VEB- BASED MULTI USER COLLABORATI ON BACKGROUND 5[ 0001] For a variety of
reasons, differing users who are geographically separated from one anot her
may Wi sh to coll aborate on docunents Previous techniques for facilitating
this type of renote collaboration typically involve having these different
users install a suitable richly-featured client on renote workstations.

10SUVMMARY [ 0002] Tool b- based mul ti user
col | aboration. These W&@W@@ﬁﬁ@&@i@ﬁ@?‘m users to

col | aborate renotely on docunents using respective browsers. These nethods
may send representations of portions of a given docunent to the browsers,

and associ ate portions of the docﬁﬁ@ﬁ@ﬂﬂmparti cular users. 15 The
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rel atlvels)(1 tﬁg?l@fﬂ%fe ta%h q}gf’l%t] t}%m%peo% gﬁ%ﬁ&ﬁf- bed subject matter may al so be
i mpl errente f , conputer- con rol'I'ed” apparatus, a conputer process,
a conputing system or as an article of manufacture such as a

conput er -r eadabl e nmedi um These and various other features will be apparent

from% readi ng of the follow ng Deta': I SE Eszcri ption and a review of the
assodat ed dr awi ngs. 25[0004] This s provided to introduce a

sel ecti 0no@§2]CONERIN Snd Neéhnddu¥P! drf | RcARuMdrhath-8h&df hﬁhitﬁ'@ér dasobidigd. bel ow
in the Detalled Description. This Sunmary is not intended to identify key

f eat ur es Tresegwénmiayprdvedst mebedothat érsbtd wsicrsetd OQUbl]m@tb rﬁmoltdyr Qn d@mmeslts t
t ended that thi th
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this disclosure. BRI EF DESCRI PTI ON THE DRAW NGS [ 0005] Fi gure lis a

conbilied Hledwvvémanrayéwemeargpraﬁﬁnuwlons of eqmmgndsyaspeatidask byothe pagrs.rigd may
envir Onma({yte?‘ml f?l\éf % %ge&\ﬁ? tlpea%glgm{gﬂhg lat YRE Fbrocv%elr a?ﬂé %étﬁ)&ts may also

include receiving from the browsers revisions to the portions of the document, and storing

these portions of the document in storage areas that are configured for storing content that

has changed relatively recently.

20  [0003] The above-described subject matter may also be implemented as a method,
computer-controlled apparatus, a computer process, a computing system, or as an article of
manufacture such as a computer-readable medium. These and various other features will
be apparent from a reading of the following Detailed Description and a review of the

associated drawings.

25 [0004] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor is
it intended that this Summary be used to limit the scope of the claimed subject matter.
Furthermore, the claimed subject matter is not limited to implementations that solve any or

30  all disadvantages noted in any part of this disclosure.



5[ 0006] Figure 2 is a conbined block and flow diagramillustrating
conponents and data flows related to initiating collaboration processes as
shown in Figure 1. [0007]Figure 3 is a flow diagramillustrating processes
for initiating collaborative efforts (e.g., editing) for a particular
docunent. [O0008]Figure 4 is a conbined block and flow diagramillustrating

conponents and 10fl ows f tiatg (] iven browser.
[0009] Figure 5 is a conb%:% bﬁ@%@%%?‘@ﬂﬁtwm ating conponents

-

and flowghed) Prrag@esiivg coRmpbinred ek MRE F1owPdidQGHMBINL Pt sGRbMABPEREANE
users. [0010]Figure 6 is a flow diagramillusStrating processes for handling
revi si onsnagonwpus faproxding ovberased mslt@edridoBalpratzor7 i s a conbi ned bl ock and
flow diagramillustrating conponents and data flows that the browser may
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I |1 ust r atfigvgs sRtadab-iSititken CMRBORNGS pRckseedsashbivaws Figare T.ecei vi ng and
processi ng revisions frombrowsers. 20[0013]Figure 9 is a bl ock diagram
illustrating sewer-side cogponents for providing collaborative client

servi ces.[oﬂﬂ%’ﬂAl LESBESERR PO 2grai 1 NPT Ing opIosweig [ eniiafieg QHabarptits on i s
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t he subj ect mat erein is presented in the general context of
program nodul es that execute in conjunction with the execution of an
oper at i nd08§8it erfiigmrd A pph icombined Podgradrélosndiagronplitsenating serepenenhyossl
skilled in the art will recognize that other inplenentations nay be
per f dPred T 106 RS HARRTRI L g Eh browser!

[0009] Figure 5 is a combined block and flow diagram illustrating components and

flows for processing revisions made to documents by collaborating users.

[0010] Figure 6 is a flow diagram illustrating processes for handling revisions as

reported by browsers.

15 [0011] Figure 7 is a combined block and flow diagram illustrating components and data
flows that the browser may provide to process revisions to content that is collaboratively

edited by a plurality of users.

[0012] Figure 8 is a combined block and flow diagram illustrating server-side

components and data flows for receiving and processing revisions from browsers.

20 [0013] Figure 9 is a block diagram illustrating server-side components for providing

collaborative client services.

DETAILED DESCRIPTION

[0014] The following detailed description is directed to technologies for web-based
25  multiuser collaboration. While the subject matter described herein is presented in the
general context of program modules that execute in conjunction with the execution of an
operating system and application programs on a computer system, those skilled in the art

will recognize that other implementations may be performed in combination with other



types of program nodul es. Generally, program nodul es include routines,
prograns, conponents, data structures, and other types of structures that
perform particul ar tasks or inplenent particular abstract data types.

Mor eover, those skilled in the art will appreciate that the subject matter
descri bedyper ef pm’mgm breogriaxct iCmdra\Myi pm:gtrzhﬂrmcdldmjﬁlﬁﬂuckyﬂmﬁmﬁ programs,
configurations, | udi nglrrhand ](EJ devi g mul ti essor _systens,
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structured data elenents will be described. [0016]Figure 1 illustrates

syst ens dheBlerating environments, denoted generally at 100, for providing
web-based mul tiuser collaboration. These systems 100 may include 15 one or
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[ 0017] The servers 102 nay al so include one or nore instances of

conput er -meléiedishecaliaberaen tweaticess b0 updie sthuctwag Heta etenenes woilisbesiestrered. 106.
The bus systens may enable the pr ocessors 104 to read code and/or data

to/fromt o] ter e stora

t opr coontO8HEF aadbEh o FRRRRS SRR RE MR Gyt do s FallRiy 4y,

i ncl udi nqdowforn@bvﬂdm‘gl el bhedsaiitiasretihburstion B Fhedel & st¥Biserfoahsy iidecs, or

the | i ke. The media 108 may include nmenory conponents, whether classified
RAR ROR OTfINQIEHCIVSF Spiteay 193 widh lranl@measatlam%@f thespdessepiiommedingsiny

d“ ves. h&%%ﬂ;ﬁmﬁ Qﬁq;‘%ﬁd/ﬁ‘fghcgz %%nto aE'%%&b%e@“ﬁ F&ffb cfa ”Péib'xlv.esT f

i nstructions e he processor an execut ed,

cause t h@esem/may 168ud® opebf aiore \pasdesdoss 304, eehioh queshdver a paciclilat agpengr

web- based g.ll tiuser collaboration. Mre ﬁpem fically, the storage dia 108
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may couple to one or more bus systems 106 chosen for compatibility with the processors

20 104.

[0017]  The servers 102 may also include one or more instances of computer-readable
storage media 108, which couple to the bus systems 106. The bus systems may enable the
processors 104 to read code and/or data to/from the computer-readable storage media 108.
The media 108 may represent storage eclements implemented using any suitable
25  technology, including but not limited to semiconductors, magnetic materials, optics, or the
like. The media 108 may include memory components, whether classified as RAM,

ROM, flash, or other types, and may also represent hard disk drives.

[0018] The storage media 108 may include one or more modules of instructions that,
when loaded into the processor 104 and executed, cause the server 102 to perform various
30  techniques for facilitating web-based multiuser collaboration. More specifically, the

storage media 108 may include modules of instructions that provide collaborative client



services 110 to a plurality of client systens. Figure 1 provides two
exanpl es of such client systens at 112a and 112n (collectively, client
systens 112). However, inplenmentations of this description may include a
nunber of client systens. [0019] The storage nedia 108 may contain one or
nor e i nstsandes 0 @ dpbhummintof stliontesystenidsl4Figifd Il epréudeshevo dednaples obbudhhe
docunent store arc provided below, in overyiew. the docu store houses
or cont ai%gnhowﬁ@_ﬁt & o Sfnp %, &9%#@9?@)%1‘ CE?I}teﬁl’St%f?%m- Tehfoerer o
CO!|aborQBEMQ&ﬁnﬁﬂhkopﬂn§&§aﬁﬁkmﬁh&hﬁﬂﬂﬁeEhﬂ&%&nﬁ%ﬂkhﬁ%&kﬁk?s a scenario in
whi ch the docunent store 114 and the software for the coll aborative client
services 110 reside on the sane storage nedia 108, this exanple is provided
only for [88Y ofThe dterage mecilionl08buey pwtainene po margrinstaneeseliy document store

i mpl eent at,i add ds eci fd cal noted that in. scenari os.. the
docungnt Ottor Sridtehd RBRR6FEbunds Tk "B PR T B Bar at
medi a, anbcomheMstEe M &rePhlaBiE oeimpeity $h Gaictb@pafality QP20Entusemg niay t he
col |l aborative client services 110 in nore detail, these services na

: . Y
faci | it at@llebarpaysdy sditol freifs DEhNEN Figvee derllpsiraies goscapariac i evechs yha ens
112, Fi 9Uuml JorB 19y AP WRWEXATRYRS ML G ADRKALIOP | BB ciallhh Brc
col | aboration flows 8a representing data and process Fows between t he
server 10@amantbragremediadidB, gyséxampld Raproaided oolyl fabossatdf ahudttatus, it Goated
represent.ing data and process flows between a server 102 and the, client
syst afh 11RY I{O@@Eﬁmlﬁﬁnﬁw&lw hdt ot iS@?&\?E%%t B9fEd 1h3 i SOHAF BRI % hese

client SYgR{EMBntRre agd tﬂéqé\dlldg&aﬁ@vﬁ IE’I%& K¥QicRE 82§ $89dSorl I8Ar AN Fhedih8hd/or

(collectively, processors 118), may or may not be of the sane type

and ar chianecpure sastemher pnyseesboyes104. Bus systens 120a and 120n
(collectively, by systens 120) may couple respectively to the processors

118a and , sho in Fiqure. 1. .These .hus st ens 0. be .
compati oiB0]"  SHufiie B b2 o aRaRg iFPESFES BB S8R Ao tades o
118, and &y faoilitdtyoMdord@ntiiveysSmRecndhe btpers 200 afy ehddt 8¢dtethe 185 Figardus
systens 106 on the server 102. Respective |instances of conputer-readable
st or dde nlediravidop dwangxamplgs (efolcoBekqritiany floytsor wigh gelibaration) flawy EHist ai n

browser ng{’lieegr@rﬁ?% jzd%ghﬁadﬂit ob&d Qlo%%ét@%ﬁé%' %?e?rggﬁ"%ﬁ& $hekeffant s&&%ﬁzﬂﬁge

client sy e server sys 1 cooperate a scribed
her ei n t andrabb®riteapdord Vi endepeedsing d6a adpré2enfl¢eobitectn ¥ etryer 102
end-users 126) to 30col | aborate on editing and/or creating docunents (in
whol e or 3% RGEHONt $¥SEM { b document store 114. In some scenarios, different
end users 126 may col |l aboratively edit the same portion of a given

docunent .|gp |0t hE[m®eeBatht Qfiendbft@RE M 2 §RANIS EdSBaill ZRed¥BNicRE 3PQEAL &n
different portions of the given docunent. [0023] The server systens 102 and

t he VAri doeludd iesprctisy prasassons1 Dl Saepd dd fmn(enllcetielyiproressoes Aot Weichavayr orone or

itabl k | | , h K
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systens may include any network adapters, hardware, software, protocol

stacks, ofl8thas sheoen 48 Tagige opr These bus sypems fledemay the earepatiblansy kge128),
al t hough atrgﬁ%‘émiee%éﬂrtﬁéir Wofre PG DrbeRBE1IY! Srdl ma drfifiay RECHEFSsaHe

clarity an revi
25  type and architecture as the bus systems 106 on the server 102. Respective instances of

computer-readable storage media 122a and 122n (collectively, storage media 122) may

contain browser software 124a and 124n (collectively, browsers 124).

