SYNCHRONI ZI NG ONLI NE DOCUMENT EDI TS BACKGROUND [ 0001] Web applications
provide a wide variety of services and data to users over networks. Data is
col | ect edvopoeossewed, and stored in different |ocationspPCWs2Gappioseat i ons
retrieve that data, format it for presentation, and provide it to browsing
applications on client devices for rendering web pages. Sone web pages may
be static, where the data is non-interactive. Others may provi de sone
interactivity such as qgadifiRONAZINGIGNITNE DOCUNMENG EDITRKS or activation of
web- based nodul es. I n"general, however, Wweb pages present data in a format
and amount that is decided by theBAEKGROENIDaut hor. [0002] Online document
applicatio apabilities
Chat wer e oo B P A P G B et e .
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t echnol og ezl Ie he afa n £ racr{iIJ b%h may pr eso eQni& act qb%ra}lte on document
creation andc n@ ? 1¥% Ver, ace §§)? ocuﬁe VISPt pl e users
may | ead t@d@ﬂ«ymd:imf@mauml tusaph Hﬁl{stOS actRato @ﬂvﬂi@ asdassiules. glmemment acr oss
multiple p atforns t hr ou of technal ogi rth conpllcate
20 dotunent O HOBRAHES TANE AU I C SIS LN PO Hie Surmary
IS proqodedmh@-lntroduce a selection of concepts in a S|an|f|ed form t hat

are further bel ow in the Detail ed SCI’I tion, This. sunmary is
not int endéw%?bgalk §?@@t§PHIH%Wﬂ“FP§PV!9€9‘S?Y%8(Eﬁ nispt ding i ZieVat ur es of

the cl ai nedamubitiecthat®dré 6kly tmcréaha@fanmchleﬁkt gﬁ&ﬂorﬁ}intﬂfbc@lhtgf in determning
the scope of the clained subject matter. 4] Enpodinents are directed to

synchr oni zilRgingloeicale a%&%@ﬁpm@%ﬁ%@%ywﬁaﬁ% B qet\wgk e $978geat  docunent
conmponent  l.gyekies GE eﬁé@néagmh@e SHPIBBALE Pk SRR R curferd Q&Hﬁ@ﬁatuf@xf ek

transforned to a graph docurent conponents and | ocks may be asserted on
t he corfponehens amdw#magédwalﬁg@el@ axailshilityt dfpnbie appligatipnseacipseraiouchanges i n
graph 30 C? Hla%ri P&Puﬁlﬂé} Mo lTBINh AL h dr ﬁlﬁ{uﬁ@éf&fers%?e graph.
[ 0005] These eature and advant ages w e apparent froma

readi ng of coltebofats dnoimpm‘gerxﬂelteatiidneaaidd@mgemm ditoveenet, a:cp@\t(p edpqufentiry
i d i : i d I
associ ate rtllggtﬂ)gé Qs%gs I?%ltliaddstotasgrnglgtoal gE ga}% P}&%ng&’ctc&sw?d(?c%hl%&o' Ng genera

descriptio OW n escription are explanatory and do
not restri etrogspdopls phgombsahmpegh a variety of technologies may further complicate

20  document maintenance and document coherency.
SUMMARY
[0003] 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 exclusively identify key features or essential features of the claimed subject matter, nor
25 isitintended as an aid in determining the scope of the claimed subject matter.
[0004] Embodiments are directed to synchronizing online document edits by controlling
revisions at document component level. According to some embodiments, a document
may be transformed to a graph of document components and locks may be asserted on the
components to manage changes submitted by multiple users. Changes in graph
30  components may be tracked by maintaining revisions of the graph.
[0005] These and other features and advantages will be apparent from a reading of the
following detailed description and a review of the associated drawings. It is to be
understood that both the foregoing general description and the following detailed

description are explanatory and do not restrict aspects as claimed.
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BRI EF DESCRI PTION OF THE DRAWNGS [0006] FIG 1 is a diagramillustrating
exanpl e conponents of an online docunent editing service; [0007] FIG 2

il lustratwe 2eraspi7@ steps in | ocking actions to nmanage edirits2015[08068] FI G
3 illustrates exanple steps in revision inplenentation to nanage edits;
[0009] FIG 4A through 4Cillustrate an exanple scenario according to sone
enbodi nents; [0010] FIG 5 is a networked environnent, where a system

according to enbodi ments WE@@Eg@kmmmgmelﬁcg 6 is a block
di agram of an exanpl e conputing operating environnent, where enbodi ments

may be i npl¥WEhFKy:1 inndiagramibysiming cxgmpleicompengnisof an prige dogumspt WHitégr am f or
a process Qf.,gynchronizing online document edits by controlling revisions
at docunment conponent |evel according to enbodi nents. 15DETAI LED

DESCRI PTI ONMQOGDE]. 2Akustrtes ¢dapptbestaps itbleekinheniiens tomanpge eddsunent edits may be

synchr ogi Z?&O@KFR?@ R rhﬂeé‘&aﬁ@l’é%&g@ﬂ?m% ﬂr n@gﬁ&ha&oﬂ@%ﬁ&’efah gvel by using

| ocki ng action transto to a grap docurent
conponents[OMBbRKE#Aymbegaﬁééhm@demnmﬂheknmﬂpuneﬂmsmuﬂommnage changes
subm tted b ItHQIe users. Changes in graph 20 conponents nmay be tracked
by nalntalnlng revi’sions of the graph to include edits at conponent |evels
of the docmmmanKbﬁ1eamhwomwauﬁmomnauBMMﬂSaghmntmfmﬁmgmmwmm@udﬁﬁﬁlIed
description references are made to the acconpanying drawi ngs that form a
part her eof WEREPISTGHTEN are shown by way of illustrations specific

enbodi ment $001r1] EXA 4 £Blocklfiegemas pecdaspleegonipatitosRiaiagd envaoh@entasheet s may
be utilized, @d struc uraH cha%ﬁes may be 25made wi thout departing from
t he sp|r|t65¢° B6HE M3Y Of HRP'PPEY 4i scl osure. The fol | owi ng detai | ed

descri pti onogi1g] Fleerefi@aeenolo ICQIobxedlﬁ%Klﬁ"foﬂ dpracekd dAskhdhgonsARS@linand t he scope
of the present invention |s efi ned t he appended clains _and their

equi val ent §ocynsa ofits O coerof g revitions W@%qompa@nal@%rapq&é%nw the gener al
cont ext of RHOEMARK NMOdul es that execute in conjunctlon with an application

programthat runs on an operating 30system on a conputing device, those
skilleddin the art will recogRtALERDERGRIVEHOMNyY al so be inplemented in

corbi nat i oyl Hs B asaH0A A0 EFocul ALk FRNR! ShitoniRiagr am modul es

i nclude routines, programs, conponents, data structures, ot her types of
structures Ct)rnantllmerp‘flswmﬁ q@é@qumﬁm e evelrbyiusink dopksing apta}nm Aulogymenbst r act

data types Wt GaYSErmel RPS rafidd doBindl? cSifondhid. Yodik nRPBE EEERLS AL

components to manage changes submitted by multiple users. Changes in graph
20  components may be tracked by maintaining revisions of the graph to include edits at
component levels of the document for each co-author’s edits. In the following detailed
description, references are made to the accompanying drawings that form a part hereof,
and in which are shown by way of illustrations specific embodiments or examples. These
aspects may be combined, other aspects may be utilized, and structural changes may be
25  made without departing from the spirit or scope of the present disclosure. The following
detailed description is therefore not to be taken in a limiting sense, and the scope of the
present invention is defined by the appended claims and their equivalents.
[0014] While the embodiments will be described in the general context of program
modules that execute in conjunction with an application program that runs on an operating
30  system on a computing device, those skilled in the art will recognize that aspects may also
be implemented in combination with other program modules.
[0015] Generally, program modules include routines, programs, components, data
structures, and other types of structures that perform particular tasks or implement

particular abstract data types. Moreover, those skilled in the art will appreciate that
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enbodi nents nmay be practiced with other conmputer system configurations,

i ncl udi ng hand-hel d devices, mnultiprocessor systens, m croprocessor-based
or progr anoebi2sswasuner el ectroni cs, niniconputers, naPOTA®IE 106U € S,
and conpar abl e conputing devices. Enbodi nents may al so be practiced in

di stributed conputing environnments 5where tasks are perforned by renote
processi ng devices that are |inked through a comruni cations network. In a
di stribut edmbodRhd Rely 8O ¥iab@RIRM ofRF QGHAMr TP B ¥BNBR, Iekahed i n both

| ocal and renote nmenory storage devices. [0016] Enbodi nents may be

i npl enent edantshedd deyiastiaURrATTSEORBYItCat . PHIHUBACSSORBIRGEN Drogr@ewplat i ng syst em
or as an aphiGher QTR HARLMN uterS YalnBiinde IR £ld RLAUHBICBEPEHE 10 or
conput er readabl e nmedia. The conputer program product nmay be a conputer

st orage nedPueasr Eadadimentsynay also lyp nragticed yis distnibutadi cappibidi pryineomput er
programst hf’i‘r}helf%%@% h@?@rfﬁ)rﬂﬁ[‘l'i)g?&ﬁoq&?éro§é%§iﬁl§aé{§éegﬁla@argﬂHPédgﬁro é{ g computing
system to perform exanpl e process(es). e conputer-rea abl st orage nedi um
can for exaophenibgionapétemintied disirduted eomputimgreavioinmenty plogtan] woddespuryer

menory, a non-valatil.e n hard drive, a flash drive, a 15fl oppy

di sk, or acRusaan trilltH A PemsR by sl uades o', [0017] Throughout
t hi s speci fldtda; Embodimbets tnay be Inydlahdnoednds araypixer-anptanminiadiécosy (ofethedf, t war e
and hardware conmponents for providin oaut hori ng services for varjous
document ¢ JSEEPUIESTHRT 2 HATPElR RERFRARR VA PR CP Ry Mpuodiet

i mpl emaot edr cdxanmke@gaé mpliat Thy Enputte btodenm Hollucamay BOh cdpitdretrige, a
host ed servi ce exe Bf d over a 20 Iurality.of servers, an @ﬁplication
execut ed of*e4ug} “ﬁ@ffa ¢ éfra\FQF{PP%%(S g3 Pgﬁ&d@g@f@p@w Progam it FPMRECY er
general |y hi@fr@ét®nd BrdaSRFRWLIMPGe @ \oEBuENas b RQpRRRmRkamiflé Bros&klevar e
progr ans tﬁﬁlcally in a networked, environnment. However, .server may al so

. a
be i npl emereaCBRRI-TEadablg slorage medinm g AengxrEP!p Pe JRRIFRI bR e MHE one or

nor e conpuisk RGoIGAY t&EBSutM RUESy, aShoR-vOREiMGheriy thRN@HWOL Hash MBLE adet ai | on
t hese technol ogi es and 25exanpl e operations 1s provided bel ow. [0018] FIG

1 is aldi aderm ditk. g52 eemnepiglis atompeshissineagednedia. an onl i ne docunent
edi ting Ser[(Ydl‘?fTléﬂg?%lﬂ)hﬂﬂfs%g%c}ﬁ@tioﬁ,tﬁﬁ:té{%{ VIR LRaTBYa RSy gRE Oor nore

onli ne docunen ing applications and transmt” docunent content, anong
ot her i nf oseftivdreand hardwaneeamprorentsi r pvelingetomshdingsorviegy fopsarzous ocal  net wor k

or may be %ch%‘eﬂlgt'&g@s' or §1Milal ¥nvFRfiReASw e AR én@seﬁl@bﬁe?ggﬂén%{eﬁ?t ructure. [t

may provide W red’or W reless connectivity. t wor S may connect to
each ot her Exbmplaghl neibeoumelldobusee notdhitcd nmedbited seyvicchxeanahnpikea of a

secur ed,con P Vity Ima a Virtual (Priy. Ne rk. (VP stabl i shed
among the. ALHbF Bt RaBeta Py Bith ohiBeq ph XL DT BilSolnibl FERER. ' 000
The server §hi kbmrieyvept gy ecfeto cunentpueny ddvivg cagplingatei oo mocoyvfiwarecat i ng

with clients thrqggqﬂ%.varuet f Qgtoqp&; an eﬁgqﬁle oﬁ ﬁhich may be the
Hyper Text PIEEREpaFt* Brdt 884 ninpl HOSSY e BT 6h W9 PPBvi de document
edi ting sefimple@snttdasendrtubd edrer Qi flisatdpragraimé )ik edated| dn@ft 8r mdleicomphtingnt s ( or
web clients) .131, 134 may be : .
devices viewed as a server on the network. More detail on these technologies and
25  example operations is provided below.
[0018] FIG. 1 is a diagram illustrating example components of an online document editing
service. In diagram 100, the servers 110 may execute one or more online document
editing applications and transmit document content, among other information, via network
140. The network 140 may be a local network or may be an external entity such as an
30  internet based infrastructure. It may provide wired or wireless connectivity. Network
nodes may connect to each other through unsecured or secured connectivity. An example

of a secured connectivity may be a Virtual Private Network (VPN) established among the

network nodes with the use of encrypted communications.



