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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
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computing environment in which embodiments of the invention may be implemented.
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data can be populated within a store item (a part
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undo store 310 may be utilized to undo the changes
made across the data stores. Inmagine there are three
data consuners that are interested in what's happening
to docunent properties, so each of these data
consuners have regi stered to receive an event relating
) to a change of the roperties. Wen a change is nmde,
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predeterm ned order. Each data cqnsuner, in turn, may
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application. This occurs in real time, such that the user could fill out parts of the document
and form simultaneously.
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first table, adding a new row col um woul d break this
logic. Wth XM.-enabled applications, however, this
code can now be linked to the structure of the
customer's own data, renoving the necessity of the
logic to be tied to the presentation. That sanme |ogic
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two JORIpAGkAL ¥ the(stock datd weRR@tded dficcbyfoné it %ﬁlﬂagﬂ{epﬁam: essi ng) ;
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data i ii‘hd User odiveditihe datsin@nyeappistienudisplayingitiie spine XML

infox‘?ﬂ% a;ﬁﬁ‘l s g%?gavé kﬂgy%ﬁﬁéﬁn%nﬁ An?%gplﬁ:gtg? ﬁl.lﬁglgss
logu&frfablrleretuom Mbich ie|referpnaing thad part afities da@a rrbis @bility t receiveeeal-
time HRRa é§ %r e&t g%l\?ﬁt:l?dnge i§ hﬁﬁfup &t zﬁfo@? the ERAtdME edifily '~ FOT

exa e e netadata I nformation,

envx@nmﬁwlyﬁlbreﬂm tha qual@mamturesﬂf veripyg editing requiremenys Within a

smgﬂ‘em%mm@ectl ons of the data, etc. This al so nmeans
hat the user can edit the data in nultiple

14



applications as desired. If the sane information
appears in nultiple applications, the user can edit
that data in any of them as desired based on their
current editing context. Although each application now
has concurrent access to the entire XM. data that is
associ ated with the docunent, each application can
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t:m«é(&%rb? h%}é d38 cBHsufibrs fHa %ﬁféﬁ will e Batd'QSFE hnd bkgﬁitshalriéxﬁ ﬁqh‘dﬁkﬁ

nges, one c can create an error an
error Q!ﬁé‘h*g eonsees aefa eicthes towne” efdke M- idata and in respanpible fog:

mau&bziﬁiﬂg thebrbitit ForARIP tHe OBV, 8438 pfb@ﬂlr{g@cﬁpycﬁf tiié cﬁtaﬁ&feﬁuest
i npl ementation for the val i dat on o ic to be sh are

data ¢gRSuRErs; rfefvingshangs BApesisitothe dats from the d aams“m?rﬁ apd sading
notifiExiBiss, of E}hﬁgel‘é &'¥Re ieQiGﬂc% dﬂﬁ&onﬁ\ﬁﬁerd" coriifg Rone eﬁbmaédx@ ?)e
| ca on I.C I S | S at a
carafoneitts OB Bt aud BT Gt ot B AT B E of s
consubersu ThoXMILalata Storedichinies a sebof intekEdesnhdt areangilablhd differedte .
uest eac

apP A, ufro A ord s TR, £ SRR PR nstiy g
pressitatiop pRgym, wdi ottter davadvnseerse Thdintehfacey erediredtedzat:|obtaimingt ed
desFARRIE D XRA, b A G B 86 UAARIE: £huootfider il B
to makie forthe detasiorpeandiregisiéring ta teecivempiificatians Snamehe XM datajstoren
aboxiit%?n&gés dé&d@&oethatlt'axee 1&%%8'3&9% hafheR! the data is not

to a set pre- group of
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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

i
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data consuners. In other words, new data consuners can
register for notification at any tinme, on any XM
data and i mredi ately be capable of editing the sane
data as all other clients. For exanple, initially
onIy external data consunmers | and 2 may be sharing
data. At a later _tipe, one or nore data consuners nay
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this XML data may |l ead to problens, including that the
copi es may get out of sync (e.g. the "Title in the
property panel doesn't match the "Title' displayed
inline in t he docunent). To address this problema
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alo et et ipdnf e doBone s e AT e By Mol RS

stacigunid ofdetitochelpenives thit thecurface hidydatanemdin b syivet all tmesdﬁxe a

t d {
e e
changgs findo o@amao recuydsiong wgh a d@regmoding XMLobtrstorewndf rafitrenceal
om0 8 By SR L SN 0 BG5S
identicgl statat i on | ayer. If a change is requested within a

dat a CoffuRhltettifies bie aldR¥@b to%maxbésfer.ﬁhﬁaa Bnd¥hclding:
rejected by its existing validation ayer and_rol | ed

mamtfaw sgRArate, pndp stacks ey eeFatdata senspraer ipclydingthe fiost apglwﬁgmt fhare
a glo¥dundlpdtRk; dnll Gfting bhdotfbra dataltom@RerBabedion e drrént fdust he