[0022] The client systems 112 and the server systems 102 may cooperate as described
herein to enable respective end-users 126a and 126n (collectively, end-users 126) to
30  collaborate on editing and/or creating documents (in whole or in part) from the document

store 114. In some scenarios, different end users 126 may collaboratively edit the same



10[ 0024] As described in further detail below, the collaborative client
services 110 nmay enable the users 126 to coll aborate in editing or creating
at | east portions of the docunents using the browsers. Because the users
126 are able to use the browsers, client systens 112 may avoid installing
addi t i onglortidn efit gisoi Hvament.olresthtd sectdrmsudificsent enddusesd |2t @ay olabdrae on
coIIaborg{%ye experience. .The coll aborative client services 110 may provide
t he user KONt RAtGRS 9 the givehdequmett- experi ence t hrough ubi quit ous
browsers. Mdire specifically, the coll aborative client services nmay enabl e

t he user g0h23)aCCRRSscV @) isP4tSmb YD 2n@fth @ PeidHS NichtUGtch@NAID fily comeluadiaitg but
not limted to, word processing, database managenent, spreadsheet
managenentith deg anodhearovagonedemerconitebla aretsolbk reprpsebiad generslly of 12heSughke. To
enabl ¢ Nege e ghs SXDGHICRECR 1D S0 0 WAL BN Ga Pk SRLIGET YigSiy dhed e
server en ‘%%y conver %3/Pron1any’3§t|ve OT TatS u%éd’%y FRAUresY ch
clients thadonplebf other 8ip¥s of nétherksoregaen@r kwitahd ombelidn® SdnINmag iegdidec al

el enents used in Figure 1 to depict the server and client systens are
chosen orfity &%W?réscad%pteéﬁb dardwaie t oA, PrefRep! stcks.0on thailtkeyssapippmaiate to

i mpl ement:at.i riat | reln. oyl O I
Shous. exa) aae 1 ih e FpHBRS" LB bARGIRLD Lol s AR (i Figuls T3h e
conput i ngneystsarficlapog sadbrgvishar ed by nore than one client system The
client systens 112 may represent desktop systens, |aptop or nobile

conmput.i n te smart . phones, wirel ess-enabl ed personal digit

oop dLndaBYBoAdRs & Thi B RaGR: bl BelRE uRntoTfiiebs Shithacfisds nihevasn

herei n al$able Rt Q¥R Bleas cOlliIrath M BFitiRE oSEEMEg AMHsOForfibhLaTthS YSERIBits
including but not limted to, those exanpl es shown in 30Figure I.

[ 0026] Hawistig the brorisesd Bogauss yiat esess Bitciro plle 40 iseghe haoiwsersnelians s skl i2n
Figure 1, the di,scussion W proceeds.to a description o onponent s. and

1 oo r oot AT PECoRG R SESE b Ru o0 R Hlss Brle SRTPERTELTUN s
now pr esejllgbbrifitdexdpeded@. Phe EQQBSlkvgUlient eivlided 11 0 atLSprovidp ARLiNes BFd dat a
flows, denoted generally at 200, 5 related to initiating the_ collaboration
pr ocddsesVisly as pighncliont mixgefience | thrygheliguiggus, brosyseise e Maigd sprstiigallys thet i on,
Figure 2 : : r r i aw.hgs to
efor to SPERGEEY phah Ehist Wy CRARE HRE BeIDER! SAFDEY BE 47 ABaMT

r epr esentfahd¢t@malify, tihadudiap | Bbonat liveted| fogntordeproicemg] Iddfabhdte nttmagereait, St or e
114, the netﬁork 128, the Q%pmsers 154, and t he %gers iZG froHlegure l.

10[ 0028] TRFRFHFCY Maptacacqbt@fa shagngnelcdimnitRArdAoFapalles 1 dhg G emeit
store maynhpRl GERNsFRABLFrEs, 48 LOBMoPath AL iRl 8@V | ARhE sEQEr end may

col | aboration by the client systens and end-users. More specifically,” these
nodel29 nmepnietitd/froat @y maneasedatefubed bgciters-raridclopts thiat aerifans agupf thy t hese
col |l aboration. efforts. For exanple, nodels of particular docunents nay

assi gn pariEeMEdP"dOMinti ¢ pi eces of the docunents to constructs referred
15 to herein as cells. In addition, another construct described hereinis a

revision,[ougB]ch Tie gﬂra%‘ﬂadl%i@ﬁen@ usd ¢e Figur@k ed dapiceths Rastf arfd dliciesyspn@yvi di ng
a representation of the cell at that point in time. For exanple, respective

pages wi tdif Ahesegiopbntodgeilifinilluriytione apd pebehméposyblsgmplamanéations ot &l s. | n
turn, par&e‘s&ﬁrﬂti%h &ihS! Rf{'b o PaVicAfar “'%‘%'%u‘fb e?}g%v% Qxé}ﬁ;gefrin ToHish A g&'vér that
represent particular portions or aspects o e content correéesponding to
t he 28celdystetrot02eisadrpirraliod) eahputingysyisteal, poesiplarshgredphismore ithaageas cippear i ng
within a given ) .

system. The client systems 112 may represent desktop systems, laptop or mobile

computing systems, smart phones, wireless-enabled personal digital assistants (PDAs), or
other suitable systems. However, the description herein also contemplates other forms of
server and/or client systems, including but not limited to, those examples shown in

30  Figure 1.



page, bullet points appearing within a given list, or the liKke.

[0029] Figure 2 illustrates exanples of revision structures at 202, with the
under st andi ng that inplenmentations may include any nunber of cell
structures as appropriate to represent one or nore docunments. In turn, a

gi ven reVi82n dawvued deseribed/ the2ysiens| and eoperatingrennivorenaby slodveny inFigard=i gure 2
iIIustraHLng.exa | es of %Q%ecta at. 204a.and 204n gggklectiv§éé,.ob'ects
204) . Parttf BEPESIO8BIO8CRICTREY (b dPEREPT PEEPTRPICHS A TR 1R Inifpfge

obj ects NRY cHRILBEatibA pRIRE! TARIBCLSIN & RbW JrignaWB LR e 0r My point to
obj ects in other celps. [ 0030] The col | aborative client services 110 may
send one or nore revisions froma 30given particul ar docunment for

col | abor d0PBH byFigief 2ribpstraggsdcaseansnts2end, databflows edenotla gersellyert@fle, t he
col | aor atjve €] i RReTN S8R sbifiolE Yol Shel T NGOl 6 K gyl Sf O, Whip the
gi ven~docdurent arc 8175 A%efgs% {0 °di PIsraht “andU8els, &ha may t ieS ¥end

t hose revifr@ns, 4l ndlilEpitaiynORiddfONSRyScdrey fohnsel it tes@tisce MunfhefLrdm
denotes at 206a exanples of revisions sent to the browser 124a for

i nt er act iBAVIBYS fRaVingseto ne@ato Hawgt dsms: Bayesxampierdiigwcot cpsigs SPordd fent to

the br onsg reg'u%ﬂ?ioilofﬁ 'tlﬂtt %B%irﬁﬁrgb%ietnpeseﬁferﬁ 4L1@%e.@d%gm§nt %P@tl?ﬁ Afe 206n

exanpl es of revisions sent to t rowser for interaction by the user
126n. [ 0Gtididkd 28 ptht dbovsatd M4, edd tantusael 26 Gem Higlrertay det er m ne whi ch
particul ar revisions 206 of a given docunent arc to be distributed to the

variqus client owsers. For exanpl t he col | aborative clien ervi ces may
o TobEl hRRE B magce ST TRl ghreit e WA BndSiy e e of
al | the pagesmid hiydelsdfUo¥@Rck HATBRL avadhilBGoidiRbsRBOF BRHRNIIA! s t he
first page. At the browsers, the different users may then click on their

respect i vadreadiugensi dvoysagpesificaliyd thdse aeedolshingy faralifets inprsysodmificicndikeando see
g e0T Ll JBERE ne, SR S RES  TRY A RRRIEOBGe G GG ot e
of the selPedt'd p%l S tgoh’F“he VAt PEuS by Siser 5.0 FoY @x&in%, a FPEFERE users

126 may sdc@hknts ondyh@siga partuldlistieft@picdd dTane dodumdnfietodiovistiudoeferedt . | n
this exanple, once the collaborative client services determnes the pages
t hat 1di f ftaherpin aseslls. Wp epditign.egpther eopstrapt doseribedrhereinés HERyigmb JyMcl bgm t he

docunent S’ﬁg]g%’h?% éflg L& £ SotR 718 Sﬁrﬁg{(}ln%oi E{‘pﬁgs‘eﬂtqu{nﬁ of BRS&IPRAYRS: !N

turn, the c orative client service ute ese revisions to
t he appr qpintah eines dos cxaspleopsesent pabeatvithdba givad dbcunadnd n2Qarme represented
(collectively, diﬁtri uted revisions 206).. 20[00321|n. djfferent scenarios,
the col | 58Eararberlen ¢t ladpy é’é”stlcﬁéil IEIEOR By rigpdiy 69 1I0PRPeR HetFe

bei ng edi gl dihat rGRELhCHAAEIHS BortioRY br @l (%Othéicéh{ehpb'&ﬁesgo&ﬁﬁé & munber
of pages octcurring before and/or after the given page wthin the docunent.

By pr2vi dicHg Eoromrmaia objeatsemaypfinclidsakeradrepn oromagbo apcbeng mdthipageesn t he
col | aborativ | j ent, servi.ces . enabl.e these. users to scroll through
coverar dbaudlel b AEREHGE KB = ERRRUSC BN SKGG ¢ onal v evi i one.

[ 0033] As described in further detail below, the cell nodel may allow the
docunent [0029] Figure 2 illustrates examples of revision structures at 202, with the

understanding that implementations may include any number of cell structures as
appropriate to represent one or more documents. In turn, a given revision structure may
25 include one or more objects, with Figure 2 illustrating examples of objects at 204a and
204n (collectively, objects 204). Particular objects may be identified by corresponding
IDs. These objects may point to other objects within the same cell, or may point to objects

in other cells.

[0030] The collaborative client services 110 may send one or more revisions from a
30  given particular document for collaboration by different end users 126 via browsers 124.

For example, the collaborative client services 110 may determine which revisions within



store to facilitate nore efficient collaboration between the different end
users (e.g., 126). For exanple, the revision representations of the
docunents are typically nmuch smaller than the docunents as a whol e.

30[ 0034] As described in further detail below, the cell nodel of docunents
may al | owht hgvahodorvemint stoé iherdsaco |diffacet mod eisebf mod emiy tehl sbdrthdscon

bet ween the different end users ( 126 or

revi si on-B%&E8S FOé&l Bl BRGS 61 PRt @ra‘?@e@ﬁ% %%%0? CYAIRHCSHal | er
than the docuaRRES RStR WORk& 17AUSHr hitgagioh! BPalabicyeoeh] 8&Hote%e£tV2(%?§ may
reduce consunption of network resources and conserve networ k bandw dth by

sendi ng tdremples eofi rwivisions epntetve Hicabiovnsr, 124 Bunlpmrmﬂtondoyséndmsag 2Pl &t ire
d ts, to th ff t l.l.ab t )
0035 Cn "Bt ACaR BP0 1 G w<Bbi e B £ Bt B BEPE oeh ar

revi sions|22Q6 to the browsers, these services nmay store collaboration
information, denoted generally at 210. For exanple, this collaboration
information may indicate which particular revisions have been distributed

to which [B83%li cul %C%@b@rgnverﬂeﬁné s¢ViEBH L B mpe defardge Wil .peeeu%wvmow ore

epr esont ol b SN RERRS BT R PHLILERE Gt PR FE. TR R e,

r epr esenttht icolasba2dtéke. cliant tseuvites trhey umaally emdemertteabnomsrs%lzﬂlawgytmmﬂagfat e
i ndi cat ed at

wh| cg revi si ons t}hee bee tributed.to partjcul ar ers, %

2 arf@nBHBRE { o‘ﬁ“é‘fétoi W Iﬁe PRSIV fIgH 28 HEgRt 6 §g2YL135t CLONGRLRY i bed
' n furt hednlﬁﬁ{eaﬁﬂst II?A%EOM tlfeh&é@s&&“tﬁé ﬁﬁfe'réht 1,88 s S g\/tﬁén élh&eonlﬁi"ef%\{rb@eé‘t'i‘vét ore
may enabl e the col orative client services to determ ne which revisions

made by pavigation arageseansl nlegosbewhighepaans they ordwdd liksetos sed @0864dHavi Tig
descri bed e nets and flows relagted to i i atjng.collabor t|on
botveen VAISUEEAE GySremey t% dSufasf it Roplil & by RS REES RO HRhow
proceeds +agiods Gﬁ)’i&‘séfsptF&%x@fan QRS En(l 4RV 1 PR SORA foOtht Rhiab 2 Rlifferent

col l aborative efforts for a particular 20docunent. This description is now

pr ovilded nagesh itFitepugeves. dqogoem. Angiliise cgmnle.uenaeathescplaberatse folienisseraesfot ed
general | y e?etrmﬁr%g thd ﬁ{gek lfr}la‘t Ak A8 6@81{5 v??ﬁ"anédl%’ ?hee%l R %&vfcgs ga{, o%%'n{ EB&) for

a partl CU ease erence Igure 3

may car r yth¢ dovanicht S@e 114 figrse redsiohsTRes shat comepoy n(ouﬁ:selpagusngﬁ ttuth tefer to
simlar itens. For exanple, Figure 3 carries faorward from previous 25
dr awi ngs OHabratiyceslisit af?ﬁ"éﬁ’?s dﬂayt Histrghmt H58¢ deViviens(q diet AREPRFESESTL02S Whi | e

the Pr o0 Gl ey 300, 206 AAONEPRAILNIRANIRGHIAT Mkt besp col | aborat ve

client services, It IS note tations t he process flows 300
may al so be perforned by other conponents or services without departing
from20he [80Be dndliffpient scemifrioshths coldabordtpyticbiont services may distribute not only a

given page being edited by a particular user, but may also distribute a certain number of
pages occurring before and/or after the given page within the document. By providing a
certain number of "look-ahead" or "look-behind" pages, the collaborative client services
may enable these users to scroll through several consecutive pages without being sent

25  additional revisions.

