ASYNCHRONOUS MULTI-LEVEL UNDO SUPPORT IN JAVASCRIPT GRID BACKGROUND
[0001]One of the main differentiators between desktop client applications and "thin" web applications
is the richness of the editing experience. Traditionally, web applications transact data with the server
according to individual post-backs, which commit data to the server as the user navigates the
application. Undoing a user action is oftentimes not possible once a user navigates away from a
webpage. Conversely, a user can interact with a client application more fluidly, only saving data when

the user is readu Q36 MQEEOUININHR LETETURBEIESISTIRCKR WAMe MR p the dlient

application, the user can select "undo” one or more times to revert the changes with no effect to the
saved file. [0002] Many software technologies now require employees to interact with data on
enterprise servers through web-type applicationsa SRas@s\Hths editing of structured task data (e.g.,
adding/deleting tasks, assigning resources, changing scheduled data, etc.) commonly found in project

servers, for exafABL]butQng ahed prde differestieiaifrabvesaeikiensaisimtyprlisatiane fafce can be
perilous as usersare b AMNESHIMY IR AEHRRS TISHISER AP ASUGER. TCFHRR SAHES g Saving

such datasets to the server is a slow process. Thus, the effective edit performance deCreases

proportionately dRfHigaHAnNsdransaThesie (R R seEhpreR iR IRtH & R RGE-agkANAYER [0003]The
following presents.asirpRtigrkss/SRRIBFudRHRI IS IRIgMidar Bppic e reirading 2hsamsinave!

embodiments described herein. This summary is not an extensive overview, and 1t is not intended to
identify key/critiéaP ERIHEREOF ROTENROAEE thESSE AP IRERRIN NS OMANNRBPALL s GOPIISEN: dome

concepts in a siqaphigd RSP EEARRHBI R MBS RHEHIAE P IANAG /e WiIRseHedsater

[0004]The disclosed multi-level undo architecture is a control driven cascading changes system where

change tracking 6Py & 8An$8sIWareRsinHHRsEEE TakESSImeAIOMD TUsiake MaHISSWRIKHRS R, the undo
transcends savgRCRRS (PPREAN R e JHRIGNGE aiweemimplisl iRy Glvehedges, and
handles these changes accordingly to provide context for the undo.
changes with no effect to the saved file.
[0002] Many software technologies now require employees to interact with data on
enterprise servers through web-type applications. Consider the editing of structured
task data (e.g., adding/deleting tasks, assigning resources, changing scheduled data,
etc.) commonly found in project servers, for example, but via a webpage. Without
multi-level undo capability, this experience can be perilous as users are not allowed to
undo actions. The user can perform frequent saves, but saving such datasets to the
server is a slow process. Thus, the effective edit performance decreases

proportionately with the user’s comfort for typing complex data into a webpage.

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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[0005]The client application is associated with a grid object that presents the data of the application as
a tabular representation, thereby supporting editing and visualization. The application, in part,
instantiates and configures the grid object. The application can programmatically initiate a change to
data in the grid and/or the user can edit the data in the grid directly. A result of the change is a
notification to the application, the notification including an order key. The application consumes the
notification and can then append new changes based on synchronous or asynchronous computations
(e.g., schedulind0d8ptallifheslieptiapelfcatininis asingiates urtleaigsid Thiechppiqaegesntsahadaahe key at
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principles disclosed herein can mployed and’is intende all such’aspects and
equivalents. OthiseaeReijbe daid indhe daddirectlyill Asesi @ biveahanos éha MEifElRIOME detailed

description Whe{h&%@ﬁif&%fﬁd%,i%%%HﬂEQH&WHHJBﬁ&EﬁW&?- 7 e dppibedibd boSdifes e

DRAWINGS [0007/]FIG. 1 illustrates computer-implemented undo system. [0008]FIG. 2 illustrates an
implementation kAt ieRE AR sBeveansiisrARRRAY PeoVNes §a%IRRIEUEINTRMACOFRINYS P ReYSE BPRIHSIONS.

[0009]FIG. 3 illugAteRABRRYP &I AT B EAUR Y A1OPEIR ARRIRIANG - the order key.
The application can use the key at any point in the future to attach further updates to
the change. The updates are properly collected together for undo/redo.

[0006] To the accomplishment of the foregoing and related ends, certain
illustrative aspects are described herein in connection with the following description
and the annexed drawings. These aspects are indicative, however, of but a few of the
various ways in which the principles disclosed herein can be employed and is
intended to include all such aspects and equivalents. Other advantages and novel
features will become apparent from the following detailed description when

considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]  FIG. 1 illustrates computer-implemented undo system.
[0008] FIG. 2 illustrates an implementation of a client-server system that provides
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. 5illustrates 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.



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.

[0014]FIG. 8 illustrates a change in the task name of the grid data and the effects
[0014] FIG. 8 illustrates a change in the task name of the grid data and the effects

on the undo stack and change tracker.

[0015]  FIG. 9 illustrates execution of an undo operation.

[0016] FIG. 10 illustrates a computer-implemented method of providing reverse
operations in data.

[0017]  FIG. 11 illustrates a method of processing explicit/implicit changes.

[0018] FIG. 12 illustrates

[0019] FIG. 13 illustrates a block diagram of a computing system operable to
execute multi-level undo in accordance with the disclosed architecture.

[0020] FIG. 14 illustrates a schematic block diagram of an exemplary client-server

computing environment for multi-level undo processing.

DETAILED DESCRIPTION
[0021]  The disclosed architecture bridges a major gap in the editing experience of
“thin” web applications by supporting multi-level undo on the client in grid-based
applications. This feature is useful to a number of online editing experiences as well.
For example, multi-level undo allows the user to feel more comfortable about editing
more data at once, and increases the user perception of the positive performance of
the application. Moreover, online versions of applications also can benefit such that
multiple changes within a record may be 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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on the undo stack and change tracker. [0015]FIG. 9 illustrates execution of an undo operation.
[0016]FIG. 10 illustrates a computer-implemented method of providing reverse operations in data.
[0017]FIG. 11 illustrates a method of processing explicit/implicit changes. [0018]FIG. 12 illustrates
[0019]FIG. 13 illustrates a block diagram of a computing system operable to execute multi-level undo
in accordance with the disclosed architecture. [0020]FIG. 14 illustrates a schematic block diagram of
an exemplary client-server computing environment for multi-level undo processing. DETAILED
DESCRIPTION 104 to previous states. The changes to the data 104 can be made via a data grid 110.

