METHOD AND SYSTEM FOR SYNCHRONIZING MULTIPLE USER
REVISIONS TO A SHARED OBJECT Background of the Invention File
sharing applications allow several different users to collectively 5 share
information. Many users may access the same file simultaneously. All of the
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avékgg%i g\ﬁé%%ﬁ {%n'ﬁe S ﬁe?é %%%Lﬁc%%g?g%utomatically synchronized such
that all users can view the revisions to the shared object. Different users may

revise the shared object at diffgigihip)as sHeMihaitpHItiple versions of the
shared object may coexist. 25 The latest version of the shared object is the

version that inclublésPissedaY PaHBASIIFRGIF iR 2 ARiRI SRd ayatemdor
avajabledaiAtemaniprrized eoeioné wendliatdaarjeecur Nehaijcw kg @kSany entity

revise the same portion of the shared object. The revised portion cannot be
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to thearnie RaFOshaf&e dbpstios il HagedisR thilough several different transports. The

users are not blocked from accessing and revising a shared object when another user has

access to the shared object. Any authorized users may simultaneously revise the shared
object. Users are not required to be connected to the shared object while making
20  revisions. The revisions may be made offline to a local cached version of the object.
The revisions are then synchronized with other user revisions when the shared object is
available. Revisions to the shared object are automatically synchronized such that all
users can view the revisions to the shared object. Different users may revise the shared
object at different times such that multiple versions of the shared object may coexist.
25  The latest version of the shared object is the version that includes the most recent
synchronized revisions that are available to other authorized users.
A conflict may occur when two users revise the same portion of the
shared object. The revised portion cannot be synchronized with the shared object if it

conflicts with another user’s revision to the same portion. The portion of the shared
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object having the conflicting revision is displayed on a conflict page. The

conflict page resembles a corresponding master page of the latest version of

the shared file except that the portion of the shared object having the

conflicting revision is highlighted and displayed in place of the synchronized
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object. The conflict page is displayed alongside the master page when the
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Drawingsnk tedU RE ibldHusisatesiadevantiing depiegdbat may be used
according to an example em%}) iment of the present invention. FIGURE 2
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15 useevRwsions to a shared object, in accordance with the present invention.

FIGURE 6 illustrates an operational flow diagram illustrating a process

synchronizing multiple user revisions to a shared object, in accordance with
the present invention. 2 Brief Description of the Drawings

FIGURE 1 illustrates a computing device that may be used according to
an example embodiment of the present invention.
FIGURE 2 illustrates a block diagram of a system for synchronizing
20  multiple user revisions to a shared object, in accordance with the present invention.
FIGURE 3 illustrates a hierarchical graph of linked nodes that indicate
different portions of a shared object, in accordance with the present invention.
FIGURE 4 illustrates a master page of a shared object and an associated
conflict page, in accordance with the present invention.
25 FIGURE 5 illustrates a block diagram of a system for synchronizing
multiple user revisions to a shared object, in accordance with the present invention.
FIGURE 6 illustrates an operational flow diagram illustrating a process
synchronizing multiple user revisions to a shared object, in accordance with the present

invention.



FIGURE 7 illustrates an operational flow diagram illustrating a process for
reconciling and merging conflicting revisions from multiple users in a shared
object, in accordance with the present invention. FIGURE 8 illustrates an
operational flow diagram illustrating a process 5 for synchronizing multiple

user revisions toRAGORET ARiCEELE ACeREIANSR B RS ANIIRYEAGADrocess
FIGURE 9 illustrates an operational flow diagram illustrating a process for
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Mogescdfdanee it ee Wikidheimresest invention. 10 FIGURE 10 illustrates
an operational flow diggam illustrating a process for seamlessly transitioning
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Thr%éprese_nt invention is directed to a method and system for 15
syrRRPEMi 2§ MBitiple user revisions to a shared object. The object may be
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access, reyise and update the same shared object simultaneously through
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revisingev shred iahigetprzent anaihesniser has access to the shared object.
Any authorized users may simultaneously revise shared 20 gpject. Users
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object. The revisions are then synchronized with other user revisions when

the'SASFE mﬁg(‘ﬁ"i @Seﬁrsﬁﬁ@t. Y8R to the shared file are automatically

synchronized such that all users can view the revisions to the shared object.
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when two users revise the same portion of the shared object.” The révised
poiapatlamhbeing shawsiereuheg afitethilamacktiasent oserstnBY seeatisteewire and

anQilehFR SHRVEIARIQBNE SaMamBRELEY R RGRISL IR ansports. The
users are not blocked from accessing and revising a shared object when another user has
access to the shared object. Any authorized users may simultaneously revise the shared
20  object. Users are not required to be connected to the shared object while making
revisions. The revisions may be made offline to a local cached version of the object.
The revisions are then synchronized with other user revisions when the shared object is
available. Revisions to the shared file are automatically synchronized such that all users
can view the revisions to the shared object. Different users may revise the shared object
25  atdifferent times such that multiple versions of the shared object may coexist. The
latest version of the shared object is the version that includes the most recent
synchronized revisions that are available to other authorized users.
A conflict may occur when two users revise the same portion of the
shared object. The revised portion cannot be synchronized with the shared object if it

30  conflicts with another user’s revision to the same portion. The portion of the shared
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3 object having the conflicting revision is displayed on a conflict page. The
conflict page resembles a corresponding master page of the latest version of
the shared object except that the portion of the object having the conflicting
revision is highlighted and displayed in place of the synchronized revision. A

corfflctneticRigtne cospIRYPY Bsvisiermagissdyraes aictifiriyRR filtndbéhflict page
conflict page is displayed alongside the master page when_the conflict
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reconcile and merge the conflicting revisions into the master page
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system for implementing the invention includes a computing device, such as
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pragest el usitridldandnsytspunginory 104. Depending on the exact
configuration and type of computing device, system memory 104 may be

volatile (such as RAM), non-volatile (such as ROM, flash memory, etc.) or
sompisweatibinebernvhdentmona2i@ystem memory 104 typically includes an
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tical disks, or.tape,.Such additional stor is illustrated in FIGURE 1 b
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meglr% {%%l%?] (%%%ﬂtiﬂgaé‘é’vﬂ:‘&t?;?s‘?e% memory 104 may be volatile (such as RAM),

non-volatile (such as ROM, flash memory, etc.) or some combination of the two.
System memory 104 typically includes an operating system 105, one or more
applications 106, and may include program data 107. A revision synchronization
module 108, which is described in detail below, is implemented within applications
106.

