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DETAILED DESCRIPTION
Referring now to the drawings, in which like numerals represent like elements,
various aspects of the present invention will be described. In particular, FIGURE 1 and the
corresponding discussion are intended to provide a brief, general description of a suitable

computing environment in which embodiments of the invention may be implemented.
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XML data fiithe datxmores yeheairy canﬂae goyadichareed onwsmlaéqdov@dthe
0
data sﬂ)ae% fiLlic 2 ng'l\f[ﬂcl?ang ???Eveﬂgeq V\%E\ﬂ;hshemn gggﬁr;c% nﬂs P@Xtr&%&i the
API cmppnmsi he dxttre@n/lx@lwe alld)tyxatt Ihrewd@@n inteface ffcy hessitainal datae,
consu! gj’l%%?l@%ﬁ l%t%‘(l: f’o?(FIII ﬁgggﬁr(ﬁﬂfe ?]n f?l'gg 8(36\%ﬂ?l%’ ﬁﬂe@w?ﬁa&a
consuemistid thqnmeraa:dmmgthb d;dtaastdarSd?_ mechanismfamliar to
Zglc :ts IS% gﬁl\é‘g{ﬂ%g {r;l?tg atore 3"(\{9 may occlgur in realftl h ma‘&s &ch%saeg aggve,

the data stores 302 and 306 may contain one or more types of data. For example, a company

might have one data store that they’re using to store all the different types of data they want
to store within a single data store, while another company might want to store data different

types of data across different data stores.
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programmatically while the docunent is open. According
to one enbodi nent, this progranmatic access is
waolear7gawdsto mnmc standard XM interfaces. UsPODuUs1ive/034974
APl, data can be added/renpved while the application,
such ag’ &tewfngmﬁér%ml Boy éHaRJr 'e%xtnbpﬂﬁg nay Pég‘ﬂ;‘ﬂ%r Rtievents
data can be populated within a store item(a
that rglpiefip petionecengeraingidaiagyithinghe date siarepe Fofesrpnieat wwger
may é&@@ﬁ@r@c%n%%tvméﬁ Ly ity @M&% GERal0 3RS Bh&®F the data
any arbitrary XM. data in the data store; schenas
storeg a?qnq@zer éelta@qmummeﬂregﬁ&néﬁeh@ﬁe@h@d@mha@p@wdm ¢ pertafie
elem%ﬁ%ﬁse?gpé'lgm J't?mmlﬂré%al)a( lré: NGRS SRR %ltﬁi\éezﬂfd ah QreNY
tening c lents. ustrated, the A rises
changing axitem,rall doletikean lgn.rsfrm ane @frtbmdaﬂze@maﬁ Wht:reﬂrﬁ grant pesurs,

I r
cach Y8 o B e O B AR e B B AR ot Bt
storegis rmwnmnsi @hdistehtit. Mantydinaest a data mmmerdratlaaospe@foem 3@52actlons

Ia S 0
whefeRet S g AL Sl Ws SO0 F RGN A Bt By SBlongy i
respoqutoal&rﬁvanm Fon exaniplaye data bwemenhamalee sofgotiex almng@ to the
doto FEEE By o o el R St e o Bk b R s
withif tigr ddciinérdti Thadah oglsemelahay eﬂ;iij@Eorn\MznrﬂleeotM(mphanons that do not

C any ni ght want ore data differen of
afteciE Bockireg o RieFR BN etk R Py B TS, e R mer may
retriclyt QAR tHAR]s adsbdiated Wifhrtha %foclt §aiboBd&h ﬂimgh aie gf tht edtridved data

events that relate to ac ns concer n ata wthin
may pfbediplayet wikig th wu@%ﬁbtﬁ%pregﬁn&é‘ea 96 tapgpsumer may

also fefR@t B Bhank® ubiBE RE Heh ANIRIANbgIVNESF RAMpIEYiP&atdEorhiaade
is made to one or nore of the data stores._ Another

receipgtacharsed vedo nekgoceRigihat defa qopsumen g%y sunRflagiathe broker
indic%%?FQQQe {fnge & GbL a@beﬁbte@l SERLvePh cRfilze %fno?lté%%&i $he change is

n a data store. Conmon events i nclude, |ng an

rolledl banky aletgavith Ary Gde Gifeeis sughthaldbe ehangryneyar @%Wdr ek SHE-
store%f06 ‘hﬁﬁe ﬂﬂﬁﬁtﬁnﬁf) &ore t%ﬁ&b fn ghar(frlé@sq{ hADiddE SAltﬁﬁ%gﬁg% global

as reg istere Yy react to t 3
undwsmrb 81 inay b¢ utilizedfo ltnlde thtarhanges madssacrass theidatastonesd Imagine

there a? ?1 :%%{a&:]co}{s.un#v?sn%at a\;%ﬁﬁéreas%g %g%’gaét%?ls S@E{g twg!gclun{%ﬁ{el%ropertles

S0 eatch ﬂéﬁlasetdam cbatvmecolrye rgistantd tb rgpeive an ﬁvemomtmg to ocl{agde of the

ons o the e r ,exa ata c
propiFt RS SO AEE R ST Rabergesl LB syiRe Tl
registeREd Aot $ddR o£MANGE the hdnga s a proddt@apdDeder OEachtdata €
change, updati rt1 headers within the docune nf tﬁe dat a
consugs Ui Y PEIETE! OBIEPGHQR 18 5578005 Fthe SRR i dirchngg, or any

of the @haﬂl@&s tﬁﬁéfeecﬁftthé heisfpauaRtonsultRfs L% 365k ef tHefchﬁrIg@ Cdfe not
ticker synbal is inserted, the data consuner

accepigg Py aeoneat sheydaisoonsimssss B e EhanetsHlaag todheoglial change are
undop¥nbol even though all of the retrieved data nmay not
be displayed within the docunent at. the presentation
| ayer . Thveextrane broserappligatipmprogiagmning|ngastace lagerci A ntpyides
accekkstb B dafaSs &%02’%{119 @Jzﬂeﬁﬁl &a@agdoﬁ%un{:e% 3 RXAERIIGws fhfrd ?)thyachents
suner receives a change do not accept,
to mweacawatb tieudabr stora §02 justias rcheanﬁ:tnabdatmmnenm thamre associated with

the application interact with the data store. Each of the XML data stores 306 within the data
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i ndicating that the change is not accepted. Wenever a
change is not accepted, the change is rolled back,
wa@barig3ess h any side effects, such that the che@D®s2006/034974
never occurred. Each XM. store 306 may utilize its
store B2Cwe piovided twvithunaogut M2 fa hdentiBsation pivassesn@his helps in locating
t tiv the gl obal undo store 310 nay be
theX@l(L'cfa]tazsg gd%ndo t he changes nmade across the data
St or esAt haya@intén tlme,raadaw@nidnfee agladdia sahiemd e B visébio
..are intereste n wh nin o gdocunment
vali B it SEET £t Gt O¥net B Tadt Aoes R AL Ssyaer atempts
to charngg st cﬁmdddt@ thieadued e adteri®s tvhe@biethe Bighnk® mak«xaimng Svitfthe