The changes to the data 104 can be made manually or programmatically via the grid
110.

[0024]  The application 106 instantiates and configures the grid 110. The grid 110
is a tabular representation of data that is stored in the application 106, supporting
editing and visualization. A change is the before and after versions of a cell’s data,
plus the action that was required to cause the cell value to change.

[0025]  In one embodiment, the web application 106 is a browser application via
which changes are made to a web page hosted by a server. The user can then exercise
multi-level undo/redo reverse operations for changes made to the webpage document.
In another implementation, the web application 106 is a browser that allows a user to
interact with local data, rather than network data, and exercise reverse operations such
as multi-level undo/redo.

[0026] FIG. 2 illustrates an implementation of a client-server system 200 that
provides multi-level data change reverse operations. The system 200 shows the
system 100 of FIG.1, to wit, the change component 102 for tracking asynchronous
changes to the data 104 via the web application 106, and the reverse component 108
for performing reverse operations (e.g., undo, redo) on the data changes to previous
states. The data changes are made manually and/or programmatically via the data
grid 110. Here, the data changes are applied to a web document (e.g., webpage) 200
of a web server 202. As edits are passed into the grid 110, change notifications are
sent to the server 202 via the application 106 for asynchronous validation. Once
validated, the changes are sent back to the grid 110 via the application 106 as updates
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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[0021]The disclosed architecture bridges a major gap in the editing experience of "thin" web
applications by supporting multi-level undo on the client in grid-based applications. This feature is
useful to a number of online editing experiences as well. For example, multi-level undo allows the user
to feel more comfortable about editing more data at once, and increases the user perception of the
positive performance of the application. Moreover, online versions of applications also can benefit
such that multiple changes within a record may be undone and redone so that a user has total control
over editing. [0CRERtatbeIcepdatrsiorizselangte diestnisliaighareiprorerhykakentedigpeéhels are used
to refer to like el,%mgﬁg(??ughout. In the following description, for purposes of explanation, numerous
ort

specific details are set in order to provide a thorough understanding thereof. It may be evident,
however, that tHOG#8lel ehitrediv@piarges, isienigctisot anthBualitesteregddonditiegsits1 10 tirer

instances, We"‘k&@’}’rgoﬁzég]ﬁ%ﬂl{%ﬁ’ﬁ‘gaﬂﬂ}{{ﬁﬁﬁ %éﬁ‘%%‘i‘tféﬁ’&%ﬂ%@%ﬂ@‘cﬂ é?a?édé%b{ﬁk@lc””ate a

description thereotf. FIG. 1 illustrates a computer-implemented undo system 100. The system

100 includes a dn&Ade burihsdiisht 102Baeelskiag iadseasvridLancdagkeyioritexampleia a web
application 106..f, @,’&tﬁgd&% (HRSh IBCHOes, A BYEEF AP 4@?/@’% fpeaiRgfgverse

operations (e.g., undo, redo) on the data changes to the data 104 to previous states. The changes to

the data 104 caABadnBddaiea i tiEt Al hEOOT Y triangessiy ithe shanamkeyh DY/ B actaRNnually or
programmaticaliy e e A AB2AT Beaapelisetnn L0RdsiBRtRiaRAR HeRpNEaRdhe ord 110

The grid 110 is a tabular representation of data that is stored in the application 106, supporting editing
and visualizatioA0f (rthndBrysR ool ArriaRRHEaTRIbAEG thea weWs thataotbiigatine ectien that was

required to causg (e 56 AR RABANEeI0RREHD PR EARLRCIRSEH RS WAL ABRUFANANGHO is a

browser application via o _
order, or once the validation has completed, the server can send the previously

ordered validation out-of-order. Thus, the order keys facilitate ordering the changes
at the grid 110.

[0029] In this example, a first change notification request 302 is sent from the grid
110 to the application 106 to account for the data change A, made in a second row to
a column having a field labeled Duration, and a new value of the duration set to five
days. Ina subsequent data edit, the grid 110 sends a second change notification
request 304 to the application 106 to account for the data change B, made in a third
row to a column having a field labeled Duration, and a new value of the duration set
to seven days. The change notification requests (302 and 304) are sent to the
application 106 in order (e.g., change A before change B). The application 106 then
forwards the notification requests (302 and 304) to the server 202, the server 202
validates the change 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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which changes are made to a web page hosted by a server. The user can then exercise multi-level
undo/redo reverse operations for changes made to the webpage document. In another
implementation, the web application 106 is a browser that allows a user to interact with local data,
rather than network data, and exercise reverse operations such as multi-level undo/redo. [0026]FIG. 2
illustrates an implementation of a client-server system 200 that provides multi-level data change

reverse operations. The system 200 shows the system 100 of FI0.1, to wit, the change component 102
for tracking asyatsororadudes taaides coange daamaie ivthidhwdbypplicatield 1a®lethBntdOatterse

component 108,195 BRIMTVALHFTERCBEAUPER fo G BRCoaA he A dhangesyarprevious

states. The data changes are made manually and/or programmatically via ata grid 110. Here, the
data changes afigysiplide secevethangsunatNced 9, regiepadftd. 200 of a web server 202. As edits are

d into the grid 410, Hicatl ver. ' jcati 06 f
zziﬁﬁhrglngusig{?géﬁon. %qfceeg?ﬁi?gt%g&ﬂw@ﬁgﬁgggs{ﬁgpsﬁeﬁglrﬁagglﬁ%atrﬁe& é%go?%“\ﬁgét e éppliggtion

106 as updatesfd@sth@@mdqmnﬁ@@ﬂ]mughinh%ﬁaméigaiﬁ@i@ﬁwtﬂéf@miGHéW@émMQ thedo/redo
operations on datg, MASYRGNPROHRENRRME ISsAdriands FHé\hB%g%Hg&@@%’»@kmbtﬂﬁpéiﬁﬁ#%hmnous

validations or augmentations. When an entity makes changes to the grid data; the result of this change
is a notification tBetRedapislivatieihthedate shearwasiaterirlattyeriedhienacoad datrehaidshange) key.

The application Q6 gansHMES IERASLHGIURLRA IDEMAAHRPAERYNGMS FhRANIRSRASEY R some

synchronous or asynchronous computations (e.g., scheduling) by calling an update function with that

order key. The apliehadietidehelecbbnd bate taadohechave yaltefgr Foielatenef hidte thisattach further
updates to this ciaRge, HIESHERLAISRIRERRREIY SHHeRiaTHPaSIRgE iRtiRRAGdeARUIRP3gHHere, two

changes, denoted as A and B, are entered into the grid 110 that require asynchronous validation.