Computing device 100 may have additional features or functionality.
For example, computing device 100 may also include additional data storage devices
(removable and/or non-removable) such as, for example, magnetic disks, optical disks,
or tape. Such additional storage is illustrated in FIGURE 1 by removable storage 109
and non-removable storage 110. Computer storage media may include volatile and
nonvolatile, removable and non-removable media implemented in any method or
technology for storage of information, such as computer readable instructions, data

structures, program modules, or other data. System memory 104, removable
4



30 technology for storage of information, such as computer readable
instructions, data structures, program modules, or other data. System
memory 104, removable 4 storage 109 and non-removable storage 110 are
all examples of computer storage media. Computer storage media includes,

buistsragé HiutasutaoRAMMoREBM stoligR DI arasherapnpsy ¢ corhplitresiaeiye
technology, CD-ROM, digital versatile disks (D\@ or .other optical stora
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mouse, pen, voice input device, touch input device, etc.. Output device(s)
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and wireless media such as oustic, RF, infrared and other wireless media.
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20 C“eé])tlswza(glod e1x%‘m2p 8’ azr%oho%qir%rlrtlaatlllon, communication media includes wired media

such as a wired network or direct-wired connection, and wireless media such as
acoustic, RF, infrared and other wireless media. The term computer readable media as

used herein includes both storage media and communication media.

25  Synchronizing Multiple User Revisions to a Shared File

FIGURE 2 illustrates a block diagram of a system for synchronizing
multiple user revisions to a shared object. The object may be any entity capable of
being shared such as a file. The system includes clients 200, 210, 220, 230, an email
server with file storage capability such as exchange server 240, web server 250, peer-to-

30  peer network 260 and email attachment 270. Clients 200, 210 are coupled to exchange

server 240. Clients 210, 220 are coupled to web server 250. Clients 210, 220 are also
5
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server with file storage capability such as exchange server 240, web server
250, peer-to 30 peer network 260 and email attachment 270. Clients 200,
210 are coupled to exchange server 240. Clients 210, 220 are coupled to
web server 250. Clients 210, 220 are also 5 coupled together through

Peeblipteg esgeaivrartcleM. ferral péachenrbicZebis BianagscHMman 270 |s arranged
transferred to and from client 230 by web server 250. Clrents 200, 210 a
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Clients 220, 230 are associated 5 with different userséUser 2and U
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232vier ipFelbnsledny Bsharesdabiers, E’@@@éﬂmr cHBNERARHO J0ckIES30 each

virtual server 262 for transferrln?ea share ect between clients 210, 220.
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senvandik 266 hskeisnaalisival sepvRir a@aﬁadrﬁgr@dhatmbm]mb@men clients
re?%é:trvely 10 Revisjon file 242 and r\?red abj cts 252 264, 272 m
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(i.e. the rg n one empodiment er grou |ent|f| ris a
S e A B A O TR G0 A0 el s e BN eceqgeer roup
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1 254 266, respectjv different users ma c ss, edit

5 A B Ry SR G T R ST S eer
Fogm(fmméﬁtrﬁaers b anhifbemnt 2déurandbkiser @Jmhmha;‘@emgma@manay be
shared object 252 fro web serv 0. T d objectis tor Ioc .
Ty B S Ts S 2 T TS Lo ies
shas] pbjeesspaetivdhg. revisions are synchronized with shared object 252 on

b 250 h User 1 h d User 2, a :
User 2 can seo MEMGURIGRCTHERS B UASHE: S QADE DA EpiE g object

ma@lmbhaamsqsﬂﬂcmﬁjlr%e@bmjmﬁeiéﬂ Walhsridﬂer Edhe&ugiplenwﬂbr 1 at client 210
attachment 70 Us revrse stor gared bject 22 dTh har
ce o o 9 A L ARl BBy o2 har e sharec
revdﬁipnﬁikxthre@lmmwmjﬁmwpmhe@ déktberé&kfslaﬂz nBudle Uyeb$end idser 2 may
Synr(e:\r/]lrsoensI fsre otlg}ect 252. The revisions are synchronized with shared object 252 on
web server 250 such that User 1 can see the revisions made by User 2, and User 2 can
see the revisions made by User 1.
In another example, User 3 may share access of shared object 272 with
User 2 through email attachment 270. User 2 may revise a locally stored shared object
and send an email message to User 3 with the entire shared object or just the revisions
to the shared object attached. The revisions made by User 2 are synchronized with
shared object 252 on web server 250. When the email is received at client 230, the
revisions made by User 2 are automatically synchronized with the local shared object
stored in cache 232. User 3 may then make further revisions to shared object 272 and
reply to User 2 with the entire shared object or just the revisions to the shared object

included as email attachment 270. The revisions made by User 3 are synchronized with
6



shared object 252 on web server 250. When the email is received at client
230, the revisions made by User 2 are automatically synchronized with the
local shared object stored in cache 232. User 3 may then make further
revisions to shared object 272 and 30 reply to User 2 with the entire shared

objaired BijeEheTRYISIRER derike BBranosiarid ipsjeEed arpmal Al@sonRRted to

270. The revisions made by User 3 are synchronized with 6 shared object
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access a shared object either at home on client 200 or at work on client 210
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242 includes revisions to the shared object. Revision file 242 may be
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be transferred back and fortq.éThe revisions are gﬁ)&lied to cIierhtjézoo, 210
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can_handle ée " egabytes maximum). User 1 may upload revision file
10 24?%5‘? ik Ef& %9‘%3 ?%Giéaﬁ??ﬂ’ﬁ%}gﬂ]ared object from client 200 to
exchange servers¢fame\isioer &0 Ay may bedsansienred tiogizeliehtiROM &in
client 210 in subsections when.revision file 15 242 exceeds the size .
T8 B B AMERA o o oR SN FaVIS 0T D242 et includes
progsseiosibimneieic soatiee sbjeseniboms|ibmortd evdxetingntepramI0geRevision file
seryer 240 js associated with gn erg@ra lication, Revisions made by . .
oo o b T D RSt oR AR T RS ey afyevision fie
15 througleywetdseneaiz2(hitatieer dbereleange tveorkr 280 amdd fida gratusisirpeehias a
client 20 ough an email account 20 issued to User 1. In anather
e BaR RER n e B R iR s s R, errhange
revisionrfile0 lis assothiateewathpie cpedraispiestionetRevisROO mele g another user
est Iii\%g between clients 210, 220 \%2 n the connection from clients
o Bl R A e AT TN R QA e Server 250 or
compgartuaeder digaotsk@®9 aydeheananstgnred to client 200 through an email account
20  issued to User 1. In another embodiment, client 200 periodically polls exchange server
240 for a current revision file.
In another example, peer-to-peer network 260 may be established
between clients 210, 220 when the connection from clients 210, 220 to web server 250
is lost or when User 1 and User 2 prefer to communicate directly and synchronously in
25  real time. User 1 and User 2 may prefer to communicate through peer-to-peer network
260 because object sharing over web server 250 may result in a lag between when
revisions are made at client 210 and when the revisions are available at client 220. The
lag may be a result of heavy server traffic. Peer-to-peer network 260 allows revisions to
the shared object to be directly transferred between clients 210, 220 instead of through

30  web server 250. In one embodiment, peer-to-peer network 260 is a transmission control