[0033] As described in further detail below, the cell model may allow the document
store to facilitate more efficient collaboration between the different end users (e.g., 126).
For example, the revision representations of the documents are typically much smaller

than the documents as a whole.

30  [0034] As described in further detail below, the cell model of documents may allow the

document store to facilitate more efficient collaboration between the different end users



[ 0038] Turning to the process flows 300 nore detail, block 302 generally
represents 30identifying which cells within a given docunent that arc of
interest to one or nore particular users. For exanple, block 302 may

i ncl ude sending the nanmes of the pages of the given docunent to a

pl ural it yegf, 126).| Bdyexamplegthasevision-bhadgepvcsdntstioas oDtht enturndnts e tfpicdly page

in the docunent. The users may then sele the n s of the pages that they
wish to <8 C.rﬁew&?k ﬂwéﬁ%ﬁw Ut Bﬁ%‘f}i ity B ﬁ@@@%ﬁve 8¥}e‘?tc§8‘3’-l%é%f’d
and/ or | qgfudReltinbghmpidiof BSROSHE rdsBuRcIuNERofRHe RltwbAl BARSidth Oy s@Rlidd cul ar
user. Recalling the above di scussion of the 5cell nodel of docunents,

parti cul dhescefdvisiorayepreysnagiens, pagespaied HonsenHmgethdoentire ndasumicots wx gl e.

[ 0039].Bl o 304 generally represents obtaining the revisions of interest
identifiéﬁh¢?FWﬁéﬂ?‘n'g%gxéﬂﬁ qgfiﬁBE%?mgpock 304 may include obtaining the
revisions of interest froma docunent store containing content on which a

vari ety qio3B|f f ep@settheiselsbormvedichadoviadschal@ disiibged berticoll sevagiéhs 206
t echni ques descri bed herein, Figure 2 provides an exanple of such a
document tQtth¢ Broxgscrsy thesg pavigen BRE Stk spinbesation iprmatief, depaed popaaBriock

306 generglyl yedy %%ﬁ@%,”ih% écﬁ‘@%ﬂaaoﬁ ﬂﬁo&'?&t%h’}ﬁ&b {r}ﬁi’da?e' \QQi?h‘riS rilcQfaf t &1 diod©
parti cul ar users. r’ exanpl e, assumng that three different users arc
col | abor dtavadgeom dastrghueh tad oditiepdrtiadarstiang)  iThe Flofaleeat?ve( it seryses Snd26a,
126b, and 126q{, I?ese.users may 15 exhi bi.t, interest in the same or, .

di f f dlentSP6r 1o nQIYMafiAR iy 4 eI EGE TR ATVISIOR c P mdly, WV ‘lcgcﬁlaﬁoéoﬁ‘F&V

i ncl ude %%ﬂ%&ﬁ&nkﬁybih@gndQP&ﬁSgﬁaﬁﬁ%&%$58ﬁ]QB?aﬁREﬁG&%]ﬁ%ﬁr&@&khﬁﬂémpf the
gi ven docunent to these different users (e 206a, 206b, and 206n).

[ 0041] Bl cUK).308 gemethal dspr repesssrfibss éééanisaﬁﬁdigat@avlﬁ¢lcm¢\asiomﬂsba@ beanh t he

[ . Whi th . ti F e, block 308.
Cncl ude Aigplisd Mo RSRRuET Bl ol RGNS 09164 ald APILARUREREY: 5Rieh
Figure 2)repcldhtiRhl 916f WicGeivedVih Fndits deavIEHREEthentadn e iagaidiser s
(e.g., revision representations 216 in Figure 2). [0042] Bl ock 310 generally

r epr dSentisvisionrstaig mavecrbioticaollabryatiet ¢lirad seidsk e Ketgpgine which revisions

made by particular users may be relevant to other users.

[0036] Having described the components and flows related to initiating collaboration
between various client systems and users in Figure 2, the discussion now proceeds to a
description of process flows performed to initiate collaborative efforts for a particular

20  document. This description is now provided with Figure 3.

[0037] Figure 3 illustrates process flows, denoted generally at 300, for initiating
collaborative efforts (e.g., editing) for a particular document. For ease of reference, and
not limitation, Figure 3 may carry forward some reference numbers from previous
drawings to refer to similar items. For example, Figure 3 carries forward from previous
25  drawings the representation of the collaborative client services 110. While the process
flows 300 are described in connection with these collaborative client services, it is noted
that implementations of the process flows 300 may also be performed by other

components or services without departing from the scope and spirit of this description.

[0038] Turning to the process flows 300 more detail, block 302 generally represents
30  identifying which cells within a given document that are of interest to one or more

particular users. For example, block 302 may include sending the names of the pages of



For exanpl e, block 310 may include updating a server-side revision store
(e.g., 212) to store the associations or rel ationships between el aborating
users and cells on which those 25users are coll aborating, as denoted in
Figure 2 at 214 and 216. [0043] Havi ng descri bed the process flows 300 for
initiatingegbkhdbmnmﬂhmna@hﬁdny$fodk&opﬁh§hsu@aﬂoﬂp®ﬁh&hiqnﬁ&ﬁoﬂﬂ&dhﬂsion

now proceeds. t nDre detail ed des of co onents nd flo t hat
may ocourPighin g doFEmEYr T8 oSt i et e O Aot B st fo
di scussi qge| BlJ&%@rﬁ%eﬂkﬁﬂe?réﬁdlﬁggHﬁl@ 1ével of %ﬂﬂh@h@hﬁ&oﬁobﬁ%@ﬁhﬂ @\tlﬁls

conponents and fl ows, ‘denote ener al at 40 hat may occur on
browser gksfectto a given @stlleofaoﬂeteab@raaparbwlmusar @evdhng theabpve sisclgmonléétheease
d. not f.orward sone r%ference
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Figure 4 &ampices forward from Sprevious drawi ngs the network 128, the
distributed cells 206 the browser 124, and the user 126. [00451Turning to

Figure 4 in nore detail, a client side repllcatlon manager 402 i%recelve
the di st riPBHled Bleck 304 asncroly FaPEmPRIRObEGHYS ol iSiars o HEranEABH

These rewiSom206; BB AERISISN RROSRIRLERANNA] MOk LM brifcklenaer 126,

or may represent |S|ons ma ese ce er co rating
users. Fafocumenmqsqecmemmﬁg deserti dn whicki aguaretyl of dtffemlt asay mey ctdihborta’ase

Ere'c,@&rzo?%ile f% 3%31 i %@ﬁ@ﬁﬁ?essde%ﬁ@deﬁ'e%ﬁl%gh%ﬁt Mgﬁégsser iy th w ?P 223

downl oad {R¥inshiQste bP1 LEhAS IRRIWRKIMbRE oPEAWSEPo@Nd T he server The
replication manager may also transform 15 protocols as appropriate between

the network and the browser. In Figure 4, the revisions as denoted at 206
are assun@@d@lo Hilofln 386 pge@@r@tlblresr@mn&bs@dﬂm th@e@b&@inkd tr¢\aﬁgnﬁ oimaresiniei | e
the revisiogns, as denagt groceSS|ng

bt he b8 obe el R elh i b ANRES T3P hR0Y PN bOiBE PESSI s

404 to a gibéxﬁaﬁcuﬁiedteasrmw1ﬁrFlgtr@rze(e/g061seﬂsrlzg@n1%al andt 1D%ny,@Néssh@BrsShHr € may
manage and store reV|S|ons (or 20 changes to those revisions) that occur to

the dél | scxbibet infgiest Hethe prnae of difa e RTINS OfthEpeslvVelt doFumed al Aspordinglie

gi ven br é%
Tt ot he B30y Al REARE TR Sl 1o Shidfbn SR S ofitle Bpfjch e BPH-e
ef fort reliatn diguinonttbehgsedifdransisé®4c.gt D@&oa; 206ls land286r)r e 406 nmay store an
initial state or revision of these cells 408 for future reference.
255923? ;&ﬂ&é{]ev'ﬁl‘ogkn 38§ Ogregeréa}l y rgf)it)ése ‘Esoa\llsls(ojgat?ngrg rrﬁ%\f?lgp Elsae;[rls %vr}tho’][chetch ?ls Coef\ll s to
which these users are operating. For example, block 308 may include associating
20  representations of particular users (e.g., 214 in Figure 2) with cells of which revisions have

been provided to those users (e.g., revision representations 216 in Figure 2).

[0042] Block 310 generally represents storing the associations defined in block 308.
For example, block 310 may include updating a server-side revision store (e.g., 212) to
store the associations or relationships between elaborating users and cells on which those

25  users are collaborating, as denoted in Figure 2 at 214 and 216.

[0043] Having described the process flows 300 for initiating collaboration efforts on a
particular document, the discussion now proceeds to a more detailed description of
components and flows that may occur on the browser side to initiate this collaboration.

This discussion is now presented with Figure 4.



structure 410, which provides a semantic nodel of the docunment being

col l aboratively edited, with this semantic nodel providing a hierarchy for
t he docunent. Assumi ng inplenentation of a data/view nodel, the graph
structure 410 nay provide the data portion of this nodel. The graph

struct ur 40a44] nehjigire 4illistract eempaneotsi mddiiaph) denetbd gemgalBOatki 4(0e tlentmayy pes
of nodes, property sets, .and other elenents repr.esenlti ng t he iPncon‘i nﬁg; cells
206. Fi guicEU4OR HISoRTaY SExfp e WiEHe AYDOTatoN 4 S LIFHHCIEPS RYYEB 1RO CARFefly
graph nodggréhte) anditst IXRIRNEFigdBSY MhdY0cdAfor@frd RERBAGARVIPAR from
represents a page of the collaborativély édited docunent, different nodes
412 wi t himetipes drampigsgo refet tr snmdlao itamy. Foprcreaaplt, Highfeet earricp foragrdafing,

i mges, pages ection or 0 ort.ions qr suh-el nts within e page.
Soms. obj EPao g e Pl abrihd i Y AhEDRstect 20ReAEr Rt o2y Pnd iR

i mge), Wikt p¢ot her content, such as tables, may be represented with many
nodes in the graph. [0049]In illustrative but non-limting inplenentations,

the client-side replication nanager 402, the client-side revision store
406, the 03I a1 Twang teFigwe 408, MaslatHk aglisphside Fepicaiion managesy0Banay

aut hor ed Hgé(;béc {ﬂep&iﬁriﬁﬂt@d iré‘miﬁﬁ? BHE Frohd the! ?eY@e‘?ﬁ]{O?pcgver g&\(’)\? Gork iResepexanpl es

are provi to facilitate this description o , an er scenari os nay
be 10posskbkeni206dinky ecgodent ppianmndcatddoinitially0050¢ The R@ph wiy wpresert 410
may pr.ovi de a browser-independent nodel of the content represented. by the
i ncont’ng rP‘él\sﬁngﬁé\g Ho#ies ﬁléﬂﬁryretﬁﬁrweﬂﬁ%%%nwm Hithe PP Segrogglﬁscgbi ture
may be renggtedilifadihc@nei fle @1V H6 BlYestht HlotS St talidhd Hreakal 18Dl e
browsers. Accordingly, a view nodel or view code 414 nay réender or map

t hese nodbough thtlgowvsarh2the graph structure 410 to a browser-dependent
viewi ng nodel. Figure 4 provides an exanple of such a view ng nodel as a

docunent | ect .nodel 16. The 6 may, st,ore a current. .vi ew of
Chetoert dBBAGCT B Rt Tttenficdion tPhapg GeRal PIst 3hE gPufitd SHlighet

lists, orcellt Befweeh @hE Bicsvs3P PeB NG rdrt e RPEcBion MRiRecpRGR$ alb fidiBform
docunent. 20[ 0051] The vi ew code 414 may create the DOM fromthe graph
st r udfur ePratPeols @ rAPIRBHES batvowen fhe natyopk prd thedbrgwaghlnsFigyea frthe revisions

cor respondifg,d Pﬂ%easr‘ééls%% 5 gl—@gﬁ 1§GitdbYek R&% Ag5is4d8)wikilk t he
DOM The %%gamay {hen eezargr? ered cg[ﬁédt E‘gl bregv\%gre 1 %?osﬁﬁl\sl? cl-[\%ivrv1g&by t he
user 126.th&rgyisiensdsdematest 40date paistorardal stibdla fon gercedirpont thabrasseri ewabl e
by the user at any given tine as a browser viewport 420. The user 25may
: QSP elsg':f[rggf'}]h i hFep 1£atlsor1]1emg§a%%r f4b£ ’ma\x orll'w\élvp({ t réelye%;lrsioef\llse n’ttosa Hicnt-side
revision store 406. In general, the revision store may manage and store revisions (or
20 changes to those revisions) that occur to the cells 206, whether these revisions or changes
occur locally at the given browser 124, or occur remotely at other browsers and are
reported into the given local browser 124. When beginning a given collaborative effort
relating to the revisions 404, the revision store 406 may store an initial state or revision of

these cells 408 for future reference.