5dependent on server application provided features. Thick clients (or rich
clients) 137 may conbi ne server application provided features with | ocal

f eat ures wo 2prxns8ef®@ additional utility to end users. R elTalSe@nise9sB7 are

not required to connect to the sane application server 110. Utimtely, all
clients are editing the same docunent on 120. According to sone

i npl enentations, the application server 110 may be one that is suited to

web editi ngooh@p@mwekstﬂl@%a@rwoﬁaw&b%ﬁm&ﬁremhg]wcﬁrog\ebfiﬁmhia@mfg%w ces that

are suited to and used by the rich clients An exanpl e of application
ser vi ces majersethrongleg vatdtnef niateoledn example of Whidympr kesbndEpar drdyr matl on and

user's namg fgn ISrBio@é(l (H%?P) Cﬂé%ﬁﬁl?ca%h by G0Vidd BV uGR R edﬁfﬁg sEilvRBA, Server

application nay enable nultiple uUsers to ‘access services throug dlfferent
client devicedwsefsi®ohin pa@thickredicntgeThin phengs{oewelnglicats s Bdnbt4 may biser s may

access and é%lﬁ@ i : td i r he same
documen'égl ( f , %’%gxseg}’]%g@gg?@&ﬂ[%g\%%d #F%grg%]n%n%lj Jcif%ht%‘ K& rie Cﬁéngﬁgiaﬁélﬁ server
120 may be cambioe ammntdppitcatri@gﬁo‘ééerdvﬁweres Witk lataldioarent tormw@&t gidgioddcunent s of
vari .et y of i rratgefos er‘?drl usarsokrr% C dents g‘HJacricle 1{1‘(% reqr?ﬁlr%d % coPnecF toL%]?e! s\érene &B%Iictatei&( !

dr awi ngs, umen ’ 20
server nay savari@ot @hhnaﬂﬂgz,wﬂiehbrﬁs srhatitiag theaaint dmbublyntmnl 1120 pRhecaudieg ® t hr ough

| i diti at d | t | th
oo oy SvBRSRTHERES Sk PRioehiy ot I Falhbn IR e R bedleana
edi t ed 1by mabilmbﬁammmﬁeﬁshfveulghy polideeheisemmiges Mk ard figte@fopind @addibgnke provi ded

by the application server in other exa es, docunent storage server
may provi dé® \‘r’g]fletnfsplp ﬁnleéarP f%ﬂﬂﬁ”ﬁ@?ﬁ‘ﬁf’@e %etlﬁtr‘?%rﬁﬁ%g’iﬁe’f?ﬁs?’gﬁccess and
edi ting thmgaﬂgtbs&w@ﬁﬂf@lmﬁqslumntsewmeqahisﬁlay P Lhaaadsl ARISRIIVIIERS t 0

mul tiple users. [0021] In an exanpl e scenario, a user may access an

exi sting dowdifient!lys Brves apRIcREP APGREHC BUplqwemdo sspsiseicrolryebyi ded by

the appli catfdht 51%n¥§‘év1ceypl(30 143€ind 18@HaR bn cdhHH1ARPAS LA MSUNEY altRY
retrieve and | ock docunment in the storage server. The 30 application

server lfay Htoidbfﬁ§ﬁ©¢%®h@5@@%ﬁ}ﬁéﬁfer@6Vﬁsﬁﬁ%ﬁfﬁh%ﬁ@ﬁﬂﬁﬂ%ﬁHézﬁtlﬁ'é #@¢dnponent s
of the docympgnt. The application server may assign the graph a revision
nunmber. The application may eval uate the user changes and alter the
docunent | d@R0} bn ancembodierent, Khgcle¢whent sarear il 3G manh ke gdequmeniotqessesntvececont ai ni ng

the changegycqnm %ﬁﬁh%sﬂ@%o%ﬁs%ﬁ%&%éﬁ eS'an XYEintcﬁ‘ldhaE gé‘tnnggs to

graph conponent's he revi sion e grap
synchr oni zexctltrseveqmph drinamge smiges widepj ang audmt hveanfaxampb@yat@fn, doﬁdnﬁntti onal |y,

an .Of f |2. rlvclererﬁ]g g IE’[S 5191 arg ({1’8d bI nt lealgslegq rI {3 b onth €4 h after
com ng ack ORIl %{E% %c | cation” ser er enaltzl)l0 %g USers coaut hor
docunent s I:ngllcetxqaﬁq)tovmed bailre apphcat10n server. In another example system, document
server may store image documents accessed and edited by multiple users through online
image editing applications provided by the application server. Yet, in other examples,
document storage server may provide multiple file type and formats simultaneously for
25  access and editing through hybrid document type online application services to multiple
users.
[0021] In an example scenario, a user may access an existing document for editing
through a document application provided by the application server. Upon user request, the
application server may retrieve and lock the document in the storage server. The
30  application server may transform the document to a graph encapsulating the components
of the document. The application server may assign the graph a revision number. The
application may evaluate the user changes and alter the document lock to component
lock(s) covering the graph components containing the changed components. The

application server may write the changes to graph components, change the revision
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5 conmuni cations fromclients. The conmunications may conme in the form of
two kinds of requests: storage requests and server access requests. The
request operatym@swsmay be inpl enented using two | ayers. PEI/us11t0b@6%Ser ver
may expose Sinple Object Access Protocol (SOAP) interfaces for each
request. The requests then nmay be passed on to a conponent of the server
front-end servicing the request. 10[ 0023] In another exanple enbodi nent, a
web browsen,Rpsed ikl SRt ardRidyl ¢ g&h&&&enﬁygm &ﬁﬁ@@ % dvri%g t0e RRMsbver. @
script-based code running in't browser and the inplenentati on specific
code, such AdditicralyppreofflinggHp gnag iranyyait edits Aerintagratiorhatorthegrerheafter may be
receiving g&gmiggag&ﬂﬂg the requests. As a result, the application may have
an option in iInplenmenting how the web browser based cli ent may be nmaki ng

i ts requesti@22iTha appligetiansicrvigneriabling users ecdsnbasécumeyts may cxpakiecrtey uest S

Lr eCll¥ L RohBEnEXRAS R 3RO, | ALELAARGRAAM IS SRE HPhe itk ho RIS,

requests ditect! y to a single entry polnt he server, and upon rece|V|ng
t he SOAP reqmeﬁsﬁthVGmphﬁumﬂcﬂwmemdmsnmmke ﬂheﬁmoﬂmQMEnKm$h@ybmay service
J([jlhree(r:telq;etsgm Ierrngn ci Xsm@tho laye}sh IF%rs Hl% sfr:\égrgr}éa eexgose[&m%zlavejeﬁ{;&a Vg:’llt agggu??\t S

pr e- proces §rcng;ol (:ﬁﬁsﬁtP)pmteﬁmsfom gachnmmageabe teljtigsts thxmrm:@mel patsygd omnch

consi stency. For Proce si.n an Asynchr o nous Java Script (AJAX) or

Sim @ ar regueBstents Tear fou At sg & TaE N ch may contain the details
of the lopen@R3pm dMeihagexamgléesibedineht, b heb Sﬁimafbase@’cﬂhaﬁtl applidatien Bhyied y stream

may be cunber so n the scri onal | t he server may

al r eady ha&%m%??gggétwtod’aﬁ%iaISFfEﬁ@“gﬁgéj fgr&'g)n%?lé VRE %‘ii HISH‘QPIF‘QG‘E}@W from

si npl er 25ispifcusld, 9 as (BRG], rir@ingR@AShe PERCES STRTrons OREmBY BERE&IIRG My be
desirable to transformthe raM/resPonse to a nore interpretable format for
the browserNbEVHHES Biergdussts trehirstlt fkerplseom@ay bayg 2B 6MH% 1A data that may

refer to thgy 1@@@&@&% Ok TBRORES BRck khidht md} bl hﬁkﬁ?n@wﬁhé&&' anepsdey POI Nt,
t he system may enment operations such as thrott gsto consi der the

30true lﬁoadur@ﬁlgtlﬁélefhrWt ’é‘ﬁid 1) makse awisiscaestbifo theyexpessd SPAPHaerfacey e st at e
when mul ti pl&.rel 8t ?)qna{k%%? ést@cﬁlféci{&toaésﬂé‘@mﬁ@rﬁ%lntt bifBre sEQLr, RRFRRI 1 1LY,

havi ng the browser make cal to various end points, the system nay add
burden to owchemgithpb@ARimaues, Haye the fiontepdtiknsie the CR@e@lenﬁéatrmﬁmsrvm%t the

end- p0|ntsr&@gghh&91qﬁﬁp&ﬁ&hggfhgn%&plenentatlon For consi stency, the
browser bas ocu

nt edi unnel nost comuni cation through the
sanme end- denﬂlNPE@Q@?r¢m€%&ﬂﬁﬁﬁytwwﬂnmh¢HMNm0msomﬁ@g@V@eqnGQV@ may be used

or o & part lEnat ProRiRal BRI b AR, RN, IR RNaRT one
st or agef r ecﬁ:lem’e@dcenmgt heAs;hcl&nﬂouamqylaiScapu (AﬂAﬁDjm’;Elmﬁar?eth n’my(amtem ato the
server front-en ac i.f ferent nmec However ,
PRSI 1 R et Al R T A el S G A
retri eve neragiag &e%ﬁia@vmﬁmﬁ‘ﬁay%auﬁlhﬁﬁdrﬂﬂgn tl\M’Hcﬁlbt laryiagePQiIRIOREW, the
requirements on th ¥§}en1 10 7% In an exa g a web browser may

per f or m an SIPEr &Y Yo'V et re %uTH s BhPRREsaty fhe RIS {EoR 5 r may
make a2geb ikrommas. based service call to the docunent. The browser may

instantiate and fill in its response object with the data about which
docunent arﬂsz\ﬁhF@WOéteHrPceﬁ%ln%?}nW@?PS%g fna¥ Beteshflc lodEpeomnEer@yuest . [ 0028]

When the seiysise iLRbMEStelpReabIECBHBS or theEroRRR Ibbﬁ% ibHary WamWM Tich based on
type 15(after throttling, batching) and dispatch to an apProprlate handl er
based on t [SPeRppERY FpEain data that may refer to the document. For manageability, utilizing a
single entry point, the system may implement operations such as throttling to consider the
30  true load on the front-end. The application may also better reuse state when multiple
related requests arrive at the same time. For portability, having the browser make calls to
various end points, the system may add burden to other implementers by forcing them to

keep the names of the end-points from implementation to implementation. For



application may transformthe input to a format acceptable to an end- poi nt
based on inplenented technol ogy. The protocol nay accept inputs for its
request s wol29127038@&8bi nary stream or convert any inputsPCo/uszeanycsdata (i n
order to maxim ze the efficiency of storing such data). A function may take
a stream as input which may be the paraneter containing 20t he specifics of
the request (get or put, which partition, which cell) that the application
may execut @onshs®AEPlihd BrowREbARH 1SR RitSMRAN IR nos BcotMRRABH thRJdgh he
application provider (110) may contain objects that may build the binary
stream f r othcar@arehPEnt. | t may be prudent to inplenent a w apper to

| nt er oper ok NiPALIEEIRKEL SRRl AR BIRO &40 rerRlOfRR] The
wrapper may wap native facilities and expose themto the I nplenentation
code. A w dppestaragoiraerit mey bhmads) ageinstoag oemprstpaftivipnadaiah aclfpecddp theequest
made togth [ ' ri:eving: 0, articul ar
R e s
t he br owsebrdvased tissewieconteqd esy be Fvemplijhed throreh diffigpdne mepltanams.