roperties n a chan s made, th data store
pmw%eéitsef w@&éﬁheaalaaf@a?@uwggroé(ﬁraﬁecwagsar idatingobiecting
i nfor ms:uaaﬁtueﬁﬁed KR sohentald éha¢ HANGA tb Br(ﬁlcﬁrselﬂ@dtférﬂiﬂrﬂﬁﬁ
order. Each data consuner, in turn, perform sone

arounéewtaﬁs Fiihinadoshaents Yok #e wad REpsessing dPﬁ‘én?}ﬁ%Eea et

docurB&HY, a0l tHeNfeC hﬁﬁ%ﬁ/eﬁﬁlcfﬁn(ﬂ}énéllﬁealfo%'d%%ﬁé&‘f’is d@tedte solutions
consuners as a result of the change, are not accepted

whiclhlpvespge thissugemHdL aab@dd@tgﬁg wieEy direclly peagtst thestreqiue geds
coxrlteflte(lf"fﬁe'urH:Jl‘cat ﬁtlﬂ%pﬁaﬁ ﬂa‘qﬁfrlﬁé t}féﬁ‘@&gﬁoﬂ{) %ahmg Hi%om E&ﬁmes of the

ext er nal er ap [1cation progranm ng interface
undenlsalg@appsqeamprsoWssi@tgtl(a)cf@@@é to the data store 302 by the

external, data;d %ﬁgw&%‘%%ﬁea ol gngOtr gla %Q.uféfgggeé{rch note

clients to | téract ata
in an pppdicativnevhich wasna XdMirsapable shenhatracane thegsel] mtaa@ gntheh

comnp iy e PEk 8Pl 3 b habelf SR ReR e ofBE7 O

appligation’s ddctvndde] evhichiigiuématBly fied td tHepiesdntatiah famapefithoses.

This . helps in locating,.the XM data.stores 306., A any
docurtito TS nBslty SEGS 11aPiot SRR sBioR 13 B it 6
presehfatistbRemit@ el dodahent!dng sebgdcatovhilire if that GedsentBicdrviere 1W1 en

chema |s ded and a dat.a consuner, atte

ts to
chanin JAEEHINS, BRET Fle GHESSE UaTUOGS At Bt o WGOBIA ey 2 o the

first M&@tah@lﬁghlﬁew@bmgﬁmmﬁi 5 eSBis Waid) WiRE XWéhahgsd
schema. Once a schema is attache t he broker becones

appligatigns, hepeven ghis pdscaan nei be Binked &9 tha sbuokve of theSHERMERS O
data, %lﬁﬁh@ﬁ&\éésﬁ? o?&%d 1 b%é*ﬁéﬁh@ﬁl@é&ﬁf&tl@ﬁ’ TR Efﬁné"!oélla'cﬂuld

docunent, such as a word processing docunent

search @rémaeets oA SreurraSymaioit> SOML Ppdeoandrnt ke if existed in
the d{)ﬂﬁlﬂf(;ehi 1{8'%8 il Sl #&V&nt@ﬁ\iﬁ %{téxoh%ag Eﬁa?l €d &19&&&%1(39”5

everage this CUStO to wor
di r ect 1An Xhisaema mngnvmmmerahictpmﬂdem inplfidingrgnetadata

(e.g. ?lﬁ%oq ggﬁtfple&or%ge?@ogeggtf#?réﬁﬁg Q%é tﬁeoéo%péaﬂg %B%E:%gg«l:deon), and

ng a
tabulmfcmsie(mgasto@:rprfce ﬂlmmnes)Fﬁhesua)daMWpes, hiofveger Lege notweutaallyo

creaje over page an,equity.researtch notegi an
exet§isE Htadh B8 G BRTS ey 5P DBe p R SRR SR TEMY oo
docutnbﬁ mﬂwﬁgﬂaiga thie deta 15Id£1€éxpﬁﬁm&6ya giape XMDects:mg:ihese various
ker 0 stock ratin use .of
dat s cioplE o POSHIGT % BL UMY ey R AQ 16 qptimal
exprdskiBflof tRatldaf. Hoe SR, 'a%mfdéﬁl'd&bp&? td dIRw the user to easily edit the

metadata for the document whereas the document body is editable via a word processing

application. This occurs in real time, such that the user could fill out parts of the document

and form simultaneously.
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docunent. This necessarily neant that the resulting
solution logic was also tied to the presentation

wo ovommsoess t he docunent, and subject to fail urecT/iSt006034974
presentati on were to change. For exanple, if the code
expecThe ddfestats nlag plss yeatiod mbe thmq dng elpoleunat a3ima: dinovading

e

example/Wuppaze tat apattanioad solenta sakqatﬁattlﬁstdidkeia&ltmwtst itmestdfive dideast

oo RSEESTTENE O oA RO BR R L T

coul daseadiaftd @te dﬂwdmnf, e Bitngle phsstifiased sd Midays niieodata>

tnstcacRSGIARGHEME GG ¥hIFR Conggult 1 § epies by g dor,the

validatioh @Sgitfonhédpefba theChaarig snditag td tabaty stoAn ThiM hefhe p@vent a
of ten _envel opes sever.al éf)es of data, including:
data copppmey Som IP%O‘S‘C“’&&frﬁﬁmtaél% B5HT%t or age/ pr ocessi ng) ;

body dalRcisBedherdil@h&RVIAINA REITNEs6RRET & 7K a ABdumeAn¢hn now
tabul ar data (e.g., stock price histories). These dat?02

be stored gsparatelydigsy 8, spaFific ARRlicRnfaPYene ik ¢rafrgleMihflatagtqre

Mumpteha'ﬁylr&{n%‘en&%@ Heycréa@e%itfbx\/twyx%génmeh/e&nﬁgegf &ﬁgné&e bhKMII daa.
XM. docunent. ldeally, althou this tais all

The exels@pqi@ss o thabgataars prigmetioally sy hwnied B thedy Gogpeetigngia the

same da{axlpﬁwf% ]?ld!ng st hAP cﬁqxluh ;gﬂlgatldng‘ czﬁ{‘éfﬁlﬁ%@&ﬁiysdmplay
Specifically tai ore t'o t ti nal ression of

the samenaiderdide@ X Miodata anpmeans ghat wW@mfanr banbility tapdibihe
same d mﬁ In HR5bo! c%mgm 1¥‘?9B§st {ot;tefop@gfo% re%mbfae ﬁ%%;%%ng

cumen ody 1s e via a wor
the mepadate asfsnmagom @p¥ord ptdcessing The¢wmnant wfase fon ediging theifreeformuch