When the edits AR¢ing<hangenempe aste feaiprvpdidationy aet ehoriserdsbange Bekefareandgeis tagged
with an order keyy For example, change A is tagged with an order key A (also denoted change key A)
and the second c?1an e B (later in time than chanﬁ%e A) is denoted with a change key B. When a data

change is madel0®&2hrid iH® ddtbisteatnstimtingd fatr aparieehassd et appAtshardedeyets., a
browser), which,i APRECRLABNIR HEDEERIES EHeRHIcREQMEY MReSBERS 488 Syl The

validation process at the server 202 can occur out-oforder, or once the validation has completed, the
server can sendeh& e asowhiehzane-arshGed-snerder. [t saverperlBn@s shawitate ordering

the changes at {g\gHifbtlid PRAR ML UHR BX2MP e il ML AP HAGRHNR ] FaHRSIogRANS Sent from

the grid 110 to the aph)‘gcation 106 to account for the data change A, made in a second row to a

column having f¥sfdnabiie &B0eaHen Ordel) X eus digiateehange & pdies s o A dalas/than dhe
subsequent datg agftidihaicHeL . sRRUE BARFORS FBATERATACAEIFRAYEH)30rhR it application

106 to account for the data change B, made in a third row to a column having a field labeled Duration,

and a new valu€tngrs d0¢d6liesdete3BgR Mg Stored lEABMGE NG AR a2 ACRETNGBIIYRd 304) are
sent to the appligatigle OGR! (Rebh AR 4\rbrtesash B)arEReopnplisziied 409 then

forwards the notification requests (302 and 304) to the server 202, the server 202 validates the change
requests (302 af¥S54) A KreEAIAARIES ChAAurns the validations back to the application 106.

[0033] The undo and redo reverse operations are also handled in this way. Thus, if
a user were to select undo, both changes (Duration and End Date) associated 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).



[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. [P88decohtupditstretasencnagotragkennbliaepatiar ihe ehrnggeompareid (2 the third

row at  feld Iahfiee Sk A%, e R Wl (L Bl PHAEZ TaTUeciRNESRRAC to the new

value of seven s in the secon ge notification request 304. [00 then

completes the fi@bﬁ%@&i@ti@fﬂﬂ@@eﬁ@ﬂ@?&f@m_@gﬁrﬁﬁm@l@.téﬁdagmﬂﬁw%memﬁ@h%e
application 106 ﬁﬂq?%@rma%%@ _(Sﬂrtp’é)gﬁtﬁ'@gté R @@fo?@%ﬁgﬁéj&@a& Eri§taut§’ﬂé‘g‘?rﬁgﬁ99'fﬁ§t 512

includes the order key A that signifies the order in which the data change was made relative to the
second data chalfjesBn PréefrghigtetefrtplonsetabagtsmsnMars ah 4N ERCYPRIAPREAS, made in the

second row, at & el ARelRA FRABIRIF AR BUARL i FagDaie Al ARe i pRERsPonds (o

the new value of five days In the first change notification request 302. Thus, the changes come back
from validation éDergeokcenc@ueige. BTerbret exphigié ARN@OEAIREI Estaatiptrgnestate idhisata updates

based on the usg, ph ciaNGR KBYer RiGTIEERERASY NSDRBANH Ol LGt SRAAYHRIARESHe The

results 400 of the requests for the data changes which have occurred since the last save operation are
shown. When r&fiRedtafoes: dielssie/epnoRnthw Hb senestak ignabist agitpssdrelgnn thee®gical order that

the change (or ¢ Qik&éﬁoﬂi,cﬁﬁﬁetﬁ%ﬁ?&%?t%@fé%ﬁ&?’ﬁ@ﬁo’ﬁ)1 rather than the order in which the events

actually occurred (change A after change B). Thus, the changes 402 related to change A are stored

together and del94 as dbeffiery oetdiscsyFianyls tabiftsraan unee eReliwjes 40e viskaksas ehange B
are stored togethgrand drREIRA B@f@@ﬂ{éiUﬁd%ﬁg%m&mgﬁﬁe%ﬂﬁﬁ]gﬂbﬁ%&%ﬂgré@qﬁ geverse

operations are also handled in this way. Thus, if a user were to select undo, both changes (Duration

and End Date) 48B¥&@tsusidheciiamerapop/Barkso bR kineadp atacgthBladiihahjdehe user
made, as indicaiggiy Q@@E&‘?B‘eeé&ﬁoﬁé@ﬁsﬂé%ﬂ&ﬁ% léquggg%mﬁgg@e@ was the last event the grid

encountered. [0034]An entity (edg., a user or system) interacts with the grid to make change to
[0037] The undo stack 502 and the change tracker 500 are independent structures.

When a change occurs, that change is pushed onto the undo stack 502, and an entry
for that change is made in the change tracker 500 if the change was explicit. If the
change is implicit, the change is not logged in the change tracker 500.

[0038] When an undo event occurs, the change is removed from the undo stack
502 and the change tracker 500, and the new value is noted in the change tracker 500.
If the change existed in the change tracker 500, that change is removed. If the change
does not exist in the change tracker 500, 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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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). [0035]FIG. 5 illustrates a change
tracker 500 as part of the change component 102 and an undo stack 502 as part of the reverse
component 108. As an entity makes changes to grid data, the type of each change is noted, and
functions to execute and undo are placed on the undo stack 502. The undo stack 502 is a data
structure that steskeirsteteleRdoohisepatahtrdakerset ef eltanges wilheecanhinmalyscivenandppes,
operations are rgp?qélgqgr _the undo stack 502 and reverted until the first explicit change is
encountered. The first explicit change is the last action reverted. At this point, the undo operation
concludes. Sub$§e@tidnt uht®andikydtiemnsakesrinenetiait ehangarhy daeiding that prabngienand will
revert all mplicharians he'oie: i etk sali stRnaanc e BiavR LR idb aflRREI0SCIThe
effect of this system is that after an undo operation, the visual state of the grid is restored before the
undone action. AeegpliBithsrsacged e Bidhediwatispsaldmnstoiria dayhel dliagerseratRAGOC) from

the undo stack ﬁ?%afﬂ&?a%ﬁﬁﬁﬁ%&én?&ﬁ i@ﬁti%ﬁ?ﬂﬂ?‘e‘la?ﬁg?ﬁgg'rﬁ%%@ ﬂfdiﬁjéﬁ%ﬁ%a?@@ﬂges'