AddToNat i V%B?V%yeersﬁserg%togu dorltnh%t culrr§ AV S OJireQBH\lltigolirengc%lt(setogo?’eorrﬁt hod on an
i npl ement at1on oOf fhe hat] ve “PaciT tyyex cutng Phedr equestt. Fnal | y, an
Execut e netdiocdemayadae relovank@doanthdring, whitke mba dep@x eeutdqngerhdngs angbipiest and
ret urning th? result (i.e.: a stream). The result may be transforned back
to object-¥T8hted structures within the w apper code. Requests storing or
r ﬁt ri evong [m?n] IOkt edt ariiply, ab\eetstﬁbwéemdy@afckmmh éralbasedetamzﬂ th@edﬂé@m%furs] ing
the wapper for docunent content. [0031] The application may a t the

wr apper i maé’P%Fctﬁ’Bgf“%“@Fr empke as‘f’?ﬁ{t?rﬂﬁseghﬁﬁe& é?‘?%%%ﬁ& tl{e}f’é?cﬁ‘%?%diﬁea for
coaut hori n%row"ﬂ’@l\/\iﬁﬁeﬁmtaﬂtﬁﬁz 48 trld R itarddBons 68jedd & it X RESBGut whidtedodemedt cel |
objects. The netadata to be stored by the application nay be opaque bl obs

of data su@hd whichgelbiharpMashia faesh by AiFeeqURVL) documents. The net adat a

may be brokeyagj Mien BR sGfvaBcdes aRlrbquell BE bspIkRichlidy&with bRAENEn Bpe Cel | S.
Upon retrieval, the data may conme back as a graph of cell objects which may
be recdAst @it Beottlinebatghingand digehro apregppptc dandlsbated @8 tharfypdelhe

appl | cat i 0y aRsG YRRk iR PAAHRLESLAATE LRAURR AV, Or i ng or

retrieving ata’as streans. The streans nmay be to XM. docunent

obj ect s f ormplameiped telinologsc the pibtegoltneaytadecpaippnts foriitaregusdheninin algf@pn33] | n
yet anot her, I : . Cm | e set of
requests p(gtrr Lfe%? %g%dgg%%“ tlﬁgdég{oibﬁ%?ggﬁ%{lggmjgﬁo% ng lﬁggl\(;ie%ﬂgzie%lﬁgoisgoégl§hori ng
sessi on. Thechfdaragt Adwekipn ymayrtaie astkeafroas inpvt hivhhiagibe diequatantelee coirinient | y
aut hent,j,cat.ed user uch as n eral | res er user.

i nf orrrte% ionlje.Spgcﬁ%% Oifglé]l’ﬁ%@teg;t (%%;JF & \?]r,rlg% %gtgoélaf’vﬁ%ﬂrl?ér} ﬂ?atéglﬁeag?@c%{l%e server
reguest s nmmpayfea¢du@w t he sane pattern as storage 15requests. An object may

be capabl e [&{29ffneaaﬁto{.hglgex%r%% eterr}l%%hirr}%ntt g%‘n%otn%muo%i tﬁl(gagp{iica%roqu Ip}lovider (110)
may contain objects that may build the binary stream from arguments. It may be prudent
to implement a wrapper to interoperate in between such technology implementations.

25  [0030] The wrapper may wrap native facilities and expose them to the implementation
code. A wrapper implementation object may exist for each type of request made to the
browser based service (such as retrieving data for a particular cell). The object may be
instantiated with the same arguments available on the browser based service request. The
object may implement an AddToNativeRequest method that is aware of how to invoke a

30  method on an implementation of the native facility executing the request. Finally, an
Execute method may be invoked on the interface executing the request and returning the
result (i.e.: a stream). The result may be transformed back to object-oriented structures
within the wrapper code. Requests storing or retrieving cell data may be serviced as

browser based applications using the wrapper for document content.
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argunents. The paraneters and outputs for server requests may be sinpler
and much snmal | er burden than the cost of creating a binary streamrequired
for storayewemisess. [ 0034] Exanpl e enbodi nents are il Pastusatiaasévey ei n

wi th specific protocols, commands, nessages, and systens. These are not to
be construed as limtations on enbodi nents, 20 however. Different aspects
of the present disclosure may be inplenented with other progranm ng

| anguages, (@39} @H@Apghca‘%ﬁéﬁ hﬁg\ﬁd%ﬁﬂfé vEAIPRPRGM B &r ﬂ& ihRRrikg hrﬂﬁ'ef?ie@l%g
descri bed hereln illustrates exanple steps in |ocking

actions to tm@@@taé@twsth@@lga Hygeayere e mapidatgmaan n2ole ¢xprossed imteass efone
exanpl e steps, c% iEktd. 0@%&'&%&&% BOSo@ biTBRABRI GG ﬁaﬁ%&&b’a&‘&&ﬁot%%fhﬁa

enbodi nment s. Ient application 210 such as a web browser request a
document ( 3uch)as externiipphikepidngwrgs €XVidp dodmentypdhe me@dity inay be biekendgiivest t he

appl i cati r torage
Sorver 350 et Y EE i BRI it BRI PRkt iy BRC MR acE
creating thea Qmphlnfmﬂ Obmctk whichenaypplrecattitgnd ©ersitesm.may retri eve the
g(r)rglcj)g:spr:ang i&é)g]njfﬁe agolp 1ca 10n tcg eaO%th Sa%% cear‘uo? seor{éerlogG]har'?‘ & e%eﬁ%a&%toﬁ?ge t hen
i nspect it récmemlsymmrtgmwetnévm@hsdlatﬁ eminearﬁ@rT}fecmeﬂdmmm fe@fo6¥MLand once it

has nmade this de tion the 1o o one that allows
e iare o mie! FhnR o ek By W or BRShS Ts tat er i ned o
be unsudt alpp033] et seithee EmbBRmehaRpRr fRedk réqedNmexbd liigitstaohaetkf This al | ows

the server to hold_docu ose canpl exi t kes t hem unsuitable for
coaut hor i néean%eﬁo&amagSﬁW VhyEs Jginme %ﬁV%l“éHﬁeecoﬁB ORI 4 i'dfis wi t hout
any prior knewhedgensf ask e isRRbAh aBiut tReuHOsMMkSsticabiuedh (icght fal | out
of synchroni zati on wi th the docunent caontent and be wrong [0037] An

exanpl e enfIRF-FERH afdsspad otheser BdemrEeR) KBt femtss @ay bewachppl i cation 5

server may cpafBink RQuaMd- ﬁegw@r%qaeas ?f&%%@sa@&%aﬁ%%ﬁt%@eCon'ponents
and store the conponents in a graph iving the graph a revision

nunber .15 Respspdesin ebiegt maa@@cafpétqle@é@rﬁatmﬁy%@qrwgtr«melestwsmgoffle%cky earns.
Streams nay, &Rkt PhdSrRALSEGhd Mgy Qg}é—er%%b'{%%&y 25 snﬂ{;ﬂelea{n'a%dcﬁe' y into a

sinple APl for XML to avolid a nenory burden. el enents speci fying
properti es smaler boslomthae hesostwé @rgatmgtarblmrﬁ@ﬁm\raqulraé farstorapqecquesty. esponses

from the Sﬁédéﬁ]' Es?a%gﬁ(t?%ntgo%l%&ﬁst ﬁ? HﬁXtr%?d’l?er&PGvﬁh%l?g%éﬁr&P&tlsr U&L Lfsand may be

directly trans rowser friendly terns ternate
enbodi ment messagoy andopsiping. cHicedarpostto be oosEsidTy ligtigonyay embsdlments,n

si gni figan n LN a n.client .appl n.su as a web

br owser 6at thf) ﬁeve(r:osq% e%??ﬁﬁgm gftﬁ re@setéltr]cil/lécrlos b% RIP l?ﬁl%ﬁteggé%n&ar y netadat a
may cont ai lpragmmmgﬂangmegfprdt@mlsssylaﬁma,mﬂdfc@nnpmnﬂs ubiog theqndciples | st of

par agr aph iden |f| er.s of the paragraph covered by the | ock. The browser nay
need to traVSFEE Y& gr aph | ooking for paragraphs whose identifiers are

speci fied l{l003BhEIG QdHustratcapayplceddph il ociking s:tubﬁwtomvlege%c@afoagdoamhm [ 0039]
] ock specification ma contajn the object identifiers of

Alternativl.%fg, t @ Htl
the par agr SPEgB GLP SR RERR NG & Pele iRy g imaseats 1 or 5.
Aski ng 26 or t@msddiris. 20RYit dppBcatidRD10 fucBhs 4 Well Browsdranly reduc@fafdaimanel y random
access, and_the application my avoid a whole traversal

(212) from application server 230. Upon receiving the request the application server may

transmit a lock request (232) to document storage server 250 to create a document lock on

the requested document. Upon creating the document lock, the application server may

retrieve the document (234) from the storage server.

30  [0036] According to some embodiments, the server may first acquire a lock on the

document, then inspect it to ensure that it is suitable for coauthoring (216), and once it has

made this determination, it may adjust the lock to one that allows multiple clients to open

the document (236). If the lock is determined to be unsuitable, the server may change

back to an exclusive lock. This allows the server to hold documents whose complexity
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[ 0040] The server front-end responding to a request for secondary netadata
may have enough information to respond with | ocks specifying object

i denti fi ewe 20f2/a5B@8cover ed paragraphs instead of paragr aph/tsdantsdrsers.
Upon retrieving the secondary netadata, the 25server front-end may parse
out he locks then retrieve the nost recent revision of the graph from
storage on the application server. The server front-end may follow by

finding al lnRar@sh apfiehi ﬁ%&umrﬁlgﬁloggs@&mocaﬁédtsdmmr@suﬁtw@fo%@'udmap fromthe
paragraph identifier to object identifier of the paragraph object. The

server froftticspyithen apupidd kgovledgsordlee contenif rﬁhar@cwa%gmmh reyghtefal out
i dentifier %fgyacmloﬁ%log wiflahede aggmlcgﬁgﬁﬂam BL §rong0[ 0041] On the browser

side, a desig i ncl ude | owm ng objectsS with the conmon

Act or / Edi t M%N/hﬁagéarmmacm@dmnm majy e en ZMEL lesgmantchostangiterd. dhe avdeationr i ng

net adata a r t A process
to peri gdl g‘gajrlv%ren%cyl \%‘%teg%?‘ﬂ”ﬁ do tn?)g)slg"t%tc ‘i%a%ﬁg&ragﬁ@ﬁ %Oqé%o\?me%g‘g}JdeStoresm on)

An editor dtmpwulheatﬂ mug gtapbh wkldo@ivmgh’e ghpht hevewnmombert Rebwngsihena A
manager maint.aini ng, i N sfructur resentl ng.the pScaoauthors
current 1y FHrh oS e MR M RS eaR BEE WO e b et R vt hois
that are casIMEdodmynehm aﬁmnatmelyaﬁtolatsmpﬂb eleﬁ)fceWL eavdal amenidrg bomiaager nmay

al so expos ok-u thod to .find a user hi s/ he | D.i.dentifier.
A actor  aca KGR RremyneRronity MR e Eborb ot U B RETORREPS The
10f unct1'()onaéspm5e§1tu@h t}&seﬂvelsatcams rdk{ﬁésfsagay‘llgwaﬁ@rdiﬁphﬁﬁs stridturSadangdayey Met adat a

A process eri o and upl oad the secondary netadat a.
[0042] The Bﬁ’i‘]‘& %steé rf?ﬁglyé%ﬁ]tsal n a few pieces of information,
primrily ieud38r maetnlaqxernatla%ﬂbodnﬂreﬂtogumﬁonipqeif& poIh@otdailﬂgﬁ@ﬁm@ﬁrebm fnhe
secondary netadata, other 15than in-docunent | ocks be managed in the

replicator sigpidicant @qu%rmag_cﬁ: gains on a thin client application such as a we browser at the cost

of having the server do the work. A secondary metadata may contain descriptions of locks

15  and for each lock and a list of paragraph identifiers of the paragraph covered by the lock.
The browser may need to traverse the graph looking for paragraphs whose identifiers are
specified by the lock to apply each lock to the covered paragraphs.
[0039] Alternatively, the lock specification may contain the object identifiers of the
paragraph objects instead of the corresponding paragraph identifiers. Asking for an object

20 by its identifier in the graph is effectively random access, and the application may avoid a
whole traversal.
[0040] The server front-end responding to a request for secondary metadata may have
enough information to respond with locks specifying object identifiers of the covered
paragraphs instead of paragraph identifiers. Upon retrieving the secondary metadata, the

25  server front-end may parse out he locks then retrieve the most recent revision of the graph
from storage on the application server. The server front-end may follow by finding all
paragraph objects in the graph, building a reverse map from the paragraph identifier to
object identifier of the paragraph object. The server front-end may build a response
containing paragraph object identifiers in place of paragraph identifiers.

