already directed to the correct file system and
directories (i.e., the file system and directories from which the viewing document was
15 accessed), and the virtualization module 137 passes 3690 the request to the web
server.
If the request is an absolute request, the virtualization module 137 searches
3650 the mapping rules corresponding to the branch along which the viewing area
resides and selects 3660 the apprépriate prefix (either a document root prefix or a
20 special prefix based on the mapping rules (as discussed above)). The virtualization
module 137 attaches 3670 the selected prefix to the original request or a part thereof
in accordance with the appropriate mapping rule.
The virtualization module 137 extracts or derives (as discussed above) 3680 the
area prefix from the cookie and attaches it in front of the prefix attached in step 3670.
25 The path of the request, or a portion thereof, is now complete, and, therefore, the
module 137 routes 3690 the modified request to web server 145.
Figure 37 illustrates the method of the virtualization module 137 for processing
fully qualified links. The virtualization module 137 receives 3710 an HTTP request
from one of the web browsers on one of the development workstations 110, and

30 extracts 3720 the URL and the cookie from the request.
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MLOYME (i) §X4g?’ YHH k- request, or a portion thereof, in accordance with the mapping

rule.

The virtualization module 137 extracts or derives (as discussed above) 3760 the
area prefix from the cookie and attaches 3770 it to the front of the prefix attached in
step 3750. The path of the request is now complete, and the virtualization module 137

10 routes 3780 the modified request to web server 145.

The virtualization module 137 allows dynamic splicing of content from an
external web server. In some cases, a website may include content that is not
managed by system 100. In these cases, the virtualization module 137 enables a
document request to be dynamically redirected to an external web server if the

15 document does not reside at the location originally searched (e.g., the viewing area).
If a document request returns with the HTTP error code ‘404 File not found’, the
virtualization module 137 searches the mapping rules, and, if a match is found, it
alters the request in accordance with the matching rules. The altered request is then
sent to the specified external destination web server.

20 The virtualization module 137 also provides for dynamic splicing of content
from different branches. In some cases, website content may be segregated into
different branches of development. In these instances, if the virtualization module
137 receives an error code ‘404 File not found,’ the virtualization module 137 replaces
the existing document root prefix with the document root prefix of another branch.

25 The altered request is then sent to the web sever 145.

Figure 38 illustrates the operation of the virtualization module for performing
dynamic site-based or branch-based splicing. The virtualization module 137 receives
the results of an HTTP request from the web server 145. The virtualization module
determines from the results whether the requested document was found. If so, the

30  virtualization module forwards 3825 the requested document to the web browser that

originally sent the request to the virtualization module 137. If the document is not
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applications for the inventions disclosed herein. Other applications for the inventions

disclosed herein include developing source code, media files (e.g., for CD-ROM
10 multimedia), a media engine, and etc. Accordingly, the disclosure of the present
invention is intended to be illustrative, but not limiting, of the scope of the invention,

which is set forth in the following claims.
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determining whether said other contents is in conflict with the contents

of the work area; and
10 in response to said other conflicts not being in conflict with the contents
of the work area, making the contents of the staging area into an edition of

a website.

2 A system for file management comprising:
15 a work area, the work area being a file system having read and write
operations to enable a user to edit files in the work area; -

a staging area, the staging area being a file system having read and
versioning operations and adapted receive the contents of the work area ;
and

20 an edition area, the edition area being a file system having read

operations and adapted to receive the contents of the staging area.

3. The system of claim 2, further comprising a plurality of work areas and
wherein the staging area is adapted to receive and check for conflicts in

25 contents of two or more of the plurality of work areas.

4. In a system having a plurality of file systems, a method for maintaining
an identity of contents of an item in each of the file systems in which the
item is included, the method comprising:

30 associating a history object with the item; and
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corresponding to that file system to indicating that the item has the

new contents; and

adding a reference in the new contents to the previous contents.

10 6. The method of claim 5, further comprising:
determining whether a second item is in conflict with the item by
determining whether contents in the second item are previous

contents of the item.

