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SUMMARY

[0003] The following presents a simplified summary in order to provide a basic
understanding of some novel embodiments described herein. This summary is not an
extensive overview, and it is not intended to identify key/critical elements or to
delineate the scope thereof. Its sole purpose is to present some concepts in a
simplified form as a prelude to the more detailed description that is presented later.
[0004] The disclosed multi-level undo architecture is a control driven cascading
changes system where change tracking works seamlessly in asynchronous (and
synchronous) scenarios. Moreover, the undo transcends save actions, understands the
difference between implicit and explicit changes, and handles these changes

accordingly to provide context for the undo.
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di fference between inplicit and explicit changes, and
handl es these changes accordingly to provi de context
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system t hat provides -1 evel data change reverse
oﬁ%‘?‘%‘iqr?fﬂ%l COPLyHHYIn W}t@f’s‘ir?‘f"}%é-t rates an exanpl e of
asynchronous undo/redo operations on data. [0010] FIG
4 illustrates the final data updates based on the use
of change keys BROEEd¥:HSSIPA3ONCOF dihBUBRAWNGS or der
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multi-level data change reverse operations.
[0009] FIG. 3 illustrates an example of asynchronous undo/redo operations on
data.
[0010] FIG. 4 illustrates the final data updates based on the use of change keys to
address asynchronous out-of-order change processing.
[0011]  FIG. 5 illustrates a change tracker as part of the change component and an
undo stack as part of the reverse component.
[0012] FIG. 6 illustrates the initial grid state of data in the grid, stack state of the
undo stack, and tracker state of the change tracker.
[0013]  FIG. 7 illustrates an implicit change and the effects on the stack state and

tracker state.



[0012] FIG 6 illustrates the initial grid state of
data in the grid, stack state of the undo stack, and

W e@ekgs72st at e of the change tracker. [0013] FPC@/US2008/087925
illustrates an inplicit change and the effects on the
stack state and tracker state.[0014] FIG 8
illustrates a change in the task nanme of the grid data
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useful to a nunber of online editing experiences as

wepiputiy cneegnpbiet, formutti-levelsido prieksssang.ows t he user to
feel nore confortable about editing nore data at once,
and increases the user perception of the positive

perfor mance of the apETAREBPDESVMRIPOMEN, online
versi ons of ap ggl cations al so can benefit such that
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[ oBS5T AL prpEhidhs b3 SfRing A LIRS onMEL Al flbased
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el ements throughout. In the foll ow ng description,
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detu?tllll)lg chanrg]geé) § h[ﬁln aI r%gér "5 eSBe undone and redone so that a user has total
control over editing.
[0022] Reference is now made to the drawings, wherein like reference numerals
are used to refer to like elements throughout. In the following description, for
purposes of explanation, numerous specific details are set forth in order to provide a
thorough understanding thereof. It may be evident, however, that the novel
embodiments can be practiced without these specific details. In other instances,
well-known structures and devices are shown in block diagram form in order to
facilitate a description thereof.
[0023]  FIG. 1 illustrates a computer-implemented undo system 100. The system
100 includes a change component 102 for tracking asynchronous changes to data 104
via a web application 106. The system 100 further includes a reverse component 108

for performing reverse operations (e.g., undo, redo) on the data changes to the data
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to the data 104.

[0027]  FIG. 3 illustrates an example 300 of asynchronous undo/redo operations on
data. An asynchronous change is a change that requires any number of asynchronous
validations or augmentations. When an entity makes changes to the grid data, the
result of this change is a notification to the application 106. Contained within this
notification is an order (or change) key. The application 106 consumes the
notification and then can append new changes based on some synchronous or
asynchronous computations (e.g., scheduling) by calling an update function with that

order key. The application 106 is free to use the order key at any point in the future to
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to the data 104. [0027] FIG 3 illustrates an exanple

300 of asynchronous undo/redo operations on data. An
wW@sgooposa7enous change is a change that requir eSPErYS2008/087925

nunber of asynchronous validations or augnentations.

When an entity nmakes changes to the grid data, the
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When a data change is made, the grid 110

detd@c,tos ont¢ the antidationdies sompeted.ithesarom cewsandehe previously ordered

PR oBRort et s R gl KB R SR BT g s e he
sefiyan0202 for validation. The validation process at
the server 202 can occur out-oforder, or once the
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or der aC| ring t
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notification request sent omthe grid 110 to
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é@rsvardsﬁbe nﬁé‘n@éom tueste G02 and Bedieshesser By 20asidic soayr 202
a8 Relnd ghange requests (302 and 304) asynchronously, and returns the
validations back to the application 106.
[0030] Here, the server 202 begins a first validation process 306 for the first
change notification request 302. Next, the server 202 receives and begins a second
validation process 308 for the second change notification request 304. The server 202
completes the second validation process 308 before the first validation process 306.
Thus, a second update response 310 is sent from the server 202 through the
application 106 to the grid 110 for updating the associated data. The second update
response 310 includes the order key B that signifies the order in which the data

change was made relative to the first data change A. The second update response 310
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application 106 in order (e.g., change A before change
B). The application 106 then forwards the notification
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202 validates the change requests (302 and 304)
asynchronously, and returns the validations back to
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request 304. [0031] The server 202 then conpletes the

f ilihys, theathadgesi comepragk &om Bd@aterdow e dsdes (¢hange Blgtae ehange
r%éponse 312 through the application 106 to the grid
110 for updating the associated data. The first update
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the order in which the data change was nade rel ative
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f bR ﬁ?«@xzhféﬁ%é’&eﬁ%_tacﬁlfallf B%eﬁ?ﬁ@ﬁg@ ABARetRIGe ‘ﬂg?‘ﬁﬂﬁs, the

A). [0032] FIG 4 illustrates the rinal data updates

babageco#02 febatets® abingsh@pgestirey sogetheaddl égwted as occurring before
ut - of - orde oce

h h ing. Th
¢ linee & aoBriays he chaiggo A0 LRt iRtk & R L gRHcE pnd
ha¥otQF S8 8ing afeLclidnge ast save operation are shown.
When returned fromthe server 202, the results are
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E gtruﬁe(e{{vge%% )éoné(et‘f%e ulq. o(f %g{hechgﬁgeasqg%ra%ogfa%lg End %E] ealssAo‘)ciated with
change B would be undone, since that is the last change the user made, as indicated by
change key B, even though the update to change A was the last event the grid
encountered.
[0034]  An entity (e.g., a user or system) interacts with the grid to make change to
data in the grid, either explicitly or implicitly. An explicit change is a change made to
the grid that directly affects data (e.g., changing a start date on a task). An implicit
change is a change that is made to the grid that has no effect on the data (e.g., resizing

a column).