30  [0041] On the browser side, a design may include the following objects with the common
Actor/Editor/Manager pattern for interpreting and acting on coauthoring metadata and
replicators for moving metadata:

1. Editor’s Table



Actor/ Edi tor/ Manager pattern nmay be deployed again: 1. An actor with

nmet hods to add and renove | ocks to give conponents of the graph. The actor
may al so wawe12z38e8hod to answer the "can | type here" qUeaiSe@n/09496N
respect to | ocks. 202. A manager to maintain the set of currently known

| ocks which may cone in various lists such as placehol ders, ephenerals,

aut o-del etes, and others. d obal |ock operations such as renoving all
epheneral |ocks and 5unryr5&ssttb?e@1dcmaﬁ abws&ghsl@duokm&éan@moagt(nﬁees A

pl acehol der, epheneral, ‘and au may be associated with
docunent corrponent suchlsﬁﬁlodl)paragraph 253 The design may not need a | ock
editor object. The IoCknaliufehdps REE i GRNRAL B Qﬁto?sftgﬁgfdh\éﬁby | mmut abl e
and there may be no real edit operations to be per?orma 0043] A schenm
| ock may al so be associansdgaindmtainige ey ememenyrpustentepseseriingsha par agr aph.
ey e e Do BLMRGLRARSH o dEilherT™ B8 L ARIRE 6L Of
features 30 for disallow ng coauthorin ven | rows I'ent may
find a docunent al readynctMMDvwntdthOds Eh@rmcraallecbbkﬂ(eledmr asanntleltpm’cs trhbl ent took
the lock), the browser clign ema i erma to 5520t he whal e %{Hrrent pand al I ow
the user to edit only upon et ng SR UFRE O TR may not be
an additional burden fbns/hbhéUI/lEhiehluwaser based client since the server

application nay read near ent nt cont ent totransformlt to
a graph and nay abor? %Qé%ﬁ?\%?ﬂt ar[ydg ﬁ‘llrcrl‘?sﬂla%ﬁ%? eprodtlsstitent , seed

sync may be used as a fudgtislitytsOch 8-Tignd ®es@amb aphstagsaph i dent i fier in the
docunent. The rgqgest dma be i ssued by putting an elenment 5 with the sane
nane in the secon®ars} W{ﬁ {34 y netadata. The re-nunbering may be

perforned as a si rrpl@ AN 6 REE0 heM@li GOy Abwsibar dndgload tha sédoad4p aldmaimnt.
identifier, and wal ki ng through the paragraphs in the docupent in a

pre- def | necﬁﬂ%‘ﬁhEPe Sequa@uﬁeg@q@émy @@aﬂ'eas% Pigees phirormton oimasily he secondary

met adat a Mayfom@kish 2Rt RAIRHER ModkdeTttel 1Bf0€rﬁ§t1oh‘?1§ﬂl|ersédagd rjr;]ﬁfaaam other
re-nunmbering, not the paragraph identifiers stored in the document

10ori gilAal fthn iy- doasient lnghsemnbq mepegerkindesadplipivehFaipckataion request may not
be possi bl %cko@/Ehﬂ@r/l@&&‘é’?.% attSth G bteragplgfedrégﬁperl ng may depend on parts of

t he document invisible urrent he browser such as headers/footer,
f oot not es and ehdratastr W[lféxmetthSt%?éld@@tebmek)CkQatn(gl\@tCh@anenfBWéﬂ@eed

synchroni zation myy,, HelThéTEtcﬁI’E?Jéz 88 phk 4 AEnmSEL 3 a‘ﬁEwérrtﬁ’e'”L al?f;f}ge fi3k0046] A

si npl e approach t enent he sync seed request e to create a
new revi si on whi chumynwhhm@eecatwpd@erty (where paragraph identifier is

stor ed)200n al | b: ar al%r ger 10 In%r;ur;[tablﬁ hheggt Oq:%lflrﬁenﬂ?/ k%g\%ﬁ) %glasaw Ol%%%%(ﬁ‘[?%lnbe to

i npl emént a speC| ront- may have a
return val ue of avdmcmmhetsamqh asrpkapehogieesnemﬂemelpmam dgltred, dehdthérs.eGlobad a new

denti fi The b t 0 d
Syno el ement |1 I opehake ey Shtt e R s GREGoRERe o

interpret the r err@laladﬁ)nde@fockéwendmhadaA@lacélﬁ)M?]eplh@neaﬂ aldtaetonkict: lecbodi ment ,
to keep the server request may be

ad to a. m. ht wei ght
i mpl emented to det“é’?’%? %SO%té’leétB dP‘H’éneHE%?nH §e“ttﬁ‘é°hgdﬁﬁ@?r€gr€%ut hor of the
document. A web3 briowaesigniasesht éddanbek@itordtiet. | TH 16d@IHectshénce afthted,al one?"

request to may be effectively immutable and there may be no real edit operations to be
performed.
[0043] A schema lock may also be associated with a document component such as a
paragraph. Alternatively, the web browser-based client may have a broader set of features
30  for disallowing coauthoring. Even if the browser client may find a document already open
with a schema lock (i.e., another client took the lock), the browser client may need to scan

the whole document and allow the user to edit only upon finding no offending features.

This may not be an additional burden for the web browser based client since the server



25m ni m ze server |oad. [0048] A whole sequence is illustrated bel ow as an
exanpl e enbodinent. In the steps below (B) is '"the browser”, and (S) is the
server (fwormsso7application). 1. (B) Makes a web browperAisasie®dseey vi ce
request to get the contents of the file 2. (S) Attenpt to Lock the file
with a schema | ock, and join the session 30a. (S) If the file is already

| ocked with a Schenma | ock, continue, the user is already not alone. b. (S
If the filgphiRatiACkdeiM ﬂelarlgs\mé eﬁﬁllé%lrocdn%ﬁkeonfté‘ﬂt lo tpansf(n%) ith$ S BapRafdafsest to
get current user crédentials and server time 3. (9S) F@trleves the file (as
an Streamn) 2berbthapheogelre (S) Transforns the streaminto a graph (wal ki ng
t hrough eagfhi My £bATEHbddndR Seddlsyfd miy bd ko E%emg%%{t I n@f¥ergh@ment not
allowed in a coauthoring session i$ encountered 8 ust t% ock a. (S
I f | ocked @hﬂaélanllyldﬂmttﬂ@ralt@tmalemod]he requgsgynay pe méﬂqd@s'@@%mg ﬂmhe@;l@@p 4a,

conti ”“?I C%t’ﬁ‘? hAah g théééch&%‘&; f}dﬁ-% yﬁllet‘déaité’e{ﬂe%%uﬁ erdr@)mfJagor d whet her

the application en up a an exclusrve so renenber
from 2a if ptiemed es a sigphl ln@adgmmgtcomlt starting with hilge cﬁmmummeptﬂ(l@) angtbgr es t hi s
graph in the,stora and ra h.a user In this
fashi on, m‘ﬁa%klrfﬁ tEer%e%trhg PE aglfs ih{ I f SPaRE lngarpare def?:%nt ent’ Aﬁ S‘%%equem

partition wﬂmhheﬂﬂhﬂ%agﬂmamﬁmﬂ&Rom@ﬁjHﬂﬁdM&hhyﬂﬂ@i@pﬂt@ﬂ@1ﬂéﬂﬂbmanple woul d
be when two u er wi th.the sane doc n% but ke dlfferent changes.
For " pur pos SSUBE SRy R iigite SpriEY berttigRe s ¢ oBe RASCosER T at o unti
one andot hergmilher conmit their changes by invoking a Save operation. This

root is uni t he user but ot .to their brows ter such
that if thé&g‘g]rr%“@%“é‘?mlﬁ% cd ‘idrfé(n ‘fi}l?“é‘a? [SgHest PgHPeY, 8tpﬂ%3ib(if‘c‘c5‘ﬁ€ RIaYSSy

anot her i nsiadte r@hurhtein® hﬁy\@%fenﬁ 8 ittsaff Rr doBuridn@ R )siBIO @ uEyiily 815 Ban
identify which parts of the graph belong to this user. (S) Sends this graph
to the br oREwyser such as headers/footer, footnotes and endnotes, text inside textboxes, and others.

The seed synchronization may be implemented in the server front-end.

15  [0046] A simple approach to implementing the sync seed request may be to create a new
revision which may change a property (where paragraph identifier is stored) on all
paragraphs in the document. A second approach may be to implement a specific request
method in the front-end. The method may have a return value of a dictionary mapping an
old paragraph identifier to a new identifier. The browser may issue the request when it

20  receives a seed sync element in the secondary metadata and use the resulting map to
interpret the remainder of the metadata.

[0047] In an alternate embodiment, to keep the server load to a minimum, a light weight
request may be implemented to determine whether the user is the single coauthor of the
document. A web browser based client may also implement the “am I alone?” request to

25  minimize server load.

[0048] A whole sequence is illustrated below as an example embodiment. In the steps
below (B) is ‘the browser”, and (S) is the server (front-end application).
1. (B) Makes a web browser-based service request to get the contents of the file
2. (S) Attempt to Lock the file with a schema lock, and join the session
30 a. (8S) Ifthe file is already locked with a Schema lock, continue, the user is
already not alone.
b. (S) If the file is locked with any other lock, fail
c. (S) Issue a request to get current user credentials and server time

3. (S) Retrieves the file (as an Stream) from the store

10



(B) Deserializes and displays the content (B) If the application has a
Schema lock in step Sc a. (B) If alone at the nonment (fromstep 2a) Start a
process twoasie/0asd78l one frequently to determ ne when/if POThiSeo1awsé96y s | oi n
b. (B) As the user edits, create | ocks (regardl ess of whether user was
alone or not) c. (B) If not alone (fromstep 2a) or when no | onger alone

(from 9a above), i. (B) Begin displaying any | ocks created while in this
sessi on (step ) Tdnsfobrl) thb SO BtdBG alk%gatﬂfé)u%}h&ac%!ﬁﬂ SBfheM$Rthet O the
editors' table iii. (B) Start repeated processes for editors' table and

secondary netadflcd [0049] New i nfornation about additional authors or
l'ocks may apply as aRpPREREHE: S dn ekﬁl%m%@@ﬁbwe@‘&@céa‘ilﬁloHﬁﬂesél&@MeS the

editor, the application may 1ssue a request to renove the current user from
t he edl tors tabl e antcountdreshve t he coaut horing session. [0050] In yet

anot her senbodj ngptAd- Ahmk TRl ement ation may support an "un-editable 5region.”
The corrpl ete fe e may account for selections that span both editable and
un- editabl e regi ans(S) Hdoaked hlreaéywahgéshmmdbclcont ai n objects other than

text, or a mx of text ag)n ther o The..user eableto
make sel ections and pl acz S(%‘%esgllco) er1|°t4ai Crlonﬂrrllueéallsgg%efnéﬂr%esﬁnglﬁsO 0 provide

a consi stent experience \m«tlhsvtehecmon browser based cli ent 10[ 0051] FIG 3

illustrates an exanp ari cordi t o, sone nts. As shown in
di agram 300, an a%pl ks‘éa@f%r W&S&'\% e@%g‘c?q&’)? eB?ecSJ\Hp g‘o ?r ®di ting
servi cag. Docunents gxalisibe€look. Med telesnbef frdnd Rkl ds6ral alebat@nothline Ot

excl usive to, text, g ?W gjg i mge, audi o, and video. An exanple
i npl enentati on may bac t9rd ’btpl i cation server managi ng coaut hored docunents

for multiple &l {9Stornmis icfph DM st3ke, faﬁﬂ gl kifel oA aUBEL Pecifi®robl. tiempat i vel y,
docunents may be of single format_or contain a conbinatjon of types
such as a docunBation SHRE rgrses el d%ﬁ%ﬁn grapfycapiedbl thotimemartition in the

storage and not collide with one another. An example would be when two users
15 start with the same document but make different changes. For purposes of storing
graphs, their changes must be kept separate until one and then other commit their
changes by invoking a Save operation. This root is unique to the user (but not to
their browser or computer), such that if the same user boots the application from
another computer or another instance of the browser (even after a crash) the system
20 can identify which parts of the graph belong to this user.
7. (S) Sends this graph to the browser
8. (B) Deserializes and displays the content
9. (B) If the application has a Schema lock in step 5c¢
a. (B) If alone at the moment (from step 2a) Start a process to ask AmIAlone
25 frequently to determine when/if other authors join
b. (B) As the user edits, create locks (regardless of whether user was alone or
not)
c. (B) If not alone (from step 2a) or when no longer alone (from 9a above),
i. (B) Begin displaying any locks created while in this session (step
30 9b)
ii. (B) Issue a request to add the current user to the editors’ table
iii. (B) Start repeated processes for editors’ table and secondary