25 [0048] The revision store 406 may provide a representation of the cells to a graph data
structure 410, which provides a semantic model of the document being collaboratively
edited, with this semantic model providing a hierarchy for the document. Assuming
implementation of a data/view model, the graph structure 410 may provide the data
portion of this model. The graph structure 410 may be a directed acyclic graph including

30  different types of nodes, property sets, and other elements representing the incoming cells

206. Figure 4 denotes examples of nodes at 412a and 412n (collectively, graph nodes 412)
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browser viewport. [0052] Havi ng descri bed the conponents and fl ows for
initiating collaboration efforts on particular docunents in Figure 4,

t he di scussion now turns to a description of opponents and flows for
processing revisions made to the docunments by col | aborating 30users. This
descri pt ilam exsmpleyapnmuigdiibdt ad mhoﬁi@meeisﬁm reﬁﬂaﬁ&fﬁs] Fpeagir & the icbllabetataths
conponent s. and, fl ows, t ed gener y 5 roces revi si ons nade
to the dddif ﬁ‘grf’:%“%‘?n é’ln ﬁ 50 g?‘iqlﬁﬁggﬁsé&l F*g? gé%lg‘e ‘gﬁ‘“‘ﬂr&f ird; , TRAP ot
|'”‘tat'Qﬂﬁéfhﬁ&ﬁ%g%ﬂﬁaﬁn&§§ﬁ¥tE§%&ﬁkﬂsSQQEmﬁﬁ%ﬁ&ﬁ@Q@sﬂ&@@ﬁkﬁmﬁﬁﬂﬂhB&ﬁV'OUS
drawi ngs to refer simlar ens For exa , ure 5 carries forward
from pr eviagesS@naelgedtngey thhecpresonndkwitipgne nag mrﬂwst@-pls (d@4an irhagelselrile 126,
the cqllabprative client .services 110 e server vi sion store 212,
and 1l actit obPE S aRE B B Pt Cssnle SnT AR S S R 00541 Tur i ng
to Figure 5 in nore detail, assune that the users 126a and 126b are

col | abor g0049] ornnt hrissaie bed hloﬁ\dlﬁxhtlﬁ%an@ilmmmumt cheﬁitgweer@hdamt es at
502a and 10 502b this cell —as shared between the users 126a and 126b

descri bedn#B8¢e0% Hbe shenfsidesicysionesjpisi 40§, sicomgiap Piﬂr?&\}e éPeaind t&ﬁcgf%i?thor e
user repr r ﬁg&@ t t o this
scenari 8'5‘?1?1? ﬁ?ﬁﬁi(ﬁ@% %%égaggrd elgzgggib%ga\ﬂdg% E)ﬁi 15'? g%t tshg?{é/g\déée@FS%SOZa
the browssempRdaaregyosded td Hasktateethis desesiption tongy, caoldl @tberr sden¥@osC hag nic
servi&es 11Q,. Th uggtlflcgtlon of the revisions 504a may al so indicate the
cel | Ho2opHAke 1 STt dppBYNtafiOnS 51 Havi ng recei ved notification of the
revi sions 504a, the collaborative client services | 10 nay determ ne

whet her t[pgs® r emics gﬁ?ﬁ sRdRr@ne0rahe\RMNide @ Bmvs@leinh@ éﬁ%bﬁlgm%éélt ety

ot her users. To mak hi s determ nation, the coll abor %IVG client services
110 may c@eiopt répeessated diy- thie dacqre sivinioss 3P6. Jdnturn thienedasi 4@ witbinhiis any
ot her users ,are

h
i ndi cate & ?Pa% St{lhcgurﬁsnelary ‘ﬁg%n eredce anySOZa? l tha ﬁ%tlyiel (?ﬁgﬁ ap%l%la ueré/ﬂa%% t

revi sed. drowsdsli ticestrdidghe aW1@M&ﬁdeel 3ﬂbldmyodéuﬂr4Ymh§ﬂ eerielel bakap alidsy ao@ésl ent
services 110 for any new changes to the cell 502. In this manner, a server

runnildg tHe Gem tisoiaph veueredio dora bewescrispandnt wrving aedel miFHBIE Hat  t wo
clients 3{%@?& L@Q;Pq’rﬁlé AL 5@&1856 Ei\f;el\xgrgé Hfﬁg? @8;38{19&1@% bot lngd 1219%“6‘.“ 0s,

t he coll Ive I'ent or mu

noti f i catThen DMt Hes emae wt@t onscui@nt tv&vbrofwﬂer cd>1%bratﬂvalyobdhea"d sloenagrit0s,
the col |l aboratiyve clleI%>serV|ces may receive requests fromthe browser
124b, andPREFIHIBE PBFET4RSS s (Rageh-elifiie <t Ot HEMARS APRTAsHL; WHRIN (Q4G) & BAE f or
the cell pgggsofﬁhgg&qm@n[epr esents these and other scenarios generally at
504b. In‘turn, the browser 124b may update its display to incorporate the

revisions 504b
20  [0051] The view code 414 may create the DOM from the graph structure 410, with

nodes 412a and 412n in the graph structure corresponding to nodes 418a and 418n
(collectively, DOM nodes 418) in the DOM. The DOM 416 may then be rendered on the
browser 124 for viewing by the user 126. Figure 4 denotes that portion of the rendered
content as viewable by the user at any given time as a browser viewport 420. The user
25  may then interact, as he or she sees fit, with whichever elements are represented in the

browser viewport.

[0052] Having described the components and flows for initiating collaboration efforts
on particular documents in Figure 4, the discussion now turns to a description of
opponents and flows for processing revisions made to the documents by collaborating

30  users. This description is now provided with Figure 5.
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30[ 00561In this scenario shown in Figure 5 the user 1 266 is assuned to be
editing a cell 506 that is different than the cell 502a and 502b
(collectively, cell 502) shared by the users 126a and 126b. Although these
different cells 502 and 506 may be within the sanme docunent, the user 126n
i s not cUfogdit | Figdit bnglustretec edomm@nts | andt Hlosvss cenat i genenabyi & 608, tfar t hi s
cell 502 nmade by other users ﬁrg not of in(’gr%i ate rel evPance to.the user
126n and/RPBFBRLersaPRaderidhefasuneniyhy efabaidpaisere faricas oldsivsces 110

do not i rRditghiYatial Figird Benb eMeE forkAfD s@the bERRBCE BUMBER TPom IHENSRY
conserving the network bandw dt’h associated 5 with such a notification.

However , drieingsée rfocte simylamékes.r Eoi siaommde, 308ure @ ¢dmaesciiny aoBompirehoushes e
revisi.ons, bei n 0 ni d to.,the collabgrative i ent vices 110 as
obr opr | abRvin] BEAIR 0 S rGaers d2B s bl 5o B8 rAFbLANE itk o
these rewesli@RS 100 tRMEr-RRIC rBVioNh Qe N2 USRT el WaP rapi&e@eiidsner dsb Same
cell 506. [00571As descri bed above, the scenarios illustrated in Figure 5

may of f erangpeyigiphohkl 10 efficiencies, as conpared to previous techniques.
For exanple, the collaborative client services may distribute portions of

t he docu ( eV S s ot i t
t hensel vgg Qgﬁy p?%gﬂnﬁtg;@ﬁgﬁsrg%f}gvpso ?%)ﬁgtalzla’r %Q%un%: E&é[ ﬁg% :uéér?s '? ggﬁ g?(ﬁé%ebnta iTe
docunent scolldlbursting vanksersdrhé gl twithse ar@vérs Honsnaav efightees detovey kt S@Masamdes

| ess network bandw dth, as conpared t endi the entir ocunents. In
addi tliraon\,%tzﬁéhl_ﬁrc %?@reﬁ%wnalﬁa G 231 TAbloPle Aoeleni b6 JIcoes er10 may
exchange §RViS)ighs stfte 1S gah Okkh@Ngh Otobd1 81O RMIRBA S odsA D Ve Tanti h@Rision
exchangi ng updated versions 0f the entire docunents. Therefore,

communi catpmesentdiose 2t @ vidonts thisexetdne. Hehowsde 120y ofeess reviaiosnmiGdaitathenmuch

| ess data, as c red to exc i ng updat ed versions of t entire.
docurent ST R¢ S oRiar ey PaF s ol P AT Ao St BotnHr oS (R geropgypeTont
propor t i apalicdsol 10hghs naefidtioh T tO aREESNPFMA I AP ERHMIMIIE LS tIRDcel D522l that Ot
proportional to the size of the object being changed. 100581When vari ous

br owdér s wa4acyisgbrt revisions to the cells that are being collaboratively
edited, the coll aborative client services distribute indications of these

C ot ‘ SO m
Goner al 1P o T iI0 S oRic horhicBHEE eF, Oy R Bt 8 LRpBATE: Hfepe
mul ti pl e sgsetes ld0emepitatmoinatwhethed thdst irsvidbndd@Aan@atrelctdneno thesdlsdeldgs ar e

typically randomy distributed anong the nultiple users. Thus, in a
WOr st - ca§é11t§‘é:gbia9t]¥‘if, usgrsy Tgpmplegathis 3%@%11%3% B elabarsvactiny ShitHe! Yane

cel I, butymi e ait <6RELsAC RALILR sl 270%h d%&?mﬂl%%h&tﬁeloﬁgf §hbNgs@P aft 91 Ven
cell. Typical operational situations may fall sonewhere béetween these two

ext r éffes, edtinghtht hoell BI2h.adorthitsioase, ghis eperysepvidciedichtgrthitethe aoers E26bi ingilsvet wor k
bandw dt h and resources by 30report.ing revi.sion nly to.those users and
br owser s SRBIEE gl oL HE Py CLdrea Ik sf i eV kPR e e
conponentgy|ahstachat dicht 9MSicteN 86 et dn9 W@l@ﬁgbm the\teBiF0NS THBAR hahnkhe
docunents by coll aborating users in Figure 5, the discussion nowturns to a
server running the collaborative client services may implicitly determine that two clients
are collaborating on the cell 502. Accordingly, in some scenarios, the collaborative client
25  services 110 may formulate and send a notification of these revisions to the browser 124b.
In other scenarios, the collaborative client services may receive requests from the browser
124b, and may respond to such requests with the appropriate revisions for the cell 502.

Figure 5 represents these and other scenarios generally at 504b. In turn, the browser 124b

may update its display to incorporate the revisions 504b.

30  [0056] In this scenario shown in Figure 5, the user 126n is assumed to be editing a cell
506 that is different than the cell 502a and 502b (collectively, cell 502) shared by the users
126a and 126b. Although these different cells 502 and 506 may be within the same

12



description of process flows for processing these revisions. This

di scussion is now presented with Figure 6. [00601Figure 6 illustrates

fl ows, denoted generally at 600, for processing revisions as reported by
browsers. For ease of reference, and not limtation, Figure 6 may carry 5
forward shwemeetf treanecel 2dunbestscutrcotty pdieug diescetlr @i ngshis scenedfi@retisioss wi | ar

itenms. Far. ex e, Figure 6 carries forward from previgus draw ngs. the

" opr esentABISH B %g ot sfbwa%%re_éwhpf BrpcdaieyricRes 19 haer i%mjg“%%cess
flows 60Gghcrdeasr maekdR GORPBMkAN WIiLR Ras& 10l doaﬁtﬁriﬁatfﬂe\dﬁdt&%hﬁﬂfy
services, it is noted that inplenentations of the process flows 600 ray

al so be phe browred] Bin dithese reasipon drerebyoronsavingdes netivohobanddedthapiosgtddr om
10t he _sco and spirdt .of this description. [00611Turnin i gu in
mor e dot At SsmgoR s MR STt sl PR b sRe 30t FoedtiReCas
reported \biyh AR@c OlevRING RGBS MEunRathd, tol At tollaBbRYiIVO USicHl suvtgs)1.10 ey
exanpl e, block 602 may include the collaborative client services 110

recei vi ngiPPIRprigks: IoAsn.ghe spldaborathe silighisseragesdesbeaamupicte dhgse revisions®4a and
o08. 15[Oag@%ﬁ%r%%vs%%“or%&%ﬁlo'a)fe E&Hﬁgﬁ%gé%gbgﬁ@péfy' ng cells that are

subject to’the revisions reportedin or exanple, the reported
revisions may include an identifier indicating the cells nodified by these
revi si ong005706 A Biackb&Dayente akinarive pilsgetet Sn Figure Bgndshefferegerdtodal
revisions as received in bl.ock 606. For_exanple, plock 606. may. i ncl ude
st orilflg (BN 28 {CBRBRICH tp HECURYN BFINTERS. ZRTev BT t@? S?'éabe@ta.e,c)ﬁs&tz) .