order in which the events actually occurred (change A
after change B). Thus, the changes 402 related to

W@ banges7& ar e stored together and denoted as ORPCI/D§100§/087925
before change B. Simlarly, the changes 404 related to
change B are stored together and denoted as occurring
after change A [0033] The undo and redo reverse
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[0037] The undo stack 2 and the changé tracker 500

adecs mod epiehiddhe chemgeeeler 800, the action to revert the change (which itself

is a change) is added to a change log. When a save operation occurs the changes are

read from the change tracker 500, committed to the datasource, and the change tracker
500 is cleared.

[0039] The effect of this system is that an entity can undo actions that occurred
prior to the save event because the information necessary to undo a change is stored in
the undo stack 502. Similarly, the change tracker 500 can function in the absence of
the undo stack 502.

[0040] Figures 6-9 illustrate a series of diagrams for exemplifying changes that
occur in the state of grid data, the undo stack, and the change tracker. FIG. 6 shows

the initial grid state 600 of data in the grid, stack state 602 of the undo stack, and
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When a change occurs, that change is pushed onto the
undo stack 502, and an entry for that change is nade
w0 pooblog87ehange tracker 500 if the change was eR@I/U81008/087925
If the change is inplicit, the change is not |ogged in
t he change tracker 500. [0038] When an undo event
occurs, the change is renoved fromthe undo stack 502
and t he ker 500 d t he new val ue |
" ehed ST D ARUEL g, ATl Erailo Rt b IR0 850 e
tbﬁﬂﬁ@@ﬂgﬁmiracker 500, that change is renoved. If the
chaqge does not exist in the change tracker 500, the

adQ04dh t dhe entatythenmakss #n gapliskhihengs by deaiding that priakeethe
en%g gﬁcﬂm‘i fkd t&g' ﬁg;%g %t&&i 0 graia FRY @l%a%g ﬁh' glgeoa%cl%lﬁdes a

anges are r change
C oh‘m‘igb tuethets@cdﬂd&odrah ﬂ&dﬂm@ﬁon asldmihe twh ame Itl ttecdasd of a project
500 is fleared [ 0039] Egﬁ effe t of this systemis
ALY

t AnparhAl RRHoIC) MEBREIEb TorgxpmpiSe i 4ge A (lgatippcauses
L ESI&%QH R (Qﬁec s %aﬁé@leﬁhlﬁ E%Edd?ﬂg ‘ﬁg%s H Xast:&img

change is Stored int o0 stack
Simandaatiotyis crdagedodnamgeassimadiodr cls@gesc arhuk Lthe fickinnfonmatien in the

absence of th do stack 502, 0040 ur

R0 Fa an BreFapPEEo 3R et b Siom AT or a2z v,
changes! hRahnRAGYHH stdle b6 state of grid data, the undo
stack, and the change tracker. FIG 6 shows the

| §0042h1 g hﬁ@ lémratl@n #00Fipish ghangep nretmleh@r@nﬂo thetumdR stack as
St a 1c§ah gﬁge ? §t taytn %%S}x?ﬁlﬂﬁnﬁpd% Facﬁ T s%gtg %?O Fegﬁv%g tl\}\%

cur

aBﬁ’aﬂgEﬁ eEIRf7 slhlaas gﬁ irflplkad @angé)&{hhhe Erecteoh tHeYstatck%fhte and
makes an eI%iICIt change by deciding that painting the

f Eineker stbul Here.dhe catitp hw@% §hq Figish galugm tereby alyanglméo the grid
¢ Qﬁ{é‘?& 29{%/'119:53@3@ gﬁé’éé})a}ngé’ bitd ‘%ﬁ? &&&@J&%h% %g% HE §1%919¥tate

row | € case 0
a 6p4,djueddesamt plaanie dic tﬁackélogtzﬁe bl @raflﬂlg eharg*e teyokdri Qdicicatity saves
a change in durati es a c

for exanp
Igﬂ@cfdm%éch capsss teafrgckgr ﬁfﬁﬁtﬁﬁéﬁ C chansdra eréﬂiﬁg@)ared to
ﬁaélé gtafé'(ﬁ@ é rtﬁagﬁ&§'dg& ik Aot sﬂélaént%mﬁeaa%p&t@ot h

nges. Information in the second row
i H004Bé FiFHBs&llhlsﬂr&tnma clivagg estht tapnnie of tiRlgnddatoanile cifects

R b e I P B LA L vt

oRtcRar /gaem Qs IShAkinddwi tRdb GREE T 1bdh- ﬁﬂﬂﬁ)oﬁst’ @&‘Clé&@ﬁ& roject’.
608. Additionally, the tracker state 610 reflects tﬁ
The stack state 620 reflects the change pushed onto the stack, and the tracker reflects
tracker state 622.
[0044] FIG. 9 illustrates execution of an undo operation. The undo reverts the last
explicit change by popping the change from the undo stack and the change tracker, as
shown in the stack state 622 and tracker state 626 (no change from before). The
entity then executes undo once more, which reverts both the implicit change and the
remaining explicit change. This cascading effect removes the change from the undo
stack to a stack state 628, adds an inverse change to the change tracker to a tracker

state 630, and changes the grid state back to grid state 632, which is the same as grid
state 600 of FIG. 6.