metadata
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[ 0052] As shown in diagram 300, client application may nake a request to
save a docunent (312) edited by a user. The application server may retrieve
docunent WwB2B)2/s8@B8ed in the document storage server 350CTAIS26118069844, t he
application server may 20retri eve or create the base graph of the docunent
stored locally. At step 316, application server may retrieve a revision of
the graph containing the user edits. Then the retrieved docunent nay be
transf or megp49] NBg 1ﬂf@ﬁﬁ’a|t1|ob{ ae&u@a&ml&aﬁﬁtﬁoesvcsr%&@ n{a;% 3y aHPBrophiae g@ﬁe bet ween
t he base revision and the stored docunment may be sy nc%ronlzed by t
appl i cat i ograpkr Yage thapsesieayes dmpditphtheapplicaten mehlse@ra\requeﬁﬁ@/ e@fmﬁWe
revisions RELURRR: R FRLACRUNY a5 1ALCH BASRARERRLDE any revi si ons
contai ning user edits hat can be entered base graph are prepared
for entry (M58 st aptherrembodimenst aspmpementationsmasudpeream o needht@biet this may
happen eve it ' ument as
he one t na s TSP FREMEY Br LTt 8 SR G REE £
coauthorlngdmwbhﬁ@em$QHdeESmHQSﬂmBEmmmoﬁkeggM@rM@u&mt®opynmbfwhﬂmd
“original" doc : [ 0its abi si.nce the
appl i cat | ey vboctﬁ( The user mal){glte cftﬁ rrfglgtto rlﬂlaketseieatlc%ﬁs Al Bl %ace hlS/ ehcoéste ver)
Changes toii ineecdtablem@msns mmprobﬂe samd;teﬁmextpheerse oitage rs)ﬂmvmse( B34). After
saving the g anges to the docunent, the application server may add
revi si ons &8rtai ni ng the changes to t he base graph. At step 326, the
appl i cavi orpou;n]apm FaNusEhs en é;daelplersaﬁgﬁd a@oaiy toQcmé bmbodﬁmynté ogkshbahds may
be rel eased g bock refresh at f ep 336. $0053 In an enbodi ment, any
change may'b a%l%‘ 00128 apHEiILRERE Y MY HEVIgs AU SIURE SHVICR bot h

non- br ows eDegideddy AYEES offAEEH o€ for@Mt SacluiEM hot ekclufivEto, €ki, @AkvigUCh as a
non- browser based. client may obtain the nost up to date version of the

docunent f AB#EC HWics aRd afleqy ) Gigmaled plsmpipfigimayprethe, aRATiC3HOY S¥elasked t o

resol ve anyn.Ganhd é&ﬁﬂh@&d@lb@lﬂ%ﬁ% O mmBeie thent 4 watfoegmﬁfoeﬁlut%m be
recorded in the correspondi ng conponent in t graph to resol ve the

conflidf. Adtgmeiivaly, decusnantsireay herﬂf Singg tforggt eremy qoetatﬂr?ecomb@w@em ofyxresd
app! I cat | 0Rudfa alalGlHAPedot T loxt RRHEH viakiBnifer S aut hent i cati on

information, the user presence information, and the user's role. The
resul ting d¥RbAs shvaip lbélagmeﬁ)obel@kt applicatien gy wake aequéretoreve 4 at est

version. 100 Q0 3h#) e%ﬂ@&t?}?{ gﬂbﬂ% B@Banmﬁe?&egﬁ@ CoffLye! dHPdn’?éﬁ'?ngé f1on for

nmerge during a save nmay | farn a set” of changes by ot her
users (or atetddon g, do@m@@ﬁrplageseu’m%(haﬁm 3tddee mphtett@nusecr may t hose made

by ot h%[) a"r’étrclovrl;]ef%'r cre t% tﬁseeor \%/e%grraqulaélt“ tlg (, S%Ent%ttoredslgcaﬂy d&; 8{) ?166 %éﬁlcam%m puI at ed

by bot h as s cons I'n confllct
t he server serasr rnheftreﬂrmmremfmh loétha ph carttammg igeyusereslos. VEheh hiee rewiafddi ct

Wi t hout user _interve tlon oIV|n i& a ved by
ani pul at 1 A5 HA B P EBR § a0l e s T B LD LR SEBFPed mor ged
set of chamg®sen tht basaye\@mremdsm msreﬂ BodumeaistdMGyndhiéhizaby e may abort the
nmerge operation.and si BS er.to present Ul
application server. t step 320, the ap plication server may compare revisions between the
25  recently restored base graph to any revisions containing user edits. Edits that can be
entered to base graph are prepared for entry into the document at step 322. It should be
noted that this may happen even if the document we retrieve in 332 is not the same
document as the one that was used to create the graph revision 316. Thus, the coauthoring
application does not need to keep a local copy of the “original” document, which improves
30  its ability to scale out (since the application is working against the most up-to-date copy on
the server). Changes to the document may be saved to the storage server (334). After
saving the changes to the document, the application server may add revisions containing

the changes to the base graph. At step 326, the application graph may store the changed
graph locally. Any lock holds may be released with a lock refresh at step 336.
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20to the user to resolve the conflict, 4. The changes may be applied to the
docunent and saved to storage server, and 5. The application server nmay
send t he wetofossitanges from ot her authors to the browsecT/useeiosesnpre, i f
any nodifications may be nade to the user's own changes in order to resolve
a conflict and may send the nodifications as well. 25 [0055] Obtaining a
set of changes nmade by other users may still present chall enges. The inputs

may appear [éosgfmneehﬁ)oai%n_, NAQHaRE AR 2 dHSEH She ERANERS thlB&r&GYrrent state
of the docunent may be avail abl e but the original state may not. However,

the appl i caesion iskatlyaen-braysqaphbrapsutbated eligns. dilevsdves o diek drentweh tocunent
through t h%o%foﬁlséladaseglr&i%-ma%b%%g BRs(TRAE dhY v&gir%lta g?@% d?%neﬁplfrorﬁ @rsi bly

conflict with changes made by other authors in p docunent t hat
wer e not t rermedatiegla paye actidne The ageh mey bghvkad foresoleany epnfbigtinggpangeneti on may
transl ate th t.ing graph
to the ori gy it REkalEih b iR HIE L SR B BRI SR ey
coaut hor s teolvhéhedoutline fionflithesgetionohfochatingesnttathe beowsostiasereapplicitiby
represent ed as1nc Je?i\{l{es If %ré, ed%sthcle {[Jser’gg thel:)n% a?tiocrillirfltforenliaﬁ'nC,e[hfl:3 l?steweg I’é é[n\é\é) st at es of
t he graph.n?ﬁeréfore, he server app reation may obt-arn™al I PYHET nf or mat i on
needed to debeetiosend theaka’sand. e sdolileng consdnoay besagtdimck cotetdranr'as changes
to the brot er qt the end of the nerge operation. [0056] Conparing the
graph resul¥SHKY FFEVFERE current state of the docunent and the 5origina

gr aph poes¢eusg] it moarenstvdithedn QeBigh (Rel implRARhtaton ol shetys dudnOneve arapne
conparison.oﬁ nodes in the graph, as paragraphs and other objects may have
been added W"¥Fenoved or even noved in any arbitrary manner. For constructs

in the document |t @bMiPIA oflEHaBES niade BY bihteiseRosRm@30rt is attached (an
exanpl e woul d be paragraphs or table rows), one can use these identifiers
to single out the (oBHarerthoFhengrs Moels By Mamsqiaihase made bY odKkbtP o espond to

the construct at RaREhmANDUCRANRN §F ARLORES hiafDulaRd D§Bothfas thIGHIRIshas been a
change. In an exanple emnbodi mrent the systemw || first read over the entire

ori gi ndP graph, 3bder 8 ehiccts aeapderebinbear eapflighrihaservsamey fiptemyng G thehe graph
nodes that repr es%ﬂﬁlfc@ti((n}}rﬁ@y 161 tH@EorﬁlE@WPQ%t)ﬁg&%Ew&moﬁpke o-mﬁa@a bui I ds a

graph corresponding to the ‘current state o docunent. Wen a node
correspondi ng to &ophetagpydisrechiavadiby snanamlaging his chkent oFests repdtieny to

represent the desired merged set of changes. If any objects remain unresolved,
the server may abort the merge operation and signal the browser to present Ul

20 to the user to resolve the conflict,

4. The changes may be applied to the document and saved to storage server, and

5. The application server may send the set of changes from other authors to the
browser. Furthermore, if any modifications may be made to the user’s own
changes in order to resolve a conflict and may send the modifications as well.

25
[0055] Obtaining a set of changes made by other users may still present challenges. The
inputs may appear incomplete for managing other users’ changes. The current state of the
document may be available but the original state may not. However, the application
server may know about the original state of the document through the original graph.

30  Changes made by the user may not possibly conflict with changes made by other authors
in parts of the document that were not translated into the graph originally. The server
application may translate the current state of the document and compare the resulting
graph to the original. Comparison may result in a set of changes made by other coauthors

to the document. The set of changes may be most naturally represented as a revision, as it
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15t he original node is |ooked up using the paragraph's id. If no such
paragraph is found in the map constructed based on the original graph, this
par agr aptwoasizssd’s added by other authors. |If a node i ®Crasaaioprdshe map,
then the properties of the current node are conpared with those on the
original node. If any properties are added or renoved, or if the value of a
property is different than the value of the same property on the original

20node, t higgy %@@%@&&B&%&ﬁ% seRangad gralpﬁoﬁarefzreefh% s@f%’r a?sh&a%tructs in
t he docunent to which a unique identifier is not ap n order to

perform a éspatinsdrihpwfermationcipedeio detaet contiig ard b be: %’ﬁ‘éo é%tﬁl thegtheron ot her
obj ect s neay flor kAL Rl s FA0Sh rg&zep%rJtQ whi ch a uni que

identifier Is assocl ated. For exa a tabl 8 cell does not have its own
uni que i deh@d5p] Epmprinadicegraphi rnsultza ftcmm ﬁle@mmﬂstﬁ@mﬁ‘ thetdhglm@émdi th¢ er

associ ated 'itranfgté{b% I;'r%éﬁtsa Ef&ﬁ?&fbﬂ Igé%ﬁgqtt'sgn Db agﬁ%% 81‘?% ;o I's used as

the identif itse since table
cell and paomg«n'aplhwt@da m)bl}eamzh ay reragfapts sitd atletr objpgte siay hinerbeen @dnd)or
anbi gui ty |n as the identifier.f S may

W2l glgeven v et ar%gr manngr, Ig[jor co struct in A& docu%n%%t 0 wh
require t he”'otler parPl fﬂ% %Xng Sys %0 gerveCertarn rul es when
nodi fyi ng awaiquo hicetifics 0Eﬂ)n&$0tt®s mbhedtmnag;emph@muld lebgratagtaphs dmtaldOt he case of
the table cell exa

le,, no.edit to t ng ragraph
dent (1 or 01 SHEwE s ubfhase © peBatthe plRE DRRpe R B NATE hher e a
confliap rralyouﬂtbctonkeq)dhescoﬂhve@hs&uttt@nmucaahlcympz&e p@pemem se@lmt}atemas\geanhanges
made by othe aut hors nag be Sﬁg} to the br rkeg as. objects in
conflict. A§HIMEFoHANSramplsemby e@ﬁ@ﬁﬁ@@mﬁﬁﬁ e&te?W%F tser to
bring the gtbzpﬁrbuﬂdﬁg@mqﬁ?monu@ragaapﬁastlaennlﬁaﬁttd)me gtdpﬁ nU&S thal By rddent@r @gent ed
with U to resolve conflicts. The user may try to, save again once the al

conflicts REgBlsEEHON thatohieel. Thepoalds agrag 8??&5%0@%6%%(9“’6%&?1%0 H6r f or i ng

a merge duighfnedt. SHE Q}E’&l”e%ﬂr&ﬁondhﬂ'g th RPaLAPS inf8ls gwg%hhsscongthﬁteﬁr owser’,
and (S) is 'the server' (front-end application). Sends a web

br ows erl Shadedrigielnade it legird 31 upipe dgparagrigh’d ik Uifrdptuch zarag@ph Réeyiddyes t he
current st gfg,0f cohélﬁm%@%gﬁzﬁ% t}(eao%gﬁl'al S, BRMard PR Gewly O @%ﬂoy,scﬁﬁe\fer 3.