XM da sto n the data,consuner retyrns
rejecti “?§{°gﬂ8n‘g\f@ﬁlf ‘st“fﬁ%ot&hd ﬂ@‘cﬁlaﬁs%?sﬁ’(' %eéﬂll@
requéstseiudalyao the abse appncdublﬂtvms;h ﬂllteﬁ wrl]tmhe la§ itei SFF off ﬂ(sj\tngo Keabwn
at e. changes requested. by, ot her
(undf 980 B2 108 i eEhrdleSE i i B o S, G ik
all clehges npthe XML datd statkadre funimbsiconohtbrigstss unflo sthckiveith seme géukric

recof 08 R R ERy, F ol ORGP Gl e

<comppaftyft figld dma, word progessiag aripligatipm theh Hoperationeaysss thte data store’s
undo SRR Y i1t it E&tlﬂﬁj | 1Qékt, it thuskr Vrafs 1 5tbss AR ih GRIWoRl prikatshg

consuner, suc
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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as internal data consuner 1 314, handl es the

i nteracti on between actions in the XML data store,

and on the docunent surface 315. Wien a user edits a

data bound field, that change affects the content of

the docunent (thus adding a record to the

application's undo stack), but also affects the XM

bourglgeit évfhe word prusessing applicasiowandiprasssd 4od in ghe panch thsrather dlienthe
wout & tBdt %qﬁes‘éth%gﬂto tﬁé Whicl Wodd Rffovd Be REaBHRIRMI i

hat the surface and aremainin sync at all tines,
undq yizek (g it Gasen the shiting @ﬂ?fd’oéfuafé%’) (whi ch the user

inter awlsenwahda)conssm&agedw a&:hafge s&umﬂdhe YL dati'stoe; ehe XML
changes |n
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that pérfokmaichelcks ogy am Expeiise feport. erheaxrgmaadinies claclking@ e fise itehreis over

3100804 £ 65 e U B A 0 6 Bl S e RLE, o B R0 B
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application are gl obal ting

a usefeaters e inveiceline ot §Hthat movesiibesotal abpve 560, thefire mgwf ql;eqlfs
succ¥li8 bufth& iebifil 104 gﬁc@n‘eﬁ&i‘tb& Spddf@fihe Hﬂaﬂ YR e BRHIFRE: the

passes through the und requests directl 0 the host

t
last chapge; was ppdage. tigethere ‘tfw&qbetaawgwf There kg pum P%tPﬁ Riperitegyp dges g
not MREHOME{oREKAs 4 RMQadsEIding toWRe EMIBodEHPall GFIRY sitleREBctON the
.w& 5 focus was in the app franme). This inplies that
originpl change Arg 4udong:  he XM data store are funnel ed onto

t he hodlthe gatalstoh@ 392 atdas WirhidadtionBeganian iiat alroe/e the du:(dﬁngof

thess SR HEEEcTR forthe pirbosed ot ande AHos g oo ol RR. S

diffqpend aimtwag fcannphdlmgtrejeum;mst’ e nsetlh lest,ahxedam stommmme sndohe

chandg?s? t?ﬁe%um 08 valid gtgg galso rcgﬁelsﬁ 10 ﬁ%agfg'f éjet%ﬁ un%tP &‘qu érag(g ghav'e\lgg(n

parigypauid ity mmxel&tos mmgvmoclhat text, the word processing
appl i c ai‘hh g&t B ve it tb%abéaﬁé M%ﬁts{omss%‘ odo:cﬁangfb Oget

st ack notifires the ta store to un

baclbtpewahd wr- orpis qssentsqlla ardoes alfniperations back to the shange which he
trigg¥teld Blfe bﬁém@mogfé Qirbd Iﬁ italtdhdiive the AN USH ae}exeoum fssdefasange

user sonme _non- 17 bound te
e W RASe F eia JRUBLARS BV i dotp FORSSRES POARTE s Hfuses
on i3@W8] and tHRXMIL BA stbrke kGUNd issudvBhahgt roquRits Witiits TuRdpel €8g set. The
f“throu h to he host, which would renove the | ast
olloyyipg IS $58BRlei t s undo stack (in this case, the editing
Usetﬁxthhrﬁledaﬁaﬂieﬁtaqe) When a data consuner rejects-a
g‘ﬂ%t cﬁe m%&p M. data store, the XML data can
B % %B8lisi ness | ogi c state. For exanple,
asg‘elhﬁw..lmtaesmne{ busi ness logic that perforns checks -
on an eport. The logic includes checking if a
l'ine |?%ﬁ§ﬂ@§g%er $100; and if so, the data consuner
r ej ect sTelli€dient@ckhows Adf 4i nel t emAmount D. I f not, the
data consugp ﬁgggﬁat es the total with the new |ine
i tem anmount . e total is over $500 then the data
consuner rejectéQWM@ﬁmpawﬂéogf <report Total h. Now
usi ng the azove | ogic, assune that a user enters an

i nvoice line of $50 that noves the total above $500,
the firist | ogi ¢ check ’
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succeeds, but the second | ogic check rejects the
update of the total. This nmeans that if just the |ast
change was undone, then there would be an invoice
where the sumof the line itens does not match the
total. As a result, according to one enbodi nent all of
the side-effects of the original change are undone.
The dat®gll&lignid aB@BBicts as a transaction mechani sm
that al | owsptdngal Pegasll i ng of these transactions

toget her for the_purpgoses of undo. According to the
enbodi ment, t hr &24&i% erent alternatives for handling
‘rejections' are usethterfal Lédic the data store may issue
undo changes to retuyr valid state (al so called
"‘rol | back'). Second,*ﬂﬁ%@gﬁ&%%ﬁ el have non- parity,
and third, no client is &ieeitup, ctmcOK. The first
alternative is to haye the XML data store issue undo
changes to get back’to a valid state. This

essential |y undoes aPACoperations back to the change
which tri ggereo} the business logic error. In this
alternative, the XML data store could i ssue change
requestls with an “undo' flag set to TRUE and have the
dat a corg@neit2R8&fte(m t hese changes on its own; and
the XM. data store could i ssue change requests with
its "undo' Fbaéﬁegét . The following is an exanpl e.
User edits node Queuditap,wrrgOk | { (Client 1 does
internal logic), Tell XM. Data Store{ Store Updates
Tell dient 2 adout A{ Change B{ Queue it up, return
K ). 18 Tell dient 1 about B{ Internal Logic