[ 00641Deck)iQR i PaKIHRIR FERDASENEE RRhREm Qé.?.g OGRS radlY 1RInN@E dfiRwser s
have requesting to see and/or edit a given cell that has been revised. If

no ot her decomses sthamecleasr r diyploplly ethees trevigjonsherginush sredller atham thé eofiret i e,
t hen the rocess gliowst 600.ma§ éake No. br ancht 610, to, return to bl gck 602
and awai tPFEPFP ¢ IS TERTHREE TR TPEYPRT SXCT e RRVAK| ONIERGSIISOHEVEE ¢t he
br owser s.bah @RGHHL REtdohipaitd thQcA@a]; Shontht dokub@fs. Iif a@difien, ths ewsres fave
requested the revised cell, the process flows 600 may take Yes branch 612

t o blldck @d4ghe gpllabRratizpcherirfesvices 110 may exchange revisions to these portions of the

documents, rather than exchanging updated versions of the entire documents. Therefore,
communicating these revisions over the network involves transmitting much less data, as
compared to exchanging updated versions of the entire documents. The network traffic
that occurs under this model may be proportional to the size of the changes being

20  communicated, but is not proportional to the size of the object being changed.

[0058] When various browsers 124 report revisions to the cells that are being
collaboratively edited, the collaborative client services distribute indications of these
revisions only to those other browsers that are editing the same cells. Generally, if a given
document is modeled with multiple cells, and if multiple users are collaborating on this
25  document, then these cells are typically randomly distributed among the multiple users.
Thus, in a worst-case scenario, all of these users may be collaborating on the same cell,
but in a best-case scenario, at most one user is operating on a given cell. Typical
operational situations may fall somewhere between these two extremes, with the
collaborative client services further conserving network bandwidth and resources by

30 reporting revisions only to those users and browsers operating on the revised cell.

[0059] Having described the components and data flows related to processing revisions

made to the documents by collaborating users in Figure 5, the discussion now turns to a
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sending revisions to the cell to any requesting browsers. As described
above in Figure 5, the cells available for collaboration my be randomy
di stributed anong the coll aborating 30users. in this scenario, block 614
may i nclude sending notifications of these updates to sone smaller subset
of the usksgipohl aberatsndowst for npracgsive nthdec wevesidns. rEtiheliscussdon o nal  of
the users coll gbor ] nl%(ﬁ(;n t he gi ven docunent. [0066] After perform ng bl ock
614, the IPFEEE é"’lm%ﬁg O may return to block 602 to await the next
notification of revisions frombrowsers. Having described the flows for 5
processi NYosAVI HiPMe ¢ BRKEHEIIOYs, \RO1OY S HRhIIPROSIB FaIHrBEQVREL SvisibndAgur e
6, the discussion now turns to a description of conponents and data fl ows
occur ri ngeprtadhby browsses. Birdease oofprcarenss, ahégwt rlanitasioon §1gurh s mggseariypt i on

| S nog prfoyvivaggd .t Qfe'r:ei 4 %‘er [906(91@ iﬁurg 6 iIill ltusl;e e%ttgsirﬁl A e?r?nt Forand
data flows " denoted gene?éllufny at 7o YRat “RE B Sws et m—%y provi de t9
process r&uinpicQMgire « entreRtfotviiatl frem Gabliaho dadwingd yheetbptenthyord ofl Ghe
plurality of users. For ease of reference, and not linmtation, Figure 7 may
carry foriRiprbpratbyeeclicat eragesel iubutesthe peees b o) He dascigsd ibcenargion; o

simlar i&%eg%z%ngggmeecﬁeﬁ{ 9&{%1%5%,1‘9% hoEe tﬂ@&ﬂ@?&né&&%%ﬂh@BFocgésa}Ni ngs

t he net wor an exanpl e user an exanp owser an exanpl e
DOM 416, faowsttinphealsd dwpedoiencdrbyvitew dongehert 8 scanidesawmitiexiappaatige &pm

structure 410. Figure 7.alsp carries forward the client-side 15 revision
st or 6104061516\?%1’8}4“8@9“?%@& SEHEOMni tial state 408 of the cells displayed
within the browser 124 for editing by the user 126. In addition, Figure 7

carries fooggr d THRinEPFighdd b AmORRGA! b{’&EbOMééﬁBseﬁﬁ}feé&ﬂﬁg Indik@oh eyt Si ons
504 fromthe browser over the network 128. [0068] Turning to Figure 7 in

mor e det aevisionh@s ysparted2ey pay or g8ere Wrawiasic.gomPdnidspRoiove fravengs)t oFor

[ ith d.i 124 .make. mb
of - 1 ovi si ornico SPHF 802 BRFIRIM G s ol Erdll Blemfiiess TSR DR REIAL 02 "rmy

take varigugch ¥pRSonsdspRAGIM PizutdBatty0pe atd 560Nt ent presented in the
browser, and depending on what capabilities are nade available to the

browser through the coll aborative client services (e.g.,.110 in previous
dr awilRgs)[0060H[ o d¥otipedt aencrlydiPicraty wﬁ%tlfaﬁngc@#ﬁﬁwé areybieck {88 reyjsiohe

user, the.proussr t%I'E‘SBlX @?Fc%re&aﬁﬁﬁ@, o égﬁid?étm%}{‘ggw M iRgapast the

graph structure. Typically, npbst comrands nmay be exec agal nst the
gr aph, whndibkatmythepcdisimedifibébyrtided regoidnson of a data/view nodel. In this
manner, the nodel portion is kept up-to-date. However, editing commands nay

ge execut[ﬁ%ﬁgalé}%gk %'68 gene{!allgj;l r}ceipr%gen sagtto{ri%glgj ltﬁer rgpoolrtg Sre$i§f0%$ 'as artecetibe% %nd of
block 606. For example, block 606 may include storing these revisions in the server-side

20  revision store (e.g., 212).

[0064] Decision block 608 represents determining whether any other browsers have
requesting to see and/or edit a given cell that has been revised. If no other browsers are
currently requesting the given cell at a given time, then the process flows 600 may take No
branch 610 to return to block 602 and await notification of the next revision to the cell

25  from one of the browsers.

[0065] Returning to decision block 608, if other browsers have requested the revised
cell, the process flows 600 may take Yes branch 612 to block 614, which represents
sending revisions to the cell to any requesting browsers. As described above in Figure 5,
the cells available for collaboration may be randomly distributed among the collaborating

30  users. In this scenario, block 614 may include sending notifications of these updates to
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30 word or paragraph), the DOM nmay update the graph structure with the
revisions resulting fromthe user's edits. In this manner, the DOM and
graph structure do not incur the performance penalty of tracking and
processi ng each keystroke typed by the user, and instead aggregate

keyst r okesnersnedlemsutdst dfahe usees edbddratihf ivathéme \given docomess ratiger th@0GGLThe
nodes within the h structure may be updated in response to the conmands
702, with 6]Fﬁ§sef%1%i|@a€9fﬁﬁ%%o%ﬁ‘?&Ye€d%ﬁk}mFWe commands bei ng updated. Once the
5 affected notes are updated, the view code 408 may traverse these nodes
and popul @bes|t hea fXM\erfokMingf K16cle8 BTRhE prod BRMRRNS G0embl Meurn! 13 B166kN602 e
browser 124 may traverse the DOM and render the HTM. Tor display to the
user 126.await thhinexhraeifeqation o8 rpvigarse fromplropsgrse nddiieg dpssripeé thel fews dor

visuali ze the .results of any.comands entered.by the user. [Q071]]n.some
et arfces T nunE PR ool L NRERUS Fo RBOREY RE 03l & BREREGicH
comands rod¢arhsytoat ddsbptinisemponénts endih Ylodts och@riagbd alic brbRisér side to
determ nati on nay be nade based upon perfornmance considerations; typically,

oper at i orf§o¢aathels WviskwsudBis-deparibien venaraprayededrfitholigs® 4 o t he server.
However, other factors for consideration may include a heavily | oaded the
server | a gt {18t b ARtsClrldCdbka B e 19728 766 6naRY
store a 2[3?67011‘ relgliﬂgitns tﬁgét)gcr?e%ﬁét tsfrg(ra‘ndLl aleGcéig’n(Tq'regl}l6 S éo%?eot 2ear 7g§’t |hons

t aken by thhibravsser miahpougde toheobmseowsesionk2d .coBegi thai isgolitonatevetyeglied dytaat i on

408 of an inj.ti state of th ells displayed in the browser, the revision
ator 8 Caog i bcitanth” aib eropbredTout da BrtEhiaho faer v 285 by ek

revisi on @glet@feréRPmaadots S&AURALOR drawn%sqae@feato gihangasms habr egatplcon the
graph locally at the given browser 124. Anong ot her functions, these

revi si on Keleascarags fproviddizora prexdpemddramings tho neiwioth 12henbexempds usery 26r ovi de

an "undo" function to t user, b ich,.,the user may step backward

Fh ougn s SRER PrebRet 154 Bebienits B s SR o Ened (oBle 87 FEEE DAL

revi sion 4K)8oaed %ﬁ&xﬁﬁ?l&%@?ﬁ stri@ufee¥i (G iTagse analsé @dirids rwket ttAs clitnt-sidy
exanple, one or nore [in ists, initially arranged in order of occurrence.

Howeuiér , tevisiontsiore 4Q% arhigh pay kecdude; the india) sid HE0Tthe celly disiawed wighip thever se.
Typi cal | t i Si 5. 10t 9 e..q. y o"
opor ati ons Tha EE e bR By, oD it BT, AAGOIE, MO b Bics RS, | e
revi si ongeplicatioh etadager?, whidl mey trépvieths iragsivhe 5 fiore tHel brkkeskrl dvet the
entailing a considerable performance penalty. In this situation, the

revi sion Iéef%?rg 1§§y reorgani ze the linked list of revision deltas, so that

i nstead of the deltas | ooking "backwards" through the list to an earlier

initial gpags, tNEnEE!th 3selrO9Kin ThOLWRESS the Gef 1061 B s3RSTafibBs commands
[ 0074] Al t hough the revision store 406 may store del fas representing nost or

al | @0 t hent@uiteindersctowitiucenteny pagsented ih Geairowsawsdr and inay male shynuwber e 406
may or e rré\gllsiorng%) r’tltlis aclolntent through these commands. These commands 702 may take

various types, depending on the type of content presented in the browser, and depending

on what capabilities are made available to the browser through the collaborative client

services (e.g., 110 in previous drawings).

25 [0069] Depending on the type of commands 702 issued by the user, the browser may
execute these commands against the DOM or against the graph structure. Typically, most
commands may be executed against the graph, which may provide the model portion of a
data/view model. In this manner, the model portion is kept up-to-date. However, editing
commands may be executed against the DOM, and at particular points (e.g., at the end of a

30  word or paragraph), the DOM may update the graph structure with the revisions resulting

from the user’s edits. In this manner, the DOM and graph structure do not incur the
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of these revisions over the network 128 to the server. For exanple, given a
conplete set of revision deltas 704 occurring locally on the browser, the
revision store 406 may report 5 sone subset of these revision deltas
(denoted at 706) to the replication manager 402. In turn, the replication
manager rp&yfohnamrp*bnaln;esé traeking i andsprocessing cael \keygtroks tesdr bye thef ovenaard at
504. More s |f|caIHéﬁ ere Iicah&&n nana Fﬂthln t he br.owser may

det er m né™ BB LSRRl P A BE BOTRRGR 8%%10{68 e Ve PreGS e not to
interfere unduly with user interactions occurring within the browser.