(S) Retrieves the origin graph that was stored in storage during | oad,
4. (S) Ret rithoisslftanede svpwidon thegeapniicmthe prapartichel theeweont zlepige user made

edits, 105,,Sked b ANHLO SR hO6iHREWTRN f alf PrORri R el FRmdVc@orsE €P 3 as a

basel i ne t6
the value of a property is different than the value of the same property on the original

20  node, this paragraph has been changed.
[0057] There may be constructs in the document to which a unique identifier is not
applied. In order to perform a comparison between current and original, one can rely on
other objects near or contained within these constructs to which a unique identifier is
associated. For example, a table cell does not have its own unique identifier. However, in

25  this embodiment, the identifier associated with the last paragraph contained in any table
cell is used as the identifier for the table (as well as that paragraph itself; since table cell
and paragraph node objects are of distinct types, there is no ambiguity in using the same
value as the identifier for both). This may require the other parts of the editing system to
observe certain rules when modifying such objects so as to not change their identity. In

30 the case of the table cell example, no edit to the cell may change the paragraph identifier
of the last paragraph.
[0058] Alternatively, in a case where a conflict may not be resolved automatically, a
revision containing changes made by other authors may be sent to the browser marked as

objects in conflict. Additionally, the same changes may be sent to the browser to bring the
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accunul ate a revision of changes nmade by other users, 6. (S) Conpares the
revisions fromstep 4 with the revision fromstep 5, a. (S) If any objects
are foundwDreotearskg78tri es to resol ve by nodi fyi ng revi si @ag/useamossseps 3 or
4, 15b. (S) If any objects cannot be resolved, aborts the save, returns
revision fromstep 5 7. (S) Runs save wth the docunent and the nodified
revisions fromsteps, 8 (S) Stores the resulting docunent back into the

storage Senry&f.document up to date. LastlySiheAdG Iy 18 pf Uil WASUT 10dRBe@BnHickO t he
base graph, marks the result as the 20new base 10. (S) Adds the (possibly

nmodi fi ed) &Y PsT 81% Y ioiave peain ence sharaleonflighs dgee been resdyedref r eshes the | ock

on the fil : : iS4 r e and t hose
fromstep ZOO(S ?Fgﬁgéﬁnﬁleé?ﬁhgen[c(%g%télifg%éﬁg%ﬁggkﬁf%%hﬁéggﬁv% Iogés%tr%glf gn glﬁ exanpl e

scenari o acepybhlevg(B)as Sontrowsere msb$) kee theservem (famt-exdanplieatenbodi nent

mer gi ngcstruct ur al I : ' when, changes nmay be
orthogor51al to o?fe (%jr:]ot g?.a]et%ﬁrog?agb?ge%q%t???%ﬁggg@rgaﬁggﬁgtoart tédi ting a 2x2
table. If the u3erSeRidsevas thelcument statetolitheniociheat Grdn Hstmpfromdlerstaagts a row,
t he expected resulsgwgay | ook |'i ke diagram 420. To arrive at the expected
result, the server application may need to detect that the added row (added
when tabl e had 8wgSyRusdveSe wayinalegcphttimat hay stoxd ihstodgcdiringdehded to it

during the nerge. rwi se, added col ym by.the other user may. | ead to the
Cabl €01 n i agr o AR ER T s SR E R PY o i &' Beg F e Rl T ool
by thei1bact thas. ¢®) TramSorarte diimeepiwisent etleifd fifoht $dp Tdsatmsdippects in
nei t her the docunent nor graph nqtations. Thig conplicated situation may
ari se when one usé?cuﬂ’é’ﬁ)aé‘?ggevgl?ﬁogﬂ%g?sﬁ%a@g%@t ﬁ??ﬁngr of colums (appearing
that the nunber ¢of(SCmiRs thasvisiond fréh 8 e Hith tBS rediRn flohestgn of al |

coaut hors' actions anounts to renoving the whole table. [0061] In an

al ternate enbodi ment? ofS)dbiyIobiest &t frdga bp@sisruioireivse bx ndyyer based

application nmay have tQdgak fdhtskept Wor Ut hors editing the same paragraph.
The browser 5based application may not attenpt to resolve this conflict

wi t houtlSuser input becEldeanyiobiegly cimotbraexilyedpaberts Biesoiebichenchgmges at a
character level. The apgligats on may create neani ngl ess words due to

conpl exity of |anguages. The next logical unit to break down woul d be at
word processi ng7-bdbitkns isevs withrthe decomsetrany deeeb dafiqel rpasioisdromreigpsal so r equest

user input becaysege il ke PALRAEABRTCRT blkPWRo AL sBrab@Pdrferhere two additions

or del etions
9. (S) Adds the revisions from step 5 to the base graph, marks the result as the

20 new base
10. (S) Adds the (possibly modified) revisions from step 6 to the storage
11. (S) Refreshes the lock on the file, and
12. (S) Returns both revision from step 5 and those from step 6 (if modified).
[0060] FIG. 4A through 4C illustrate an example scenario according to some
25  embodiments. In an example embodiment, merging structural changes to tables may be
complicated when changes may be orthogonal to one another. In diagram 410, a user may
start editing a 2x2 table. If the user adds a column in the middle and another user adds a
row, the expected result may look like diagram 420. To arrive at the expected result, the
server application may need to detect that the added row (added when table had two rows)
30  may need to have a third cell added to it during the merge. Otherwise, added column by
the other user may lead to the table in diagram 430 which is missing a cell. This task is
made difficult by the fact that columns are not represented as first class objects in neither
the document nor graph notations. This complicated situation may arise when one user

deletes and adds the same number of columns (appearing that the number of columns has
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10 may be understood to be reasonably independent, adding or renoving words
or sentences from a paragraph may significantly change the content. [0062]
| n anot hewoentzadsorent of conplicated nerge resol utions, paThSonsesedbased
application may have to resolve conflicts with [ists and renunberi ng.

| mpl enentation may be at the top | evel place in the code of how a browser
based application, such as a word 15 processing application, may record
and assign nmm@{ea) bPwhérSthe §ifn®BPall DaMHEREctibRanRuhis & rebdo Gl MRWIRE:

cal cul ated and stored (as a non-persistent property) in thé graph itself
The nunber @98y be updated as |ist itens may be added and deleted or

promot ed afghed PG Homi chBLiHRAyt o Rbalinilrf AGERRHNG LEARE b

application nmay not recal cul ate these values Tor a i st ne ers in the
browser. Hepw@igetion mw@ayewlwl atpiviocaithopreditag theaame paegiapiut Ehedgowsse val ues

during 3 ';BQ:% ﬁﬂfe dn%' dp!ﬁ?{td REGETRRCAAY TR %eAfpHReuYSEr editing
actions. t he us her coauthors nmay nake ndn- con I cting
changes, (hmtybleasqlﬂstrfitrhgmlcnmhunﬁbbanlgﬂﬂgdt@fcharaceme\{eh Tlhelpblucstlon wayxérasige) the
server appllcatlon ma ers WTer ge
operati on "t OBRYP R E RS B b BEaT TR RS e B s IonTT ot ne
docunent eckiokl tﬁadwsrdqﬁs&smmedme Tlmrbromeubasetaappdmatmurrmm raudstdo not
constitute a I| tation enbodj nent s. ment s rlety of
Cypes. | nct gy bieisR gp G BragR bt e et ahating P ger (S and

vi deo. 1Docm§rbbanmodmao corqamely afdepaibitnalidingr efmdviigasordddaatnt@dbd s may be

synchroni zed e oy ot her ul es rocesses, and configurations using
t he prlnC|§i T&?%%ﬁ@» Sﬁ@ﬁ%?ﬁg §ﬁp$ﬁg%%FkﬁfG. 5 is an exanpl e networked

envi r onmentoo6h i £ o@EHasH JIBRINS o NRYNpHCattdRERERRSIOGNs A BH VR baRPP! | cati on
managi ng user_edit synchronizati on may be inpl emented V|a sof t ware executed

over one onap%?féons@%wgt%ffﬁpl‘e?rcoaﬂlgtw@théw%fl@éqnw(ﬂéerglg WBplemergéinmen 6 such

as a host ede §ah¥idpevelNeechh ﬁfefcgﬂe%ffﬂ%yv LR bsRY & Imcattbncddc@ast a wp! i cati ons
on individual conputing devices such as a smart %one 513, a | aptop

conput éP 5PIcesingderlicetn. evipispekand pssigr reptbettto h%W@ésAPumh?rdebhllﬁﬁet wor k('s)
510. [0065}AS A RCHRIRRI HRPHSred Bis ‘Q%h'%%teﬂﬂ%ﬁe%% Qe SESVREIEMRY. €Xecut e

the algorithmto synchroni ze user edits of docunments stored in a document
storage semyaber ndy behipdaiedkss lietitans m& teodpehred dslcwstl onpidoetetend denncngi

appl i cat | O'I}uﬁﬁérﬁgfe fﬁ%ywér H)%Qgs%\ﬁ e %tgﬁlﬁedhgﬁlo% fhok %&hﬁgatg E duri ng

user edit to ot her coaut rs edPting ocunent ont eV|ces
511-513. [ 6@6GH]lisChembdrs dekd rewsds.]1 Hoyer nhg/seemabprélcamew ratberaqopiputaat i ons

execut %ﬂ Or&l F%g gur?n S rd( rs%ra 1I8r(1a id QIF nQrem%%gl}lyerﬁlgdlErea[s Snol 1flse 1tlf sed

previ ously “The'“ser r(s reve or ore AaFromto
data store (ast)on5 19 bdthrthmﬂsleg/amirotlteh c@nugiorsdnambai@eloﬁeon&hcn@mang[e@ (Qlﬁiﬁ]

Service. pi ot ar o maRE Kb ATIAN A ROR hetrae RS S S el b

enbodi ment sipdaythb av@bas & faktiof tlermdaydhertatioh.opol ogy. hbtmork(s) 510 may

i ncl ude se etwor ks such. as an enterpri se net an unsecur e network
such as a W‘{ﬂgl Jaegismn e Py oY B o e e fs) 510 may

al so cogr didgnaliseedCHiiit EalimRRatnefurfRkhRaend 08 hWwbksingsls Imasidiwl i ¢ Swi t ched

Telephone Net work (PSTN) or cellul ar networks. Furthernore, network(s) 510

may i ncl ud&MEpdment R isEpayds of strisr KLyRe difuinseb i P LFERSISF tos o | ar
ones. Net WQFd(iSg, imrdd, RIIRY htevigQMDBHRGait fBy BetoMaRBed dTRoMPEeSndE St bed

herein. By way of exanple, and not Ilnltatlon net wor k( 53 510 may incl ude
Wi rel ess melfddspRY be sy@g]gg@g@dcemgﬂ@ymg Qﬂlqrra]pqg@ es, processes, and configurations

using the principles discussed herein.

30  [0064] FIG. 5 is an example networked environment, where embodiments may be
implemented. A server application managing user edit synchronization may be
implemented via software executed over one or more servers 514 or a single server (e.g.

web server) 516 such as a hosted service. The platform may communicate with client
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20and ot her wireless nedia. [0068] Many other configurations of conputing
devi ces, applications, data sources, and data distribution systens nay be
enpl oyed wo 2812058078 ni ze onl i ne docunent edits. Further mpca/uskére/on@saor ked
environments discussed in FIG 5 are for illustration purposes only.
Enbodi ments are not limted to the exanple applications, nodules, or
processes. 25[0069] FIG 6 and the associated discussion are intended to

provi de a Qﬁﬂh‘%ﬁmorﬁ%ﬂﬁ{d%dlﬁ@&%ﬂuﬁh% Q&I&E s&hwhgﬁm sh&lermytan of£NVi ronnent in
whi ch enbodinments may b npl enmen reference to 6, a bl ock

di agr am of C@MPERYB Qerdé%qnﬁqnmgtebéblr@ﬂlpmfgie@ﬁ«:ﬁu)rﬂaﬁv@rﬂetwk(shﬂoapp| i cation
accordi ng ﬁ@ﬁ%ﬁl&%sé{%%&bb@e hh&délew ?Jpﬁﬂeau%fﬂgéﬁveg%la%mﬂ%e th9a186%h 5§ 600. In a

basi ¢ configurati on, ce 600 may be an online 30application
server Ssyneychrnize pgper @él@rofédwnsenfscstor@hh|ard901dmu$t9m@seawd Htled useecdets | east

one pr °§esgblﬂgon‘gﬁﬂétrof$9&uﬁfé€t i Oé&%ﬁ&'ﬁ%&‘ér Q0% %%Hfohﬂegloﬂ%é&?ocﬁ&o may

also inclu alrty o essing units that cooperate in executing
prograns. EEWBmdhmgnguﬁmemewaﬂmr@@mﬂmqwﬂamgdwc&ndmmypeﬂmthGMpwt%ng
device, th _Xfien1nennry 604 may be volatile (such as RAM, non-volatile
(such as Réﬁf ‘ash nenory, etc.) or some conbination of the two. System
menory 604 [@06p] Chédt deticrs|SutE$3 may mbfeabéasgto&pﬁlﬁcmﬁmrﬁ%e@ltddtoabd:rﬂoté or

controlling th erati pl.atfo t he DOWS oper ati ng
Cyotens 11 o TCREEeRT CERRr AT e SRR Y AP G THESGYE: orm
menory 1604 styey/reRV S0 dith Globhrte doa tod(s) 509 elraﬂfytoMIf@ganﬁxhbasanrms 1&uch as

pr ogram no 606, unment service 6 chropi zati on. nodul e 624.
[0070] Doci‘wéﬁng‘éVro%}lf(ggqéﬁyﬁﬁ‘?P% aB}éFOcPOE?EY a?%em%’ g‘éﬁnfsh e 8T es online
document s fegviRel, hld@mnRehsOREERL A APkt datbRIifhA8 cABYIIMERS Maphhviea user
edits to stored docunent and_resolve conflicts arising from coauthor edits.