. th uld fil nt and
Sec“mfsé’ﬁheélflﬁuﬁf eﬁg Slg? ?leﬂ'—slthat gletuggs %?‘ggﬁlﬁggtg ]?I%%H ecei ve
applicdtioh€ad desiredo iethe kaneinforabtian dppenes 1nIBludl\xple| amjlchﬂmmsﬂht geer can

i ML). as e particular str satisfy the
edit thé‘éﬂ@ﬁ%m?yn%nlb Gt 54 Ont ?CLgS?é?deI%g% <t tgse t hat
an at tﬁamb@gh &eh @;mc@tam&ownag carcuBén adceskatb aheeeﬂltlﬁet XMiLtdata

that s BpEEANGh T scersriaeh SoPBBIOD Wiy PRe e e ofg

WhethérQo Qi@ﬁaﬁ Eﬂ?%’it'ﬁﬁ? bart ef t%htnﬂ{ae m%ﬁh&ah&hﬂﬁéﬁdh h}ﬁ)h\é@tldﬁdﬁéd& only
| nstead of maki ng passes whi ch can

to dlsnlae/srm maﬁls of the datgrmguchyse Ff‘éeVﬁ‘ﬁd@thtﬂbthtﬂfFQn@éft &' exmgple, pl ML
data m\f%Jt bﬁ EHS%)Q}Q:d' i7 th@%roﬁlﬁﬁé}ﬁ %upﬁroﬁ{e?aﬁpﬁlgat%tnﬁ tSongDémhfePe'é‘th in

ata store. hi's pStO reven a data
the valuonefiome XM nedei within d@@aﬁqganérth%@fgreunﬁ@@ ophyeto @ipplay dhap pat of

the aaf%f ﬁloﬁt%vdoﬁgﬁgge&%[l@dc&mhg, SouM=ndatd of fRetis sARIfe kAdretle

nt "can be stored separately trom any
contexspeci fi c appl | cation docurrent in a central XM data

store

The. priS S SIPE SRR (LS PR TRRE A REEAR |
inforneXipi asiSimardiacdly héﬁattha‘ﬂ data updaﬁede(albngmtth ey 4pplicable business
o) RIS S e RS 5L 0 Sy S B o
time nRiRfAlgbCRf & éd@ﬂ XMB Bhahi 81l Hefpfie Cdd S auloebs gl cdeatibh efaanm

under | é XML data. This neans { hatdt he user is i
enviroRIERs Hhtr?ﬂechﬂ?? pyqr&ppprgg agfie H@'lOUS editing requlrements within a

single XML document.
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sanme data in the application that is '"the best too

for the job.' For exanple, a formfor editing the
woredadaicas i nf or mati on, a word processi ng docunear/US2006/034974

surface for editing the freeformsections of the data,

etc. The épféi‘cstd)nmm glsb lsleetre ernee infommationn Aguertdefined erdleetion

ica . 1 .
otcol itk bR AUBLLC A5, E5R0Be bhrbARese Ry s
that a €dditIRgE>tnodb alustdavaa valuabyfore thetdeedDate™> daki e drdbatoatiown

con

r current edit.i ext 1
ol o s ool S R P o P R oed wip
each oKile XML stotel #iat st6remHsto of midedinwhe KMIIhleard:ﬁmJt I(IIBmEI,Stn@iﬂ@rror

e s 6 THF Ay Rt ebnier ) Rt gL G emor

changér i@lbﬁoaﬂ&@ﬂt@ ehdradliestds burappk BLQ:&I mﬁlﬁplaappl&aﬁdsﬂsy:aﬁ eelylosphiagle

parts of the ata vant wi.thin
implerpgiig BRitor ot ERipRIpee 1o Shates ngpitp alyep et Bl
In othdrvdrkE e QEHERBIC, doBd fiot ABGL 1D BE replpdtéCiatehdpdligiibn oMich ibe

|nterested in the val ues of one XM. node within the
displayiag i *8¥iti dier ef ore needs only to display that part of

the datpuiolshednay'ee & ¥iobl ualPUbre 3¢@BAYbrBe @idoltRies thdlebe
rest of the XML strucfure to ensure context. The user

includgdyyyita gach XYk sar £-haneatequeasf Fahdp@sORUBYST By Rgoqeaenated
into a §lﬂ§g ! éﬂ%-stéc'ﬂf QERRL AR sRR3 ¥ O'TWﬁQh abBbite AL cﬁa'ﬂ?% wﬁﬂﬁl@ related

along w th any apg I cabl e busi ness gic) in
changea, ko Ih@@aﬁh emdenhilang ag e anit.eTlip alsysd dlipets toygayesighe tyndo’ of

the lad} "élﬁtﬁe %@Ek geﬁa' lésé hy eu%tﬂf ﬁfc‘ﬁﬁte}{tgg affz?bw* “@dnﬁﬁgag rez aI |o£)n
of edi Thersgn@mmzacnmefms dathisoet Himitécbiote seime-dvirdappied
data cgé%tt_ulillralg e 311 %rv{ﬁ%éils ngvg FIStla 1Ghsli gt 'c!n? xrgg{g{e? f&"n‘bﬁﬁ&tﬁn §t! a'ﬁ? Itlﬁle

Ications
on any RMII daed ardirimmAdiasedr beckmpalﬂedf a:dﬂinlgelmet saowe datfa as akh b‘élnt chents

errors, be stor n _each sto For 8xa
For el BUETY o5 ey i P n L G2 B iR TO s P
time, Bﬂbsdrln’lﬁﬁé’ Qat@fdﬁadmldﬁs gﬁil @ég@stérhﬁthﬁmd%jt&k and degin kllrarllg tr:llrerdata.

to allow nultiple data consumer ectively s

herr R G tongimesaris s SEorErer SR et AT TrusaRe or
mamtﬁ’itnnfgtﬁlfé pSMistént @Sl EHWMMd@fa@?ro{fﬂdﬁ&?a by eoledath o ﬁeb@stmg

+ an error (conS|st|n ror text and a na
data CM%‘EHGF% Kegeiving chanee EAFGES, S TR Bl EAn S ancg%ndmg
notlﬁgaftt'b{?sr on:ﬂng@?@tth@feéﬁferéahﬁﬁ%néuﬁleﬂr Qa6 tb ene@fbbdiment, the

I nturn. such, nmultiple a?pllcatlons can
data staz¢ geioas the ey hied hanﬁ]eé n%énpchtmg;wdrr@tx igaiion Fer seghnef thpdata

consdate?g CI‘h%: 9(1\?1? ﬁgtg %Fquétg@és NSt & llrlte 4B tﬁg'tgx%e A4S toocflfféxgﬁt

he sane oglc S not need
apphdmaomse pich eas wdrd proashg zpptitiont 4 preaddneeitapplicatips Bl st n g
XIVL data
prese%titéonamagr %r gﬁgg r%ﬁnglérg rmﬁy %&?ﬁageg%heg@%lcﬁﬂt ﬁ%]é%l(?%[ge
desiroddiecss off )éML(alaangmfylag{ theskm stdre ebhngtan date oogsumer Wﬂldsi like
n

to ml 51 b SO B Re e Ao R Y pRff e
about changes made to that store item by other data consumers.