U ti mat elgo76]he TIRPhbEAL Wﬁﬁln”ﬁﬁa?ﬁ?haém@uﬂé MRy DeoyRRtedBY rdsBohdearstigr to
the server the aggregate or cunu i ve resulting changes that the user has

made at tqwatmémde arwithrprly tleqsk inedesi acffﬁCWéﬂPs(g]efr CMMARGES mmﬂtq&a@n@e
the rgvisj FREZAH R reyLshony gel tas &gz Hok il @y tiley DL.ONSE! aﬁ flat
resul t |ng SV sioon T hat ‘i ¢s the ag gat’e or cunu Catr Vet es to the

cell, theapehywes! afldxshbiga 1@ gemTMLatla tofn, theboalsér 124nmwrtﬂawexwﬁle
repllcatlon manager. may sen e current state of the cell up, to the

server. 13Pbbam| [adehe &@éhf%élwl% ty thoviser 134 da t@émﬁeﬁntﬂsﬁ biswserat 1 ows
for proc %ﬁ%g! é]?ab[eet}{é BLRNS6 kW iEhABE Bhe mleﬁgafghf 86{}%1?{8 % B AR Q. @

descriptio server-side conponents an or rocessing these

revisions. This description is now provided with Figure 8. [0076] Figure 8

i Ilustrat/@87Her \/Iersosriedelstamnqmonlemﬂosowd 134t may | dewsmirdewbtthdr gerecakd yheat 20
eSS|n revis s, from browsers ease of

800, f E
ot 100G ot dgeafl e BB SRAGES: ESoRh TnE AOTb"T VS et rmiiition Srg Bhce

nunbers fhgw paseaug%ﬁ perrﬁmnaﬂcse &&s[cemfon&o ff%idﬂl&abpérﬁt%}ﬁ, thhO8re’ HdsBurkbre
exanpl es shown in Figure 8, exanple users 6a and 126n may i nteract

with ex artpleeSIEfP ows dresofiflogdesl tanibic 3o ar. t Bowerert etheefdcsirp her GOsislcrmfidn 304n t o

partlcularlrg a&ﬁ a(@@q?f?%%r zﬂ% Hurqhnthe browsers 124a and 124n may
report t Hegd ? Xn%(% He"COMN BRST A Ve ¢l i ent services 110 over the
net wor k 128. [0078]FHV|ng recei ved these revisions fromthe browsers, the

col | abor g00vy clTlendlicaesidé @@&sﬁd@tonayoehwetdrees@et bEWVEi@RSthatregult from
server side revision store g . as denot ed generally at 804. Figure

8 i | Ildst refuRandisr pHshagias e??ﬁ&m téeﬂlﬁ%ghmégh Shcohre Wl \r 43 gt g pifkds of
this di S%@%kéﬁ%uoﬁ%og' 6‘&3%11 LIEALakienT 8 L élsﬁl t iéP{HeOLﬂa X hRcldgany

nunber of Dbrowsers 124 t report revisions ative ¢ ent
ser vi ces.st¢gro0N9] sy desdte iabéd;tc&bm/eerlem & guiseon2deltase’Ble rihese s¢vikeon eleltasi on

store 212 may contain revisions of any nunber of cells, which in turn
cont ai 1 SHBCH REABTBE; St SlnE 1BhOoSH4n HrogEpbapas s de'didh M

repr esenti@biv@i?si240AnfiY JikeraasQndt BekeWel RicANdltad Hia@lprovide a mechanism by
20  which the browser may provide an "undo" function to the user, by which the user may step

backwards through a set of revisions to return to some previous state.

[0073] The revision store 406 may store the revisions and revision deltas in, for
example, one or more link lists, initially arranged in order of occurrence. However, over
time such a linked list may become quite lengthy to traverse. Typically, most revisions of

25  interest to the user (e.g., for "undo" operations) may be at the end of this linked list.
However, accessing these revisions of interest may involve traversing the entire linked list,
entailing a considerable performance penalty. In this situation, the revision store may
reorganize the linked list of revision deltas, so that instead of the deltas looking
"backwards" through the list to an earlier initial state, the deltas look "forwards" to a future

30 state.
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revi sion 806, which indicates a state or status of a cell or object before

the arrival of any 5revision notifications for that cell or object.

[ 0080] As notifications of revisions 504 arrive fromthe various browsers,

these notifications may indicate which cells are being revised, as denoted

respecti é0lat Aliraghnic @9Rn sférert0b meaycobdicaletiaatepusentingendst senliofds 110

receive these notifi.cati %nﬁ H}ese services ma% C@eate and store revision
olcs &S

del t as 808VS1NE AECULRRE &% S FURED itonEvIYRD 1t Oy 8y ey 3t teet! 808

on the Secff\{ﬁése%x?iﬁoﬁ@bfvé?%‘é ﬁét@z_oﬁi _ﬁ‘@é & th¥ stQet. o e%c‘éhﬂé?%is%ﬁ!at&ﬁnﬂ@té %_E:ti bed
on the browser side. However, it is noted that the server-side revision

del t as meyf rovisimmylchat 7MHeoasuuong lpcallyeorstdirdramser e bevaviee stosd 45 mey irgriosn
deltas. [0081 i descr.i.be he ,server - 5] onpopent s and data f] ows
o B gy P BT Rt IR AEE Pl o BRIRRDRZR Riaghiidhy e

di scussi alrn) @W RpR&E6H SndnBgdd Nl Rrikddehek redsigRserth®tdrost, of cdrhed srwiRr - si de
conponents. This description is now provided with Figure 9. [0082] Figure 9

i 11 ust r at@804.aYlowrspssifieal b thsoarlirasion gunagcs qvithehtediroyse maygipteragsorhet ed

}N! t h t h_e t§ %@p@ {h%gégye%is%ﬂs?S'Tthess%{'\yehcsggrs ngp{o iﬁ%?t%reoﬁndqlﬁf @{%Eﬂg&q tlg&tcti&?st .
imtation, Figure 9 nmay carry forward sone reference “nunbers from previous

dr awi ngs dcoutr@fevitio tisd trolvasr. BQirh&oly, theatpléoasion hewnagdrgu @i@ndaswiesndyor war d

an exanpl e o} thgﬁ1 col | ahorative client services 110 and an exangale %I t he

net wok 1pgster sodssavoihcagpisrels 0o gompkativg erppiiiag changss thas ther yssebasihage

receives 4o caki ans £ mhw%a%%%@rtﬁe bt ﬁa& cgiﬁm%tt}a?fr $i6ns and
comuni cations to the appropriate conponents W thin the coll aborative

cli ent servisvesdeltiheseircogranhe atavors tordyfinmel rasldting oeviesartipdt enin®ibs the
notifications of revisions or revisi eltas as. received froma varjety of
0711 or iR aSar SomsSn chaieehB R ol gigeh SdihiBE St meutanp Pl

noti fi catihQn®, MMRYcARIEo MARARNHaQ sedPtht REr¥RIst@UST thE BVBES B thihavMeb service
may provi de adapters 904 that translate these communi cations from protocol s

suitable for transm ssion over the network 128 into internal binary.
pr ot déol d0ABYle divinhHescribed greorewsemydarernpencntseandoddta Blowatipy araskssens

revisions in Figure 7, the discussion now turns to a description of server-side components
and data flows for processing these revisions. This description is now provided with

Figure 8.

[0076]  Figure 8 illustrates server-side components and data flows, denoted generally at
20 800, for receiving and processing revisions from browsers. For ease of reference, but not
limitation, Figure 8 may carry forward some reference numbers from previous drawings to

refer to similar items.

[0077] In the examples shown in Figure 8, example users 126a and 126n may interact
with example browsers 124a and 124n to create revisions 504a and 504n to particular cells
25 802a and 802n. In turn, the browsers 124a and 124n may report these revisions to the

collaborative client services 110 over the network 128.

[0078] Having received these revisions from the browsers, the collaborative client
services 110 may store these revisions in a server-side revision store (e.g., 212), as
denoted generally at 804. Figure 8 illustrates two browsers communicating revisions only
30  for purposes of this discussion, but implementations of this description may include any

number of browsers 124 that report revisions to the collaborative client services.
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30services. [0084] The Wb service may support nethods or application
programinterfaces (APIs) for sending revisions to the browsers, receiving
revisions fromthe browsers, or the like. In addition, these APls may

i ncl ude nethods that indicate to the server that a given browser has
browsed d0839]f r ok desgribehatpagen Fanae Ehihs shavsr-sidopéetien siedi 21hgagrynteal | s on
5t hat page.. [ 0085] A stor%%g Ia%(iltrS 92}? may communi cate through the Wb
service d84PP8Y Yoy AHEORRPT atsLPr AdHC T S BN OB AT PO 8RACFhe

server - sidraliiidhonos! qrhes@ét%ecmaﬁre%&aﬁﬂe 208481y BOGssBBM A6t B GYitide a

storage adapter 908 t provides an interface to the server-side revision
store. Asrewenwns‘i%nwh@hrmdﬂeatﬁs oatcher statns olis cblt onskiest, before the amraigeof ayer
10906 .may_cache éF |onﬁ nli’ e revision store. [00861The

server- si'dg° P8V PE'E 1o§§ PheY&de different storage areas or caches

havi ng different charact er| stl cs. For exanple, a First storage area 910 may

be adapt §9080] coay ingtifiediond &t AvesiGi¥Rb0Lraréd Mvsn ahe datisud haswals; @esessed
and revised nore recently and nore frequent ly. For ease of reference, but

not to | ineHficaisimeidisaicerbich sello e bemigyipviscd asiaekdraweehydy i peda
storage apax@q awhBPhe SIRHBREVAHR é&ht%gége%{‘ﬁo EREVE @YdsS Iy gﬂﬁéét%? {iBye @l so

i nclude a second storage area or cac I's adapted or configured to
st ore | arsgericeshnksrcak addtstaore Inetisieut elelaasc&%smdtmrndrvreemdsed:uhet&matlg,cteasd y and
| ess freqru For_ease reference, but not to limt possible

ently.
i mpl efent’§YPiGRsdelies {8 0 %rﬁ?f"‘@% Y4 Yo LBHAICsP BN Ay 1or B EIsion: dgltgp

storage af8@iRl onakdBrowd O GO8 oAy VBY, 948 hawe thad iift @R LRk at8doBEIBR 201 ne
916 makes those Interfaces and related methods that allow the storagé |ayer

t o i nvokermeaygwt bapadsilyithd sene dSdhe broawypl-gde wyisgirf dadtagnt br owsers send to
t he coI I abor ative client services revisi ons to gi ven content, the stor age

| ayer re.,corr gi revisi ans and 31
cannes o1098fa° T8 GRERAE e 5PNl R R RER o Y iy 2638t Rt 7% e
mer ge | ay@bcdddidg r@visiBigfom browsers in Figure 8, the discussion now proceeds to a more

15  detailed description of the server-side components. This description is now provided with

Figure 9.

[0082]  Figure 9 illustrates server-side components, denoted generally at 900, associated
with the collaborative client services. For ease of reference, but not limitation, Figure 9
may carry forward some reference numbers from previous drawings to refer to similar
20  items. For example, Figure 9 carries forward an example of the collaborative client

services 110 and an example of the network 128.