25 real time. User 1 and User 2 may prefer to communicate through

peer-to-peer network 260 because object sharing over web server 250 may
result in a lag between when revisions are made at client 210 and when the
revisions are available at client 220. The lag may be a result of heavy server

traiietdteirepeesoeive ik 260 pjlawsctevisions. T hdechared ebiestipieallows

directly transferred between clients 210, 220 instead of through 30 web
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direct network allows revisions to be stored and retrieved quickly. Clients
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anal ement further revisions. e revisions are Instantly r Icated O
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and User 2 are no, eript me Vvicinity (e.g., each user retyrns to.their
e SeREl oL D (R b A SRt e 0 Tomer i thé same
comimnn'y:(aet@.imaeﬁlmereﬁhwgﬂthéijemsaéaiveaofthﬁm) I@ewgeeszmd frema User 2 no
webp server.250. The transition between accessing.s object revisions on
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15 Cligrdlis s2hierZZ0) NEiyereansittonisamt g disiessintyaharzadtbbjeeh reeisien26f peer-to-

nd peer-to- r.network 260. E revision de to the shared object is

R TR oD A SETYE o & RSO NG TIER et The tme
stamp identifies keAf3 B0t TanNectrveicoreasrevasionliiont 24t wetyserver 250
modify shared object 25 erver.250. Client 220 determines whether,
et Gt A R S oW O
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0 thetlirlr%?/v tgmgeaég%%%t%jagv rlrt1ra]1 ehaé%%nqtﬂf& tmzzglzrr?c?dl ets)h%%g%rbject 252 on web

2
server 250. Client 220 determines whether the local version of the shared object in
cache 222 is current by comparing a GUID and a time stamp associated with the cached
object to the GUID and the time stamp associated with shared object 252 on web server
250. If the current version is not stored locally, the latest revisions that have not been

25  implemented in the cached object are loaded from web server 250 to client 220 and
synchronized with the local file. Thus, the entire shared object need not be loaded to
client 220 each time the local version of the shared object is updated.

In one embodiment, client 220 may determine from the GUID and the
time stamp associated with the revision that the same modifications are available from

30  peer-to-peer network 260. However, no action results because client 220 has already

implemented the modifications. In another embodiment, client 220 may determine
8
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250. If the current version is not stored locally, the latest revisions that have
not been 25 implemented in the cached object are loaded from web server
250 to client 220 and synchronized with the local file. Thus, the entire shared
object need not be loaded to client 220 each time the local version of the

sharesh aRieSUIDURRAIRd: g RAbQSbIREA W RieRE 220 JRA IR @IERIReTom

the GUID and the time stamp associated with the revision that the same
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In another embodiment, client 220 may determine 8 from the GUID and t
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available from pegieia-Re@Hiagtveesk/a@Rotha se\akRINT 28R satpritpdbenetwork 260.
revisions to ﬁ)ee_r-to-_peer network 260 such that other users connected to
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shated ebiRetsHarclemjet2 (s Mgy sesrivtemoirer @ Visi 0BJigNn @ aRr GUPBend the
network 260. The_s?ﬁaq(eed or%ect in cache 222 is updated. Client 220

deteMATBRN AR HER esHaNy e ased @ %%j%%% A HED SeRpY 50 is not
on gyabhseivebRnusin ouinentsthie entdkpatbmndsiammasseniated suismikehe latest

revision. If shared object 252 on web server 250 is not synchronized with the
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revision to web sagyacibicisaiviihatahatkh ohigecebRwnay bellspdederdtes the
nous. co occur when a client revises the ghared
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limliatieni®mayagetsseesiiared ofjEtissyosivoinziets i@ delgalayashfndmtiime the
time the revisions are imﬂl mented \t,)'i}a user. In one embodiment, the client.
ma'&%é'?@\%i%‘iﬁé’%"h%ﬁ%éo ;?’Xe?c%sé?& ISHEBIRRL R EHEE! (DRYPRLGVISING &
conoeitgddonthbveysitenof Anyshaesisisjsomatiddnoti mlienédrayttessystem. Any
synchranized with the shared object when the client recopnects to the .
o S B TR RN TR S PG BRLGap g clien
accessnisuishyeho sy tend theyuingthaceows . cohwalinntation ssantiedshy thamgitien is

tion has chan

B S AR ST e

netiy otk svereveis)theencdd @hedioaliynidetitifiéds Thargethe Aissermayy abergs lacation

sh%rne aﬂ;k}jg\(/:z;[li%%qecé%{{ggﬁgﬁtﬁnggﬂsports (e.g., peer-to-peer networks, servers) are
automatically identified. Thus, the user may access a shared object and collaborate with
other authorized users through different mechanisms.

Each shared object is associated with a manifest file. The manifest file
identifies the locations where other versions and instances of the shared object are
stored within the system. In one embodiment, the manifest file is an extensible markup
language (XML) file. In another embodiment, the manifest file identifies multiple
shared objects. In another embodiment, the manifest file may be associated with any
object that may be shared between clients. For example, the manifest file may be
associated with an entire shared object or any portion of the shared object (e.g., a

content container, a section, a page, an outline, etc.).
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other authorized users through different mechanisms. Each shared object is
associated with a manifest file. The manifest file identifies the locations
where other versions and instances of the shared object are 25 stored within
the system. In one embodiment, the manifest file is an extensible markup

language (XML) filf AhaRESRIeATRSERBRAd WS MAnd oatiie dHesyien. As shown

multiple shared objects, In another embodiment, the manifest file may

b
B SO WRIARY oS [ P ASSP HTEHAYAR SR DRIEFLRRS: gl hared object

exampipdhiemReifAR Sk mraybrresrpiethwithse) entirethlrepthelieeherthe
any portion of the shared object (e.g.,.a 30 content container, a section, a

padReLiRS s ces! 1B R stiraiRbipthe M5 BRRG R (manifest file

thei§§‘§il%@irﬁ@%ﬂ%dim&@)ﬁgm%ﬂm%ﬂf@ﬁtﬁlﬁ phdgiarsecinéatanitbst file is
shared Oll::,‘jkeCt 252. Both shared object 252 and manifest file 254 are stored

on SWIBLEh PR Bt TReath i CHAH BRI e TRATIESE Al 15 StoFes T Agisation
shageatliedly uyejanehkeianieadmeentibannpeiieshiits Timaeemsy aentify a

act%ve directory. In s ill%et nother embodiment, the manifest file is stored in

ot EETHEL o e RA AR08 ASERUEH, BN EN R APRELERL i & location
!gentified t?ll a Uﬂiﬂ@%ﬂ@fﬁﬁtw(]jddﬁlﬂﬁﬁ?e é&ft@ssammdlgyatmﬁ idghtiethinagh a
identify a fi server, a shared area o server, a wep server, or a er .

oo PR SR T T I LR R AT B st it from the
10 peatidn dfctitifig byatheaniqupasratienvoektifibeiclipatcoetigy@sliig shared object.

tholROTTE BRI B P SETLEEY O e RO SREAL T Ty g rence.
theTmanitestetiteriledatycisstione caieresicany bieemerifest filelimdiaates dfiene shared

location of any gther versions and instances of the shared qbject within the

o Rt e SlE ok &SV g8 BRI TG Fistance of
theversvad reliact of shersithiadeoppet gretorkediie apasifgaifetheayaimitdstoéléheay
corre n in% eer group identifier. Indone embodiment, client 220 accesses
e e aE D L SR P SHB BT 220 1 mutamativatly conmoctes

to other clients thatoaecealbodicressilignsh20edaebjestsBazd elgectitbpearnwveb server

O R S e L SO R 385 sing
shared object 252 (e.g., the peer group). Client 220 retrieves manifest file 254
associated with shared object 252. Manifest file 254 identifies the locations of different
versions and instances of shared object 252. Thus, client 220 may establish a peer-to-
peer network with any other client in the peer group when any client in the peer group
accesses a version/instance of shared object 252 identified by manifest file 254. Client
220 may then disconnect from web server 250 and continue to access shared object 252
on the peer-to-peer network.