Whenever the data store notifies a data consumer of a change, the data
consumer can: do nothing and accept the change; request one or more side-effect changes

and reject the change. The side-effect changes generally involve the addition of logic that
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changes, so that each can be undone as a unit. This
allows all clients to request the 'undo' of the |ast
wendo7nsoeshange, keeping the entire docunment i NPET/KRIMEI034974
"good" state. The synchronization of the data is not
initiatek 'Elﬁﬁhges:ﬁntmépalss‘ei otherehahets theichrgmadgtodlie dhit siore.o Rsnaxemple, a
data COHEIW?IQE%P\F/% %n ggungﬁg:fe?rclt}@ote g)ﬁl?z %{ tﬁmcegzgtrngggcsa%igﬁ wixgnr the
<stockBymgsli>aiodk withia thaadbdtere of chatided] agl ib knap@ﬁaﬁ) tﬂatlamgessmhiit

other clients. ni tiall
the datg g e ol vpoain e bk sy i Bt A W, ¢,
time, spdveefRkt drolgs d@%ﬂnﬂ%ﬁhﬁﬁfe&m@ﬁlﬁl d‘rﬁ@gﬁbﬁﬂhemﬁpbsek be

dat and he ring the dat
undo/ce*es:ﬁﬁ b ihes et Sual o HBere g e GHE SR ey BE A it erenty
since the§RQOBIPEIRNER e r8RieBe@ inVesdntd 10 aRBdipE $Ha® Adsn ft G4IT @t been
the XML data; providing a copy of the data to
committed (Re¥MLfgtafir& consumers: receiving change requests

to ther Qaét@cctnrsﬁﬁart(m AatoR 3 CORSHRBE & chanBe o BORIMIYdata store
notifications of changes to the registered data

302, thabehangaead be pgectrddprdjite r@nﬁﬁ%ﬂow@&}%nthe change éfdf“é?l’élt(%ge
XML @&Li$ &%Vélm é/&z%e e @ndbRsedbl sdi')ﬁ’éjléél'c%thﬂf‘éjdata
not| I cation r each of the data consuners. XM
consurlert aldsth@lllée includes a set of interfaces that are
avai | abl.e f.0 cgb;u];rfelzserﬂ 1P Hefr A %Fslonsdf(fﬁb B it 25320

processi ng appl i cat IO a Spreads heet app Ication, a
that is mamﬂzanqzﬁseszeatplatfroonthp P@@p daty starecB03t Minteiama nodiiresanies of

this XMEL anrglg le%ﬁﬁ% do%le?nsd incﬁ\ﬁﬁngqha@t Bg?tn%/ g?c oﬁ{f&* s%l%j(e g. the

“Title’ Qin ﬂwgmpe&y qbateadmsnfs oateh theo it HISjadeyddonlnake thecdotlkmen@atT@
store;.and re N elve f o}
aderes 13 Sop efih St Shites bt SehERIste nbRbL doRilth MGyl afThing
a sessibh.eThib ynasteh@py tkathén wed by pmltiple ddrasvasaiers fheingatsassiino Méhen

notifies a data.co s}ﬁmsr of a c

the se%@ﬁg}% Fheé)gﬁr c%esrﬁ) 8 %W&ea@ggg‘?%ifﬁ@&gﬁ‘g %t&xgent state of the

XML 888588 AR6rdRE taBieniiod Bredt, fiecdatLder0 965 isabffigugddac inckdeahe
change. The side-effect c?}ﬁnges gener alg!gq){( i nvol ve the

same iz ffqre Hheakifforest et siras pd Hienpays eederopy Badkiput ¥adefsEnt o
When Qtr stmﬁnénnﬁta iRhfis PRERed, hd 8 Hatk 305 1wetp8 thok®fwo data

xahpl e, a data consumer that uses an equity research
store Iﬁ:msen Fraipglearent rodeicesiase mrsgId XS thebnngrs Fhetspizemas that are

assocﬁ% QG UTPRE Eend) gg@de‘iyvtn]g i 1hﬁﬁ"a&%?th§stsﬁfr§ itdr? ttha aged.
in response’to t change submt the data to a web
consumelr Vi ce and updat e the <stockData/> subtree that is
Wi t hi et de- 1 gl &d
R e T e
detected) devse an ambmamlfdﬂurh efychfada&a hamaﬂleedts dllc&dpenf eideeffedsy intrbsgponse

rently si .
toa glgga@laggef ez%cogﬂgff& 856 e.ﬂ,lhbo rge %t?ﬁatnexgeee\éls Slﬁ}{ség ?? et}gs in
depth 6h 80190t hade dTR6H id condideatd e&cestswbe &he damktbtetrﬁaj/ dlm BéI\/L

a data.co

data store. su nd/ or ,31
conﬂ%uéﬂdgév@ma“@h&ﬁeg@t B PRESRE T sta e Bl ot nge s found
to be SRBMGAIYGAMIAGY kR VL @atalsire. ATHid ﬁié;ﬁﬁtthaﬁ gaseasural change is

i ncluding: the change is ipvali XM. that is n

t
reques(Ed 1 4 Siopbu Townido bR U bl 8° Sefrdetoug i o
the la¥ich&Wf cbdd@itPand produces an error that may be delivered to the other data
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consuner; and the like. Sonme data consuners may keep
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wordonaicaed separately fromthe XM data stor ep@DPRS2006/034974
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stack). S nC%é% #‘r{{ &S ?gnsu{/\eﬁéé%”if‘ s'uﬁg e a¥1d dgél ?%alﬁ ﬁ%’syﬁ@ Q‘%glecm?e@ qhé ts
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chang o PRRHTUEEHG LrRUAE R F Yo RV M- TR e fspgtee.
ensurifd {BAQINEEIRE @e@Sp itdns 6h Each Gtatlkechathe ajpliwatiorgmd dhesdaget sorairthn

produces an error that may be delivered to the other
identi@bgtafe-consumer s. Each datt f bonsumer (i nt er nal

314/ exbigkfal al@ARliviiar FhisDld Bjhesdle iRy-aliiideChAogadudiigr
exanpl e, a data consunmer may incl ude i
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rejecte Its éxisting validation |ayer, and rolled
back thlertﬁ globa undgnstarkisused.chedai emeunerpaises Yirqygh theamdo
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data consunmer returns a r el ectl1 on
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st or.e ! .
o M R o P Sl R g
record(@gs tiimioProgerty Heittha Far &tamph? lfttllrﬁ’GJSdaneSé‘ﬂ\@iclesdt Cemb’timo the
<com}5’a(%p/%é3gk? gx:ae‘(%gg)?o%es%m%n gghcajuon then hha operatlon ca&s%s §18%ata store’s

undo stack to include that action. Next, if the user was to press undo in the word processing

application to remove that text, the word processing application undoes the last operation on
its undo stack (and notifies the data store to undo the last operation on its stack), which would

result in the other client doing that action. Conversely, if the user had then typed some non-
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associated with the current data. If schemas are
present, then the data store rejects any structurally
WO pooalodeds3 | n order to support data binding, tPeT/US2006/034974
internal application data consumer, such as internal
‘bouhd ek fi thoWstdngrdcelsiid dhplibaiod badpredsed imtodn detpane, the bihverarient
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last chapgs Wasamiens; then theee wowdd bbail invaierowhare e sum o thejlipg dtprgdoes
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originplacbaregs atdumdogh t he undo requests directly to the host
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undo st & CC{%&(SLE n lc%Gi]m%c&%qag%{éﬁ%%géo%gﬁ%wﬁgﬁﬁg% ?gas\gsf tg? 9‘5{}%1 ilel ?%Of

these frasasionagéthertfhetha pprpbsesini)ndo TAceordinp kd ths embediment] three
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changB¥ RR&N#nyto Edhlid Jtate Falso @Xedpbliback’y. Sdeend)sedo dryipescel have non-