Document nmaFiber BraRiEAORNPD o NeBREEA N My Haclpdsiseie Aty ok yuBeEs & ored in a

graph for i.nelaReR &8, SARARMetl @GN Slchla@§ kiR Qfpel AUREHTB e RAEHhetedi TS
such as paragraphs. This basic configuration is illustrafed in FIG 6 by

t hose dénpoWEYRrs(si 0HN3Y desredinaierempogicaligoore] otrymstitdkigueless Rvelig00 may
have addi t 's%ﬁedfi%?ép%&%\lé%o&gﬁﬁmo&%El'hhéf nefRkE XM rored Héfw?&@?'dio ng

devi ce 600 may al so I nclude additional data storage devices (renovable
and/ or non-regmpleisiskyrt waghwigess mptwodkssangl as Blugientle o1 emdrgies, warck@i) di sks,

or tape. Sg%;ﬂxfy@ﬁiggbﬁlhﬁfﬁ%gﬁtb%%g&he%o%éjs_ (Sigs%éoaf}?egelfl Ny~ % Bf feemavab' ¢

storage 60 non-renovabl e st or age nput er rea Poiage nedia
may i ncl udeotvlbhiaattibh,elearvmlk(nbﬂ@ohaaftln¢lede wignhov atollie saahcs ra,cm}smceMvallﬁ’aednedl a

|nplen§6teqn q%%Q%ﬂﬂ%%nggmor technol ogy for storage of information, such as
conput er réadapre 1ns ructions, data structures, program nodul es, or other

dat a. Syst ¢0N68ENanY otﬂiaﬂ;onﬁgrmtmb bﬁccﬁﬁpmnmgdaevﬁ@g a@picbam@m daovmbd, en®0st or age
610 are al ldatea)é m%l & ion systems rrg?clytbe empfeoyeda %lsyef\ncﬁo%z% nline (ijocumen(t?%mt) uter readable
Furthermore, the networked environments discussed in FIG. 5 are for illustration purposes
only. Embodiments are not limited to the example applications, modules, or processes.
25  [0069] FIG. 6 and the associated discussion are intended to provide a brief, general
description of a suitable computing environment in which embodiments may be
implemented. With reference to FIG. 6, a block diagram of an example computing
operating environment for an application according to embodiments is illustrated, such as
computing device 600. In a basic configuration, computing device 600 may be an online
30  application server synchronizing user edits for online documents and include at least one
processing unit 602 and system memory 604. Computing device 600 may also include a
plurality of processing units that cooperate in executing programs. Depending on the
exact configuration and type of computing device, the system memory 604 may be volatile

(such as RAM), non-volatile (such as ROM, flash memory, etc.) or some combination of
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storage nedia includes, but is not limted to, RAM ROV EEPROM fl ash
menory or other nenory technol ogy, CO-ROVM digital versatile disks (DvD) or
ot her optwoab1241tssi7age, nagneti c cassettes, magnetic tap@CTRsgnanseedi sk
storage or other magnetic storage devices, or any other nedi umwhich can be
used to store the desired information 25 and whi ch can be accessed by
conputi ng device 600. Any such conputer readable storage nedia may be part

of conputi pg t%vsyseel@Qfémogpf;mu;ﬁmy%\m&@a@@&rmg sPk@PsRYRalIORME devi ce(s)
612 such as ke¥boar nouse, pen, voice input device, touch input device,

and conpar &ptellingghe onsejioe égthe olstfpm. SEI@\AS@@(W}NIB@WS@@WT%@%YW%I ay,
speaker s, - RiohNURTROSAI PURPORMRBS, bR i RHLERSTARY, @hsferhfhy | NC! uded.

These devices are wel | 30 known in the art and need not "be di scussed at
| engt h her €04 18P719Y inCyrtp ond gignadesdfowrcOOliepipnaiusbacrpgranmaloleri®i.cat i on

connect gon%mn{ Q?\;lceaézzoﬂdtspgch%% ﬁgn 1T118d1ﬁ96‘ﬂ"”' cate with other devices

618, such as over a wireless ' network in a distributed conputing
envi r onment(078] Batwahdni seevitd 69, may beekit of aservicataat mmddqsmbm@bhmem@hani SNB.

Q her devi C&l%n 1%{&@1%{112 ?onun%edtu?eo&a lfllgag/;}/se\rloln%z% s%{ edltsat s{eore%] d’ém&nent and

conmuni cat i on p ons rs evi ces.
Commruni cat ir@nlve oottt amm(@f)rorﬁ&@utMr ahis. Bvaumdne maj bebmsimrupctatcbmpomﬂi a.

Communi cation nedi a ca ncl ude t her.ej r eadabl e st.ructions,

ot ot r aceth SUToBRG PR TN B S TRV EE PR AR AGeL BRI a0 gnal
such ago0a datunedt pareadéts Qich@t patigriphan THie bhsi@mAgnhsdn is am@uﬁemlm@e@ any
informatio elivery nedi Th nodul at ed data signal" neans a signal
t hat has oﬁéqwe%’? nB‘TtSWf]%‘ @ﬁ%fé\g?ge%qgstl cs set or changed in such a manner
as to encoqg7inEemp@ing@evicNc60nayshagd additidadl BaMredbr RxamakRy. BHtxR@ple,
limtation, comrunication nmedia includes wred nedia such as a w red

net wor k or thiOBPHIRG dexige SOhMaY plsencludnaddional datastorpasidsviseidFemayable oust i ¢,
RF, i nfrargfyantbnatsrabih ERhas %J@%@le rh Q@J&lks%ml EkenPegenBidns al so

i ncl ude nethods. These nethods can I npl enented in any nunber of ways,
i ncl udilhg efdEtiewR} ere b dluyeed inddd.- 'i?hy famoyalleetoitan 09 aoda@osyeppvally i s by

machi ne opefalot 8ig Cc% HE VLIRS ?t%ratgé" Reliy Riy RSl vgﬁﬁle afd hiihveigRCument .

[ 0074] Anot her opti ona way |s one or nore of the 1ndividual operations
of the net hueyvable apdngreicinorshdaimpdia e groended io anyvinethodpretegdmolysy &rhuman
operators rA 0 -| ocat ed
W th each SerasoFpRimenaEiRn o REARNIRLIPRRALGHS A0E AR PBRAR 2

porti on of ntddeleprogthandaty. GIWEI]H rRdn@ery 604 Iretmts/tablatsegga@%@dmomrm@bkgr am f or

b L
Process 70@tomy nfediaiimydesrbiat ectiottiymmd ta,ﬂkaMcROM) EEPROM, \flesh memwdxr ng online
SRLUU LU e{h\é} glgglo}y(%ec%lnlolggy, %D ROM, digital versatile disks (DVD) or other optical
storage, magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic
storage devices, or any other medium which can be used to store the desired information
25  and which can be accessed by computing device 600. Any such computer readable
storage media may be part of computing device 600. Computing device 600 may also
have input device(s) 612 such as keyboard, mouse, pen, voice input device, touch input
device, and comparable input devices. Output device(s) 614 such as a display, speakers,
printer, and other types of output devices may also be included. These devices are well
30  known in the art and need not be discussed at length here.
[0072] Computing device 600 may also contain communication connections 616 that
allow the device to communicate with other devices 618, such as over a wireless network

in a distributed computing environment, a satellite link, a cellular link, and comparable

mechanisms. Other devices 618 may include computer device(s) that execute
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[ 0076] Process 700 begins with operation 710, where an online docunent
application server (e.g. web server front-end) receives a request for a
docunent woam2ssewer. The docunent may be of a variety @CTfuseomiosecdpon
receiving the user request, the application server nmay request the docunent
to be |l ocked at the storage server at operation 720. After 25| ocking the
docunent, the application server may retrieve the docunent fromthe storage

server at Qp@mdhicAMbnt3Ricall iR, S6PEALR ARCEMELMPRMLE IBNSAT CohifindecseNt as a
streamto the application server. The application server may transformthe

stream to GOUMARINS) CbhPORRAIAMPARS cPBRYNICAEONCBIRYD HemrrBuRieatian grediivamt
operation Y&%deTﬁ’é‘?eiﬁ@&rﬂ;ﬁi’éerfif@a)da ?{ﬁ%ﬁ&iohg‘)ﬁa@Etﬁibghrés%ﬂo%fﬁﬁﬂng&ﬁés%ﬂmﬁég the

retrieved docunment tot | oca stored base 30 graph and synchroni ze any
changes i ndethen conpdpfehdaa sipod AUGh ata copisr ey o ofBO transhert applanisay #in ser ver

may det gr mi&ﬂ%%&n‘?ﬂnf@ﬁﬁ&%ﬁ’&Eli&%ﬁ?&]&”‘fﬁebﬁgﬁggﬁcﬁﬁat ta g%%l“%qgs ghanges to.

At operation a save operation nay or med upon a user invoking
t he save opendtthashasammd ot ereapps clratdtanticerechagyd teudr mmamenhd toh

component s er?cfodg: pn%o%a? grp inttf?e slion% Qa\%gd £ r)liartnhf‘?: 4t %%rot ﬁnqgﬂggsco%r}rqunﬁc% 18r{ d the
changes to correspondlng con%one SRR T8 Breéklng a new revision of the
graph at sulkdedueinies oped atetlioRuch/id a wited napik aatilcarwiselrooencctieny, anddi fy t he

docurnent lock, with.a c onent sed lock on the | ocal. graph to prevent
concurrent Skt it w G P Rt RF SRBH0 Bt s S IORRlie S af oper att on 780.
The clilent [@IR] Ecalil®embRymélitsfbciclodd meRsdsS Tawe mgptip dWbdntie imprpement s of

t he docunent may be | ocked or . .being worked on b ser. The praovided
i nf or mat i o™ #Ey™ %@6ﬁ€8W§é? WBﬁaie%P@EEW “FWP@%HE@&B%F“%E Hut'ftbr nane to
i ndi cat e t hey ety RathirdWhiatiomf ofldd@c&TBRAGR desdribed hahRW@b&meat. docunent | evel

| ock may al so be di splayed to. the user. Additionally, presence information
of the coalfl{d} anpfasr O el fPrenes Mo diraRdividralioperadens 9hthen whi ch t he

coaut hor mMagenidR degtfo@fltin cobfBcAALQAMERAS nforPh &SN pBratoM perrﬂaﬁ;ﬂngn may be
di spl ayed by the client application with the edited conponent. Q3078] Upon

recei vilAg serac. nEeavibitrean aneiatost 199¢ nettnep-leaateR ovid cagly ethernut gk cembe docunent
t he Curren%n?ﬁﬁ%uhﬁmﬂh%%ﬁﬂk&ﬂnﬁﬁQQbBMB%PQEPH%ﬁh{'Pat'ons of the | ocked

conponent . | en the other author saves to commt his/her changes, any
| ocks hel d #3751 REm7pHestrrious logicrflpy disgremfermpoases WA b necessdft urned into

"refresh r i LN oY I I rgﬂgﬁ nd is no
| onger ass g%#g{oggm\ﬁ Ot%ﬁﬁ(fﬁ?'noé" I%Jte lﬁél’ ?ngl%}ct %g?r.omfg%%gf&%%\dvo g@g@ﬁ , gﬁt t he
current usédevebiwesdipetd emdanengdiRro@est 700mmayttisemplemsetnd by af applicationr r ent
aut hor ey e COMMRL SALEAol Mt i AUt hors (1T any) by adding to the
met adata déscri'bi ng %resence of In-document” | ocks. Waen the current user
saves t hei [00Thphgess 760 Rgimseqthapbratiay 7 e whentn bolintchlecismmy giplit@ionenove any
| ocks helds%% t he cg;rent u ead hurn then1§nto "refresh