In another embodiment, client 210 may access shared object 264 from
peer-to-peer network 260. Client 210 retrieves manifest file 266 associated with shared
object 264. Client 210 may connect to a server and determine which clients are also
connected to the server. The connected clients may be accessed through the server
when peer-to-peer network 260 is not available. Shared object 264 (or 252) and

associated manifest file 264 (or 254) allow client 210 (or client 220) to transition
10



versions and instances of shared object 252. Thus, client 220 may establish
a peer-to- peer network with any other client in the peer group when any
client in the peer group accesses a version/instance of shared object 252
identified by manifest file 254. Client 220 may then disconnect from web

seniabrRf QNY §ANEBAIRIERSAEBERFEAASA @RI 2Ad AT RAIEIR BE E6rANRARALIoN

network. In another embodiment, client 210 may access shared object 264
froMOf&%r-to-peer network 260. Client 210 retrieves manifest file 266

associated with shaiedrohif¢gaedFHinntaddssmnypanaering assrreopidt when

determine which clients are also connected to the server. The connected
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264 (or 254%J_allow_client 210 (or client 220) to transition 10 automatically and
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another user has access to the shared obbect. Arg Euttkorized users ma

sinTERYHESERID ¢ RRNG ALK IEOBRE 8 AT BG ac¢5saing the shared
Instjes oﬁtm;@ql@mhma}seﬂwwmrmrmmeﬁml&diﬁm_ﬂiéhhﬁawegisb]gct.
transaction. For example, a user may extensive revise snare e .

10 gocument while HIS ORI A ELHCR BEIRR-F 11akp Andes tbatdngicate
thb6d$ﬁéV@1it pﬁnﬁ?rﬁieﬁéﬁsmaedbﬁ)}@deflm @@@Fﬁﬂ)&ﬂt’ﬁe@@%@&iﬂﬂéh?b}@@t@a
object unti of the user's revision are im ented in the shared ohject. 10 .
Ok e e S PR SEP I of TRERE ol S SSHaBoHZEs e entir
diﬁﬁfar%timgjéﬁn%i@sheme@mje%clode?ammhowmagukmsdmmd%bimt iode
a ebaok that is shar mon eral users. N node 30 L
g S T T Rl g e L Gt T

15 notsleciok node3300.1S6iInode @49, 8ROnisdinsh ] edtvitihtielded rodkidife node 346
Page nodes 330, 335 are incl ithin 15 section n 10. Table n . .
e e S B RO DU ELEEE R At AEC R outiine
withoteage. nbsle 33de SH0tihmelledoe ntittodeBhitdelinokrdedwidto. oDififeeent nodes

node 344. Text npde 360 is included within outline element node 350. )
A e e Bl o oot AT (i DR Rl macagce 344, outine
exahplentndte 850 e Bkt notle @0 may be grouped together as content container RO.

20  Content container RO is assigned a GUID (e.g., GUID-0). The GUID uniquely
identifies content container RO.

A content container includes shared object content (e.g., a word, a
sentence, a paragraph, a page, a table, a picture, handwriting, a uniform resource
locator, or any combination of data included in the shared object). Content containers

25  provide a dimension for object content that is grouped together. For example, a content
container may correspond to a line, a paragraph, a page, or specific page elements (e.g.,
only the tables on a particular page).

The shared object stores an initial version of the graph. Specific
operations may then be performed on individual content containers. For example, a

30  user may revise the data of a content container. The revision to the shared object may

be identified as a state of the content container. The shared object stores the revised
11
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element node 350, and text node 360 may be grouped together as content
container RO. 20 Content container RO is assigned a GUID (e.g., GUID-0).
The GUID uniquely identifies content container RO. A content container
includes shared object content (e.g., a word, a sentence, a paragraph, a

pagenfitbiitarRietdrehb grbiTiiNgu AR KR TESRUGR IR CRIREI Rra8¥ompared to
combination of data included in the shared object). Content containers 25

orovRIBVAO ST NG RS cRg HEM $RARRS Yl Ed ASiamBIngtndRaY R enade

a CpRERdr GRNtalNentBaN SRLIesRINEIQdvited, a paragraph, a page, or
specific page elements (e.%., only the tables on a particular page), T
a

i ). The
shared object st6r¥EAHRIGaMVQGBRBRLHIEG TR, SBpR ARRESE H ARSY Angyment

thesnBenearforeor@ Mt onthiner RocoDiRNiseP AaineRdsE o rR¥ANaplRaine PROIBGI
ma@erevise the data of a content container. The revision to the shared object
ma

IRUngiHaAde g% At AR L EMSIAN B Hai REY ISR RhAF SIPES de the shared
stoppfetite Revisrm A1 SRR B the\amBRt).th auteay striRief the revised

content container js compared to a previous state using GUIDs and time. .
ot OSEANA A mpStamR s e D IV EATE W Rl PR CEVRURR R i written

congainestzasdastgecte Vispthdr osexanipievisy e shttenaitntsacs REyyeatling text node
access the shared document_5 and modify content container RO. One user | .
a 6& é} %ﬁiﬁtored in the

mayPre LB S I 2008 SRR SR S A Be) 3 dtF A L
revigiradRidjdse VRO Tsich IR Biswdigndbie shayethnabieret aR3Yi®qe.&R) GUID-2) to

assigned a GUID (e.g., GUID-1) to uniguely identify the revised container
and qHﬁlal Wéw@giﬁeé’ﬁ? gofﬂgnﬁﬁfg@ﬁﬁeﬁate when revision Rl is written
to the shared objpiffefsnoiiversusey meaisservisarcoolsgsttcantdoeniR@ney such that
adding text node 10 380 to outline element node 350 (as shown in revision
o R oL P SO L e e R TEe B Do fatest
timeegswmpfaihd sh&sed Bbjedy. , I oD extiodinmdat)ehe idestifyetbiomexfisadshared object
content container. Different users may revise.a shared object at different.
e N e A S N TS
thegkaie®ohjeanenadieatieldyarablonoastiize altaveitabigetsIn one embodiment,
the latest version.of the shlared o?b'ject is the versiop tpat includesf th%modst .

i en a shared object

recent revisions (HAtARS SynchYaHiZAH it ¥ha content container o

that is identified as revision R1 by adding outline element node 370 to outline node 344
(as shown in revision R3). Revision R3 is stored in the shared object. Revision R3 is
also assigned a time stamp and a GUID (e.g., GUID-3) to uniquely identify the revised
content container. Revision R3 is an extension of revision R1. Thus, revision R1 is the
latest version of the shared object that the user was aware of (e.g., the locally stored
version). The shared object is inspected to determine whether the latest version of the
shared object is still revision R1. In one embodiment, the latest version of the shared
object may be determined by comparing time stamps and GUIDs of different content
containers. If the latest version of the shared object is associated with a more recent
time stamp than revision R1 then another user (e.g., the user who created revision R2)
has subsequently modified the same content container.