[0037]The undo stack 502 e change tracker 500 are indep tructures. When a change
occurs, that chahgeanrgpiis Heeieo e @athealsodalied dH oD (aerseadidatppaogehal\ctraadling made in the

change tracker R0 HhénGRANGEWBRBIRILLIHG NG ITBRIGRLS FRKCHhRRIGRARIMAIPIIGFged in the

change tracker 500. [0038] When an undo event occurs, the change is removed from the undo stack
502 and the cha&Rgengaeren3be Farishiael waw chandessirritel an i ¥Kuied vroid@800s If the change

existed in the Chﬁﬁﬁ%@@ﬁk@ﬁ%@@d% chahg6ss removed. If the change does not exist in the change

tracker 500, the action to revert'the’change (which itself is a change) is added to a change log. When

a save operatiof084&lirs theespigaticarandainisbehangesria Guthae s UE, Wi siaekdso the
datasource, and {i 48RRI SGLRISBRO b Ieatati dRYRPIHaG sles plihéd FYsiR@s $ibat an entity can

undo actions that occurred prior to the save event because the information necessary to undo a
change is store@hAngRs-uhtfe- JtabrRVsHEN INpkieghaneecthie aHersosobecdackifetoath the absence

of the undo stagkyeRer state. Here, the entity hides the Finish column thereby changing to 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 tracker. The entity saves
the project, which causes the tracker state 610 in the change tracker to be cleared to
stack state 616, as the grid’s data is now consistent with the server data.
[0043] FIG. 8 illustrates a change in the task name of the grid data and the effects
on the undo stack and change tracker. The entity changes the grid state 618 based on
a change in the task name in row three from ‘Clean-up tools’ to ‘Clean-up project’.
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.



[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 tracker state 604 of the change tracker. The changes will occur
in rows two and three of the grid data. [0041]The entity then makes an explicit change by deciding that
painting the fence should take two days instead of one day. The change grid state 606 includes a
change in the second row in the Duration column to two days. In the case of a project as part of a
project manage Re#Adlapphedkouyintois @cenigs of 4l enarigetsriepueatiatudlesxanaplange in the end date,
also called Fini ' : ' }gaﬂs@] tion | ' th
changes. Thusﬁﬂw@f@e@%ﬁ ogrg])zft?c?ﬁ ?ﬁ“@@%ﬁgﬁgﬁ in the%@%ﬁ%ﬁ?fngﬁg%ﬁ%néwﬂ%q@sn

51211xx to TueBIRoEHOEiMiciaf hxplaanten Hidstaes BOE: (0ahofpingiesSuputiheraial Finish
changes are p“?&%&ﬁme{*}ﬂ H%%rﬁ‘?&ﬁﬁo\%ﬁ%‘?icwﬂgdnﬁ Staie 08 Hena|hedhe tracker

state 610 reflects the changes. FIG. 7 shows an imp nge and the effects on the stack state and
tracker state. Hérseriteodagty, Hidetothe rgessiansl anthaprresiaieshiatihg methedglgiesaeedn?, which

pushes the chargan's, i AR stackchanginsata e arksiain ARk RESBlahange the

tracker state 610 of the Change tracker. The entity save the project, which causes the tracker state
610 in the changifetatikerderpe dieeeactireribkwitrotberacs tiaenghatsiirua itndslRsetReistent with the

server data. [00ASIGHG B IsHRIRS RdRaRARNRdAPKAATRRHER PRHdRR diddiRaeHects on the

undo stack and change tracker. The entity changes the grid state 618 based on a change in the task
name in row thre®theaetegyaLls abersatyabidsransesefee Bs prertack kiisfeebted-eaéasothe change

pushed onto theew?éﬂ?é&sﬁ&%l@ﬁﬁé%@é‘t%foﬁﬁg%%ﬁ FAGHRN SR OAP RO R Py SRR Qyggution of

an undo operation. The undo reverts the [ast ]
may be required for a novel implementation.

[0046] FIG. 10 illustrates a computer-implemented method of providing reverse
operations in data. At 1000, data changes in a server document of a server are
detected via a client-based grid. At 1002, order keys are assigned to the changes in a
change notification. At 1004, the change notifications are sent to the server for
validation. At 1006, asynchronous validation information is received from the server
based on the notifications. At 1008, the validation information is ordered in the grid
according to the order keys. At 1010, undo/redo operations in the server document
are managed based on the order keys.

[0047] FIG. 11 illustrates a method of processing explicit/implicit changes. At
1100, a change in data is received via a grid. At 1102, the type of change and a
function to undo/redo the change are stored in an undo stack. At 1104, a reverse
operation (e.g., redo, undo) is received. At 1106, the undo operations are removed
from the stack and reverted until the first explicit change is encountered (which is the
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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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. [0045]Following is a series of flow charts representative of exemplary
methodologies fidpeddnsinny obirel chapeessvthBartscBssdrtdhitebange antiirs, ifoiheianges of
simplicity of expg ﬂ&ilqn, the one or more methodologies shown herein, for example, in the form of a
flow chart or flow diagram, are shown and described as a series of acts, it is to be understood and
appreciated thal@Aé9Yhethdsiotedivsthieapotifinticsdtby tbrmeftengfoacty, asdosmsiantsamay, in

accordance thesaitfs PREHITE & g@@ﬁ‘?ﬁﬁﬁ?ﬁé@ﬂ%ﬁﬁ&?@ﬂﬁ%ﬁvﬂ@ g%ﬁﬁ%ﬁiﬁ%’fthm shown

and described herein. For example, those ski in the-art will understan appreciate that a
methodology coftiuiesermamasiiwe eepnbvantears9fiveneds exaputpRldtet examieevents, such as in

a state diagram.MeaAPhabarls AsiFated i B meodlecy ey BeeAed ey anove

implementation. [0046]FIG. 10 illustrates a computer-implemented methaod of providing reverse
operations in daREQCRSSDOODREisgess MUdtiie\orape drmeast(ef antsalandrer deaeaedd via a

client-based arid fLARRaRITPTACYRAteARSIRERIHR e Fhangeade aicicngrRRIficalin, A 1004

the change notifications are sent to the server for validation. At 1006, asynchronous validation
information is reX@TRsHeRoRYtME s eHHEEN N oPPER @ haReainTs ANITDS) teRanidatdhanformation is