changes. FIG 7 shows an inplicit change and the
effects on the stack state and tracker state. Here,
wa b@9est7ety hi des the Finish columm thereby che@myUsmos/e7925
the grid state 612, which pushes the change onto the
undo stack changing to the stack state 614, but does
not change the tracker state 610 of the change

t A tit

IR pRPS L KB o h PP RE AR ES b L E SRS
Cc h%ﬂfo@l@ldg@bs%ﬂ%&fo‘iﬁtﬁig&tcﬁ%ﬁasp@&s bhc didcibsed gahi@echie NOWHile, for
consistent with the server data. [0043] FIG 8

i PRPOBIsAY égnldl%tﬁeﬂﬁ §erlppptionethe 8% onaeEe Bethpdelogies shagw kerein,

S35 &5, LERLTToL ol 8L A6 B NACGR Y ko
C haadgs df ractshe istadk unaderstobd aﬁd)wpﬁrémﬁed thaothe' r@tb@fa)-l(hgaes are not
ol s’ ' d ean- ug project'. The stack st

r mﬂ@étbg ﬂt%fdemfr?g BUSRSRCSTBY -t aCordaage t El‘&ﬁ%‘”f gecur in a
tﬁﬁ%f@t{t o?(fefr laﬁ&/hﬁc&ﬂcﬁﬁgﬁ[ whAbh g@g&s fI{)QlO[ﬁAt] shg'!xz@ang d%scrlbed

il'lTustrates execution of° an undo operation. The un

r hment § dr legarhplst thesepdkilléddtin (tllltaa'rgmlbyn@oqjmdﬁgldtalpprechmt@et a
fro ndo ack .and.t he change tracker shqwn
| g Bt PR 5Y ok e ania s & rate aaw gl Mhtes or

CRange s{tJIPJB iRafs@hi€diagrhie MBEdol ¥, héram a%i%eiﬁuﬁtﬁa‘%edllﬂ%%ethodology
once nore, which revérts both the inplicit change and

th@ymeﬁamhﬁﬁgbe&pwwinﬁpbﬂmm%m@nThls cascadlng effect

sf&?%? 2%&1@ gg@n %?at{:s:]ag cr:enornté h %I‘hl rnen ecr 1ﬁlgt%8§ gnarowdlng reverse

t bpekesnstiA datat 1A2AKE0, dtAdHanS30n a%B@eﬁﬁt&ﬁlﬁ%ﬁt bhese@vdrare
state back to grld state 632, which is the same as

gelptgcted ataer doi-baserad. At[l004sTdekey iR agpignsddo wrghaages in a
g&h{]dgg\{’ﬁoﬁﬁ&[tfoﬁ N&RHES &R a{a é@ ngtftﬁ 8H§)ét‘grs¥ntt thtehsgrver for

ogi es for performn nove aspects o
d ivslcdatnsed Aan 006, aswptctramouiNlidatiod oiforution seecaked from the server
npl.icity of_explanation, the

R GnetdicaipRin Het0oknt eff%hu?aélfeaﬁ%fpemtm ip AEleregipthe grid
Ofacc%r(ﬁlhg% GRAkder REyd leﬁ’\i(ﬂba&{cﬁrPed@B SNV ﬁfégserver docyment

descri bed as a series of acts, it to be under st 0o
amwIapmgeibamé@nmnawdmhewaethodolog|es are not limted

TGy R I %?@@"Em%%%s?wgre&mﬁwﬁf’cﬁ% anges. A
CONGY. lal BB d Yin\Watals RIcBREd @ftaSgrid. oM 11t the canda
descri bed herein. For exanple, those skilled in t%

aifanofipn fo wrigéarde ﬁt@cthamgﬁ P p)tpeﬁ‘@il intap upd@stagk. vt H&éoa tRygrse

coul d..al ernatlvel be repre t seri
PPl il Ro 4Pt BFeGBH QTAE RO Tl §y e removed

difdef testabb hedmetrted@itil ahd fiR€éPliclt lchsigeas ettountered (which is the
met hodol ogy
last action reverted).
[0048]  FIG. 12 illustrates a computer-implemented method of providing reverse
operations in data. At 1200, data changes are initiated to a web document of a server
via a client web application. At 1202, the changes are stored as an ordered history of
the changes in a client undo stack and change entries in a client change tracker. At
1204, the changes are validated at the server. At 1206, validation information is

received asynchronously from the server into the web application. At 1208,

undo/redo operations in the web document are managed at the client based on the
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may be required for a novel inplenentation. [0046]

FIG 10 illustrates a conputer-inplenented nethod of
wW@e@viogh7ey reverse operations in data. At 1000PCTHEHSZ08/087925

changes in a server docunent of a server are detected

via a client-based grid. At 1002, order keys are

assigned to the changes in a change notification. At

100 h h f h
£ Ot TSR B Ak R LTt T iR At R RS change

i phewgmation is received fron1the server based on the
notifications. At 1008, the validation information is

ol M9bd A usedinghisapabicasioni the tares{ rRMpngar’ dody systop” are
1 h

%Qndeg rﬁg%férgg% 3 g?etér Qt%d eﬂmé, & %g%ﬁ%ﬁfe E‘éﬁ‘a fnaflbf of
Ihh@&hﬁﬂhﬁ&o&wﬂﬁib@@w@é @ﬂb&&&&hﬂ@xaxphncmbiemm@ﬂ@mt
changes. At 1100, a change in data is received via a
g FP@pongnt qage, bg nP'Fy t?ﬁetod??éﬂfggé PEHESHUPERE O FrPTRrSsor, 4
u
155 ERR L RPASRANGE GRS R EE B reRG ShBGK mahetic
r stoedgeankdivih), 34 0Bject, he emwmblnoeﬁlatéd)mlléexacwiqnewpmdam and/or a
fromthe stack reve unt i e first expli
c ANt sSRHEY 8%&5’%‘1 r\r\/hi’tg‘ |3§PLW@°P AT P En%erver dnd the
I 8MQEL @fbe a[c%ﬁfb%}lerﬁ | @ne%@rﬂdré BSthpHeRR c@n reside within a process
conput er-i npl emrent ed nmet hod of providing reverse
oped/ar thorrd of exetatian, and aj@o@onetcan bhtosglerdamepne computer and/or

L& a web docunent of a server via a client
m@ﬁkﬂﬁﬁﬁﬁ%% ntw?&FnTgﬁfom?H%rchanges are stored as an
ofelm0ed Ricsdronyn®f té RES CBan@esis lllms&aféulamcmggiaﬁtomk
and change entries in a client change tracker.
120mputingesystisEnbd8 operbledpicyequaimytti-topel wdpye accondance with the
1%1%@t0 é’(?érhﬁii@‘ltchﬂg h{]ctr %ﬂg 'r(?xﬁdé g‘d(ﬁ ?(ﬁl%% %cﬁﬁiext for various aspects
asyncﬁronous ro erver
appir¢ad AR ICON 3 aﬂdi th’beBBowlﬂgdbslclum apeimtaidedns ptaviddrebrefbgeneral
docunent a{ g% ged at, the cllgnt based on theordered
h idg%cgpg}%f) § pretableagwyting sysian L AYbinsvhiek thengrippgaspects can be