Change ,I(éilr(]ﬁ%t{ rapg%ogi c Tell XM. Data Store{ Queue it

up, retu
Internal Logic
**REJECTION**

Rollback DOM change to D
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

objéct managers fall out of sync.
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} } Tell dient 2 about ¢ Change D{ Queue it up,
return OK } } Tell dient 1 about D{ Internal Logic
**REJECTI ON**  Rol | back DOM change to D Return FAIL }
Tell Cdient 2 to undo D Tell Ceint 2 to undo C Tell
Client 1 to undo C - *undo while exiting after a rej
ection* Tell Cdient 1 to undo B - *undo whil e exiting
af t er shuotipealipitative is ty&edp tig) querent disparity hefwksn Banedjand undo,

insofdr bRt hgvﬂgC\héJ&h@éJcoﬁsuBﬁP ‘éﬁ&ef'ﬁl’e 'eur}e‘ﬁt dnhdelcal le%@%lunon in

request iﬁg n essence, consuner acce the
Y

an lmbd ieines dagke sifeo ﬂ’éthé%ia¥esthe P%u@@ts@re rols basky 60!%*&

that WaSrefectéllbanEel 18 uhddig thdt ehdagé, Bﬁttwoﬁfd&li&?usﬁtol% -Oﬁt%t thiﬁhgtahﬁ .
out of sync

M. _docunent opj e nagers fall
ﬁ*%&‘%ﬂﬂ@ﬁ“ﬁ?%%‘ﬁ??t?fssl S‘%%"T’Eeep the current disparity
bet weeDatasoagines mhy @30l Maintain el Gin Wliué tiido staaksl Mhe t he

srp R egRE D i oo b e R e d0 we E R,

stackdwien dwmsepmostiactioddn tlgkirtstacls tnatclees the Irdquesizd @lneraﬁmlfgom thtether

d X 3
SIdeCoE Ha4le sygglt?c}un&%f (fo?hﬁﬁx&feué ?n% l’d%@ ypgsd M1 0| . i?ngotn t)}}e
<commlw é'telddhta thgereprd Prawesm&amhpatlmthsn tbatefpsratunmdrall g@ divk.
synde@dd Fe3f1Bi 'Ir?{u?do "{Btion k,ﬁéanﬁgdn@a&! rBeidedted JataoéUHsuH{éf’QhkﬁioU ndo

st acks, The plications, however, shoul smart'
stacl et 1 usamwgpraﬂdm@q lamﬁwoauwﬁ%n&aapltqamto fFfpye 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 fike: '

Store Application Data consumer 1
Marker (pass to Data Company > “Microsoft Company => “Microsoft
Consumer 1) Corp.” + store undo Corp”
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stacks when the topnost action on their stack matches
the requested operation fromthe other side of the
live sync boundary. For exanple, if the user types
"Mcrosoft Corp." into the <conpany/> field into the
mnrd processing application, then that operation wll
be 'live synced and result in an undo ‘action

appear iimgyissaseethe pnde aggprston thedKh data stere agpld mothogtthio

transaEtfmK Rathik i womﬁ héDL mekEf thi@foved iths ﬁass%cdﬂﬂ@iqo {he clidd€ronor d
roceSS|ng app ication to renove t t ext hat was

complgte theaido.action. Assuming,thg ussr thep went 4o fawpﬁdcpactcﬁiﬁwgmmm
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meansthat if$ky usetpgrfomicd an gtion mdkk dismtofollowetd by anlaction cronditienent,
£ . I tiraction from
fold e SR PSR IRRMR e LiRMAIBIR AT | 0 | 1

Storelpon “getting th=Amii§di0acti on from tDvéa@asualesl ore,

N e R AL T bbraT B a1 || AV P oMoy
t he user had th=ﬁotpy|3-esd>resmda non- bguinip’t ext in the

Dot R 2 20 2L PRE L ST ety 205 b iH R (RRy S IPEL s g
undo in the dat a+stonsmdrer the cli ent vvoul d renove the

© r\{' nr\l

o tno ARG B e A S By e BB mal iR
the lositdsndethodatesstorg)taukinio tl(ebmdcaamen, twhizh thesihta tbdrismgerovouidn e
d he i :
periiih 18,688 bt ool ey B8 bk e P00 her s AR BN B b A
undcahcbhngiaw comsumprpthemthe dath exnsuniee would give pantrdkfot this aptmnft@mm a

hbstia(ﬁeggusg fhe! tac@(ﬁﬁ%]lugt% Inhrk r%:]aggthﬁ gAIan‘Z{oatuﬁdo WOl O erformed.