If another user has modified the same content container since revision

R1 was synchronized with the shared object, any revisions that are an extension of
12



shared object and made available to other authorized users. For example, a
user may revise a content container of a shared object that is identified as
revision Rl by adding outline element node 370 to outline node 344 20 (as
shown in revision R3). Revision R3 is stored in the shared object. Revision

R3yis/ien ras{eRed &V 1iin REYpRd SN HRH®SeG WiBr Bderdriawshéct until any

identify the revised content container. Revision R3 is an extension of revision
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inspected tq determine whether the latest version of the 25 shared object
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10 ObJ%% 4 %146}’?4 h?(% 'r}gv?é’ﬁh@a{? ‘resolved and merged. For example,
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franOrnedeteamimmtb ahatilenoddBaohie SéiataﬂbmlﬁqﬁetthEcmemnaﬁm falolketermined,
?Q e 340 ma e moved f m page node 330 to page node 335. A

W‘?%ﬁ'o% lrsng&gaﬁqg table node 340 has been moved but the new
Iocatlon cannot liitfetenmtisersl may simultaneously edit the shared object. Usually, the

20  users are revising different content containers of the shared object. Thus, each user’s
revisions may be synchronized with the shared object without further processing. A
conflict may occur when two users edit the same content container of the shared object
(e.g., the same table values, the same sentence). A conflict between different user
revisions may result asynchronously. For example, a user may revise a locally cached

25  version of the shared object when not connected to a server. The revisions are
synchronized with the shared object when the user reconnects to the server. However,
the revisions may conflict with other revisions that have already been synchronized with
the shared object.

For example, revision R4 is an extension of revision R3. Revision R4

30  deletes outline element node 350 from outline node 344. The latest version of the

shared object is determined to include revision R2. A comparison between revision R2
13



15 A proxy node is created at the original location of table node 340. The
proxy node is implemented at the new location of table node 340 when the
new location of table node 340 is determined. If table node 340 is deleted
before the new location is determined, the proxy node is discarded. Different

userrimANsRIMRUSDMIRES edibrinechecabobirhhc drambli HoBe 280/RA5REA in
revising different content containers of the shared object. Thus, each user's
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to include revision R2. A comparison between revision R2 13 and revision R4
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by disprgel algarithster Pagenétye shigartithjecieterminesoohianyrevisians figged as
fggn%%:ﬁé?ézgig )ﬂ\?gb}} ﬁﬁﬁ?ﬂ]ﬁiﬁfﬂcﬁb%?ﬁt' FO{&]% err'wsple, different users may be

In another example, revisions made to a shared object on a server have
20  priority over revisions made locally on a client. The server copy of the shared object is
deemed the master version because many different users have potentially accessed and
revised the shared object on the server. Only one user has accessed and revised a
locally stored version. Revised content containers that are not synchronized with the
shared object (e.g., secondary edits) are identified as conflicting. The conflicting
25  content containers are preserved by being stored on conflict pages associated with the
corresponding master page of the shared object.

FIGURE 4 illustrates a master page of a shared object and an associated
conflict page. Master page 400 includes non-conflicting revisions such as content
containers 410, 420. Any unmerged conflicting revisions are identified on master page

30 400 by a conflict indicator. In one embodiment, the conflict indicator is drop down

menu 430. The first entry of drop down menu 430 may be the most recent conflicts
14



revisions take precedence over all other users (i.e., primary edits). When a
lower priority user attempts to revise a content container of the shared object
that has already 15 been revised by a higher priority user, the user is
informed that the revisions (i.e., secondary edits) will not be synchronized

thegsharaedofjask Jdews Tiedptinardrpigoe nianlagzetna) mEnRRIENA@BE Ohame
the shared object and any secondary edits are flagged as not bein .
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client. The server copy of the shared object is deemed the master version
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locally stored version. Revised content containers that are not synchronized
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conflict pages associated with.the corresponding master page of the shared
o0 RS GRG0 S PG oR Do CFate i s contics are

asspetatedt.conflict page. Master page 400 includes non-conflicting revisions
such as content contajners 410,.420. Any unmerged conflicting revisions are
10 ontined on mad PN SEURHEE T Aok ARk AT AL SRTRE Page

thenggnBbicadsstizasanistalab 440vrConespofdihgldefirst wijsy mhgrasodevdssociated
menu 43 ay be the most recent conflicts 14 generated hy the user. The
A0 BRSO R A e AT e caTickrape T ey be
coniekpesingting etato e MuBheceninséd detgndewnsoemhadohfiiaypage that
include other conflict es that the user generated but did not reconcile.

E,E‘(LSI’ 56 h 83 led by a tab
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in therespoteting ksinfliof pageshared object. Thus, the user may either
Confict ave. meldTaTReE A A P UR DU R (RSP eI Gp esponcing
tabmaterpagdef piegshared object such that the user may reconcile and merge any
20  conflicting revisions in view of the merged revisions. Conflict page 450 is associated
with master page 400. Conflict page 450 resembles master page 400 except that any
conflicting content containers are highlighted to indicate that the conflict has not been
resolved. For example, content container 460 is presented with a highlighted
background to draw the user’s attention to the unmerged conflict. Content container
25 460 may have been deleted and synchronized with the shared object before a user
revised data in content container 460 thereby creating a conflict. The user may select
content container 460 to merge the revision on master page 400.
In one embodiment, a conflict page is associated with one particular
user. Thus, more than one conflict page may be associated with master page 400 when
30  more then one user makes revisions on a page that cannot be merged. All conflicting

revisions are stored for all users who are authorized to access the shared object. The
15