?Igﬁleﬁtréﬁ Fiv@sile the H&%nﬁp@{‘&ﬁw@ E%Kﬁé %et{epﬂ%glllteﬁsof%%ﬁﬁiuter-
hi's application e terns "conpdnent" and
syfsium’wfe iasteudtiohethdeniay ourr @f @rc dronere computess; thoet sitibetl in the art

oD ket IR o Pl B SuaRe AR ARt pR! Bifon win
eéﬁﬁpbﬁgra@n GRABRE 8Ad/0fAN QtnbiRdtoni oF haRkward Mid QfvaPe.

bei ng, rocess runni ng on a processor, a processor,
alM¥dd d ner@,lrly,\m0grﬁm mpiles inelodatpatiaes, peagr{ros, copppiesilts, data
arS]t(Ij(lC ures Elat perform particular tasks or implement particular abstract data

types. Moreover, those skilled in the art will appreciate that the inventive methods
can be practiced with other computer system configurations, including single-
processor or multiprocessor computer systems, minicomputers, mainframe computers,
as well as personal computers, hand-held computing devices, microprocessor-based or
programmable consumer electronics, and the like, each of which can be operatively
coupled to one or more associated devices.

[0052]  The illustrated aspects can also be practiced in distributed computing

environments where certain tasks are performed by remote processing devices that are
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storage nedium, an object, an executable, a thread of
execution, a program and/or a conputer. By way of

WO kdoasss7at i on, both an application runni ng on BCHES2008/087925
and the server can be a conmponent. One or nore
conmponents can reside within a process and/or thread
of execution, and a conponent can be |ocalized on one

O Bt NPT
| bldgsdr aioRidled chh BE locllicadt Both dbcapakPiFpidid MEMSYSt6ad 30 ces.

operable to execute nulti-Ilevel undo in accordance
w4531 he Adsogienuéey drpis#bhinglagdes g warictyologaatuterg castable redia.

addi 1] t ext o Var i oL

S BN, LA QUBAEREES 3 19 e L e
peomipater andointlatics @garide ahd tas eslafite inasliqfrerfowibid @t in-removable
computing sys en11?00 in which the various a?pects can
b&<ip BhWAY ebcxappls. and Aet lyaitatiany eompputghisogabls mediacap

9 E%ﬁﬁéey&?ﬁiu@é% std?h o GRERY LS EXRGUARRG ﬂthﬁE. %Bil%%lfél% strage

that nm n on one or nore conputers, ose s
i medhenandesnidldtile endgon-rdatilkatenmevalde ehd soouoveble ra¢do

Tt B I i TR P AT
S @bhpacLreati A8 dstrRanmk adadty strREBEH, B0 IRA WRRIds 36 biEL data.

routi nes, prograns, conponents, data structures, etc.,

t kamppéar Boraacpagdia mgludes, tbasisoblimitagh ke ietdyl, BOM.i EFHRROM, flash

b d . > ski | Ny
APRelfF br QbR NIy E0r RO B MRk TEA Py ot

Pop6dal aRM swirdde, Bl RedticCasgetts magi el elp & dfgh et @ikl Stofage or other
i ncl udi ng singl eprocessor or nultiprocessor conputer )

S PRRBOHS, SToRAEG 8@4@?@{ @ragly ofhgr pradie Whisksah de giscdyie sigep the desired
a ut.ens, i ng devi ces,
R A e e

el[@XSdi oniVeish redisrandehagaini th &1G e B thcodx ewdpile i computivey system 1300 for
operative |y coupled to one or nore gﬁsocLated i i
d&VPlemsntHs LS FHRSCEs|INGledss JtcomPaishd éP s havdng & prasetsing unit

P11 364. %5 ChohfinGhiy 1306 LM SOTRHBLO B3RO VTHAGUER s 388 Brovides
certain"tasks aré perforned by renote processing

dew ingesaccHat syatcel ¢aniqaahentsimulighng buibnwilmhigat tooths system memory

k, | distri { ti ' t .
R ol b aRsPhecit B JE RS Pah! (4N Dadhy of varius
I @8MhR IR DLW 18610 pAESsARY IH8S mitBPR3EssOrsGRARk ulti-processor
typically  includes a variety of conputer-readabl e

methgcct@srpay @tsorbeatatexedrms dicaproeassibe uaiy 384.ai | abl e

T5Bhes st aRsR B SRR oyl FerSRTBIS o Biupiuge tha may

afighthee ihtéresmneablo& memory bus (with or without a memory controller), a
peripheral bus, and a local bus using any of a variety of commercially available bus
architectures. The system memory 1306 can include non-volatile memory (NON-
VOL) 1310 and/or volatile memory 1312 (e.g., random access memory (RAM)). A
basic input/output system (BIOS) can be stored in the non-volatile memory 1310
(e.g., ROM, EPROM, EEPROM, etc.), which BIOS stores the basic routines that help
to transfer information between elements within the computer 1302, such as during
start-up. The volatile memory 1312 can also include a high-speed RAM such as static
RAM for caching data.
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medi a. By way of exanple, and not limtation,
conput er -readabl e nedi a can conpri se conputer storage
wore@oassred communi cati on nedi a. Conput er st or aPET/DBI0#087925
i ncludes vol atile and non-vol atile, renovabl e and
non-renovabl e nedia i npl enented in any nmethod or
technology for storage of information such as
eadab e t|o dat.a st ctu
or ke P0Gy | SRR PR acs el by i RvegripD)
i ngl41des, EIMH, SASTARivhidhThicathl HOD RANM mﬁ@é’lso EEE’RQ}\éured for
flash nmenory or other nmenory technol og
d e¥fictnal usg igagudd& clivp)a BHagnstis élwmoﬂwé airlva KI%IRD) 1316, (e.g., to
S &g%?n of‘@;%%'a‘?reﬁﬁééﬁé Hﬁﬁ?u @g&ﬁ&a& %R{%al ﬁﬁgﬁ!ﬁ\% P320 (c.g.,
I Sk storage or er magnetic storage devices, or
Otéﬁd[ngl’@Dl-R!@MﬁdilSlh 130 ® gsd ttomorsirite éo diher higﬁ Icﬁmr[y optlcal
i nformatj on and whi ch can be accesse conput er .