15 7. A system for file management comprising:

a plurality of work areas configured to each maintain a virtual copy of content of a
website to provide each user of a work area & personal view of website content 25 it would
appear on a website, each work area comprising a file system having read and write
operations to enable users to edit files associated with the individual work areas; and

20 a staging arca configured to receive web contesit from multiple work areas and to
detect whether web content sabmitted by any one work arca does not conflict with other
web content subsmitted to the staging area, the staging area further configured to retain
versions of content submitted from the work areas.

8. A system according to Claim 7, wherein the work area is & file system
25 ‘stored within memory and having read and write operations to enable 2 user to edit virtual
copies of files in the work area; and
wherein the staging area is a file system stored within memory and capable of
receiving content from a work atea, the staging area configured to maintain versions of
content recejved from a work ares as a virtual copy and an integration mechanism
30  configured to integrate content received from a plurality of work areas,
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1. The system of Claim 9, wherein the system further includes & virtualization
module configured to alter the directory path of a request sent from 2 web browser so that
10 the directory path corresponds to a desired location to allow different areas to share
directory trees and t<; perform versioning operations to enable the development of a website
using virtual copies of files and directories.

12. The system of Claim 9, whefci.n the system further includes a virtualization
module configured to receive a request sent by a web browser corresponding to a work arca
15 and forward the request to a web server so that the web server can retrieve the document
from the location specified by the request, wherein the virtualization module is further
configured to sent the requested document from the web server and to enable access to the

document by the web browser.

. The system of Claim 10,wherein the virtualization module is further
20 co ed fo alter a request from a web browser using mapping rules to map one
expression to another expression, wherein the mapping rules define how to modify the
document root prefix and the area prefix of the request.

4. A method for developing a website comprising:
creating a virtual copy of a file containing data d:ﬁ.n'mg web content, wherein the
25 virtual copy of the file allows & user in a work area to view and modify the web content in
the context of a web page i which it may be incorporsted;
‘modifying web content in the work area; and ,
submitting a virtuai copy of modified web content from the work area to a staging
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submitting the web contfent if there are no conflicts among the different content.

16.  The method of Claim15 further comprising, in response to said other
5  content submitted to the staging area being in conflict with the content of the work area,
rejecting the contents from being submitted to the staging area. .

17.  The method of Claim 15 further comprising, in response to the other content
submitted to the staging area being in conflict with the content of the work area, refraining
from submitting the content of the work arca to the staging area.

10 18. The method of Claim 14,wherein determining whether web content
submitted by a work area is in conflict with other web content submitted to the staging area
further includes analyzing the content of the work area to determine whether the content of
the work area shares a common ancestry with other content submitted to the staging area.

19. The method of one of Claims 15 to18wherein determining whether web
15  contentis in conflict with other web content submitted to the staging area further includes:
analyzing the content of the work arca to determine whether it is the same
content as and whether the content of the work area shares 2 common ancestey with
other content submitted to the staging area;
if the content of the work area does not share & coramon ancestry with other
26 content submitted to the staging area, a conflict exists; and
if the content of the work area shares a common ancestry with other content
submitted to the staging area, a conflict does not exist and the content from the
wozrk area may be subrnitted to the staging area. '

20. The method according to onc of Claims14 to 19,wherein creating a virtual
25  copy ofa file further comprises:
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origina| request according to the mapping rules, wherein the resulting URL corresponds to
2 uger’s work area; and

routing the request to the web server.

21. A method according 1o one of Claims 14 1019, further comprising:
10 receiving a request from a web browser;
extracting & URL from the request;
extracting a cookie fiom the request;
determining whether the request is a fully qualified request;
searching the mapping rules fo find a prefix that matches the fully qualified request;
is if there is a match with a prefix in the mapping rules,
attaching a prefix to &t least a portion of the request according to the
0Apping rule;
' extracting an aree prefix from the cookie;
attaching the area prefix from the cookie to the prefix matched with the

20 mapping rules wherein the resulting URL corresponds to a user’s work area;
routing the request 1o the webserver; and
if there is not a match, :
routing the request to the webserver,
25
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