[0083] A Web service 902 is provided as an interface that receives communications
from the browsers, and that directs these communications to the appropriate components
within the collaborative client services. These communications may include, for example,
25  notifications of revisions or revision deltas as received from a variety of different browsers
collaborating on a given instance of content. These notifications may come from and/or to
the various browsers. The Web service may provide adapters 904 that translate these
communications from protocols suitable for transmission over the network 128 into
internal binary protocols more suitable for processing within the collaborative client

30  services.
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25 or reconcile these various revisions to update the content on which the
browsers are collaborating. In addition, the nerge |ayer 914 nay determ ne
when to invoke and run the nmerge engine 916, based on factors such as how
heavily | oaded or busy the servers providing the collaborative client

servi ces [80&4]at HryWgb vanict inmy. supp@8Bicthods beappdiceimi progpnomes ficesg(ARav e
operatiog§ becone asynchronous to nergF.300perations. T icaII%; on. t he
br owser PHENHTerV EANS {18 AN Ao Sy TRV Higgiil {loge fToa eeliowiE®1 & B likfe
server sijgde,qdidia, tR4ESAPR &) andlBYe RRHRS HANNAR (AR tHRPEr Z8ck §Cgti$éhat It
is not as serialized. Thus, the revision history as maintained by the
servers ragwear heahronerd bean fibimegiven ppgoe sehthas hancanpittedriibge any o¢lbem i n
whi ch ch%B%es occurred on the browsers. Instead, the revision history may
i ncl ude BPEPER%s or other non-linear characteristics. [0089] Typically,
users and browsers arc shielded fromthe details of the nerge 5 process,
such t hat[oagd]ay sA istori@® By &9900Ma9 \Wehinyunidpatirolidtethe Ve alskrvitgeddapiepeoi ence.
Put differently, users may continue with revisions at the browser, wthout
wai ting fade et gsgastroaspplieations & ard/einfrem; the SEveir8de FRyisiqrettges? 1gr elhe
under way i i | 0 may
use the a%ﬁé%géﬁﬁﬁ}g%() P%&%?eg%yg&&g% ga%@??@t} %ggpe@gfrd %15? Eﬁ%ﬁcggét hese
funct i onsermy-sidoctwisien stoud. As cevisddnslarmivd @omtthg varidlis bpdwerrs thegstérhge gyl oad
of d%'a transferred to and.fromthe vari ous browsers, determ ning the best
n

t
envi r'd N4y SasNe Reporeyiipns ShihsiedsiPRSREY from the browsers, optim zi ng

storage of content and cells on the server, enabling nulti-user editing of

col I abor gqpp86) Cortcerverait tRBidd k@re FalySin6iuds WSHi O HOMP8Ms dftScdcHEd her
details on each of these functions. 15 Optim ze Payl oad of Data [0091] When

openi ng dagthgutiEiatenbehariqteristios. koslckamplean ifst sordes atchd 10 andyabo adantedeorc| i ent
services, the storage |ayer 90 retrieve content for.aone or re
2ppropr - oBNEuSHE ABR TR, Ry PEYah T el EaP SRRl e Bra s MLy ¢ ot on
only the atdrdqénttyhi For RageofREfcRAGE Duf HdHTH LRt SRKWBES infl dRert@itnS] KpwRtoor €.
This fetch may be optim zed to | ook for these 20g$ges first in the hot

st or d35( e.dgnoten thay firsf stofage afqgras @ "halg ks recprpmefetchy- e Thtotevisipneshae pity adtoor e,
the fetc i SIE r e ) The
appropri g?gemﬁea% %8{5 S f%%lg ée re? Stgr%%?%etebirazeg%?so%&aﬁ%r(g, Cogltﬁ glrleg%lz) ﬁtérggg%%rend
caches orchuhles sfedarethat archicsanid gdalrvised tderapmiyopid BiefrbquenderFdreage of 124) .
The recei v% ng . oy . . .

reterénce, but not to limit possible implementations, Figure 9 denotes this second storage

area as a "cold" storage area or cache.

20 [0087] A merge layer 914 and related merge engine 916 makes those interfaces and
related methods that allow the storage layer to invoke merge capabilities. For example, as
different browsers send to the collaborative client services revisions to given content, the
storage layer may store corresponding revisions and/or revision deltas in the caches 910
and 912. When appropriate, the storage layer 906 may call the merge layer 914 to merge

25  or reconcile these various revisions to update the content on which the browsers are
collaborating. In addition, the merge layer 914 may determine when to invoke and run the
merge engine 916, based on factors such as how heavily loaded or busy the servers

providing the collaborative client services are at any given time.

[0088] In the foregoing processing, save operations become asynchronous to merge
30 operations. Typically, on the browser side, the revision data may be highly serialized,

while on the server side, the revision data may be reorganized and optimized so that it is

19



browser may store this data in a browser-side revision store (e.g., 306),
and re-create or 25 rehydrate this data in a graph structure (e.g., 310).
When a given user revises the content in a given browser, or if another
user changes the content in another browser, the collaborative client
servi ces noays gaidirad. eThey sl ensioardstogvisshantagdeldttgsthe neliveatmaygott ieg eot
changes, .and,.may send these revisions,tq other browsers collaborating on
the cont ditt lipepeepreyimteHen BihGHBE a3oader T FYIslt GHBEFOGRT AR IR ons
and revi shaRsdeld RSisiod BRSHEL BWRAE bRinies'@BHRE A8n-FhOfr@hatbibAstidle browsers
creating the appropriate updat'es for the graph structure out of the
revision store. On the server side, the collaborative client services may
store t hd988%YeviBiriradlyamders eanids bigmvseis| agsshiglded dromotthe tdstasls (@f ghe n@1w) |

Af ter war ds tspeS Cgltllla%b(Pe[ at iil\ll%[1 (%Iiinent0 Ser) [ ces ey, nerge tﬁt}e N g%{i sci 0ps, and
revi siton RTTESUF BEEVEEYF MO MEREE {OF PEFENTRGE ML BEFTEN. rrpff e el ent
servi ces difyrentiy Msgﬁaf@cnﬁiﬁlaé MathSrcASIOAS Bt WSk ¥er OfvitbdthevaiRefartrh@pss, SO
as not to interfere unduly with these other operations (i.e., "quietly").
[ 0094] O HRCOWBISES Op BV RSV priipt BISKECE BES Wideey Ftdhe WINET €inges nade to
the col | aborative content. In these cases, the server may retrieve these

changes f[Wﬂ)]caCﬂ%%oﬂE’{;}&Et%eQﬁfénP%r@iE&%ﬂ%ﬂ% &%rtﬂegééhit&'iur& Qll?oxin{ ﬁ&"#ig@r{é@ he

servers may retrieve these changes may 10 backend server. |n general,
col | abor abi peforini saverad eiunctems. nitieser tmcdensoppyrincinidst bat et actt bmged dohi ng,

by allow ng fr.ont-end seryv fo store lo | y data. that the front. ends had
o evilBus U RRAE Paddiry i tifnTirdcoqiararh 1 Yedige Bta g b HOREBIT t hou
goi ng t o thh®chagkaBimsRr MekhichnE iR !cbAROINAL ii8eE o8N theSBoWIsE8S opMMizRl S O
provide redirection to cache, where one front-end server may redirect a

request fst@ag@obreoviser andocaliorrnéie faront ceabling 3uwiivuser cdifing & collobpsptevet he

| atter front-and server nt aj.ns_the cached. dat hat .the browser. is
request i rgneE i drecB st A’ RER: B IAS (RehT T hanTent PG di

col | abor ahstynel i ent services may execute a nunber of conmands in the
browser, without interaction wth or intervention by the server. The
browser may execute 20 these conmands by conbi nati ons of mani pul ating the
DOM (1. g.Optmize BaylpadofJd4taor i ng operations on the graph structure (e.g.,
310). Sone commands may run on the server, however, because the server nmay

provi de tjjgofer 'hERRGENRARAGb M dr Ulle! AP SBIISIFIRII End AN ROARBL St NNI NG

commands on the server does not i1nvolve dowl oadi ng code (and confidenti al
and/ or semisit sareicesnftior setdgorrydrdOthmay ectitec bomwselos .on2 i 00@6] dppragpaidict i on,

those CO%QQ vsvitfn}r]lat}lisr 18 0P goc;[u?neen% efh\éesf‘.orggaey lage% nsle(l)y %lgtcthhoonlf}tf thoet({?all?ar %’c\)jr s page
or pages from the server-side revision store. This fetch may be optimized to look for these
20 pages first in the hot store (e.g., 910). If the three requested pages are not in the hot store,

the fetch may incrementally search the cold store (e.g., 912).

[0092] The appropriate data is fetched from the revision store, stored in front-end
caches on the server, and sent down to the appropriate browser (e.g., 124). The receiving
browser may store this data in a browser-side revision store (e.g., 306), and re-create or
25  rehydrate this data in a graph structure (e.g., 310). When a given user revises the content
in a given browser, or if another user changes the content in another browser, the
collaborative client services may generate revisions and revision deltas indicating these

changes, and may send these revisions to other browsers collaborating on the content.

[0093] On the browser side, the browsers may handle revisions and revision deltas in

30  the browser-side revision store, with the browsers creating the appropriate updates for the
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interfering with the "normal"” operation of the server. For exanple, when
the storage | ayer 906 receives a new change, it may pass it on to the
server-side revision store 212 for storage. The storage |ayer may al so
notify the nerge |layer 914 of this new change. Asynchronously to this
noti fi catdreph stnonereesuyt dfhthemevigien! agrer Oaythatseameptsideo thee cgléabbhutise Ilienew
content, when a propria Thi.s asynchr onpus eration nmay m |mz he
ok ot | GVBTt g oG JOSEE HRL T boreddBS Budlr 08t Rl le 2o Fih

requests. Ai*t&vJaFﬁss tlféeéotll%oraﬁ&eclﬁ'f 9&v1cRY lay TR O RRY f‘&l%ld?l@ |a)id irfvitibg dbRgnt - end
server has enou% free cycles to devote t0 the nmerge. [0097] Commands such
(0]

as past e meyvadufroim the dtffﬁmntiamsetsn dior bxempbsy thfnd;hsl@tr mlceST h@ybnmwg@rgermy
i ncl ude Io t hat d t ect t he pr.ocessin vol ve rfor

suf 11 a erfPopsiots abpRRRsy il Mg YDeRiPRS A tes o romEl MESRE o

t he br om&gﬁero@eﬁum@bns@gm},qsk the server to do performthi s operati on
Agai n, the code running on the server may schedul e and performthis paste

operation so as not to interfere unduly with other operations performed on
t he servdP094er Rthespsgage tropegsgnashaepk dbt ISeyer 4¢t ooy cbiteshtmide. i thecel | s)

510 be cahigfditivd irdON Gike AR TRY ol LMY DA OUREY ool FbAN RO

server, t1 mat to the st or’age ayer. e storage
commni caﬁantmrteki ‘ttyh@orﬁ@mdeervmsder thevr@it-and stoes, mandtmiay thésorchatdee nesl |'s i n
i ff | ocat i ons vel changes that. occurred

rece o ﬁ%ﬁ@en&ese@% I@@eﬁl%alaﬁlﬁégh%borg%@e@ é‘ﬁ%‘?%aWPV@WPBO‘Pé“ﬁmOQtLO)

this optiggZeacHifs, byeMidRng Hont-saRbdrva&Sto @fore i&aﬂﬁtdﬂtattﬁatptﬁé $rdnt b Ridher
users, instead of having to retrieve data froma sl ower, nore expensive

cold st orme‘(leus@y feteticdl) andOte ectvmmvibssi dats tor r@cmaaa‘g@ bravesct Britbol gng do ore
merged into the main stored in.the cold store.
Thi 9 opt sl eBer g BT TRt b Bisd RaHoT e (UHIREPT P Fishie ve v
large, inkerd ofit FFoRtthd@kerver ﬁia?a;%fect RaRqidie flapt a Prok&r t8AhORSOFYhEshd
browsers request particular cells within a file, the storage |ayer and the

fil e lgr ovscerst, imggses stherethe lattes fioatyared seseerceniaiisdhe cachedrdata dhas thdyero serf
t hese st QL es ugétm% the hot store and the cold store), and may present the
revi sions as unified data to the browsers and the rest of the server-side
conponents The storage |ayer may al so transl ate user content stored on
servers iRimningGloamhahdsin the Apprepiriatel Enviyonnhentbr owser, whi |l e expandi ng
25certain nodes within the content, and not downl oading content that the
browser CmS&S]nOtThuescE:'\olla rlaEi{IG- c 1§nrt s%rd\!iéelsnrgay execute a number of commands in the
browser, without interaction with or intervention by the server. The browser may execute
20  these commands by combinations of manipulating the DOM (e.g., 316) and by performing
operations on the graph structure (e.g., 310). Some commands may run on the server,
however, because the server may provide the performance capacity to run these
commands, and because running commands on the server does not involve downloading

code (and confidential and/or sensitive information) to the remote browsers.