ernative I nvolves a consumers awar e
of eacFIGURBH illustyesan @mnlemf livosyhehrénizatiens Je dnaxftiveen

smﬁl&?cagé%t @iv@ Sne %'Elrs %o thé 93111@ ¥ Rk Bdits td thd ﬁml{ﬁ?arpr&gdtéﬁn bhe
<conpany/>"field in one plicatjon, which i's then

locaa?lb(aacaag?rdmc%fmﬂ%watwal fa be &ﬂsﬂ?ﬁéf‘ thed [} @fanothee indo
locaﬁ&rﬂ&l\;/;ghél?ﬁéﬂ il réaOtie.| Whits théa&ﬁxﬁenm%ing ﬁ,,““"‘@ 103 %@vmmafer
I Ker ass n CIr 0SO a
the Y.l 5ol gt (R afRor iR s e YA S B
datal stich &8 ®thahsword bfbﬁesklﬁgﬁi@ph&ﬁm ?Jhd@llib ﬁ\'ditﬁn?@dneld anik hslipgfoﬁ
t e. tr t n. it wou ost
ensuge tﬁﬁqli‘f @n?ﬂé’?eagﬁ F‘%R!bga&”i?’?m éfg"sxgm@% ¢ 8’1“’ to the client
to corRdfetieg tb Wndowdoo, acﬂbwumem 4AS $sopemiyr ¢divinguaada property
panép’i’giﬁ is sﬁ“ 9 t HQ 1{%#%‘11?1? gioﬁé%hf P& 24%\5,‘) as Wl as iy the

orne n un as Wou
documrabif4¢0)b Supposethat tltehréln 4%@ svwbwt#)@ Is cbaaagect fram Date Bindingre.

Live's rédtioh f Fob BaeBi hlﬁlsﬁ'zftéﬁkﬁ ﬁtlé&ﬁg 3n& iR 448 Sithin v1mdow

trans tlon but see pass contro
425¢ Apsagn esithe titkesis Hpsatef c«wthm mprqmﬂbpanqiﬁ@e A3 the ehanga isrsent to

the WEHd lpfbcBSing ApTtdtidf such that it can accept or reject the change. In this example,
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undo request to the store, which would then broadcast
it as an undo to all other clients. This neans that
if the user perforned an action in the client,
followed by an action on a different field in the
word processing application, the undo stacks woul d

| ook like: Store Application Data consunmer 1 Marker

the gfjplication eccipfotibis chalge tObetidethat-was liemsmg dfetprc@empmnyl 4
rp" Date -3 "January
aPP 5%1&5%%3% tbgg% ﬁmhlﬁ gbﬁ Elé@&%ﬂﬁﬂ:%t% Mar ker (pass to
host) BICGURESS-§ilurate mmss@ foraesd timp synehenizatien ofsXMWb dgta

betwdeh AR cMBSm&E undo in the host application, then the
host (and the data store) would do the Sndo acti on

whi ch t aenpspdingths,dsehssionRbthe putipgs presinted dreiny i shoyld

appfeGidted thadie RgRA obh&tldﬂﬁﬁﬁafm{s k@bodithdntd diCimipfedtientsd (wx;a
n the dat apuc]onsurrer then t

seq\’.u"’éfeaagfﬁ'ﬁgﬁ?fé‘?“p'\%fﬂq‘?ﬂi A FEPrREHE PO ST 2 aéB?‘P‘HWg t”b“em
andfol @) adiagicofuiverrd machide hezid douiB ©F titnit nﬁ)dglemxth&x therednkpating

ld,b FI GURE 4
Syﬁ%ﬁl {]%é’? g{sge%méé%\ I‘Igl g'lc? Q/e@g (a}) P0%. In one
requifemente of thé enpiputing swage snplémqntmg tbtyméntwre f@csrdinelyt thelogical
opefibs 1{11)&1:1'&9& at{ﬁx?aﬁ(mg dp i extng dﬁxﬁ&t%e%@cﬁba@h@éﬁ%@lggeh@d to

one ocatl on processor app I catlon
varigisly asfoperationg srrwtwrweieuesscwts arioedydas. These operations, structural

devices; %té Qﬂ/nﬁﬂﬂieé ﬁ@)t B&Bp]eﬂer[t&ﬁh stMZFe in'inbvere! A %ﬁ\ﬂ_ﬁﬁ[ﬂﬁ’ﬁ%
S quq%elte canges which affect the at'a

digitgl logigeand @By eambingtionfherepth er regi stered data consuners
that ar BIGUREY @iidvaids he intdRtioriRtwben Sk dlieds add@h XMIDgata

word processing application and the property panel.
Sofhi s hel ps to ensure that the content of each
appl i caThexdatastord\320datiaesa2a3etietis tolndbe A afabe usi@fapplichtivg 510

DY o e R BB etk 170 BB A,

As bmsdh dfitte changp ey iode Aadwl cofisdfibr) 1 raqueyteh ‘sxdﬁﬁfdcfbhhﬁge to node B.
The %%{B?@g Og]ﬁgu%g th]c ?HP cgtax%%# Of%ﬂ%e} e!,x&cl,u?iorf1 nc Al X\f'tﬁ 8&!

ged'Tro m
effecinhengeniave heen qudted fra datBransunzes 14 the daga staa¢ 5290 nonf ¢sidatae

confiy 2T ST " il Bl S Db AR o
node K Iz teapeges, the date soreiqueues updhampdel Cshange s latey exgoysionc At thisn

poiftUGd plji)&@imézltelaﬁﬁé"to ﬂG&@’pﬂas QbmpI&bPEE theRGre A P Rling!slie bt
exa %‘a@ I'i cati on accepted the change to

chapges tqq%i? B apdtgmo CQBIUAE m@wﬁ%% Fliaygeptaﬁ@e B, the
dat@ g6tk bemad mdwﬁcaiaﬂ of thep rb dsédachdn{g@ of B tJuafh doRAmPOT; UDaRidonduner