may be associated with tab 440. Corresponding conflict pages may also be
associated with tabs that are distinct from tab 440. For example, the conflict
page tabs may be indented with respect to tab 440 or collapsed below tab
440. The conflict page that includes unmerged conflicts associated with a
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tabs such that the user's attention is drawn to the conflict pages generated
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Conflict page 450 resembles master page 400 except that any conflicting
corftent containers are highlighted to indicate that the conflict has not been
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communication. Instead, users may collaboratively revise the same content container.
20 Any conflicts may be immediately disposed of since all users can quickly determine if
their revisions have been implemented. Alternatively, a user is notified that another
user is revising a particular content container. The user may be encouraged to revise a
different content container until the other user’s revisions are complete.
FIGURE 5 illustrates a block diagram of a system for synchronizing
25  multiple user revisions to a shared object. The system includes clients 500, 510, 540,
550 and servers 520, 530. Client 500 is coupled to servers 520, 530. Client 510 is
coupled to server 520. Clients 540, 550 are coupled to server 530. Client 540 includes
store 542 and child store 544. Server 520 includes store 522 and child stores 524, 526.
Server 530 includes store 532. Store 532 includes substores 534, 536.
30 Stores 522, 532, child stores 524, 526, and substores 534, 536 may store

revisions associated with a shared object. Store 522, 532, child stores 524, 526 and
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synchronized several revisions with the master version of the shared object
located on a 10 server while ignoring any corresponding conflict pages. Thus,
the older conflict pages that the user did not reconcile are presumably no
longer relevant. In one embodiment, any conflict pages identified as
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522, 53 @l %éores S%ff, Sﬁ? and substores 534, 536 m%gég[e_ revisions

asSBRISHEePISiTh DS SRR BEIE dhe S1GRL B AG5S I s LRIAEHIHC B Eng 16
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' shared notebook.doc,
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20 Objree((:qtl]eEs?[ag, time stamp, and GUID are used to inform client 500 when another client
accesses child store 526. For example, client 510 may access child store 526 with the
most current revision data. Thus, client 500 is informed that the most current revision
data of the shared object is available in child store 526.
Client 500 may be a user’s home computer and client 540 may be a
25  user’s work computer. Server 530 may be an exchange server that transfers a revision
file between clients 500, 540. The revision file may be used to update a shared object
stored on clients 500, 550. In one embodiment, client 500 is restricted from handling
files larger than a predetermined size (e.g., 2 megabytes). For example, client 500 may
include an email application that limits the size of email messages that may be received.
30  Store 542 includes revisions associated with a top-level shared object. Child store 544

includes revisions associated with a content container of the shared object.
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example, substore 534 may be associated with a section of the shared
object, and substore 536 may be associated with a different section of the
shared object. An application may load a shared object from server 520 or
server 530 to 10 client 500 without a current version of a particular content

container of the ghic40IRE}-Jofr-eXANBe) toliGste PR SoiEREs anshriedient has

obJect from store 522, The most recent available version of the shared object
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restricted from ing fi er than a etermjned size (e.q., 2
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30

ansaction or through a'series of multiple transactions depending on the size of the
revision file. Each client 500, 550 determines that the request is satisfied when the
entire revision file is synchronized. Client 540 may purge the requested data because
the requests are satisfied. Client 540 may later poll server 530 to determine if any
additional requests are waiting to be satisfied.

FIGURE 6 illustrates an operational flow diagram illustrating a process
for synchronizing multiple user revisions to a shared object. The process begins at a
start block where many users are authorized to access and revise a shared object
simultaneously (i.e., the peer group). The object may be any entity capable of being
shared such as a file. The peer group may be identified by a peer group identifier.

Different versions of the shared object are identified by corresponding GUIDs and time
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5 is less than the limit that can be handled by client 500. If the size of the
revision file is greater than the limit, the file may be divided into smaller files
that are less than the limit. Alternatively, the size of the revision file may be
reduced by deleting previous requests. The smaller files are then transferred
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revision data may be waiting on a server. In one embodiment, the requests
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500 is limited to files less than 2 meﬁabytes and client 550 may handle files
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process begins atransitiuhiply ek debisien bk 6301 argeaninatice ik inazoassther
and revise a shared.object simultaneously (i.e., the peer gr . The object
O T P behe SRy R e B R o Vise the
15 magaive endiiteditgiagpedhgnevisioeptifiest BO iféarenizedraiohshefsti@ed object if
GUIDs and time 18 st

G Q) PR AL L VER R LA G2 BofL S AR NUES at block
syreztrorhizectiveitoaflietiisiony Idiovieg éodoionli |60 Ana meege (as elsstuesati avéttl
Objree te'rc-ernrgz% ohEngJﬁtl]:"%t If no conflicting revisions exist, processing continues at block
650 where the revision is synchronized with the shared object such that other users may
20  view the revision. Processing then terminates at an end block.

FIGURE 7 illustrates an operational flow diagram illustrating a process
for reconciling and merging conflicting multiple user revisions to a shared object. The
process begins at a start block where more than one user has revised the same content
container in a shared object. A conflict results when one of the revised content

25  containers is synchronized with the shared object such that any other revisions to the
content container cannot be synchronized.

Moving to block 700, the conflicting revision is displayed on a conflict
page. The conflict page resembles the corresponding master page except that the
conflicting revision is highlighted and displayed in place of the synchronized revision.

30 Proceeding to block 710, a conflict indicator is displayed on the master

page of the shared object. The conflict indicator may be a drop down menu, a tab, or
19



may be revised on a server, in a local cache, or on a peer-to-peer network. In
one 5 embodiment, the revision is stored as a revision file. Proceeding to
block 610, the revision is associated with a GUID and a time stamp. The
time stamp identifies the time when the user revised the shared object.
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are identified as irrelevant after a predetermined time period has elapsed. Processing
20  then terminates at an end block.

FIGURE 8 illustrates an operational flow diagram illustrating a process
for synchronizing multiple user revisions to a shared object. The process begins at a
start block where different versions of shared object are stored in different locations
throughout a system. Moving to block 800, the shared object is downloaded from a

25  store to a client.

Proceeding to decision block 810, a determination is made whether the
shared object is the current version of the shared object. If the shared object is the
current version of the shared object, processing terminates at an end block. If the
shared object is not the current version of the shared object, processing continues at

30  block 820. The shared object may not be the current version because the most recent

revision to a content container of the shared object is not available from the store.
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page. The conflict indicator for a conflict page associated with a particular
user may be distinct from the conflict indicator for conflict pages associated
with other users such that a current user may quickly identify the conflict
pages generated by the current user. 5 Advancing to block 720, the conflict

page is displayegd alanemigleotiR cR8stenpag ey e aectellipformisaiardie
selected. The user is presented with both the synchronized state of the,
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then terminates block. FIGURE 8 illustrates an operatjonal flow
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continues at 3 0. The shared object may not be
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theskhaceobfdyeirtcis et awmitalel éobatiortlidestifier that identifies the location where the
corresponding manifest file is stored in the system.

Proceeding to block 910, the manifest file is retrieved from the location
identified by the unique location identifier. The manifest file identifies the locations
where other versions and instances of the shared object are stored within the system.
The manifest file includes a peer group identifier for the peer group where a version of
the shared object is stored.