ordered in the 9§@@?%9F%@%%Fﬁgoﬂéﬂﬁr ER¥S M R HInRARARAAPRETALGNEIA Mg sgsger document

are managed based on the order keys. [0047]FIG. 11 illustrates a method of processing explicit/implicit
changes. At 11G0J@tHEAYEAH XD Re 2Bl @ gaMPANgRtCtbEI0LaHRECPPOBE EARRY ML Function

to undo/redo th%@mgdag&\%é@% (ﬂﬂﬁﬂ?gg(ﬁ{ﬂﬁhe@t 1104, a reverse operation (e.g., redo, undo) is

received. At 1106, the undo operations are removed from the stack and reverted until the first explicit

change is encolfeeid (VitREH e eHOMER ddfod Felliereets)il fosmsed imblook disgrata oha
computer-imple ReRGHY SIRRSCf HEYISHRB IEHSERORSHHIANGVBI R MateORISREaiARaes are

initiated to a web document of a server via a client web application. At 1202, the changes are stored

as an ordered hft§6l9sed aentieahtes iR resicio RiYle aetditinal Goatyd Eritvididos R0RSH change
tracker. At 1204hegheitsesant (R JairmAid it eaieh At ifBRdartisiBiRRdR PGt gBs spceived

asynchronously from the server into the web application. At 1208, undo/redo operations in the web
document are ntiEREdRIEPAIHR Hitak HERIBRWHEHRYstem 1300 in which the various aspects can be

implemented. While the description above is in the general context of computer-
executable instructions that may run on one or more computers, those skilled in the art
will recognize that a novel embodiment also can be implemented in combination with
other program modules and/or as a combination of hardware and software.

[0051]  Generally, program modules include routines, programs, components, data
structures, etc., that 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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ordered history of the changes in the undo stack and the change entries in the change tracker.
[0049]As used in this application, the terms "component” and "system" are intended to refer to a
computer-related entity, either hardware, a combination of hardware and software, software, or
software in execution. For example, a component can be, but is not limited to being, a process running
on a processor, a processor, a hard disk drive, multiple storage drives (of optical and/or magnetic
storage medium), an object, an executable, a thread of execution, a program, and/or a computer. By
way of illustratidinksetieovalpplrsatoniricativig opteciérviT adistmeutashgempatingea\dopnpnent. One or

more componerca RGN g eseRR ABURIoPAR OLAREIIRR, 4k GemRtbent can be

localized on on mputer and/or distributed between two or more compu rring now to

FIG. 13, there idMaSirateé admperediagieat oinglodesputarisbystaeniBie spatams@recute
multi-level “”dOdBrﬁr%%[%ﬁdPe'aﬁﬁb‘ﬁméB% Gﬁﬁm %@féﬁfé%%dlé‘ A5 %5ﬁ%§ iRudeAqgtppal context for

various aspects the FIG. 13 and the f cussion are intended to providea brief, general
description of a camabler éochingiesyslatitelmompnwhiet theegifoigsavpeletanshirobe smpuatiented.

While the descriplian aBo\Rds i MegaRcialcRR R afiEATEBMBiEX FeiaRlengaations that may run

on one or more computers, those skilled in the art will recognize that a novel embodiment also can be
implemented in GURBIBRGOMRVEET SO BEMEMANH CAMBY AltalBINBed ivorkisimatittl SPFgRIware and

software. [0051aeRerall, REBRAR AL HET-IHTHAE FaMENEHICIRY RN ARVRNSRGdata structures,

etc., that perform particular tasks or implement particular abstract data types. Moreover, those skilled

in the art will aph?@&ﬁ_iérmdtiﬂ@h%ﬁi%%%@é@dﬁ%@@@@ﬁéﬁdﬂmﬂm&ﬁé}%@h@ter system
configurations, '6&%&!@-%98&%19%9%&96@ BHAROGE RSO L FOPRH OBV RIS BioHuRigRANPULerS,

mainframe computers, as well as personal computers, hand-héld computing devices,

microprocessor&RBeHter e6rIa MAtibiacdedrsuMEienathonies tanBAd IIROMNaERRIRAMcHasin be
operatively CO“W\%ﬂ]@f@@&ﬁéﬂﬁ’f&fﬁ?%&ﬂmd&%@éﬁ@%%i g1 IHRIEAIRY PERAS D FBh&SO be

practiced in distributed computing environments where certain fasks are performed by remote
processing devieBdGHtigrStaradedRenaHE RESHAN INMEARHASARBIMBENSHCH IS HiOMaER0E RBUting

environment, PrograERgHIgs GRncee BICaIgdiRePRIBIRGR A SR BHe URRIME SYoPkHiRagSrMdCeS-
information and which can be accessed by the computer.
[0054]  With reference again to FIG. 13, the exemplary computing system 1300 for
implementing various aspects includes a computer 1302 having a processing unit
1304, a system memory 1306 and a system bus 1308. The system bus 1308 provides
an interface for system components including, but not limited to, the system memory
1306 to the processing unit 1304. The processing unit 1304 can be any of various
commercially available processors. Dual microprocessors and other multi-processor
architectures may also be employed as the processing unit 1304.
[0055]  The system bus 1308 can be any of several types of bus structure that may
further interconnect to a 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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[0053]A computer typically includes a variety of computer-readable media. Computer-readable media
can be any available media that can be accessed by the computer and includes volatile and
non-volatile media, removable and non-removable media. By way of example, and not limitation,
computer-readable media can comprise computer storage media and communication media.
Computer storage media includes volatile and non-volatile, removable and non-removable media
implemented in any method or technology for storage of information such as computer-readable
instructions, dateticturébe pasgpaier AR faghar dibkiddaen icempliberdtiskgisiviedti®cludes, but is

ook (o a T REE AN Al SREISMERP LT e mapaics Badat Sl o, 01!