[ OtPsiSugR pha PHLRY ebfed1BBaliA 4 1PR 1816 213‘? OPthéfé% APV @320 can
C@@E&ﬁﬂeetgd%aﬁie%ghé& sfl%%bg@'}ﬁﬁ?nﬁtbﬂ& Vidbiy %F@ﬁnﬁ@éce

i ncl udes a conput 1302 a processing unit
1382 aral ay(aittenh dramuntprfi&ﬂﬁi%nnbspec@yslye fhihb tED D 3@8:facEhid 24 for

syste rOV|des an interface fo

CERGERLAS: Tt ma o an Maptalf gt ehe op bof Eeragt seria
rrm@ws@ PARI IEEH M4NhREBSSi-BithotdYids. 1304. The
proceSS|3%7un|t 1304 can be any of various

c t0RPgl ci E Sirlaeﬁe@,mdaim@lqmdo@@ggmrgeadgbw rnedla provide nonvolatile

mc_cro essor.s .and ot her

R SR ARl 8 Bl IRl EER SR, and g fpyn. For
Utict cohifdor 1BODRY diTe a8 Sitcina atvésmﬂxﬁﬁ&eawstbﬁgaaya@f data ina
several types of bus structure that nmay further

i ﬁ@l&b&oﬁaé@tfowta%ﬁ@g@th@ @§sriptipm obporppyteroigadablqrmagiapbove
C?é}‘elfsg$ h%ﬁim eﬂ%&?ﬂggﬁr@ée@&& e@eaqeg Wé rg&@re&&?dvﬁgle optical

any of a vari rC|a y av
anmldlat sach by €D aihaVDy gtseonldboapyredided byahoserskiliedén the art that
volatl 1310 and/or vol ati] e

ngpi%qflzme@agv 1Chraéﬁ H??ﬁ?%‘& L8 SLOMPRISTASUCIRAMYIP drixes, magnetic
b@%s@ttésnﬁé‘s'h/rﬁéﬁl tcaméSéa%mcig&l Qf%aﬂfémebﬁ R%\Aeaa gd ubé&i ihhke

non-vol at i | ry 13
eemmplammmtlﬁg@vlsmmm atnldefulblam tbawwﬂunb&eﬂhahamn@m

to tr nsfer ti.on en .elenments wth t he

c SoOREr syl R HEMF PR SiiSk FONsD mogi 9b heditipsed
MeFAItYctkd1l2 can al so include a hi gh-speed RAM such as
static RAM for caching data.[0056] The conputer 1302

f (00S8kr Aneurolere of arpgiramn arodales kar be sfpeKd il thiowdsiveHBD) volatile

;%4 (né lglo2n fmch%E il e%%A gf? ratlﬁ’\éh sly(s:t%rnI HS%[ 8&' orl_r|nD0[%e ]a%%ﬁcatlox programs
1332, other program modules 1334, and program data 1336. The one or more
application programs 1332, other program modules 1334, and program data 1336 can
include the change component 102, data 104, web application 106, reverse component
108, data grid 110, change notifications (302 and 304), update responses (310 and
312), change tracker 500, undo stack 502, grid states (600, 606, 612, 618, and 632),
stack state (602, 608, 614, 620, 624 and 628), and tracker state (604, 610, 616, 622,
626 and 630), for example.

[0059]  All or portions of the operating system, applications, modules, and/or data

can also be cached in the volatile memory 1312. It is to be appreciated that the
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external use in a suitable chassis, a magnetic fl oppy

di sk drive (FDD) 1316, (e.g., to read fromor wite to
wa@200engsrabl e di skette 1318) and an optical di SRCHUE2008/087925

1320, (e.g., reading a CD-ROM di sk 1322 or, to read

fromor wite to other high capacity optical nedia

such as a DvD). The HDD 1314, FDD 1316 and opti cal

di,sk drjve .1320 can be connected,to.the system,bus..
198RS ER BTSS! Giinp R iR eEly 45 abtc
aggerafin@Histce@dl or@binbthatibh L6 cperutibd sterhespect i vel y.  The
HDD i nterface 1324 for external drive inplenentations

c#iP60hc| ddeschean icopyRangs antbinkorsTation infe thesgonguaiqrd 302

B S - i rf C ' /-
otk A fort S R AT RRE, WAARBREk ReppotP 38 anc o
ppoiitifdg devdoy, el ad emsitiseridde. Okhataipy dehvetas (adrdhotva) By include
comput er - execut abl e i nstructions, and so forth. For

t RENEORPRR AN 1B EIMOIE KRNtER]; 410y Stifkel @ SRYF R2hACHYHD B douch

t - af t @ d.n I L0 .
ARt R T A e e e el
abpwmeessiref enisl X0d throbEiDan enpuedovabiherfaeg het2i thatds ségtl¢dto the
(e.q.,.F nd a.renovabl e opti cal di a .such a

ooy S b3 Bitiatioh Be e R SReHge hoch Gt i port,

| PEEP G394 §erfalpért, A hidfe SNV poRInaRMicERAcAkR.
readabl e by a conputer, such as zip drives, magnetic

c 830641 t e\ mphigwh 3Aeepethecapdsf displey didges,alwmgnnénsed to the

ik 0. be.used in the exenplar rating.
e OB Sl s S ASe SERTRURIRl FBR 30 pifion o e

C @ftin@bN | AR WbRPpueX P LtaBP i 1Udes bIHE pérghrall Bfitput devices (not
perform ng novel nethods of the disclosed

apHyDegc @éﬁpﬁ[ab%sqﬂ%efﬁiﬁ%er of program nodul es can
Ibﬁ%q%gg regyl @0&1@&69!30@%@6@?%%8 5@% h%tgvo?féaoern)éir I e@nt using logical

ing an operating one or no
ap@iriccdrisona pirognadis whidR2s cahinanicaiogtaonaodubeschdfa,
and program data 1336. The one_or re application
pFOYPURE- JUFAS ageHele COPBYIcEm ﬁ%%ﬂﬂ{é rgmg ,Cogﬁ’é}t%@b gp4hgan be

datayl3RRnCa Ferjv&céo tdr NEr i@ NY FeorS QP E&taMtterl ?&tabq!@tz@rnputer,
104 dat a

, web application 106, reverse conponent 108,
gniidopi¢essorbasge empttamineat apphisnde30 peard vieo 4F pthapchamon

SR P10 R Ge BEE  H eptane
S tiRCdonfiuddrQ 308 Aho S48 fo 03826F brbvfy, BRH PABhorydiGkage device

tracker state (604, 610, 616, 622, 626 and 630), for
exadpisallustrated. The logical connections depicted include wire/wireless

connectivity to a local area network (LAN) 1352 and/or larger networks, for example,
a wide area network (WAN) 1354. Such LAN and WAN networking environments
are commonplace in offices and companies, and facilitate enterprise-wide computer
networks, such as intranets, all of which may connect to a global communications
network, for example, the Internet.