Advancing to block 920, a peer-to-peer network is established when any
other client in the peer group accesses a version or instance of the shared object
identified by the manifest file. Thus, the client may disconnect from the server and
continue to access the shared file on the peer-to-peer network. Processing then

terminates at an end block.
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20 Advancing to block 820, a request tag and client information are assigned
to the store to indicate that the client requires the most recent revision data to
update the shared object. The client information may include a GUID that

identifies the requesting client and a time stamp that identifies the time when

the client requested UreES OUITESFAES AP Bpk AherRaIes eligehirmmstheistriProcess

Transitioning to block 830, the current version of the shared object is
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mapitestile hensetimnatierdtaayrdistociect from the server and continue to
access the shar filebon the E).?er-to- eer ne‘work. Pr?cessin then
e above specification, examples and data provide a complete
description of the manufacture and use of the composition of the invention. Since many
20  embodiments of the invention can be made without departing from the spirit and scope

of the invention, the invention resides in the claims hereinafter appended.
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30 terminates at an end block. 21 FIGURE 10 illustrates an operational flow
diagram illustrating a process for seamlessly transitioning from synchronous
to asynchronous communication modes. The process begins at a start block
where a peer-to-peer network is established between at least two users who
WHARYthorizadtomesess a shared object. 5 Moving to block 1000, a client
accesses the shared object on the peer-to- peer network. The shared qbject

is asdociate wiPMPHIEHIFBRIeMENEde SHRIRSH offECSYRENIAREIAUNGUKIPIe  user

rel@siotigtoidentifier sbpictdestiigRime location where the corresponding
manifest file is stored in the system. Proceeding to block 1010, the manifest
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locations where other versions and instances of the shared . gbject are stored
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mdrifeslig R Watarthéganathishjthierseligrsg; are also connected to the server.
Transitioning to block 1030, the client jdentifies, other clients that are .
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Since many 20 embodiments of the invention can be made without departi
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version qf a plurality of versions of a shared object, wherein the shared

of B AT

- RJﬁJe location identifier for accessing the
determining whether the revision conflicts with a synchronized revision on a

master page of the shared object;

synchronizing the revision with the shared object when the revision is determined
to be associated with the current version of the shared object and when the revision is
determined to be not conflicting with the synchronized revision; and

updating a node of the current version to include the revision timestamp and the

revision identifier.

2. The computer-implemented method of Claim 1, further comprising:

displaying the revision on a conflict page associated with the master page when
the revision is determined to be conflicting with the synchronized revision;

displaying a conflict indicator on the master page, wherein the conflict indicator
indicates that the master page is associated with the conflict page; and

merging the revision into the shared object.
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manifest file when the shared object is selected; receiving a revision to the

shared object having a plurality of versions, wherein the revision is

associated with a revision timestamp and a revision identifier; 10 generating

a current version of the shared object by accessing the manifest file from the

uniqug locative iganplier stapeshiiidhaahatesrobianh whalkirRRAERplaying the

concurrently accessed version of the plurality of versions is obtained from a
reVIStAR FRTEYFT SOBUNEAS the network location identifier included in the manifest
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wherein the current version is 15 generated by comparing a version
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revision on a master page of the shared object; synchronizing the revision

with the shared object when the revision is determined 20 to be associated
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_.determined to be not conflicting.with the synchronized revision; and updating .
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selestigion identifier. 25 2. The computer-implemented method of Claim 1,
further comprising: displaying the revision on a conflict page associated with
the master page when the revision is determined to be conflicting with the

syncronizetheeyisipoidtispiplemngracdandinb ineli @itanmon foehvasteiprIRy:
wherg%g the confli tirr]]dicEtor indicates that the master page is associated
with SELCCBNAIES SARSLISL R3S RIS R YBUI M mto the shared object, 23

3. Theuegimptie revigitenmieatectinethictotcbaimélevdnerein displaying the
revision further comprises: displaying the revision on the conflict page in a
location corresponding to the location where the synchronized revision is

displayed off leetnasierpapésraetdl ngthighdhgthe me\visitrarotherisomylict

PAGE; e Gaivivg & CHBNE redl SRt Tr The SUTEnt Varsion of the shited Sbject P Stor:

receiving the current version of the shared object at the store; and
synchronizing the current version of the shared object with the client.

7. The computer-implemented method of Claim 6, wherein receiving the
client request further comprises assigning a request tag and client information to the

store.

8. The computer-implemented method of Claim 6, wherein receiving the
current version of the shared object further comprises receiving the current version of the
shared object when another client accesses the store with the current version of the shared
object.

9. A computer-readable storage medium having computer-executable

instructions for synchronizing multiple user revisions to a shared object, comprising:
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displaying the conflict page alongside the master page when the conflict
indicator is selected. 10 5. The computer-implemented method of Claim 1,
further comprising: determining whether the revision is irrelevant; and
purging the revision that is determined to be irrelevant. 15 6. The

COMYARIARRISPRHEESDTAE) Oh&fctH 3R rhad et IEQRIATRINE néRASINIRERion

. client request for the current version of the shared object at a store; receiving
IdeRH TSl O BRSPS AN BRI AFEEFSIsl A sioth s foPUTaHYY SIneFitISiAG Enehared
objedteheRIBIneoslihe slopjest MiREwishuRIgUeliRstatish 1ddiiffier for accessing the

computer-implemented method of Claim 6, wherein receiving the client

mAgH G IR MHER B iBREECREShISiR e buest tag and client information to
the steegvitgTHeopRAUEHHNaree vsdonRING of BRI, oFReFsibns, wherein

receiving the 25 current versjon of the shared object further comprises

|
the et YRE Nt e PERIA O PRHECLS ISl GEFE YR h TAMSIRR  ERERRMP and a

rediisisSiasritificstace dvitintdigsautrentagsstprpoftibe shanied shhiegtoBjedt from the
computer-readable storage medium having computer-executable 30
Uﬂ%ﬂ%ﬁr%&%? o 5 ﬁﬁ%&@)ﬂﬁﬁﬁtiple user revisions to a shared object,

compyépingting generating:eimanifant firaredeisjutthy marifsayfilre meiniest ile
network Iocatiori?r%gentifie for each C%{acurrﬁpntly ccessed version of a
[ )

frofit iy SHOE iR, @‘?&ngeroﬁ‘i%r WHED KA e SRLPDq UURSE IWORIGKS Sach
conoigtehicatiensstentifttsiatanegsaabtihef veasidastdisowhea thenshategvork by

object is selected; 5 receiving a revijsion to the shared object having.

SRSy v eISIBRG v RGALT SHETBSed Vubai o eSS HEpaNeobddg dor cach
coimslipaietl witesssd wesisivtivegiaminralic) afreyisions jdemditar thediatirguirdion is
reviseéi éJortion of the shared Oﬁ}ge(:t from thée unrevised @oréjonf of the i
OCLRLAIEY B SRR QK SO DR ORIRIBRIGR HFLSh REN DRI Ssbs KRy on

ofttie plarifegtdileetdfiym the unique location identifier stored within the
Shar%%t(e)rbrﬁﬁ}hév r\]/v rgtl e?%ﬁg revision conflicts with a synchronized revision on a
master page of the shared object;
synchronizing the revision with the shared object when the revision is determined
to be associated with the current version of the shared object and when the revision is
determined to be not conflicting with the synchronized revision; and
updating a node of the current version to include the revision timestamp and the

revision identifier.