video disk (DVD) or other optical disk torag_e, magnetic cassettes, magnetic tape, magnetic disk
storage or otheeigigabtisedtobaydiaileicihassis; anjeonste merpyidisiiclvedrDie) 1S4 i ote the

desired informagion glagh Vg GAR Q?eﬂ?&%?ﬁ@ﬁi?b{e‘i‘f&%‘i’é&%ﬁr{%ﬁﬁé‘l\"ﬂ&r @T@Eo?ge?#l to FIG.
13, the exemplary computing system 1300 for implementing various'aspects includes a computer 1302
having a proces$itdjnenit GBEROMsiste A3 A< dpy aBbB N @raVejisénphes nigbamamityibedlbus 1308

provides an interfags o FSEB YT PPREASIFUANenBy 90 Iniissiar MacHETAsEATy 1306 to

the processing unit 1304. The procéssing unit 1304 can be any of various commercially available

processors.. Duélefﬁmaﬁﬁf@déﬂé.b@ssﬁ%ﬂ#@rw@ﬁtbp@b@)@dﬂ@é&ﬁ%bﬁ%&@%@@lﬁ%@@n ployed as
the processing yaigl 304 iA0rRE i oY HETRUS 3398 CARRRAYY PHERUSER| HRER 01 53 fJructure that

may further interconnect to a memory bus (with or without a memory controller), a peripheral bus, and

a local bus usingxéepadici vatreplesraiBationrs 6ri [ elusitzas| ke ast 928 ehibstbrt S Ty se) Sealmemory
1306 can includgdgctnuggl)e\éirgg 'iE‘EETé@WQ[QWa@He%ﬁH& glor 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., RONKEBROM e gpreomdeesociatert RaBI0 testsrsiabliorpedi it 8ahw@IREIp to transfer

information betwgsagIEMERISIMEREG COBHIST Ak RN ARSI RIEhY R Thi% v atafile memory
1312 can also include a high-speed RAM such as static RAM for caching data. [0056]The computer

1302 further inctD@68MaPUistekAad HAEHLs andengdisaracmmedate therstoraga pPAINY At ihfernal HDD
1314 may also keg;canidigiesd forRaemmhsEh the RdABRFIMRARIaeas4ad arRYdiskrive (FDD)

1316, (e.g., to read from or write to a removable diskette 1318) and an optical disk drive 1320, (e.g.,

reading a CD-RBAr8ia1iDP of remasb e oradhetiitdste trrednigh ity SRRt @lch as a

DVD). The HDQldids ik & k336 8Pe 05 GabbaiadivanprePtdnbarRERRAIES iiptHempigM bus
1308 by a HDD interface 1324, an FDD interface 1326 and an optical drive interface 1328,

respectively. ThetheDDINpieH aeed iR hiehrass fEASAP IR A FRRAHIRR AHEMASCHR BN MAORSAISR one or
both of UniversakSefiad RS HeRbAPEIEE B A3 dtarpes ieehnalgains §205a3TRerrives and

associated computer-readable media provide nonvolatile storage of data, data structures,

computer-exec PAHTP |ALLRRIIGHBI SAMIEFOR. #Bk iwrdheb iRl RITY 13560 NisdiaMascanirinedia
accommodate thgnsiRtagexat IR SRR Berfeial igHodk MEmstaHinadeaserirEgn of

computer-readable media above refers to a HDD, a removable magnetic diskette (e.g., FDD), and a
removable opticHCRE§H8uch as a CD or DVD, it should be appreciated by those skilled in the art that

other types of megigvhich aiitiRRERBIBJYA FRANHRASHERiGRdiR Bilvesyeaagnsiiteassettes, flash
memory cards, cartridges, and the like, may also be used in the exemplary operating environment, and

further, that any Se/BAMhEHE rMMEGIAR SRR PYSIIBUEEB e ORS8RI CReHS PRI ISRHRIHRTAY #B%el
methods of the gigglogefasesiiartu@dules 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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[0058]A number of program modules can be stored in the drives and volatile memory 1312, including
an operating system 1330, one or more application 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 af8BOBY aistiitestikercarabe (BMMeBNEE VB1BYE i BZEamineBn]] foasitabiple. [0059]All or

ti f th ' icatior . Iso b hed in th latil
portions o e%%;gﬂﬂg s éﬁ@-*%@ﬁﬁ@ﬁﬁ%@%}ﬁ%&%a can also be cached in the volatile

memory 1312. Itis to preciate ecture can be implemented with various

commercially ad@@é@]e op‘ét&ﬂ_ﬁg@m@m@mmmﬂbmﬁiﬁﬁgrﬁfa@i@érﬁﬁﬂmmmﬁm A user can
enter Commamﬁ%ﬁ'ﬁﬂﬁ'@?‘ﬂ%é%éﬂﬁi@é@?ﬂfﬁﬂ% Hﬁf‘?b’ﬂ%f?\%l@f%&%&‘ﬁf&lﬂﬁgﬁﬁé yput

devices, for example; a keyboard 1338 and a pointing device, such as a mouse 1340. Other input

devices (not shoAfIREgEVCRIGECH ANiEro|HEnE34M IRthemoRstdetens dnpheipNnharieb, a stylus
pen, touch screen, ﬁfdrpﬁo%,eaa_ esERO %Hﬁbl”&%ﬁﬁ%!&%s@me%%{‘ LAMREA 1@ jpg processing

unit 1304 through an input device interface 1342 that is coupled to the systembus 1308, but can be
connected by ottéeanterfieckikeuchhaseapheane ikt derEes somotansqserctadinteport, a USB port,

an IR interface, @ﬁé&%%im@&%%ﬁ% ah ﬂ%dbﬁf QORI CRYGRAS ARSRANG Hed to the

system bus 1308 via an interface, such as a video adaptor 1346. In addition to the monitor 1344, a

computer typicaisieitihied HRePPEapmerePnagiat denotess (AT ey saTh Rraid arsks, printers,
etc. [0062]The qg’@@%@éﬂ%@%l%ﬁ%,%&éﬁq@derﬁ Qgg@r&gg, %H‘fﬁ%f@ﬁ%é{%g logical connections via

wire and/or wireless communications to one or more remote computers, such as a remote computer(s)