[0063] When used in a LAN networking environment, the computer 1302 is
connected to the LAN 1352 through a wire and/or wireless communication network
interface or adaptor 1356. The adaptor 1356 can facilitate wire and/or wireless

communications to the LAN 1352, which may also include a wireless access point
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[0059] All or portions of the operating system
applications, nodules, and/or data can al so be cached

w0 poovkgs7epl atil e menory 1312. It is to be apprBCl/asmds/ 087925
t hat thedi scl osed architecture can be inplenented with
vari ous commercially avail abl e operating systens or
conbi nations of operating systens. [0060] A user can

¢ BBt e b SB e iRl B S o n GRTRILE T e ftor

exaspl e, a keyboard 1338 and a pointing device, such
as a nouse 1340. O her F@J devi ces (not shown)

i RA6dte Whﬁw%m‘é/m&@e rkisgstreirerepant.ghe C%mputer 1302 can
j ﬁyﬂdecal&no n%ﬁ'@g B?% 'CO nec‘ctt%/d 9% c%ﬁﬂnut{lgatfﬁﬂs §e‘}(7$red?1 thg rWAN

ese and ot evi ces are
C 0RfE Ok dak dtherthieang rf@xo@mhﬂgngj mmmﬁﬁiaéndﬂgro@agﬂhe aMANnmm such
dev ce |n%erface 134& is _coupled to the ?
bﬂ% A 308 of fistInteset AL BN @etlééS ByRigh FEY be igtesn sa%wmal and a

SUGHR A8/ WAL h&licd ‘?sr éonnkﬁgcﬁto]tﬁ% st&h 'bﬁ;l[ 136{5(7385 {1&1 ’t&% iHfilevice

port, a USB port, an IR interface, etc
rrmtcnfzme 18324104 nﬁthfedteylpEomﬁenﬂ; Epg@an rdedlulc,@ddp@tal tive to

nnect e he syste 8 via,an,interf
Oafg)ugefﬁa%&r gaéwfﬂé} 61%03‘ SIRUEH 1 B, oty Fenory/storage
ma@%&@ 135034t wilfbE Qfgﬁé&@céd Hﬁép’th‘éaﬂe{\%rk @Ghﬂé@ﬁ%s‘%thb% are
peri pheral output devices (not shown), such

s peeikElpry, angdrothrer erogns ef fcﬁtab[hel@eg]a ctrnn@ummpgm%lnnlq@@\zzemye
gerate in nenﬁfrked envi ronment using | ogica

wﬂgg:péﬁg%eugz ire and/or wirel ess conmuni cations to

ONEDG3] NMIhE cHBPBEL | NP Bh&HSle t& beimagicate V¥ Be and wircless
comput er(s) 1348. The renpte conputer(s) 1348 can be a

mémgéfsar.ea iticsausingrthe FERR 8P fasmily of standpiks, sugh gepasleas devices
?@rg‘{l\%l ﬁ{;stea l?Ill aflr%f%g?bgrﬁﬁmm%t‘f%l @rgg g%ﬁﬁag qqso%gr the alr

I'i'ance or o her
n ﬁtddﬂl'akloﬁl tmthmqamj wiithp fdraclxhtylplenﬁ: ptites soamyr, deskad amdﬁor portable

the el ements described relative to the conputer 1302,
aFPMBYgh, pelfsapaﬂ ﬂﬁ&l% assistant (Q}?z@),lcpglmwayo%sn&telhte any piece of

”Eﬁ@gﬂlleﬁ‘tt&rl@&%og ‘?ﬁ@ogﬁte%l%ﬁgl 4 Sitle ekél Eéfﬁgle td@.d.0Pki6&, news

ctions depicted I nclude wre/
c strané,a“estmomb argl talepbwrel Ténnmclméesm déas{ WAN) (3§ 2elndFidelity),

sy 3 R R S TR it R s P Fligncan be a

ab&d@ﬁmﬁkﬁﬁ?@ad RitRhcbsRsitiand neermRoE ﬁ%npbaﬁk@'ad hoc
facilitate enterprise-w de conputer networks, such as

i gemEnatogtiompetwgén W’lﬁ@h%@e‘@‘mﬁn éMltFltI@t\aorgs g&ﬁaﬂadlo technologices
cQ Wrif%%t gO%nﬁ x?g th\/%,r létb ) ftoo]gr)ro(\efl cs cure ref]aﬁ)l K)vr%ree css

connectivity. A Wi-Fi network can be used to connect computers to each other, to the
Internet, and to wire networks (which use IEEE 802.3-related media and functions).
[0066] Referring now to FIG. 14, there is illustrated a schematic block diagram of
an exemplary client-server computing environment 1400 for multi-level undo
processing. The environment 1400 includes one or more client(s) 1402. The client(s)
1402 can be hardware and/or software (e.g., threads, processes, computing devices).
The client(s) 1402 can house cookie(s) and/or associated contextual information, for

example.
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[0063] When used in a LAN networking environnment, the

conputer 1302 is connected to the LAN 1352 through a
WOWR0e/0881217 or Wi rel ess communi cati on networ k i nP@&r/is208/087925

or adaptor 1356. The adaptor 1356 can facilitate wre

and/or wirel ess comuni cations to the LAN 1352, which

may al so include a wireless access pointdisposed

t th

¢ D00 L IRE GO BTAE P gt B Bt g4 The
as&a%iés)aum thd 8160 BONAHRBARM/or kBRWERTE YL, BircdB0gro6&ies,
i ncl ude a nodem 1358, or is connected to a

c 6omInEAaVERS). Shoservernl 404 samhapse3bgadsde peeferm fragsformations

g |c [
TRl L R LRSS B L0 NS e
whligh 148N ailka drt@ridal com bei the fidin @fvddaa pddket Alaptedro be
W rel ess ﬁeV|ce is connected to the s st m bus 1308

v frgnyopigted i)tmeelabw RleMPEe OPPRER piaggsses. hhe dafa pagekwgy include a
C QYK O B E ass i A6 BSREREH i &S rHSRINC F&%xﬁﬁ Rt iTye eh@mhﬂﬁent 1400

conput er 1302, or portions thereof, can be stored

t Ilt@ludesratcemnemaybls fremagerldedficde.gl 3Eg_l)oball tommluhlcbmn network
D B P S eSS 02 Between the

cgﬁay h G802 SHaSthé bdrkePgliveen the conputers can be used.