) "Mcg‘ggoft .Corp." into {he <conpany/> field in a word
parityppngd i“ﬂﬁh%ﬂﬁﬁp"}b&ea i°8t hen that operation causes the
dat a sty @rsSalieRdavsis &Ckave thei XL dd stp@issi@ainti®chandixd get
if the user was to greas quo in the word rocS@‘gi ng
back tgapielid siateo Ahisssyeiiyameens pll Ppsrptions Rack {8 RF BHreatiing
triggePdiRthd BRie@NoMBERES ThAfs diREatid) EeaNIDHaRbtdré SoulESue change
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folloyangses skamgplappl i cati on and pressed undo in the panel,
t he her. i.ent, ,woul d drop that request through to-
User?dgténﬁ%es‘fg,m%?lg‘ﬂl uld renove the last action fromits
uridiens t dods ifiernat log®) case, the editing to the doc
S : n data consuner rejects a change sent
bx%[lmpfm ?rg?store, the XML data can end up in a
'bad' Btosd Updisiesl ogi ¢ state. For exanple, assune there
i s busj | gi c that performs checks on an expense
report {Tgliﬁgeﬁtggﬁbemi‘g@ udes checking if aline itemis

over $100; emshgtB{so, the data consumer rejects the

updat e of <lineltemAnount/>. kf not, the data
Queue it up, return O

}
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consuner updates the total with the newline item

amount. |If the total is over $500 then the data
wa@onsoams3 rej ects the update of <report Tot al / >SPCINOB2006/034974

usi ng the above | ogic, assune that a user enters an

i nvoi CeelllGlivet bébahEB{t hat noves the total above $500,

the first Loqi k succeeds, but the second | ogic

check rejeé?@h%%% %%date of the total. This means that

if just the | asChaetgerigfe was undone, then there woul d

be an invoice where the m.of the line itens does not

match the total. As Q“?%%EPF? according to one
enbodi ment all of th@ebKNE-BithSre of the origina
change are undone. The data stare quogpts as a
transacti on nechani smt hat"&f 'oRs™t e bundl i ng of
t hese transactions together for the purposes of undo.
According to the enbgﬁ*gent, three different
alternatives for han g 'rejections' are used.
First, the datajstore may issue undo changes to return
to a valid state (also called 'rollback'). Second,
undo ahd cancel have nonparity, and third, no client
is abl g fCigePekdut cCkhe first alternative is to have
the XML data store issue undo changes to get back to a
val i d stat &harggBi{essentially undoes all operations
back to the cha u@nh?heﬁﬁ{@gered t he business | ogic
error. In this alternative, the XML data store could
i ssue change reduests with an 'undo' flag set to TRUE
and have the data consuner performthese changes on
its own; and the XM. data store could i ssue change
r equesTel Glignh 1iabetDndo' flag set. The following is an
exanpl e. ' node Ain a Cient 1{ (dient 1
does intem{er%g%§§f Tell XM. Data Store { Store
Updat es Tel | C i*REJRCHEONIt* A{ Change B{ Queue it up,

et O Sl B, o Inernal Logic crange
Return FAIL

}

Tell Client 2 to undo D

Tell Cleint 2 to undo C

Tell Client 1 to undo C — *undo while exiting after a rejection*®

Tell Client 1 to undo B — *undo while exiting after a rejection*

Tell Client 2 to undo B

Tell Client 2 to undo A

* Return FAIL to initial change request

In essence, the data consumer accepts the two XML data store calls (requests
to undo changes B and C while exiting the parent change A), or else the two XML document

object managers fall out of sync.
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Queue it up, return K} OAC} } Tell dient 2 about

C{ Change D{ Queue it up, return &K} } Tell dient |
wa@bwmanBess nt er nal Logi ¢ **REJECTI ON** Rol | backp®WE2006/034974

change to D Return FAIL } Tell Cient 2 to undo D Tell

G ei ntArdtHeSaltpiboivEisTe kéep@hé anfentldigparityd@twizen cAncetimd undo

X whiJ e exiting after tion* Te to

insofafgs taf Y G CEARPIFh G SUEEL die SATPRSEBRIEE G 19 e SR

an invalid ?sﬁ?@%g?c stabl 1rGhiseade, ﬁxebeLl date stArd?GIlsJEISqd&k g‘&hly* the change
initia e reguest n es t he

that WSt SR R SO Gha TR0 eyt 8 1 ot indoing any

ﬁmhel(aﬁﬂge@masa&@numr@baﬁwmoﬁ and C while exiting the

parent_change A), or else the two XM. doc msn "P ect
managetaa ?%Pwmedatnabﬁlsgm@%&eﬁewww?H q 3kt ey

applickiRRB, HollBv& Whb @l be WnSRABbAY nBIGIWRE Hdcﬁ@dlﬁ?!tch@ﬂéjto l!ﬁ@loundo
i nsof ar as that having the data consuner ' cancel’

stacksahrer EisttoRsmashesdion an thegzpiask patehedhe tapsstad prgmtiomijem .tla: Siher
side opﬂ{§ h(kesé/ﬁ B&Ql'd‘&?rs gt @xardp‘[b Hﬂhegusﬁﬁ?ﬁes “Misrodcopt-antdtuys €
ack *on n hat  was

the cha
<compa@y/@cﬁeé‘hmoathwmdeuocegﬁ%¢ catigattherhstppcration wilbka dve

synced G0 rdsti In ALABo actidRbppHaAARE BPeiR Yegistered data consumer’s undo

stack. Next, if the user was to press undo in the word processing application to remove the
text that was just entered, the word processing application would undo the last operation on
its undo stack (and tell the data store to undo the last operation on its stack), but this time the
data consumer would see this request and take the last action off of its undo stack (incl. any
side effects) because the store’s undo stack must necessarily match the data store. If the user
had then pressed undo in the data consumer, the data consumer would remove the last action
from its undo stack and the word processing application, upon getting the undo action from
the data store, would notice that it matches the last action on its undo stack and remove that
as well. Conversely, if the user had then typed some non-bound text in the word processing
application (adding undo records to the word processing application) before they pressed
undo in the data consumer, the client would remove the last action from its undo stack, and
the store would do the same, however, the word processing application adds another action
(because the last thing on the undo stack is not the last XML change). However, the word
processing application would store that change along with the fact that the store needs to
perform a redo to get back to its original state.