1348. The remo&@p@éﬂnpu&ﬂ&f’ﬁgﬂéwrpb@@%mgtﬁjﬁp@}SéW&edémmjﬁmr@@tﬁ@t&,tbepersonal
computer, portabie GATHRUIRLIVE ARTAGGFRY-LATS SRIRIG MR ABREANASHRIABR S MCe or other

common network node, and typically includes many or all of the elements described relative to the

computer 1302, BRRERIGH4br erpHseS Sicallityinslies ofanpeiieralgu tralidevicesdnetillustrated.
The logical con@ﬁgm%ggpiggge' F@srmi{g,g{vg@!ess connectivity to a local area network (LAN) 1352
I

and/or larger networks, for example, a wide area network (WAN) 1354. Such LAN and WAN

networking envite#ednts Hie CBRRHHENH bRZM0fReE RN KRsse mAEP iR e legherle-wide
computer netwoikss &HhasitnReeiR/BH RirslBish SRV FRERGT R D SiaahsrmERstications network,

for example, the Internet.
computers, such as a remote computer(s) 1348. The remote computer(s) 1348 can be
a workstation, a server computer, a router, a personal computer, portable computer,
microprocessor-based entertainment appliance, a peer device or other common
network node, and typically includes many or all of the elements described relative to
the computer 1302, although, for purposes of brevity, only a memory/storage device
1350 is illustrated. 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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[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 disposed thereon for communicating with the wireless functionality of the adaptor 1356.
[0064] When used in a WAN networking environment, the computer 1302 can include a modem 1358,
or is connected to a communications server on the WAN 1354, or has other means for establishing
communicationslispesat&evroN fresenynohiealing Wil betharehees fietctioraliiy o iheldsBtavhich can be
internal or exter %g nd a wire and/or wireless device, is connected to the system bus 1308 via the
input device interface 1342. In a networked environment, program modules depicted relative to the
computer 1302,[8P@HrtiorWhBetssf] thn \YAMoRiwaiking pavicnemesinths csaowriger dadieean3so. It will be

appreciated tha‘ﬁ%ﬁ%"ﬁgﬁ?ﬁi@%}wg éB%@t%ﬁe‘?%eé‘ggF?ﬂﬁﬂ}ﬁiﬁﬁoﬂ%‘%?é‘ﬁ‘ﬁw@f\ﬁﬂﬁp"mng a

communications e computers can . [0065]The computer 1302 is operable to

communicate witBSires ﬁﬁﬁmﬂlm@eﬁﬂf‘:é@@iéhﬁtﬁb@ﬂﬁﬁi@iﬁ@ﬂﬂE%O@ﬁa&Wbﬁﬁénﬂ@ds, such
as wireless devigeg ap rQ}f\’tﬂf@ IFEERREC IR WELHHS SEEN IR B Stk o cRBarkt ey the-air

modulation technigues) ‘with, for example, a printer, scanner, desktop and/or portable computer,

personal digital Wéisisnp{PDRlEsssiewinenieaaORSoieddNithe ASeTeReSIROG RN npisttieh |
associated with goirelessly,dqiectalle JAAd e iBriRek, oy riansties eortaaefigiephone. This

includes at least Wi-Fi (or Wireless Fidelity), WiMax, and BluetoothTM wireless technologies. Thus,
the communicafiohCearPBeal3Rzd efiRed s tharechscantbeseser énthsamuaroererEaMIan ad hoc

communication gefweeRsy oAzt IR deycGeWiiat IRINQKSKIBAAAJRSERAINAgS called IEEE

802.11x (a, b, g, etc.) to provide secure, reliable, fast wireless connectivity. A Wi-Fi network can be
used to connect¥emiplaty bRk of skrd lisfiRget cCarimigNgrdons tNdrRe @It eise IEEE
802.3-related m&ﬁﬁp%gsfég;pggﬂ&d[m%]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. Thd@fAtonnidtconmitpc ks vore ot deccenuntRicaleopitt ware podtyslalas® can be

hardware and/og&aENaEelfifes IR FRARe AEISE BRO SR RIUBH AU EREN RS HEBIEDARE can house

cookie(s) and/or associated contextual information, for éxample. [0067]The environment 1400 also
includes one or PRB&LIYELY SiEEP IO Vel essrGeMBIUNIR @ dlsd AvhyentRreEoftware (e.g.,

threads, procesggsy ATORYERhRRWORRINT S SRRYGSR 14 DA e SaHRE: TR KhBRITYBRabIe

t
transformations by employing the architecture, for example. One possnble communication between a
client 1402 and GPEYWEF. DemRa igitah QP@S!@%(%@&\H&%%R@ﬁﬁ%ﬁﬁé@%%@@ya%ﬁﬁ@éd between

two or more CoMBRIRHERPSERR Ao HEBRIRRARBLNAY-RSNAB:RcRBIaANY/S" a3a0siatRgsontextual

information, for example. The environment 1400 includes a communication framework 1406 (e.g., a

global communitan8n FREQRIAL SeHeAePhNentd i inahidesah IsasEMYibL e Wirslsaedidebhunications
between the C”Wﬁ)a}% @ﬂgeft‘agtﬁﬁm@ﬁ(@l)ewghnologies. Thus, the communication can be a

predefined structure as with a conventional network or simply an ad hoc
communication between at least two devices. Wi-Fi networks use radio technologies
called IEEE 802.11x (a, b, g, etc.) to provide secure, reliable, fast wireless
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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[0068]Communications can be facilitated via a wire (including optical fiber) and/or wireless technology.
The client(s) 1402 are operatively connected to one or more client data store(s) 1408 that can be
employed to store information local to the client(s) 1402 (e.g., cookie(s) and/or associated contextual
information). Similarly, the server(s) 1404 are operatively connected to one or more server data
store(s) 1410 that can be employed to store information local to the servers 1404. [0069]The client(s)
1402 can include the web application 106 and client data store(s) 1408 can include the data 104. The
server(s) 1404 ¢8A6AkIudenthensdiormnaul 400 alsy it idas ase/alinaieservetes$484306&and 308), and

the server data ﬁéwg%(@ e}%i&) %@E‘Fgl ﬁatrlag\,g[%%/%?#gﬂ%a[rg(gg{lwmggfaé%{%g&&escribed above

includes examples of 't c rchitecture. It Is, of course, possi escribe every
conceivable corp@mpitibig series) ordetscavrifol4dé teodiiusfidbraads theesfasrainangfekinalionse art may

recognize that %%%&%ﬁg&%%gﬁafﬁ%ﬂﬁéﬁgﬁ%ﬁ%ﬁﬁiQﬂ?eag'@sﬁBFeS@B'r% ?Hﬁ'%%%nﬂ%?d"&’ve'

architecture is in c such alterations, modifications and variations that fall within the

spirit and scop@ﬁﬂﬁé%ﬁé&ﬂ/&m@#@ﬁﬁhémtb@ f@ﬂﬁ@éﬁt@ﬁﬁﬁﬂ%ﬁ@dé%d‘ﬁ@d&@des' is used in
either the deta"ﬁ%r%ﬁﬁ%ﬂtﬂ%weﬁ‘ﬁvﬁ'6%@%@%@%&39@%@%9ﬁﬁb?ééftenﬁ'afiH&meJ similar

to the term "comprising” as "comprising" Is interpr hen employed as a transitional word in a
claim. CLAIMSOopa¥i¢ rndiarassgesater oviexiprltitiampationiesexanaplsydieeenvooneithp#ding: a

change compongph (142) (GrTARIIAG AP HARMBANEAIARIE SAGIBRIR AUk ARRialiaR: and

a reverse component (108) for performing multi-level reverse operations on the data changes.
such as the Internet) that can be employed to facilitate communications between the

client(s) 1402 and the server(s) 1404.