dat ed. RES 5- strat oces or real
2 dod it SRR SRcent 8 SPTEE L Sonsumer 2
reqs3tes tlmeh&ge hete C,eadiedata ko selds ﬁ(btfﬁ%aﬁm obthe thwdge sfubde®s
es rein, it sho eci at d he
to QP IHEch dFaa dorttunett Sgea e D ngre GRSt G, lbof the éofes
have bgnecaepieé ty 411191 tiesinterested data consumers. Therefore, the data store
commits the changes to the data store. In short, the data store allows each data consumer to

perform any changes in response to a change, the data store executes and messages these

changes in the order they are received thereby allowing them to be messaged serially.
i
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sequence of conputer inplenmented acts or program

nodul es running on a conputing system and/or (2) as

i nt erconnected nmachine logic circuits or circuit

nodul es within the conputing system The

i nmpl ementation is a matter of choice dependent on the

perfo nce requirements of the c ut| system

i npl engﬁﬁfﬂﬁé & shaws the sraction bew@erbmufg@ arf@ntus'grseeqa
dmg@@;m&mmnsdﬁ4§gstrated and maki ng up the enbodlnents

of the escrlb rein e referred [

oper at 1198 cateyges it jena e s gnereie By b ek sk e
as tmqt@plwattmthat ceehted tie doainentdlomind@ BIGURE § tlarddtarcmhﬂne:schmys

[ oftmar fir I
slxgEt‘f}fr F’)Igg ﬁlgstfa@els C)go bgsm ful a gc anges %@A n'g{ltltpéé’]n cb‘t%ﬁg ?iéh% irst
ruleFis Gurep-Bvel IchanSeroaQte deptifirsti ﬂ‘heeseamti iral inyelyepagueningide-effect

chafigeb€Nts and an XML data store. The data store 520
receives a user edit to node A nmade using application

510. Dhiediratawle rpfasy to thedapythptthesidecetiesty ef &g anpepefore o

y%@ﬁ ORkagd &n RO, ébrfsfd&rﬂlé faﬁovﬂﬁ‘)é ample) rﬁemm cofSimer I &8dhteks
the change to ngde data consumer ﬁ?uests a

a ﬁ%‘?‘tﬂ’é Iompkedyo E‘P?ﬁﬁFdeTPeoﬁrﬂdbeé‘g%‘s magefg ngdg 4 a%ft gcend ghange
to nadEBle S the side-effect change B for |ater execution.
On I h d fect ch d
oo ot ST (S SRR B3R B S
sentto datal t‘msulﬂer @F64D) afodr tHeDMCWe 620 recziles the rd@ﬁsato change
oo 354 on BSFER R 2 St b SRR SR R
quegttapdpy tl_fecdatal storeefor ateraxacutiom . Datd consviner 1 then regjuestsia@hange to
nod TS bkl e i 10 od® AR n 0B b EbicYhe, R °
congugnen @ deseppts thashange t noderyss andin résponsé; thegladtordrxeaites rqgeeed 0
sid 186t cRan ﬁtﬁgnﬁ% é?rﬁ&ﬁ’ér‘t e}@i%i%hmhhédus%f et geltdiffode C

propose ata consuner . Data consumner

andomay gesponelse thmg@gsnlp thisrxprgrle, data consumerrisasceptsdhebangpt The

datd f6re aeﬁeeeutecﬁrlréhédasrde&ffe&l ¢G40 BIhHIWas réquestBdibediadnduler
change to _node C, so the data_store sends notification

1. Bpta pqpgness 2 Rereivey HOHB%O@f chapeeiB framthndatatare tp whishitmay
respoR i ST Eonduries Q @Pdefts the ChatBedd@ the chahgbd UrScomndtgd t6 thedhth Of
t he changes have been accepted by all of the
Sto®nt er est ed data consumers. Therefore, the data store
conmi t slntthie casb,aiage&s%eﬂh&pﬁiﬂl& irsstoaliexcharige teAsothat thbe
dat a, store onsuner to perform any

R R ef oo SR FOmE Rt FufE ' he data st ore

execut es. and nmessages these changes |n t he order t hey

are rec I S
seriall §6 m&?@ﬁ?ﬁs(@,éeﬁ%ﬁ&eﬂ&ﬁﬁé Sract fi]g(?r ,get ween
t wo ext éecn@staeXidLBasts $1)SeleesSingleNale() MddNods( o2t Hhar XV

data store. In the case where the original change was
generated by an internal client, such as the

appl i cafiserond g refersdathe fiot thas theaide erts of B changs #e myeasRp
as tﬁTy drd Rt b RarfdARNS R nuftipR1ESTes iy ba [§hdukd belfbre %eeﬁfﬁ BRknge’s

| ustrates two basic rules of Changes fromnultiple
sidg.effegts O&CUr The fi r st

FIGURE 7 shows a process involving multiple sxdc-cffcct changes. The
following example illustrates the following changes. Suppose that data consumer 1 (730),
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rule is that top-level changes occur depth first. The
second rul e involves queuing side-effect changes. The
first rule refers to the fact that the side effects of
a change happen before any new change can occur.