Another alternative involves making the data consumers aware of each other.
Undo control could be passed between the data consumers. For example, if the user edits the
<company/> field in one application, which is then broadcast to another data consumer, then

the undo stack would look like:

Store Application Data consumer 1
Marker (pass to Data Company => “Microsoft Company = “Microsoft
Consumer 1) Corp.” + store undo Corp”
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further changes that are on the store's undo stack.

Data consuners nmay also maintain their own uni que undo
wat@aksessIhe applications, however, should be PETVEE1006/034974
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undo request to the store, which would then broadcast
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\
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variously as operations, structural devices, acts or
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node Ahdn tssponge. da aensuater § reqyestsr Bdmeftnsbehange logede avhichHe

queue;ﬂpﬁ?ﬂ/gh% ﬁaté]&gr% Iﬁ' lat%?eﬁeléﬁ'{og.ag)gta%g&ruﬁl& SRR {%%%t% %1 Gl?ahig%

ange of node ta consuner
node Bovtseinis qudned ap sjprs the lkkanghitogpde Alhas it wew semptted yeil Daiaf

t he,chan ave N Aac e . all g of
cons T BARePBa o Gy S trircriy s dafl tbf Bpequiy queyed
side-efteandhibage th€. dhan gasuher ltrheidatia nstification bfiths lehange tdt fode C

dat a st al.| ows ch dat nsuner t er.f orm an
and iy gripRRd o Wi o8 ine MR R cO P iaebyaoHy B ghdtd. The
data ®0€ glieh Qﬁeoaﬂ';gl qﬂﬁﬁﬁiagﬁ&fﬁefteﬁﬁge eB ges wanreghastedrbgelatatcheymer
are receiyved therehy allow n em o he nessaged.
1. Dafa ponsner Ficegires noa%tla{h@f) aiEeh 1%58%@? ?agfh StB@t%@Wﬂf%ay
respoBf! BatAdbnsiAleR2 GOIRBH FRIchard dndithé bRI¥gEs 410 cohmitélYio thaldaa
store. In the case where the original change was

storegenerated by an internal client, such as the

appl i c g} ¥ cakdAhtaCbRAMBED feiSondOEMIREe SAA¥E0IA) s& tHIRE

5, the data consumer changes slightly. Thrs exanple
following gwe Hagsed codpoiripgesiteo rriflueschaqgesthanges from nul tipl e
clients. The first rule is that top-I|evel changes
occur depth first. The second rul e invol ves queuing
si de- efdbeCustomXhfiRarts(ThielédtisgleNeded. AdiNads(“fay” ' bas”)f act
that the sid { f ] for e, ,
new changs CRAPOUERSS Qi SRR aePRRRNRE R 0
where data consunmer 1 executes a function to nake two

2232 g S%&ﬁegargdeguiler rsél"ersctlg ?k@: act iths’a‘c Hi%csix%e te%ecgg QF a c':ok‘laggedaré Ic?l?eued up
as they are requested and therefore multiple changes may be queued before the first change’s
side effects occur. '

FIGURE 7 shows a process involving multiple side-effect changes. The

following example illustrates the following changes. Suppose that data consumer 1 (730),
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to node B. Wien data consuner 1 (630) requests a
change to node A the notification is sent to data
w@oososms3 2 (640) after the XML data store 620PCEUS200€634974
the request to change node A. In response, data
“wherCiofeBeIVes 14 o tifietiiod $has nedesd, BehaighbeGianthia ﬁ@@oﬁrﬂsuﬂ@ﬁ&cﬁchanges

which | ueued up e data store f r
to nofhEC i G DB LALE o <o o S houieaciod o e ghongs to
node B fl@ntBtorstrfohin iskle @R ttRHarnsps @Inﬁﬁés[b e aedhpnge t o node A

has no en c ed. yet consunmer 2 accept .
the ¢ hg*ﬁ%é‘ “t&)to?fggbik 7d insep f’enseF‘é b‘?%%aecont“ﬁ’éerdaﬁaaseé t‘@ piits
side-EfREtHaBes G @ lptﬁ;dlt of the nefificatén @’tﬁdkgﬁngdlo Qodemtb@f&@ﬁwﬁm&ts
ives t gtlflcatl n._ of the change to node C

1 rece
el by R B OGS s HECUHanBEIetiR HRHG: Bamicoadepre
dmng@mﬁmﬂagpiEamgqpts t he change The data store then

execut ueued si de-effect chan o B th
requ esggfa&é? ﬁt%rateé APERTESS S&oweeget @s llsrs rSldz effe%are es
exectﬂ&l laftl ORb bﬁﬂstﬁ?lf se6 BRANBAhiBcAsE,ame §1Hbeefft@isfgeﬁér%@b Qaté(‘mrﬁﬁ‘mer
may respond. Data consuner accepts the c e and

! ltS%‘ellélﬁ%m@é eralkothg efipais kaye hed tﬂ@n%rateéeesthe lingg pnd geperate

their 68 8ide Sfbc3s. CORSH ABEcedsaPRRATRS: dfithStact tRattREX TN ARBEs:d:O
A, so that the followng two |ines of code trigger two
mfor{gtﬁ p@fgé;h@ﬁ o 3 ghange (to ensure that each client has a chance to accept/reject that

changty ‘Be@ré)ﬁt @dﬁ%@ﬂugﬁtﬁ& Sdcdss 5&{&%% RcEMNR A8 0atIAHINOIREr th BRvide

Cust onXM_Part s

the eyqny with I"Vé@bSBP Aeyridneiiests It Ariendietalle habthe date gpnspmar whe tequested
a chah SohRbE A tuPOIIdgxetu fh@é}twtfeﬂt@; tht El%m L g8 fcfcé@&i (?]r Cfgfect"éld by all

ange are dueue p as ey are e uest
chentSt@éthef)@fﬂe datalstorg | As whlhtiyekelprety etmlreqthwwle reb clremgtsheee
I RE 7
conﬂE)clrtlhg %nsfs&? ﬁ%ﬂﬁals Jthg %hﬁg]; gfﬁé caﬁ%fe;%{e fV\glé %Ul(s: grheretclf;}f%\esr%esued
resulf.ol | owi ng exanple |IIustrates t he fO||0MAng changes.