I

ser and.i nst
requi red” PBERSFoVeTEFY BRE BT UE 0B EOR S HRY BRI BAE 4 et JdEd i n
process 70Qoain@nt @by bd dflistariad iod ForPuts PUPESrecEYing thcaisérzédugstont hppgicstaunent
cdi L accordl g, 0, SINORLIEILS IR, b, LIPLETEnted, by oL L3 gpoggsses vi (T
25  locking the document, the application server may retrieve the document from the storage
server at operation 730. The storage server may transmit the document as a stream to the
application server. The application server may transform the stream to document
components and load the components to a graph at operation 740. The server may
compare the graph revision containing the retrieved document to the locally stored base
30  graph and synchronize any changes in the components.
[0077] At operation 750, the application server may determine which document
components the user may have made changes to. At operation 760, a save operation may
be performed upon a user invoking the save operation and the application server may

determine which components of the graph to lock based on the user changes and record
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25usi ng the principles described herein. [0081] The above specification,
exanpl es and data provide a conpl ete description of the manufacture and use
of the cowpasizdssersof the enbodi nents. Although the subjpettusamtiingsIchas been
described in | anguage specific to structural features and/or nethodol ogi cal
acts, it is to be understood that the subject matter defined in the
appended clains is not 30 necessarily limted to the specific features or

acts descr ifRed.@ROMorBRohGh c&rﬁ[%n@rﬂ?%hflé GedtR@hWERTvAsh @fqﬁesgréﬁﬁaﬁrl bed
above are disclosed as exa % forns of inplenenting the clains and

enbodi ment subsequen) QpEratipInt70; ST]@_%RPWEDOIP srver nRy madHy dheedeswnens dpckvith@ast i n
part by a %&%&kh{&sé&%&&&l tﬁ@focﬁ%ﬂ&@ﬂﬂegén@gorfa{}llréﬂ?ﬁsegg&:lﬁ%QB%or Ieht%y the

met hod conprising: 5Sreceliving an indication of a first coaut ng mnet adat a
associ at ed warlked camponests asensration 78. Ehegdientrpplicatierhmay dipay madiges showingg

met adat ar %?dhv gglgf)l{e(ﬁ{p of t}?rd%wﬁl%nt g§ Bglogfain ecﬁ'noelﬂg Woh&gtoh 89 auser. The

recei ving an indication of a second’ coauthoring ata’ associated with a
second secpromnledfinfoietidogeelne porttmleuwepmmhce:m&lmh@m agl andtcadahator ecei ved

froma secon lient. appli t|on e ond cllent ation not
operating i nq@I a%et}ﬁe Rt author o ecomp%nergtnglﬁ g STGSE HAOHS Zﬁgvc%gou A6T i ng

net adat a bakede GHSplayetdrtaﬂﬁfqunﬁddmemerlbrsmiema mfbn}natmm of dad cTomuthdiTEmay be
brovvser-based client a i rst

Dbout or ¢ aaShgiin i thmaRRn 3 SRR st s ey Rl DAPY T ot ati on

W th the deciuint preiénde TiierntEbmdy bé dicplateby: thevdietitepplidatién \fvitlli g e@i@aut hor i ng
nmet adata i ncludes at | east one froma set of: a user's nane, the user's
presence i (PBPHEMT on, and an in-document |ock. 3. The nethod of claim 1,

further conpu78pUpP@i ret&Gag teZhdi@la@NRdiQinFBher feHdkS ptdidice GOME Hbinedd, t h ot her
edits in a t}?ehc%prgrﬁqlsezr?s grg\(;elfllg%r}“}oma%urt%ercn?orgj f?cr;?lgrtls olf ?ﬁ{eellocked component. [f/when
the other author saves to commit his/her changes, any locks held by them previously may
15  be removed and instead turned into “refresh required” locks. This lock has a different
appearance and is no longer associated with the other author.
[0079] Conversely, when the current user does perform an edit action, the presence of our
current author may be communicated to other authors (if any) by adding to the metadata
describing presence of in-document locks. When the current user saves their changes, a
20 request may be sent to the server to remove any locks held by the current user and instead
turn them into “refresh required” locks for everyone else.
[0080] The operations included in process 700 are for illustration purposes.
Synchronizing online document edits according to embodiments may be implemented by
similar processes with fewer or additional steps, as well as in different order of operations
25  using the principles described herein.
[0081] The above specification, examples and data provide a complete description of the
manufacture and use of the composition of the embodiments. Although the subject matter
has been described in language specific to structural features and/or methodological acts, it
is to be understood that the subject matter defined in the appended claims is not
30  necessarily limited to the specific features or acts described above. Rather, the specific
features and acts described above are disclosed as example forms of implementing the

claims and embodiments.
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4. The method of claim3, further conprising: attenpting to merge
conflicting edits within the sane conponent w thout notification, if the
conflictiwg 2etiasso7ar e conplimentary. 5. The nmet hod of clpairms)1tfosassher
conprising: 25 re-nunbering each paragraph of the docunent upon receivVving
a request fromthe client application to ensure paragraph nunber
synchroni zati on anong clients accessing the docunent. 6. The nethod of
claim1, further conprising: sendi ngcpaffguest to the a server executing a
coauthoringwg plication 30associated with the docunent to determ ne whet her
the user i sWHASI BftleARFEUIY or of the docunent. 7. An online document

appl i cati on seryer fQuayeRAIA Bk MY BFHIRLISRL i wyichRrBAL er

conprising: a nenory,; a processor coupled to the nenory,
processor erkEytormyendaditspibk imsthtod gampmsiegynj unction with instructions stored

in the genory, “her%%&ﬁ%ﬂgmﬁﬁﬁk&ﬁﬁkkg@n%§oéﬁwﬁmgﬁkﬁgm§ago&ﬁ&fgﬁﬁaa request
for a docunent froma user; request a docunent”l oc or the docunent from
a storage destyatipn pit ddcementt the fidocarrthnting motmldthecat o fage a bemwserhased

transforn1%1§ngo ynent to a plurality of components conprising contents of
the docunefit  afd & 11 st coaut horing netadata including a user's nanme and a

user's presence i nf acetingai indidgdenhef akcendcaothblingihcthédtyeestiac wish by at
| east two use ur al

the: pl ural Mo beclepidheteamst e Aot sRuPered obih Ber g ot ookl 1O
adj ust 10he ctl@e upishtidnPls sécond El@npipplidtioh Yiotafpeaipanaatwieacks by rel easing
the docurent | ock,” appLiykit,t 1R, Blalfhid Hel SOIRRIST L RSKS, 1O Mt ehi ng
representation provided to the browser-based client application; and
storing the first coauthoring metadata and the second coauthoring metadata
in association with the document.
15 2. The method of claim 1, wherein the first coauthoring metadata includes at
least one from a set of: a user’s name, the user’s presence information, and an in-document
lock.
3. The method of claim 1, further comprising:
recognizing one or more edits that conflict with other edits in a changed
20 document at a component level.
4. The method of claim 3, further comprising:
attempting to merge conflicting edits within the same component without
notification, if the conflicting edits are complimentary.
5. The method of claim 1, further comprising:
25 re-numbering each paragraph of the document upon receiving a request
from the client application to ensure paragraph number synchronization among clients
accessing the document.
6. The method of claim 1, further comprising:
sending a request to the a server executing a coauthoring application
30  associated with the document to determine whether the user is a single coauthor of the
document.
7. An online document application server for synchronizing online document
edits, the server comprising:

a memory;
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send the graph to a browser based client application for display. 8.
The application server of claim7, wherein upon determ ning the conflict,

t he appl iwetomssesf urt her configured to: send at | east pomaSe@nfoFé96e i ng
user edit and at | east one corresponding 20 conponent to the browser based
client application for at |east one user selection, wherein the at |east
one user selection is recorded in the at |east one correspondi ng conponent

to resolve the gppbld&icoupled to the Semdeh@PRLIEH kUM REEY HIpli&iok il M 7,
wherein the application i's further configured to: 25store the El urality of
1

conmponent [cOykctign Witk dsHECtoBRLPISe i1 the MeB0EE aharcinfhaanpbeativn it coghgysed

10. The appl.ication server of claim9, wherein an offline browser based
client application transmts the at | east one user edit for integration
into the docunment griagsiveafegyesidond degupaetraon bses. 3011. The appl i cation

server @f claim7, wj e?‘éandotcﬁﬁ$rﬁ@&h<if&gflé RRkub YA 2 GO gé red to:
coan edit ti

send at | east one froma set o me, a user authenti cati on

i nformati on, and a userVsthe dbanteot frére thersensgeretvased client application. WO
2012/ .058078PCT/ USZO]T%'a/thS r6 9 9edocum nt tolaz'lufgﬁtc% gr}legnéﬁtgagnqurlls? Sctogt%n e medi um
with instructions stored theréon for Achronr 21 g onf e “dGCUment edit s,

t he i nst r uof thodscunnpandsa fivgy: comgb@inginngadatarisduiiss a fisor’s aangoaidrmntér’s rom a

user; . .requesting a docunment |ock for the docunent from a
storage sePUFSFCBFUMAlIAYi ng the docunent from the storage server:

transfaom ng the docdereinineta@osflipl Betvadeh kfitsdly o€ AR @RS Bfess; conpri sing a first

determine a plurality of component locks for the plurality of components by
evaluating the conflicting edits;
adjust the document lock to the plurality of component locks by releasing
the document lock, applying the plurality of component locks to matching components;
15 and
send the graph to a browser based client application for display.
8. The application server of claim 7, wherein upon determining the conflict,
the application is further configured to:
send at least one conflicting user edit and at least one corresponding
20  component to the browser based client application for at least one user selection, wherein
the at least one user selection is recorded in the at least one corresponding component to
resolve the conflict.

9. The application server of claim 7, wherein the application is further
configured to:

25 store the plurality of component locks as second coauthoring metadata in a
document graph.

10.  The application server of claim 9, wherein an offline browser based client
application transmits the at least one user edit for integration into the document graph after
coming back online.

30 11. The application server of claim 7, wherein the application further
configured to:
send at least one from a sct of: an edit time, a user’s authentication

information, and a user’s role to the browser based client application.
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coaut horing netadata including a user's name and a user's presence
information and storing the plurality of conponents in a graph;

det er mi niwgQ 2a12pi5807al i ty of conponent | ocks for the plur&Cirtus2afi/oseaponent s
10by evaluating an at |east one user edit; adjusting the
docunent lock to the plurality of conponent |ocks by rel easing the docunent
| ock, applying the plurality of conponent | ocks to nmatching conponents in

the graph, and $ioriQgoh ernlewaalleIs{oyag@fmeaﬁlﬂpm@ﬁl%tr&&%sst&@d MeREe ANd
coaut horing netadata in the graph; and 15sending the graph to a browser

based cl i eRyncaspiznganiiphddcgmerficdis. dyp instructions cqrgprisfige conput er - r eadabl e

storage nedi um of cl@idRil2, rd [ﬁ)lerB ehp§§rﬁgcﬁgérons further conprise:
notifying a current user of t l ura onponent | ocks. 14.

The corrputer-readablreq‘ts>ET(lﬁzgaﬂgﬁs,ﬁC]ﬂﬂ@@ntumiakcfﬁiﬂ't ¢ ddcrme frophesteiage soieer;
20|nstr§ct|ons f“rth%ﬁwQB%H%%ﬁSnn&ﬁﬁ%hﬂﬂ:&@ﬂ%QQRQ¥ | evel identifiers; and

moving a user's edits to conponent 1 ons 'usi ng the conponent | evel
identifiers, even i ftransﬂoeningamtd@cmﬁermheapim@htnmﬁtommnts hemgedhg a first 15.
The conput er - | eadab %dstorﬁ%e medi um of cha|n11

25i nstruct © ons 0]{1n%{1}5c| ata inc ghing a. auser s name and a user’s pha}sence 1rﬁl0r%aé18? andf a name and
a presencesmnﬁgﬂmmmnﬂnyohxamommmenhg&WMhor edltlng the docunent .
determining a plurality of component locks for the plurality of components
10 by evaluating an at least one user edit;
adjusting the document lock to the plurality of component locks by
releasing the document lock, applying the plurality of component locks to matching
components in the graph, and storing the plurality of component locks as a second
coauthoring metadata in the graph; and
15 sending the graph to a browser based client application for display.
13. The computer-readable storage medium of claim 12, wherein the
instructions further comprise:
notifying a current user of the plurality of component locks.
14. The computer-readable storage medium of claim 12, wherein the
20  instructions further comprise:
storing component level identifiers; and
moving a user’s edits to proper component regions using the component
level identifiers, even if other parts of the document have changed.
15. The computer-readable storage medium of claim 12, wherein the
25  instructions further comprise:

notifying a user of a name and a presence information of a current author

editing the document.
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