Consi der the follow ng exanple, where data consuner 1
executes a function to make two changes. The first
whatibiegpeves & nothiddion thahnalie AAs chanked,iveantsde parfprrg sidergffect changes

to r{&@og% dCX%icgﬁstHglfﬁpggmﬁ E‘esﬂnngeatgme nbfifidafic of the hAlEE &F°

0 noae tion"Is sent to data consuner

nods By wary to a¢rfarm sideeiavchanges o nodesd Foam F.ecei ves t he

request Réf&ﬁﬁQ@FI@GURE Q0€caftbe bedn IHESRASRsUmdAL Shuked BIP HNRI
sid2 re&gests a side-effect change to node, C which.is

anges 35y e ofthe Rotificalion of ths changedp nodedt bRtre Hde-¢kpty
relifgiD Wlihanke biieide Baf exsdufed AThdRAGE,hinges 10@0de Goddtui tefors S
hﬂgue ed ug) j nee the change to node A has not been
¢ %fﬁrgﬂ noges ’?ei‘rf Data consuner 2 accepts the change to
node A, FIGURE $illnstwfze n pocest showinig that the caller’ esidzeaffects are
e)fe?ﬁgégdéi%.eg&{ ‘%g Stﬁi){e? | tc;lgt I'on b#hg § lf%eef?%\ %%t{e%pdt@% ﬁ 0 5 e l()&sméerﬁ d
1 itspifywill bappeshafter ¢l ethes clientirhgee had p changedo ssedhgthange@ad generate

thef? BRS HiPfodts 2PHE RS {43 B8&t of hhfact Ytk fhe IV Batd S50
execut ed gqueued si de-effect change hat was

inforig EACR £l oy chanes, (te rsutg gt cach clie : g‘@ﬁ%ﬂf}ﬁé?ceweject that
chahge) Béfore &t caDietukr Babiicodds Sndiibioto B cRller, aat alidvethe adlier t6 pRWide

to which .it ., I es d. - onpsuper 2 accepts the
o BT S PR iep S Bt Pt R P Apa eatesed
a clshga should be 1ay is oxlaste heat @héthed e Shampe was dcecppediotlgjebied Byt alk 0
clietgg ggt%? ?F@S%&aosfo@% %sg\;v%fa gﬁs é\%&%@ ggs(?llrel tga\%ﬂge ttwvc\Qh!anngsea%e of
confliztingCnd motrskthétial; the cliangSeittecalBir milsevliiniidogeacrdiNotiedesiralo " |
reS"lgar") doe. CustomXM.Parts
? ) . Sel ect Si ngl eNodeo. AddNode("f 002", "bar") A second
rul e reTheraboyegpedificafions examplas and|data proyide 8 complets deseripgion of
the GARNARurE AR LGB coDosifich of 1S Yavaifdn., €quest ed and
therefore nmultiple Cchanges may be queued before the
first change's side effects occur. FIGURE 7 shows a
process involving nultiple side-effect changes. The
followi ng exanple illustrates the foll ow ng changes.
Suppose that data consuner 1 (730), 23 when it
receives a notification that node A is changed, wants
to performside-effect changes to nodes B and c. Data
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 consuner 1 causes all of its
side-effect changes as a result of the notification of
the change to node A before side-effects

24



relating to the change of node B are execut ed.
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
| ast. One can still see that in this case, the side
effects generated by data consunmer | itself wll
happen after all other &laiBsts have had a chance to
‘WHa®es Chamgppge and generate their own side effects.
This is a necessary side effect of the fact that the
XML data store infornms each client of a change (to
endur e A ¢mputerrendableinadiunthaving conpuiee-execwalie matpictionsifac t
synmgzing‘aﬂlﬁ et a@@d‘iﬁ&ﬁ«ri’tﬁ a &%But&géelii&ﬁ’ted ARuSEH 6Phat is shared

condition to the caller, and ow the caller to
across 457 CQRSUMETSCORPRIAS Wi t h which to do side effects. It

I's prediogihgfhuctuted dhta ithifs MR aSRECiSHdRIth MoQumestiesldmd a
[ [oder o0 hear whet her the

change .should he |last, in o i
storg, I‘@ﬁ‘gl@ %dgtaéﬁ%ee‘ﬁfegﬂ'a% FomheoPUmPTy al | clients of the
XM datigitisting a ehangstoastricturéddat iteml withirt the datssiore by & fitst dafa
con%uE]gr,tV\o changes are conflicting and not structural,
€’change of the caller wins which is generally the
desi r edleternining whemthere gy other daiasenspinera thabare ingorested insthe and
chaf3R i AnPHAVLAE dRta RQP| et e description of the
manuf act yre and use of the caonposition of the

i nvent i"gHying theothsr daga conyyryess of the changgypyphierein thy other data
con$uBidi Wia§ perf PR AEIRAsEor ¥R ddi¥pii\he Warkye) FjebtRi R RSk Rk €
..Jdnstructions for' synchronj zi data that is
mitighng 3 si S\féﬁ’t thapgr aéaé“éﬁlbﬁﬁt@(!"é@ﬁ&%mg&fnﬂocunent and t hat

is sh arcedgxitgﬁgrtﬁsaxad@ttaﬂﬁ QA8 5tof fwhen he ﬂ’ﬁh'gﬁi'ls B@epted /@81 Ng

structured data iteps that are associated . w th a
roll g it 45 3 ' g B e iy BF AeRpecve dpitiee it the
chaige fsxtjadtal. f rom t he docunent; initiating a change to a

structured data itemw thin the data store by a first

data consuner, determ ning when there are other data

c oRs unerhs comppter-agagdablemedivim pilclaimpl, fusther compriting sryctuning the
struthred! Gt #keAfd vilRinahd da@Sor®Rbbrlidy REteASIbIC MMKupd RhFuage (XML)

consuners of the change, wherein the other data
sPe‘i’:fg‘ﬁg?f‘Frers may perform at |east one of: accepting the