Suppos hat nsuner é
ot 11 at P iR HRmes s A VR A o Se i of
the nendlidetefefand isecdfalmg@snositiowoftbe BvanidnC- Dat a consuner 2
(740), in response to the notification of the change
to node B, wants to perform side-effect changes to
nodes D, E, and F. Referring to FIGURE 7, it can be
seen that data consunmer 1 causes all of its .
side-effect changes as a result of the notification of
the change to node A before side-effects relating to
t he change of node B are executed. Therefore, changes
to node C occur before changes to nodes D, E, and F
FIGURE 8 illustrates a process showi ng that the
caller's side-effects are executed last. One can stil
see that in this case, the side effects generated by

data consuner 1 itself will happen after all other
clients have had a chance to see the change and
generate
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their own side effects. This is a necessary side
effect of the fact that the XM. data store inforns

weaoh/oslesent of a change (to ensure that each BCT/@81006/034974

has a chance to accept/reject that change) before it
can return the success (daidistion to the caller, and

‘WHA@%@WQW@ CI§| ler to provide the event with whi ch to do

is predictable that the data consuner
who request ed a change should be last, in order to

aF Ia rowo %Iﬁﬁftertrge?daﬁﬁmﬁmlﬁ%%h@geﬁcu{aﬁﬂe gskraetiday for

clients of data store. As well, this help
synchropizingsiataghat hﬁaaessqqatwlth wnm%m@é%erﬁ%d%ﬁwm andithag ISéhfaed

acrossfH%{ac%B{ullﬂ&wgﬁhpr1s§d§e change of the caller wins which is

ener a desired result. The above specification,
exanpl sé@mrstxu@@mé dagp dromelthabare avwptiated wilk g dprysmang i affata

osition of the
oo, RETARLIAELAE & A Sy URATEOS) 2

conputigitiatiegaieliohee teadiueiisd dita dew orihin Ge detr st bita rst data
Ccmsu'hlgltstructi ons for synchroni zing data that is associ ated
’h a conput er-generated docunent and that is shared
acr os sdetramaingwiamthers areatiep dits Fongumers grak arg inferesred irthel

Changgé\%t%est%&%e&ﬁgn&&e associ ated with a docunent in a

erei’n the data store is separate from
t he dostifigng the iothiet daia conguraers hithg ehange, awbdrein ¢henteat defat a

itemwthin firs
cons ST 16 Sl Sl s 1 8 SPMRE
initiatBigea silda:t-eéfeets:ﬂlatgelas atrdvelt ofithn gegiha chiugesanduct u r ed dat a
item notl the ot
change°"Hp g%éqﬁ P $hgResy hléerdagaasﬁqée 3’ %‘gﬁwcﬁ%’ﬁdoain%
rollin@badk@@sdata0st@e &f 4 st@te befotd Mfné WeenathaclgBge weg itiatadgviich ehe
change; .and initiating a side-effect change as a

changedsigleFtedt t he or | gi nal change; and committing the
change to the data store when the change is accepted

and rol)in ckt dat.a st t,0 t f .
L e R

structRfl deth &téhms Rithihhiee dtapoe aceorcﬁagj‘akﬂxeenmw Mankop L&Gigabga (KML)
ur.t her conprising structuring the structured data

Spec‘{i‘iagﬂ%s within the data store according to Extensible
Mar kup Language (XM.) specifications. 3. The

c grrput the &d %@)X ’Pép-lreeadgﬁg hlléﬁqu%lf ofgl fnrQ %urthe%&%sm& exposing an

hpri ST ng osing ah a
applidanbleprfogxamn_(lﬂg:’ln)erfaoe (AR) ubaheadama)wm&nmrstlmtmm“alpr@mnmaﬂc

acces’ fo e s%%rédcdata items; wherein the API provides the ability to access the

structured data items within the data store while the document is open and wherein the API
allows more than one data consumer to access a same structured data item at the same time;
and wherein the API provides the data consumers the ability to register for a notification that '

involves one or more of the structured data items.

4. The computer-readable medium of Claim 3, further comprising updating a
display that is associated with one of the other data consumers with a value of the structured

data item that was changed by the first data consumer.
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access to the structured data itens; wherein the API
provides the ability to access the structured data
w0 t@Te3osss hi n the data store whil e the docunenPCT/ESTOEB34974
and wherein the APl allows nore than one data consuner
t‘“‘é ac CEScotpiRiReadiblamptdinRds Cadia 4, Wﬁéfbﬁtthd sh@ &ffg¥echange is

;. and wherejin .t APl provi des the suners
uencgliQ T PRee oo R BT POBION GEeur et Foh of et
consuln@MaY BSd HDéhandto a@eﬁ ffect R BikeUGiddreE@ctdbhbimpel t ens. 4.

The conput er-readabl e medium of Caim 3, further
conprising updating a display that is associated with
ofe of Thewnputvercadadtiamedinsuoféiamv, vhemincatngdttiof thelvbange
when éct:c{egt%g g rnggr ns‘gér’l It)r%gegglggm er%c Sldgyé%%%te I &?cgcgrg 1%4%(1&1%9’[82# & gl%)?ide—
effect@ adceptdd. wherei n the side- effect change is queued for
| at er execution, wherein the | ater execution occurs
after each of the data consuners has had a chance to
adcept The egmnsterzgadabiamediamsif @daiw4, Aptherepargising gnaingpging an
undo ﬁ&WBﬁP bE ﬁ&q%}eﬁlrﬂ%' sﬂfre gc@tmhé 'sta\@c%?(ﬁé fhe time when the
comm ttfng the change en accepted conprises
changgmae éndtatery each si de-effect and determ ni ng whet her
each sideeffect is accepted. 7. The conputer-readabl e
medi um of Claim4, further conprisi mai nt ai ni n

! ! . an
ulido | fsemppigt-inpismesded nagthod for sheting ﬁe%@ thet i aﬁsaceﬁeg wth
compfi@f rfe&tédhﬁcﬁﬁéﬁseoeaﬁéeﬁrd@tatcbﬁsutﬂefﬁecd’l\lgﬁ&@he change was
initiated. 8. A conputer-inplenment nmet'hod for
sharin gnt@p@pga £haage fog sﬁrgg@tqdaia@dtem that is contained within a data
store &1{& 10 U6 LialBE W RA QHS&n{éﬂF W"ﬁ% Lrﬁhp %N&EEH @24 Berf RUBYIRLS
onprising: Initrating e a structured data
accordme b arhterisiblecankap heltguaget (IXML)aand atharesrt e datanigrd ig separate
fromgl%%%d gd with a docunment; wherein the structured
emis structured according to an Extensible
Mar kuppiozidigpgagtfi¢akivh pf tha dhange togiegisteted dafatcansymerse i s
fﬁgagﬁ ﬁ:eélfenrgt%me-elf’t%ct %@?ﬁ%ﬂ atrQ L 9 sul‘fi Bﬂge Ql?a‘h&é fo? ?atter%rr]ocggsmg,
si de efdteatinichahgesretjate Ao oae nﬁhmtegxsmfedtdaa aohamms isa

at ess det er.m ni.n se fr
reectifiot 4 s £ Qe Mo rE b Rl S uf iR IR ey
side-dffeet chamdeg Gromaaticiavdvensuniees wilsip thiesiatal ssor@tor el khowin good state;
rolling back the change and any side-effect changes -
and fromall data consumers within the data store to a

| ast  Kaeutnigia®dhed R of fhe degi@dred MitNEdIGuinére Bocepie the@hange,
the regi stered data consunmers accepts the chan and

and whisa ﬁacéla)é Hf‘ed?g‘itﬁéd flaly, PSBINET acrsp's theghanareyalioaingdhe chapgs

usingGROAE schédHai b9 plotRic BRBAEURE i csuihdes SSAEARN AP &ind
that is provided by one of the data consuners thr ough
commjfingtie chapge to the data’store.