[0068] Communications can be facilitated via a wire (including optical fiber)
and/or wireless technology. The client(s) 1402 are operatively connected to one or
more client data store(s) 1408 that can be employed to store information local to the
client(s) 1402 (e.g., cookie(s) and/or associated contextual information). Similarly,
the server(s) 1404 are operatively connected to one or more server data store(s) 1410
that can be employed to store information local to the servers 1404.

[0069]  The client(s) 1402 can include the web application 106 and client data
store(s) 1408 can include the data 104. The server(s) 1404 can include the server 202
and asynchronous validation processes (306 and 308), and the server data store(s)
1410 can include the document 200.

[0070] What has been described above includes examples of the disclosed
architecture. It is, of course, not possible to describe every conceivable combination
of components and/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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2. The system of claim 1, wherein the data changes are associated with a webpage. 3. The system
of claim 1, wherein the web application is a browser application. 4. The system of claim 1, wherein
the data changes are made via a client-based data grid, and wherein the asynchronous data changes
include before and after versions of the data in a cell of the data grid, and an action to cause the cell
data to change. 5. The system of claim 4, wherein the data changes are made manually or
programmatically via the grid and wherein the multi-level reverse operations are client initiated. 6.
The system of claim 1, wherein the web applicatiorle®éMEs a notification of a change, the notification
including an order key that documents the change relative to other changes. 7. The system of
claim 1, wherein the changes are associated with a server document, input to a client-based undo
stack for the reV&Ha spdeémedds:and tracked in a client-based change tracker. 8. The system of
claim 1, wherein the reverse component comprises an undo stack storing explicit changes and implicit
changes, wherein an undo command removes and reverts changes from the undo stack until an

explicit change is revefted. A GOMREATRIEMsHIErErTB SYFEM 608 FioviRlils Eeverse operations in
data, comprising: - detoptRGGRIB SRANGS 107 T6FVRLARBUTIRAAS EEEYRRYA @ alient-based

data grid (1000); assigning order Keys to the changes in‘a change notification (1002), wherein
the order keys SihFVEDABPHGHAIRGDS the asynchronous data changes to be made at the data grid;

a reverse component (108) for performing multi-level reverse

operations on the data changes.

2. The system of claim 1, wherein the data changes are associated with a
webpage.

3. The system of claim 1, wherein the web application is a browser
application.

4. The system of claim 1, wherein the data changes are made via a client-

based data grid, and wherein the asynchronous data changes include before and after
versions of the data in a cell of the data grid, and an action to cause the cell data to

change.

5. The system of claim 4, wherein the data changes are made manually or
programmatically via the grid and wherein the multi-level reverse operations are

client initiated.

6. 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.

7. 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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sending the change notifications to the server for validation (1004); receiving asynchronous validation
information from the server based on the notifications (1006); ordering the validation
information in the grid according to the order keys (1008); and managing multi-level reverse
operations in the server document based on the order keys (1010). 10. The method of claim 9,
further comprising cascading changes through an undo stack and a change tracker based on the
changes 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 a reverse operation.
12. The method of claig 9, fugth tQri [ ata
structure. 13. The rg:ethodﬁtog EP%Qr‘f";ﬂE))Hfulgr't%elsnr(%:O{Rrr}i;]rﬁl)ésfl?jlgH %g\?egggni]%%gﬁ@?ﬂ?cn aEr%%ég fifore a next
explicit action attidhetacestating expliséxehangrsiartionlicit chamesx Wbﬁﬁpllﬂtéﬂ-uﬂémﬁ@fﬁf@ﬂdnethod of

providing re"er%rﬂB\%QHRa‘?T\?eﬂé"@n %%H%H‘fr‘o“ﬂﬁ‘%e undo stiBaR r% ficument of
a server via a client web application ?1 storing the ange as ano ere Istory of the
changes in a client undo stack and change entries in a client change tracker (1202);

9. A computer-implemented method of providing reverse operations in

data, comprising:

detecting data changes in a server document of a server via a client-
based data grid (1000);

assigning order keys to the changes in a change notification (1002),
wherein the order keys signify relative ordering of the asynchronous data changes to
be made at the data grid;

sending the change notifications to the server for validation (1004);

receiving asynchronous validation information from the server based
on the notifications (1006);

ordering the validation information in the grid according to the order
keys (1008); and

managing multi-level reverse operations in the server document based
on the order keys (1010).

10.  The method of claim 9, further comprising cascading changes through

an undo stack and a change tracker based on the changes 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 a

reverse 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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validating the changes at the server (1204); receiving validation information asynchronously
from the server into the web application (1206); and managing multi-level reverse operations in
the web document based on the ordered history of the changes in the undo stack and the change
entries in the change tracker (1208). 15. The method of claim 14, further comprising exposing the
data changes and visualization of the data changes via a client data grid. 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 opg@tionér]%gﬁ]ig&é;lgﬁﬂggﬁ]é@ga %&ﬁggeggégmﬁ%ggm B@%{B%:n@nges to a

i
datasource, and clearlng'the_ ange tr e meth 14, Wﬁereln the ordered
history of the chéaigetomiidedl on a change key assigned to each change. 19. The method of

claim 14, further comprising stariog jguplicitf qd%f%éga&%@?(ﬂismlgmwg dnfermaion in the

undo stack along with functions to eXecute to undo implicit a icit changes. 20.The method of
claim 14, furthe pRipheptiging e9®orting explicating changes as a collection of cell-level changes.

storing the changes as an ordered history of the changes in a client
undo stack and change entries in a client change tracker (1202);

validating the changes at the server (1204);

receiving validation information asynchronously from the server into
the web application (1206); and

managing multi-level reverse operations in the web document based on
the ordered history of the changes in the undo stack and the change entries in the
change tracker (1208).

15.  The method of claim 14, further comprising exposing the data changes

and visualization of the data changes via a client data grid.

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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20.  The method of claim 14, further comprising exporting explicating

changes as a collection of cell-level changes.
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