10.  The computer-readable storage medium of Claim 9, further comprising:

displaying the revision on a conflict page associated with the master page when
the revision is determined to be conflicting with the synchronized revision;

displaying a conflict indicator on the master page, wherein the conflict indicator
indicates that the master page is associated with the conflict page; and

merging the revision into the shared object.
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digRJAIRg ifRRcE®
sepa@el. and merging the revision into the shared object. 30 25 11. The

concurrently accessed version of the plurality of versions is obtained from a
network by accessing the network location identifier included in the manifest
file for each concurrently accessed version of the plurality of versions,
wherein the current version is generated by comparing a version timestamp

and g yersiorhideaiietdr QeaRats eraiRNmMioie BiuialinoolMRiRipNGisplaying

determining whether the revision conflicts with a synchronized revision on a

thereYsiop JHENST FRIMBRSRSA object; synchronizing the revision with the shared

objeciivigfirhare visitios getermniuedlite bRyasaosipediviitsnepanany to the

version of the shared ohject and when the revision |s 20 determined to be

O%t%WP%ﬁﬁB%XHQWQ%%@H?BPﬁ%H?8\/?8?8}4‘3%98 B ARFHE 23608 the

curresigHeigiand ehin eduieothen edsientlice@atrmp and the revision identifier.
10. The computer-readable storage medium of Claim 9, further comprising:

25 displaying the revision on a conflict page associated with the master page

wheni Zhe reigieoripdrieraairditiobegonibaing Mtbmmsmdmnéz%mpnsmg
revisjon; spleg? I(%aconﬂlctlndlcat r on the master Eﬁ)’ge wherejn the

dReHfeg ANt FRGLRASIARAEE XRELiEHE FAH thangliaing: is

computer-readable storage medium of Claim 10, wherein displaying the
revision further comprises: displaying the revision on the conflict page in a
locatig) corrﬁﬁooaﬁliplgdomatﬂsadimgéh@r@jm gyfnchiomizeduieivésieon®rising:

displ ed on the e and 5 high ht|n the revision on the conflict
page% 8" ”?’-Héngd%ﬁl ¥l§f8r§f8|' ﬂq of Claim 10, further

compistiggy mnwmgnth@mrﬁbtarmmabeQMthaster page when the
conflict indicator is selected. 10 13. The computer-readable storage medium

of Claim 9, further comprising:
14.  The computer-readable storage medium of Claim 9, further comprising

determining whether the revision is associated with the current version of the shared

object.

15.  The computer-readable storage medium of Claim 14, further comprising:
receiving a client request for the current version of the shared object at a store;
receiving the current version of the shared object at the store; and

synchronizing the current version of the shared object with the client.

16. A system for synchronizing multiple user revisions to a shared object,
comprising:

means for generating a manifest file, wherein the manifest file includes a network
location identifier for each concurrently accessed version of a plurality of versions of a
shared object, wherein the shared object includes a unique location identifier for
accessing the manifest file when the shared object is selected:;

means for receiving a revision to the shared object having a plurality of versions,

wherein the revision is associated with a revision timestamp and a revision identifier;
26
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determining whether the revision is irrelevant; and purging the revision that is
determined to be irrelevant. 14. The computer-readable storage medium of
Claim 9, further comprising 15 determining whether the revision is
associated with the current version of the shared object. 15. The

compyiand sadaknstating candaelienn KdrSiinafl thdWRhRHCONMI Y Taccessing the

regg{in a client request for the current version of the shared object at a

e EeiliRIg e cURtaYR VORSHANof RRIEIeS SIS M By the StiredanBisy by

acByShGohgi Rtk SUMeNforT IR Glithe JbaaaeroRestifeihstorealiamt Xhe Ahared
system for synchronizing multiple user revisions to a shared obje

ObYeh VRHYN SRSAORSHYBRRYARIES S MURTITIAL RldNGuRlral Rl \%&%"&%ﬁﬂ’@tﬁi ned

frone i dema ey atse &ing easiaptiderntifivafnaashtERGHEISRstY RCerRSSRMifest file
version of a plurality of versions of a shared object, wherein the shared

foppfachi AeNFES A AGERS SER AE 5T AR e Py aliBe QL RS ANS MATRIS, e current

verdienithe shated mpieetparsaiectedsioteansdarnieaaty ingessiay islmifefeom each
shared ob'ecit hei\vir;(%a lurality of versions, wherein the revision is

verdop G588 R Sy K ¥R 8Riestamp and a revision identifier; 26 means for

genenqding foedetent vergiovhethiralzhasgaiaivieifinaasessingméheornanifesision
file from the ug%gé%iig%dentiﬁer stored with the shared object by
0%%8@&?58%% ORIfthe unique location identifier stored with the
shareneap)jéot, syinsiein Aaghteonsigientitaopesseredassject ofibe thkiraliyion is
versions is obtained 5 from a network by accessing the network location
SR IR GERHA50 ARE: HE <FirieEeR BbiEMata delsckaad when the
revision détérenplodality©hvessidiistingeliein s chrarizbdvendisionsapenerated
by comparing a version timestamp and a versign identifier. from each version
of BRI UPVEIGIOAE I ERL Yar AT BSR4 HEUIa and the
regisidhidtemtifiiea synchronized revision 10 on a master page of the shared
object; means for synchronizing the revision with the shared object when the

revision is determined to be associated with the current version of the shared
object7and Whersykiem of Claim 16, further comprising:

means for receiving a client request for the current version of the shared object at
a store;
means for receiving the current version of the shared object at the store; and

means for synchronizing the current version of the shared object with the client.

18. The system of Claim 17, wherein receiving the client request further

comprises a means for assigning a request tag and client information to the store.

19.  The system of Claim 17, wherein receiving the current version of the
shared object further comprises means for receiving the current version of the shared
object when another client accesses the store with the current version of the shared

object.
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revision is determined to be not conflicting with a synchronized revision; and
means for updating the current version to include the revision timestamp and
the 15 revision identifier. 17. The system of Claim 16, further comprising:
means for receiving a client request for the current version of the shared
objeci@t a stres2meanTRITeasViRgG e QoieHvRgSivRPstTersRigining
object at the store; and means for synchronizing the current version of the
WREHHRE S BRI HRSAAIRSEH WIEN e HEsT R RNEANARE BER ceiving
the client request further comprises a means for assigning a request tag and
client information to the store. 19. The system of Claim 17, wherein receiving
the current version of the 25 shared object further comprises means for
receiving the current version of the shared object when another client
accesses the store with the current version of the shared object. 27 20. The
system of Claim 16, further comprising means for determining whether the
revision is associated with the current version of the shared object. 28
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