9. The computer-implemented method of Claim 8, wherein initiating the change
to a structured data item that is contained within the data store; comprises exposing an
application programming interface (API) that provides the ability for the data consumers to
access the structured data items within the data store, wherein the API allows more than one

of the data consumers to access a same structured data item at the same time.
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commtting the change to the data store. 9. The
conputer-inplenented nethod of Claim8, wherein

WO nozioaieBhg t he change to a structured data itPOT/URZN6/034974

is contained within the data store; conprises exposing
aﬁ)'“‘ap drﬁéccaﬁiphinf-mpbgm' catedinnghddrtf €il4imc ffrker Jonphiging receiving a
mde-e{%%c es trgsrepéagge #he%o{lgé%lggm ?cﬂ@etlﬂln%o&gé{[{gﬁgf {(1)19 sfaGGfec
changM&hlelthe ddmstdxlé’hntalltheﬂmgnﬁaebtdmowmdof the data
consuners to access a sanme structured data itemat the
same tinme. 10? TKe conputer-inpl enented nethod of C aim

ol L.f urhvermppivpinmemrptadaeched ofglaims} b Eirbey opiprishg Ay@iing

the sidelbef &ilteh P Baobif | cation and del ayi ng execution
el gf teﬁt%g%e 1effectachar?ge within the data store until

t he change has been processed. 11. The
comnp Ut'ﬂfe‘doﬁ‘i@ht%ﬂ&ﬂﬁbl%ﬁhﬁlﬁtﬁd ngtﬂlo@?tf“ Clagn mr)l]v(zheréim liettﬁi?rﬁnm%1 when
conpri.sin ueui ng the sjde ect change within.t
cach ol ieqeairigiod da% SOnSTHEr AEHRpIS L hongRACBRE Jaie R IE T he
chang&scfBpldd, byWae @it col§iln Bhdvhich 40K Bf Basite-offed: Bifanges are
regi stered data consumers accepts the change conprises
acceplgdt er ni ni ng when the change i s accepted by each data
consuner and when each of t he side-effect changes are

ept d. 13. The.co thod of Claim
%Cé)f‘npgtc?ﬁﬂ?rflgp P?}{‘%}(ﬁfuﬁb a%’ 0de T8t hat
maintz!uﬁmg Sﬁi dndwhst gt Dsddhe retiarh shesdagr seorb asdk tb thetidvekirat good state.
known good state. 14. A system for synchroni zing data
that is associated with a conputer-generated docunent
bét.weeh sysiena faopshmeizing datrthatiisassepiatechwiting epmpateregznerated
S conflgrured to create and edit the

Adocun&%lgﬁﬁgﬁetn %ﬁaawp%]ua’fers ' SO0 1Bgured to interact with

st ruct amatémiaﬂaia cdnsuraerttiva tis @nﬁgtasdstmcnrateeaildwdit thetdneument

and 0 R R T oG S e e ma P e e FRG L™

docungggoci ated with the docunent; and a data store that is

conflgured to store the struciure
associ gt %raal\ﬂaiaﬁo?ﬁlf@eﬁ‘&l&% ﬁéerﬁonjé cf Q1 erfap %g'tn}ﬁg structturec{ Eata
items G lrBBociatbl Sidithe ddaemelat andst ore conpri ses: an AP

broker that is configured to interact w.th

ext er nafaty O BYASIPREBYCL PR theisHPyRd faty &?’85 that are

assocRRASHIBAS defhehtBhardts QMRS AEnRENt Fhéreid Sho/ @ittt OpRE@ds:
change and in response to_ the proposed change noti f

an ARl bgkar tptcig cerdienred histrmst yltbﬁhetq?f&enml e suuBers Apdthe internal
data c%ﬁm&s AL Ii‘sac'%gﬁg\ﬁ&l t%@@ceﬁ@%%rcﬁ:‘o@é@ch%rhna RereRSoRROR Sk

ange 1s accepted and proposed change i s not
propoa@b@pnmoaﬁssmnsﬁqgedtdhfatcowwetﬁatf éhesﬁr@msed change, gonyaitithe
chang%ttg‘{h% da%?orrgbvﬂ?]ﬁ e 1%B5s%d ?ﬁéﬁ%@ is a%f%)hs%ranﬂ %Etﬁﬁiﬁ %r(ffaosed change
ange store S con |g red store t ropose
is not(ahmp@d easling ittdib the flfite store is in a valid state, wherein the data store further
includes a change store that is configured to store the proposed change and side-effect
changes that are associated with the proposed change, and an undue store that is configured to

roll back the data store to the valid state.
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changes that are associated with the proposed change,

and an undue store that is configured to roll back the
wa@lawa/03t683 e to the valid state."f_T. the systePCTUS2006/034974

14, further conprising structuring the structured data

i t%ms I?hetshs;témtdiaanﬂla{ furthéraompeising steichging theentruéited Wataliems

iR Rt St Do EHE R (o queue

the side-effect changes for |ater execution, wherein

the 'afh%f%&gﬁ%%a%ﬂ I'SSWI%QﬂB k&%@%@ QG ¢ fgggfed@@&&ue

regl stere ta COI’]SUYTEI‘ ance to ce
the sideaifisctt chamats ferHaerexsiution oftfeesin the friergaecution isTRefigiyest te prcur

{
ster il e e SR EE Bl o CR e B AL B el o ke s ffet
changvxhet her each side-effect is accepted. 18. The system
of Claim 16, wherein the data store is further
configured to: receive a change to an Extensible
VAT k upTheaarefgmgd Claim 1P, wharen &e&afaastoaﬁ 51 fher configpeed to
processleh 4Lk ﬁgecgﬁ{dade’cetrﬁﬁk WheRek @b S{M-e & RMBedptelde
assocliated wth the structured data itemto which the
change to the XML markup data is directed; determ ne

whgt heThd fyste@ATEAmt 16, WheeiXMe daar dorp 1sdﬁttbericsnﬁ@lrdddo

according to .the a | | ow
the cHEFIE %@anFetoﬁN/%XWﬁNL\%lEBE &%ﬂﬁu%gﬁzﬁﬁ%g BKupgata o

applieVb-theBirkdtired akta itt; not valid according to the read XM
schema file; and conmt the ¢

when the c¢hange
t he Xneadat K- sehema fils agsqpintgd Megbeoﬁtwgmfe& d@ﬁétel”etgd”hiﬁ%ﬂhe
chang%@chﬁg?ﬂ\ﬁl lrﬁrku%%ataf@@ire%ﬁéﬁt emof Caim16, wherein the
data store conprises a p urall&l\iLOf XM. data stores

that edsemminsrphathes theshanga & e BYIEKUR dafanydid gecopdng to
the rea®xMIN@nsWs MR C aim 19, wherein each undo store is
con]f\/I Igured to comunicate with the other undo stores.
disallow the change to the XML markup data if the change to the XML
markup data is not valid according to the read XML schema file; and commit the change

when the change to the XML markup data is valid according to the read XML schema file.

19.  The system of Claim 16, wherein the data store comprises a plurality of XML

data stores that each comprise an undo store and a change store.

20.  The system of Claim 19, wherein each undo store is configured to

communicate with the other undo stores.
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