change; rejecting the change; and initiating a

si ge- effrged ;ﬁké‘-l? Hatieméli himOf, fikrii6r BRpAdi Ssiliglae €.
and comm ttniang t%eachaﬁdé&eﬁtéféhtuﬁle dat a stgr e':ﬁ?é\;\ﬁgnkht%he

appliqetionpuogramming inariace (AR 10 the datp eRpsysmeEythatigowsprogranmstis ¢ o
acces it strudt@tOdats iferds] WRErdMEB APDSto G AL RS0 labdets tRe €d

when the c e i s rejected.
structured data items wq lrlll%c data storé whi&e 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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2. The conputer-readable nediumof Caim1, further
conprising structuring the structured data itens
within the data store according to Extensible Markup
Language (XM.) specifications. 3. The

conmput er -r eadabl e nmedi um of G aim 2, further

conpri si ng exposing an application programing

i nber f akhe comimtter-readablermeditm of eimsd, wherein Gh?étde&ffm phpnge is

que&ﬁ?&flﬁ&’”é%duﬁon Whéréint the ﬁ&er%?&uﬁ&nrdd&&%féﬂea@l?&ﬁhé dafi7S
wherein the APl provides the abi %#@éo access the

°°ns§‘ﬂ°{§é‘(“%l?aéé°EPé'Feat°|a?°§PFs"°-WPftaﬁﬁi pake Asi teha9Re while the

docunent is open and wherein the APl allows nore than

| temd g:ﬁ}eggﬂ@m&m@e :ﬂ&&ﬁﬁ’gf \Aﬁmhéhﬁ‘d%c&% L

when aeceptad epmpeiees preeessing eash sitke-pffectand deterenining whethepeach SIde-
effeltQd acképiat i on that involves one or nore of the
structured data itens. 4. The conputer-readabl e nmedi um
of Aaim3, further conprising updating a display
thdt i sThescopitaredabh mbdion of Ghim 4 Grberrempdsitgmaintaining an
undsﬁammaysbevusmo ng@h,u%atggmmsc b {Hd ShatdbEfdre tﬁa%@e Wﬁeme
was chang y the rst ata consuner .
Cha%mméraieﬂeadabl e medium of O aim4, wherein the
side-effect change is queued for Iater executi on,

wh t he t t

dafa COHUTMET et el R g L S 2
compaﬂc!_egmemediéocalhémltetvmdemdgeconﬁxmefm eongmisiogst er - r ead abl e

medi um; 'cHAn e to/¥ Ml Gl G o At B&lﬁl{ ghglgﬁdagéﬁh

accepte rls S processing eac
storgjandeis #mawg withedpauwments wherein d@str@qnfr@stdatm itemdgsstmiptueed. 7.
acccﬂi‘iﬁg foeRbIE PRABDL Shelihd '(m%ndgh@em fle data SO rseparate
onprising maintaining an undo |ist that may be used
ﬁomﬁleﬁ@%ww the data store back to the state before the

“time V“”ﬁ&ldlﬁ‘%&mnﬁ&ﬁﬂﬂ@f tHSchan dgalté fegistedd ddla coﬁsumers
ted net for s t hat i's

conput er - i har i
associ a&us'anr% qeeran o SPpgtsdhat @r@ﬁé?salf%fﬁtb wﬁgt%?cm@ﬁ’
data c cne&uﬁiaihg whaaniﬁf;ioﬁde lI@m dnBbf ma&gne@red dﬂhéﬁ’i@&n&r@ls a

stru mithat is conta ada
rieB{op L e Mch B sl b SRR el i P P
sxdesqffeQMmgafrmmalbdatatcemumsrsssummchaﬁaWormadastlnng'ngondatate,
andEXt €nsi bl e Markup Language (XM.) and wherein the data
store is separate fromthe docunment; providing
not i i cdetermmingwhengacl pthegegistered dajg epngumers agespts the change,
and SAHERLHIR bfthe ﬁg&%&‘&éé&ﬁxnﬁiéa%&?ts‘iﬁ&ﬂﬁﬁé vtamhn@ehec&nge

resul hange ater processing
usinga@p éﬁMﬁ mﬁ@a filp that laprp‘éléiﬁdwee phthdatA rongmersiioyb n &P5 pady
comdiitidg gﬁ@%g@&,%eldata@mg ej ection of the change, and when
the response is a rejection, rolling back the change
and any
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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side-effect changes fromall data consuners within the
data store to a | ast known good state; and

det erm ni ng when each of the regi stered data consuners
accepts the change, and when each of the registered
data consunmers accepts the change, validating the
change, _using an XM. schema file that is provided by

ond. of "Tip eorapbez ireplemanted msthog pEfcigim % furthen comgriging receiving a

mde-%ﬁ?ﬂibﬁahgé"ﬁ r$sP&s§B%{bgﬁtlﬁ&tl$ﬂﬁd dathyinSéxeduBion &F theldide-effect
ment ed net hod of alm 8, wherein

°haqgﬁfvft“‘351?°r1}§talsﬁ§ ‘Eﬂla‘h?g“é‘a"ﬁeé‘asabeg‘f Peefed data item that

is contained within the data store; conprises exposing

anyy, aPRhk G&ﬁﬁu&?—xﬂﬁl&ﬂén@ﬁ‘iﬂeﬁﬂd bf\tRif RS firth&RbprddiRlqueving

provi des t Mty f data consuners to access
th“l“#éf@?trcb@gﬁlwwnﬁlﬁtdﬂaﬂ?@% W|th| n the data store,
wherein the APl allows nmore than one of the data

