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ARCHI TECTURE BACKGROUND 5[ 001] Data visualization interactivity

ar chi t ectwoeoimseeopr ocess for enabling interactive dat areirdisaéoomededpn in a
way that may nmaxi m ze code sharing across many different rendering
platfornms. In sone situations, data v:tlir__glrization features need to be
re-inplenmented entirely within differ endering platforns because of the
significant differences anong the renderin latforns. I nteractive data
Tovi sual i zat i on i 14 YHAGZATION I ERACHIEITL ARCHTECTIREA | zati on,
such as a scatter chart, to explore the data. For exanple, a scatter chart
may conprise thousands of data points that may nmake it difficult to anal yze
trends or patterns. Dragging a seBAGKGROMNuee around a set of data
points in the scatter chart may zoomin on the data points thus revealing
more etail. TAG1korNatatvisisizaton itewmetivibi arohdeethre iscd pracess il emningt he
zoom feature for each of a nultitude of rendering platfornms, such as

GDI / GDI +,inférdotivel dadbivisudREaticamith Ok ayitndtomay maitimizeotddmsitaringescrpsobl ens
because the conventional strategy may result in a great deal of duplicate

ef fort angdaRpafichént refidémhg bRERMAS! il@isteVsitlJ%"tibﬁé,sdatéﬂﬁjsddﬁﬁm flareses in

presentation. The notivation for devel oping a sharable architecture for

|t er 2ot kAR A i bRle i BTCRAIAR LAt iciRg o aRSThd SkchiRYst ont

interactivity across ora o es and applications
gfLE?t ggﬁﬁn? ngUI\{i/\éAa?g dm%%eesda%%ﬁé]ghéa‘ réjr%e?’in\éi agﬁcljrirr%sa}t in graicpl\t/ee Eg%t ity
10 visualization may allow users to manipulate parts of a visualization, such as a
scatter chart, to explore the data. For example, a scatter chart may comprise
thousands of data points that may make it difficult to analyze trends or patterns.
Dragging a selection marquee around a set of data points in the scatter chart may
zoom in on the data points thus revealing more detail. The conventional strategy
15 is to entirely re-implement the zoom feature for each of a multitude of rendering
platforms, such as GDI/GDI+, Silverlight, WPF, and C# winforms. This often
causes problems because the conventional strategy may result in a great deal of
duplicate effort and possibility for incompatibility, errors, and inconsistencies in
presentation. The motivation for developing a sharable architecture for interactive

20 data visualization serves a growing user need for consistent interactivity across a

plethora of rendering technologies and applications using them.

SUMMARY
[002] A data visualization interactivity architecture may be provided. This
25 Summary is provided to introduce a selection of concepts in a simplified form that

are further described below in the Detailed Description. This Summary is not



25Summary is provided to introduce a selection of concepts in a sinplified
formthat are further described belowin the Detail ed Description. This
Sunmmary 1wWOrot0/080¥072010/ 080207PCT/ US2009/ 064325 i nt ende@#Craseaentisty key
features or essential features of the clainmed subject matter. Nor is this

Summary i.ntend t e used to limt the clajned bj ect tter's scope.
D31 A HadBlepRen e idatuKeY fratiesdhses e P LERs of e el pidbeed. The
5architecture may allow the creation of a data visualization, such as a
chart, arbai@ly Mepisdbisapmmasy ddended fabe uped ¢ lifidhechaimedabient. The
architecture may provide integration with nmultiple rendering platforns.

When a ugweatterd sodpe.t he exposed feature, the architecture may translate the
selection into a comon format and nodify the data visualization according

to layout rul ge03ndepandastal@atibRtimerd@ivie atdiiteptiat sy be provided [Fe Bot h
t he foregoing general description and the follow ng detailed description

provi ge %@%&ﬁr&ﬂggﬁaﬂsmﬁe' T off é’gbﬁévi%&g%ﬁ%l}’ch dd5 ¢ QFtegH& ng

gener al scription the foll ow ng detal escription shoul d not be
consi dered_t restrictive. Further, features or—variation be
o ovi dea iy Sufiied B ghefdctVR seais PRing VROHHEERR TP ERtRERE Mo odi men s
may be directed to various feature conbi nations and sub-conbi nations
descri bedP"PHAEHRICGERLQN WM FRARIE penesrINBRAERMRESORIGHT GREDREIAES HRAW NGS
20[ 005] The acconpanyi ng draw ngs, which are incorporated in and
exposed feature, the architecture may translate the selection into a common
format and modify the data visualization according to layout rules independent of
10  the rendering platform.
[004] Both the foregoing general description and the following detailed
description provide examples and are explanatory only. Accordingly, the
foregoing general description and the following detailed description should not be
considered to be restrictive. Further, features or variations may be provided in
15  addition to those set forth herein. For example, embodiments may be directed to

various feature combinations and sub-combinations described in the detailed

description.