25 [0096] In addition, those commands that run on the server may do so without otherwise
interfering with the “normal” operation of the server. For example, when the storage layer
906 receives a new change, it may pass it on to the server-side revision store 212 for
storage. The storage layer may also notify the merge layer 914 of this new change.
Asynchronously to this notification, however, the merge layer may attempt to merge this
30  new content, when appropriate. This asynchronous operation may minimize the risk of

overloading the server so that it is too busy to handle other requests. In this matter, the
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[ 00100] The data nodel enployed by the coll aborative client services may

i ncl ude revisions, as described above. The client services may al so

| oad/ save these revisions 30w thout express user interaction (i.e., "behind
the scenes”). This approach may automatically propagate changes from
users, ophemge Zayreg niagtdpetaoamonigaf thedindrerehd andrer bad sionpls fiee eyshatedevote ®. , by
putting tpe m ni mum burden on the wire), and when such content and
revi si ond!af¥™hared. In this manner, the collaborative client services may
synchroni ze changes froma given user to all other browsers nuch faster,
once the [ghognt é%ﬁﬁh&kﬁ%ﬁcﬂﬁ&P&&ehﬁ?&mﬂﬁi&b&h@mﬂﬁ&{§f@b&s&QﬁMﬁQﬁk@UﬂﬂQ on
given content. [00101] The coll aborative client services may transformthe
dat a noddirowseramay dneliidelpginshdsr diesey shagribie svétmefﬂ@g tievobrasic 8 perferanitgtaa
eff|C|entI e bromser t hen d| l.a 0 t he.a riat
content - TR I Froud it 8 Gt o BafC RAL HEORRROLRr B i
el ectr Onlrﬁay’lﬁi@%b@@kk aRplervattd qaq)eﬁeng thisiopetatidh Nggdin} the @odé riirigdod ¢het he 10
OneNot el m pr oduct avallable from M crosoft Corporation of Rednond,

Washi ngt oRIVEr Py wReditt and pardorst Briagesty apeptionio enange infrafor ALY 3itht he
revisiongy 81&9%, t ﬁ) CARdBE Rt QRed in a format that is conpatible with

el ectronic no [Tcations. In this nanner, the collaborative client
servi ces may seaniessly integrate with rich cllents, and may utilize

wi del y- avssrvab$terdgeowsers while relying on the el ectroni ¢ notebook
application (or other 15software products or applications) to provide a

ner ol nadoblen WERFoMER e CaNEbLGe Spubl P8 P abmabapnidl oy I

featur es frdfﬁttﬁwaﬁiv@gf eah fAst-snd a8¥els QAP UlRhatea@adk %td'm%&l Ryerl Th Stdrgdbe
understood that the invention defined in the appended ainms is not

necessar ilpyerimay cosemuricath &vidigbe perver-fidatavised) steret and way e Gegelein hed

as. oxarpl S apHebURnsy IARER if PRALY Bar o0l 54 FRl; PElMTRORE RhBFlCr o

descri bed &J@&vemb& @Jpeuslekedotbstomay gO,f9lIO|)| thit o@irioss tsndievignchis bowll detnett be
construed as Ilnltln Various nodifications and changes nmay be nade to the
subj dot Rt & PeRssit rtP ke Hesers insisadnefubaving [ FstHE S H%tae%mm logighodPTent s

and 25appés B&%Ne()&ﬁd Isldr1pd g2 ?51) a@ﬂc@%ﬁdtﬁe&’ch svﬂré @Qﬁ’stolllﬂgg&;g% 'n?ég%gdr om

the true irit and scope-of t’he present I nvent whi ch thin
t he fol | anionte chan fde, thiNhatin ifide niaw‘tmascﬂomd; in the cold stord. This opeastks cog by

ot r uct | WA B8 Y T 57 BCDRERBBHTAA L SOATEH: EYBRAPEL ) A CARPIPBIS cause

5t he comyk slord © perform a net hod conpri sing: enabling a pIurallty of
users (126) to collaborate renotely on at | east one docunent (114) using

respective browsers (124);
20 [0099] When browsers request particular cells within a file, the storage layer and the

file provider may retrieve the requested revisions from one or both of these stores (i.c., the
hot store and the cold store), and may present the revisions as unified data to the browsers
and the rest of the server-side components. The storage layer may also translate user
content stored on servers into content that is consumable by the browser, while expanding
25  certain nodes within the content, and not downloading content that the browser does not

use.
Multi-User Editing

[00100] The data model employed by the collaborative client services may include
revisions, as described above. The client services may also load/save these revisions

30  without express user interaction (i.e., “behind the scenes”). This approach may
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sending (306) a representation (206) of a portion of the docunent to a
browser that is associated with at | east one of the users; and

10associ ating (308) the portion of the docunment with at |east the one user.
2. The storage nmediumof claim1, further conprising instructions for

recei vi nqufanoatichlie hopaer cllangepriesentsatsi optiofiziag Hodadiowoneerr entitgitoand o t he
portion of the docunent, 1 . 3. The stoprage medium of cJaim 2,
further CEHBIOPS ia’PFgéilaFF‘sdt élﬁchyowgﬂ%ﬁhed@er@%l?}l@g% RSV TSatd 0P Siither
one of thenaehsd r&iGOhd ABUALUNAnOMist AENRLT the QB IIRborhiM HIRGHTBR ocs FE
further conprising instructions for sending a representation of the

revi si on syoclapnize gkangeh&ofruz ghen useretoafll other browsers na@h faster, onee thtrdiest or age
medi um of cl.aim 2, further conprisi instructions for determning that at
Teast 3a_ rePine Ak iRl SR o SR REBE PR e Sk e “por 1 on of ¢ ne
docunent, and further conprising instructions for sending a representation

of the rgedBIIgn THY dbllaborativd Elaglt stlvecel widyhgins@it B dahemb8erss. as2b allow 5.
The storage nedium of claim2, further caomprising instructions for

recei vi ndh$ PENYSCHeasy SEEY toaprioesss die Artatcfgmenly. athq bgsseramads thea [dispdayi si on
h i - 61, ThE: i e Of: I ai h
to the paphing.Qf tﬁ@ﬁ%@%gér{@%?tgeﬁﬁ in Egdlﬁwrﬁgecoﬂ%éageo{he% %rﬂ]es fnfl#{ ther

conprising instructio g e revision an east her
revi si on ihtegtae withr tleomoraé nokedodlo appicitions {e.ghandtidingdent medilimitealf tockla m 1,
further c i Si instructions faor nodeling the docunment as a plurality of
cel | _5,% arf oot & ogHa v :leu@?ﬁn_ ot é@ﬁgﬁaﬂan af ﬁs%r%%%ﬁ?mwtﬁf Fey
portion QafBR GQRCUERRE 1ANE!HAL hASE HHCHAANS of e REMIbMNTscPthal BRSIcaNR Of
the revisions to the browser. 5 8. The storage nmediumof "claim1,

further otorpd insd frigmianthietr s coinpaisblé eithcdedionty mtchoekspplidagoo it thimmmerfinarhe
docunent . . The storage nediumof.claim8, further copprisj.r
ot r uct i Bpsepprale S SoRIY P ar e Ra et it B, SRRk SF he
docunent ,widBg-dvallatsie Bedvi@rsdwhile relying on the electronic notebook application (or other

15  software products or applications) to provide a richer user experience.

[00102] Although the subject matter presented herein has been described in language
specific to computer structural features, methodological acts, and computer readable
media, it is to be understood that the invention defined in the appended claims is not
necessarily limited to the specific features, acts, or media described herein. Rather, the
20  specific features, acts and mediums are disclosed as example forms of implementing the

claims.

[00103] The subject matter described above is provided by way of illustration only and
should not be construed as limiting. Various modifications and changes may be made to
the subject matter described herein without following the example embodiments and
25  applications illustrated and described, and without departing from the true spirit and scope

of the present invention, which is set forth in the following claims.
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representation of the portion of the docunent to at |east a further browser
that is associated with at |east a further one of the users. 10. The
storage nedium of claim8, further conprising instructions for 15receivVving
a request for at |least the portion of the docunent, and for redirecting

t hi s requwhat it olafrhel isache. 11. At | east one conputer-readable
storage nedium (122 or 108) havi ng conputer-executable instructions (110)
stored thereon which, when executed by a 20 conputer, cause the conputer to

performa nethod coMPlehsi B computer-RABMId B@rade Ahtighl {1Y8PhaMRE Smbire) to
col l aborate renotely on at | east one docunent” (114) using respective

br owser s gxt¢oudble instructignsd@il @) sigred dhereorewbicht wheh cnesitadshy & compuies eatst i on
of at _l east one comma 702), a rovided by at | east one of the users; and
25det &r matﬁ? ﬁ(&n]f‘giﬁtf_ﬂfﬂgf“ﬁéﬁn%ﬂﬁoigfmsglgr he command at the browser.

12. The st or ag@abmdi apluedlite bfusdrsl(126) tdrcbNebor&e M@hdtSlyneh dtN&dst sttt doRmehOr
executing the command at the browser. 3013. The storage nmedi um of claim 12,

further ddhbrussigngsncasys rersegnéldr executing the command against a
document - obj ecﬁ%nﬁﬁﬂggirpp | 'rgﬁ{g‘éeﬂ% 'o%ﬂ%é}%f Qrp?)}“(?o%rof tﬁégg&%eﬁh%raa%vd@rdﬂlw of

claim 12, further sing 1 ns ctrons ‘for executing e comand agai nst

a graph sk uagsotidted with aitl @isn@tk dfthé eraodser. 25 15. The storage nedi um of

claimll, further conprising instructions for forwarding the command to a
servdl for exéémqaéwg%%s) theg por1r:}on oy t(ile document with at least the %ne user.

2. The storage medium of claim 1, further comprising instructions for
receiving from the browser a representation of at least one revision to the portion of the
document.

15

3. The storage medium of claim 2, further comprising instructions for
determining that at least a further one of the users is collaborating on the portion of the
document, and further comprising instructions for sending a representation of the revision
to at least the further one of the users.

20

4. The storage medium of claim 2, further comprising instructions for
determining that at least a further one of the users is collaborating on the portion of the
document, and further comprising instructions for sending a representation of the revision
only to at least the further one of the users.

25

5. The storage medium of claim 2, further comprising instructions for

receiving from the browser a representation of at least a further revision to the portion of

the document.

30 6. The storage medium of claim 5, further comprising instructions for merging

the revision and at least the further revision to the portion of the document.
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516. The storage nedi um of claim 15, further conprising instructions for
receiving results of executing the conmand on the server. 17.At |east one
conput er -r eadabl e storage nmedi um (108) havi ng conputer - execut abl e
instructions (110) stored thereon which, when executed by a conputer, cause
10 the conput €. t o Per korapeanmdiunobfcolapni & figther compréesnghligstacponsy dbn ty of

users (126) ,to collaborate on_at .|l east one daocunent (114). usi.ng respective
br owser s I{l%ﬁk%il}lg the dSCUMGDH A g IUEe i GSLR Ca¢ RN B FYdishs g s Bdounont

(206) to RrRIQNRN drRdortich HSROAb&INRG Ml cahsthRashs PP SerRfind NecddsshiSof and
15receiving (602) at least one revision (504) to the portion of the

docunent the mvisiéns tortbebemwseand storing the portion of the docunent in
a fi:ét storage area (910) that is configured for storing portions of the
docunent that have changed relatively recently. 2018. The storage nedi um of

claim17, furtfier crHmtdEsBelngt sfUgiihONFuftRdr ShPiisig ihddicliest foPtadhiify
docunent in a second storage arca that is configured for storing portions
of the d@édﬂ@éﬁhepﬁﬁpnl@éﬂ@%@ﬂmélﬁanged relatively recently. 19. The storage
medi um of claim 18, wherein the instructions for storing 25i nclude
instructions for storing the portion of the docunent in a hot storage area,
and wherein the i nsrHeustorfRs nfedifunstadr chgnt ke firtist afmjirivengd deyneiénd el ude
instructions for storing the rest of the docunent in a cold storage area.
20. THe Jebicxge fremy tin sechs) & %a&tﬂhef DPHRBY ofc Sifp APt AR (foC SPHRE for

30conver t&@gs&%i Q,rf&ﬂéﬁ[sbgﬁ&r bge QQ&H{F@R to 4QcR¥ a FiAY: Blow ARt RRASsIREIRAL

that is associated wt clrent application.
with at least a further one of the users.

10.  The storage medium of claim 8, further comprising instructions for
15  receiving a request for at least the portion of the document, and for redirecting this request

to the cache.

11. At least one computer-readable storage medium (122 or 108) having
computer-executable instructions (110) stored thereon which, when executed by a
20  computer, cause the computer to perform a method comprising:
enabling a plurality of users (126) to collaborate remotely on at least one document
(114) using respective browsers (124);
receiving, at one of the browsers, a representation of at least one command (702)
as provided by at least one of the users; and

25 determining (314) whether to execute the command at the browser.

12. The storage medium of claim 11, further comprising instructions for

executing the command at the browser.

30 13.  The storage medium of claim 12, further comprising instructions for

executing the command against a document object model maintained by the browser.

14.  The storage medium of claim 12, further comprising instructions for

executing the command against a graph structure maintained by the browser.

25
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15.  The storage medium of claim 11, further comprising instructions for

forwarding the command to a server for execution.

16.  The storage medium of claim 15, further comprising instructions for

receiving results of executing the command on the server.

17. At least one computer-readable storage medium (108) having computer-
executable instructions (110) stored thereon which, when executed by a computer, cause
the computer to perform a method comprising:

enable a plurality of users (126) to collaborate on at least one document (114)
using respective browsers (124);

sending a representation of a portion of the document (206) to a browser that is
associated with at least one of the users; and

receiving (602) at least one revision (504) to the portion of the document from the
browser; and

storing the portion of the document in a first storage area (910) that is configured

for storing portions of the document that have changed relatively recently.

18.  The storage medium of claim 17, further comprising instructions for storing
the rest of the document in a second storage area that is configured for storing portions of

the document that have not changed relatively recently.

19.  The storage medium of claim 18, wherein the instructions for storing
include instructions for storing the portion of the document in a hot storage area, and
wherein the instructions for storing the rest of the document include instructions for

storing the rest of the document in a cold storage area.
20.  The storage medium of claim 17, further comprising instructions for

converting the portion of the document to or from at least one format that is associated

with a client application.
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