Coﬁ“?‘%‘i‘hﬁ c&g%n?ei dﬁxﬁﬁquﬁnté BRI JE el i %@f%inadg{e}xﬁp?ﬂggh&{?

saine conput er - n’p
eachCif memmercidatarmnsummys thg chapgedomiprisgs detergiinieg: wifeh dhst
harfzB 840G plel b &%ﬂeﬁéé’o b é’fﬁe@téﬂﬁ#@é’
caﬂe?xecut Pon % 3 -e?@gf:}’?“% gﬁ%‘egﬁt nt Aéata
accegtedhr e unti | the change has been processed. 11. The
corrput er-inplenented nethod of C aim 10, further

d at s S’f%lle gorgly.lgé\] |u?ﬁeméntoegnpx€e er Pfa(f:la Mm&g;gm t%‘?{jn t he

mainhiningran @do Jistdirad issed da rtumi the daga stﬂre hackdaitbi laetfkno\msgood state.
regi stered data consuners accepts the change conpri ses

cokEumd AR e i dRe PR SaRA Y B S PRERGBRTAF

'docmmelm\eaénddtaconﬁhﬁrs;ommisﬁg i npl enented net hod of d ai m

10, furth risin tainn st t

'Y o p PRI o Bl ot i d B
and thatiswondigurdd wiiaterect with 4trucrgidstadiems tiat sgasedviatedivithitly dat a
doc n%{ is associated with a conputer-generated docunent

et Ween data consumers, conprising: an internal data
cons ureexterabdata oonsymers thyt are epnfigured (o nteract it éhgistruatred data

nenﬂ%wfsﬁgsoclaimmihhﬁédobﬁn&@@ﬁd gured to interact with
structured data itens that are assomated with the

docunerftdatasiorethatiy °°B%&“a°dé?)ﬂ§’ﬁ therstuatyed data iiems 813t #¢ur ed
associatell Wit tlﬁeibcMehhelsame A the dbbuB@ntgRhetein the G5 stbid abmaises

the, docu and data store that
an AH] By e et e v e i S oa e S ol o
data&ﬁﬁsﬁmblafaﬁcﬂthw ig chnﬁiweddofeum prmoﬁtmge fuidoinrdsfense to the
prof el ot Feleb g Rl S g R, oo
chamgctt@nhm ddta store vherothe propossl chenpe idrecdptedl endalien the proposed change
is not accepted ensuring that the data 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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data consuners and that is configured to receive a
proposed change and in response to the proposed
change notify regi stered data consumers of the
proposed change, commit the change to the data store
when the proposed change is accepted and when the
proposed change is not accepted ensuring that the
daf stlne eystesn Chimal4y firthet comprising strbeturing thetstrectuted datasitems e
e (XL onfigured to
w“&nrj%%gﬁ{ %Eg%gpg%%% nggﬁan al?a@e fect(3 changes
that are associated with the proposed change, and an
undiéle SthesystenhefiClaim 16 owlerefpthedhtd store isdithebenRgrdiicto dudua
the §&e e{fﬁct cRan%Qsefoy l%lel- Q(eaxth% ?s{hex%n?x tllie l?ﬁr emﬁnnc?ﬁ/ i? Bcﬁglgga@%orycéu‘}
after qagtnogistesied ﬁatn cctnhtenea hasdada dmcea@ anoendireject end make a side-effect
chakest ensi bl e Markup Language (XM.). 16. The system of
aim 15, wherein the data store is further configured
to queue the side-effect changes for |ater execution,
whé&T.ei IThe ystdnadftlaimx 6 ocwiierehithe datacsdoné isqfunttercanfiguredtor
proctgzste%h s?c@-%ﬁ’e&%gd c?e tc%%g wﬂ&ﬁe@ eacg @%ggﬁ&:]g P Q&I a chance
0 accept, reje change 17.
The system of C aim 16, vvherel n the data store is
f uns. herrhe@ywsfteingwcadmtw wf&femﬁs&at@mb isFintier enfigdéd tand

The oy STaF BRISERe R F-vEp [nevags PAVE hFm &

appliedrt¢ the strctunddi dytaritent; t o:  recei ve a change to an

to. ¢ no rotian AN Ll RONE T Whlod BatiiR 68l fom BVpIER

changs $aibé XMEgnaskuprdataliedisetedict ured data itemto which the
change r 3NE m%m
whet her&?ﬁgﬁgﬁ%ﬁtﬁg@geﬁ% mar kﬁﬁ g%i?g’vflgﬂ\?&{l

the read- M sphymadile; read XML schema f| | e; and disallow
the chaf@Row fhe ChifigetWkhe SVIK kg i if thelch@gS hanaemt.0 t he

XM_, markup, data_1s not valid according to fhe read

mﬂmda?dm&ﬁalﬁ aoeording g theasadi XML srberalcrad coiprath the ghange
whei iRnRagt & thd MK \Yharkddktd s vdBd fbchrdink & thélredC XM dthehalfile,
the read XML schema file. 19. The systemof C aim 16,

wherein the data store conprises a plurality of XM
dal® stBresystanhefClaipcle, whergin the dataysiora geraprisesy pburalityl ofZXML

datacstmglat 84cRESinprid® an JildS stoé b ERiRhgeSlord, M 19, wherein each
undo store is configured to connunlcate with the
ot her undo stores. 28
20.  The system of Claim 19, wherein each undo store is configured to

communicate with the other undo stores.
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