0065? The conput er 02 is operable to communicate

wu[Q(}68w r €oammm’aeneg@ l@tefaplé@éedovla entiig Glrecéudmg ppficahgber)
cE 802 f an:[‘ M ?0 c 1L g) Qf o el\‘%tlr Bin d \é t§SRe or

ope gt Ve at's Soﬁd 1 SR CRY i B ey

| e Bl@ezlt llatl s@)vaﬁ) Im-tamrcaﬂe@l Uhaloyed td ﬁ@ﬂ@ﬁhﬂu@sﬁoxy\mb&l to the

for exanp printer, scanner, desktop and/or

p&hiemts) é4%4?pﬁbt C@pkleﬁﬁé pEdAREsseRiged spnteyugldppmatigpapimilarly,
CHUWALLR] | R3SarS %%Lﬁéeﬁfcoﬁ%&e@ 'tc?&% &f &%‘Aé&gﬁ% %’tgae(s) 1410

| ocat’l on" assocl a a mreles etect

( €hagcan lae étnpisked toavwe Sifarmhtiohdsdal &Dﬂhi): scraad 1464 ephone.

Thi s incI ast W-Fi (or W ess Fidelit

WHReR] f%{%ﬁ mmw«if‘ei Y)\: e{\%uoadpéénd‘ﬁ%% data

t Qt%r “?1116@ 'cﬁﬁiﬂcﬁﬂieﬂ?@da@@ 164. pfﬁ@&?vé?ﬁs 1584 éﬁ%tlﬁélﬁdeaﬁe server 202
conventional network or sinp an ad

canﬁaﬂymclabn«m \adtaeerpratesbad 306 amb3ife\danddbe seWerﬂata store(s)

n rks. adj o tec | ogies called | EEE 802.1 IXx
Z&ﬂgamﬂncgg%ﬁf(#8WBPE§B§6 secure, reliable, fast

VV'[G(PI'OF SS Wi RECbdeideYoribd YooV inSIBHNUKKmMPRY o theltiRIbsk
connect conputers to each other, to the Internet, and

@rqmtﬁcéumeﬂmm@omm nsh posséble RESsBOIE Grerebaticeinable gprbination

cofmu]gg]ocnteln 3 anzi/‘or methodologies, but one of ordinary skill in the art may

recognize that many further combinations and permutations are possible.
Accordingly, the novel architecture is intended to embrace all such alterations,
modifications and variations that fall within the spirit and scope of the appended
claims. Furthermore, to the extent that the term “includes” is used in either the
detailed description or the claims, such term is intended to be inclusive in a manner
similar to the term “comprising” as “comprising” is interpreted when employed as a

transitional word in a claim.
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[0066] Referring nowto FIG 14, there is illustrated
a schematic bl ock diagram of an exenpl ary

W@ bkdoenss7ser ver conputing environnment 1400 for PCT/US2008/087925
mul ti-level undo processing. The environment 1400
i ncludes one or nore client(s) 1402. The client(s)
1402 can be hardware and/or software (e.g., threads,
processes, conputing devices). The client(s) 1402 can
house cooki e(s) and/or assoggg%e cont ext ua
information, for exanple.[O he environment 1400
al so includes one or nore server(s) 1404. The
server(s) 1404 can al so be hardware and/or software
( &Vhpt is elbimedds, processes, conputing devices). The
servers 1404 can house threads to perform
transformati ons by enploying the architecture, for
exanpl ¢, Oné @ogsitdtenptandnid walol sosteingll 08 corapiddingnt
1402 and a server 1404 can be in the formof a data
packet adapf&Baies BEPERYH S D fidraskingesynehignoyp chasges to data
Cl%?%r The data packet may include a
cgo |eagﬁ§¥%§&§§§%%iated contextual information, for
exanpl e. The revevicrcompentnt {4@K) fomnpdrfodasngareeasaoprratatnis on the
framework 1406 ée. ., a global comunication network
s JRtp changep ko proy Pﬁgtlasest hat can be enpl oyed to
facilitate comrunications between the client(s) 1402
and the server(s) 1404. [0068] Communi cations can be
faci | i Bat ed The aysterniof elaim dcwhetemghe gate chdnges brsrapsociated with a
and/or wreless technology. The client(s) 1402 are
ope QF$Ver connected to one or nore client data
store(s) 1408 that can be enpl oyed to store
information local to the client(s) 1402 (e.q., .
cooki efs) ad#f systes obelain éawberainge wab applfcabiamts arpwser
Si. ]y, the server(s) 1404 are operatively
cgﬁﬁggﬁé% to one or nore server data store(s) 1410
that can be enployed to store information |local to the
servers 1404, [0069] .The client(s 402 can i ncl ude . )
the weB appilhgaYS'YR Oi%lr%ﬁdwb?m@ﬁ%e é%t@ shagss aredyadepa client-
c [ the data 104. The server(s) 1404 can
igceggghﬁggiserver 202 and asynchronous val i dation
processes (306 and 308), and the server data store(s)

1410 can ing¢lude the.docunent 200 007 What ha

been déscri BA8SLETYET S]ﬂlﬂl gg%éer&?éhﬁ b%tﬁ Cgflng?h are méide manually or
dbﬁgﬁgﬁﬁgﬁ@ﬂ@hﬁggﬁgymg. It is, of course, not possible

to describe évery conceivabl e conbi nati on of

conmponent s and/ or net hodol ogi es, but one of ordinary

skill 6" t h%hgrgtlstennq%f claim 1, wherein the reverse operations restore the data

to a state that existed according to at least two previous changes.

7. The system of claim 1, wherein the web application receives a
notification of a change, the notification including an order key that documents the

change relative to other changes.

8. The system of claim 1, wherein the changes are associated with a
server document, input to a client-based undo stack for the reverse operations, and

tracked in a client-based change tracker.
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recogni ze that many further conbinations and
permut ati ons are possible. Accordingly, the novel
w@e@biossseture is intended to enbrace all such PCT/US2008/087925
alterations, nodifications and variations that fal
within the spirit and scope of the appended cl ai ns.
Furthernore, to the extent that the term"includes" is
used in either the detailed description or the clains,
such termis intended to be inclusive in a manner
simlap to Mhen@ierinphfdnted Methodsf peRMdid &vBEe op&rations in
interpreted when enployed as a transitional word In a
cHafarcompringeWiat i s cl ai med is:

1. A
g L S e

cbhagedesidt(00@Bf a via a web application; and a reverse
AT SR A R ot
0L SR Ok BN b 2550 i oo
appl i cat i onricsivangdxsynsieonays phlidatononformatiiniors st emvarfbased
cPT A B RGO, 0. 5. The Syst em of ol ai m 4.

wher ei n t he ofRtidg Gangiasticd @fdrRE8omaMakliy aBfording to the order
programmatically via the grid. 6. The system of cClaim

1 keysHdPedhanche reverse operations restore the data to

a state t hatrrla?léiifc’lt egdﬁce 8r0di 3 Itlsol E%ﬁ éeeasl’rt OEV\D nt based on the
previ ous changé%.g9. h s?gteﬁ1op éfafﬁ?f;‘Wﬂ%rglﬁ

t belewrbysappld)cati on receives a notification of a

change, the notification including an order key that
docunents the change relative to other changes. 8. The

SYsLemgl, s Dk SIA, H0R S OANRES R AT3E0H AL SPronss

with a server , 1 npu € ase
staokdd gack dmel o dvegseadkpebatd onshe @adges in the grid.

11. The method of claim 9, further comprising storing changes in an undo
stack and reverting the changes until a first explicit change is reached as part of an

undo/redo operation.

12. The method of claim 9, further comprising storing explicit changes in a

change tracker data structure.

13. The method of claim 9, further comprising reverting all implicit

changes before a next explicit action and then reverting the next explicit action.
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tracked in a client-based change tracker.9. A
conput er-i npl enent ed net hod of providing reverse
W@p®pass7eons in data , conprising: detecting dap@r/us2008/087925
changes in a server docunent of a server via a
clientbased grid (1000); assigning order keys to the
changes in a change notification (1002); sending t he
change ,noti fi cat i ons. to th ryer
(1009 187 ecd RSyl it EED obfiovifid b argrasons in
fagﬁ1&ﬁ@xﬁ@ﬁyer based on the notifications (1006);
ordering the validation information in the grid
accor di ng t snitigfngalagrerhapgssdo @rothaiocumant aferbagichyia a client web
U%@ﬁ Bgfatlons in the server docunent based on
ey§ (1010). 10. The nethod of claim?9,
further con@mn&gﬂ@cmaﬁgﬁdkngo&hﬂﬂmegonhﬁdh@bma@eyﬁmkbhmn
sta k a d a change tracker. base he changes in the
ghPee angfhangg gigdesgn adligits %gngq Hetl 2ohpri si ng

stori ng chan ?&mhgﬂ?e”ch‘dﬁ%f% aﬂlfé“s‘ér\%Pgﬂzroﬁ)’e”' ng the

changes unti | rst explicit chan IS reached as
part of an wvdnfingddideper aférortiod 2synthenoeth&rdmathe server into

cl.aim urthe nprjsing storing explicit changes
i fhegv @%Qﬂ’émeﬁéﬁéﬁ a structure. 13. The nethod of

claim9, fuplAgsing anMs/icdlb r@gerraﬁuﬂlhltn@w@ﬂ) hoélﬂipénlt Bhsed on the
changes before a next exg icit action and then
¢

r gx,(t@rqd Ingtotymgf theshangsypinith¢ undecitdalrandahe ghange entries in the change
con efz nplenented nmet hod of providing reverse

ope at § in data, conprising: initiating data

changes to a web docunent of a server via a client web
appllcatlon g;ZOO) storlng t he changes as an, ordered

h| storySof iThe metiodgdslainm 14, Birthepgorpriang exoring tlep data changes

ﬁd‘gﬁ eﬁ%ﬁ{nﬁgfégﬁ g@m%hh@t& NANAG: &a{t&‘%g 0 4( 1202) ;

|ng nges e server recei ving
valldatlon i nformati on asynchronously fron1the server
into
16. The method of claim 14, further comprising undoing changes in the
web document that have occurred before a save operation performed in the web

application.

17. The method of claim 14, further comprising, in response to a save
operation, reading changes from the change tracker, committing the changes to a

datasource, and clearing the change tracker.

18. The method of claim 14, wherein the ordered history of the changes is

based on a change key assigned to each change.
19. The method of claim 14, further comprising storing implicit change

information and explicit change information in the undo stack along with functions to

execute to undo implicit and explicit changes.
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the web application (1206); and managi ng undo/redo

operations in the web docunent based on the ordered
whe@bossr2pf the changes in the undo stack and P¢EUS2008/087925

change entries in the change tracker (1208). 15. The

met hod of claim 14, further conprising exposing the

data changes and vi sualization of the data changes via

aclie da ri of .¢c

fur t hetOcomie Sl abrmy . RERGELoRrhE Tobfsabesine
thdngB@Msﬁ‘a esirufisrest afleve cﬁa@@ye operation perforned
in the web application. he net hod of claim 14,
further conprising, in response to a save operation,
readi ng changes fromthe change tracker, commtting
the changes to a datasource, and clearing the change
tracker. 18. The nethod of claim 14, wherein the
ordered history of the changes is based on a change
key assigned to each change. 19. The nmethod of claim
14, further conprising storing inplicit change
informati on and explicit change information in the
undo stack along with functions to execute to undo
inmplicit and explicit changes.20. The nethod of claim
14, further conprising exporting explicating changes
as a collection of cell-Ilevel changes.

-19 -