BRIEF DESCRIPTION OF THE DRAWINGS

20 [005] The accompanying drawings, which are incorporated in and
constitute a part of this disclosure, illustrate various embodiments of the present
invention. In the drawings:

[006] FIG. 1 is a block diagram of an interactivity visualization architecture;
[007] FIG. 2 is a diagram of an operating environment;

25 [008] FIG. 3 is a diagram illustrating an interactive feature;



constitute a part of this disclosure, illustrate various enbodi nents of the
present invention. In the drawings: [6] FIG 1 is a block diagramof an

I nt er act iwOot2g1vi8820a1 | zati on architecture; [7] FIG 2 isPaTdiSagwam3es an
operating environnment; 25[008] FIG 3 is a diagramillustrating an

I nteractive f 0/ 0 0¢PCT/ 009/ 064325 FIG 4is a
fl'low chart of ?Qbﬁefﬁlgﬁd%'a@ R 26 2eTROdPRRINA £ 20 2iesae DAY on
architecture; [10] FIG 5 is a flow chart of a subroutine used in the
met hod ofvigyatizalion grchiteghseat i ng a sel ected el enent to a common for mat :
5[011] FIGs. 6A-6J are diagramnms illustrating interactive chart types and
features; and [POAR]FIE. G.is2 fieav ahbitt otk slibagutara wsediinsthetreethodadf kdiGng a
conmputing devi ce. DETAI LED DESCRI PTION 10[013] The foll ow ng detail ed

descri pt if@ﬂtréﬁél@ﬁﬁ%b%eﬂé‘tﬁe@émﬁbid“@)rﬁfr@ﬁ! fogrdat; Wier ever possible, the
sanme reference nunbers are used in the drawi ngs and the foll ow ng

descrpt i on 1 qoif S1ckoehIE) SAEaBfari ThisRESh FTERICAe ik yabagh ont s of

the invention es_crl ficatl ons adapt ations,” 'and ot her
i mpl emantfgg u%lg; A £ possi bl e. For exanple, subst i tutions, add| tions, or

[012] FIG. 7 is a block diagram of a system including a computing device.

DETAILED DESCRIPTION

10 [013] The following detailed description refers to the accompanying
drawings. Wherever possible, the same reference numbers are used in the
drawings and the following description to refer to the same or similar elements.
While embodiments of the invention may be described, modifications, adaptations,
and other implementations are possible. For example, substitutions, additions, or

15  modifications may be made to the elements illustrated in the drawings, and the
methods described herein may be modified by substituting, reordering, or adding
stages to the disclosed methods. Accordingly, the following detailed description
does not limit the invention. Instead, the proper scope of the invention is defined
by the appended claims.

20 [014] A data interactivity visualization architecture may be provided.
Consistent with embodiments of the present invention, a Windows® data
visualization platform 105 and an OS X® data visualization platform 150 may each
comprise a shared core 100 comprising software libraries and/or utilities for
providing interactive visualizations. Shared core 100 may be implemented, for

25 example, in C++ or C#, and may be platform independent. Shared core 100 may

comprise visualization utilities for providing layouts, shapes and/or geometry, line

-3-



15nodi fications may be nmade to the elenents illustrated in the draw ngs,
and the nethods descri bed herein may be nodified by substituting,

reor deri ryo 20r0/@ozdirng stages to the disclosed nethods. ARCTasdinm®b4s2st he
followi ng detailed description does not limt the invention. Instead, the

proper scope of e invention,is defined by the appepded c|ains. 20[014] A
a1 nt GeRgee: 4 Proeiana seaend, Amager Teeeed Falor qrididmesadie: o
wi th enmbodi nents of the present invention, a Wndows(r) data visualization
pl at f or mNAsPQiad applicatix pyogiamningdnuterieees (ARISH at f orm 150 may each
conprise a shared core 100 conprising software libraries and/or utilities
for providing [Dhdler deatawesudlizatdn pkatiooms! 00Shmay edpeseat 4 @et obkndven

i npl emented, for 25 exanple, in C++ or C#, and may be pl atform i ndependent.

Shar ed cqm%ré&ﬂlitmatgﬁé@%qétﬁ@red SOl éxdstingodatatvidddizg8on elieis OFofli ng | ayout s,
shapes and/or geonetry, Tine WD 2010/080207PCT/ US2009/ 064325 servi ces,

3- di mBNs| gnghnik SSHLFEL RBre 306 MEdy 88 {i%??tiﬂ?é% F‘Bis@%yin”d@{ I%'fasﬂ'[ %&iﬁ?ﬁ%;'t ‘6’19

hotspf)ts. ap ||cat:con programm-ng i aces Af )
Feat ur s WaehaReA P SpdyT sErtey B G Rby TG ary s M Brt ehHeBh Bllbn
shared core 100 ma rise utilities for displaying at | east one of a pie

co
chart, a 9oughpHhehartA B A Suface chgtumbubRis ¢harh andr stagkighartan ar ea

chart, a doughnut chart, a radar chart, a surface chart, a bubble chart,
and a st dodchctyaetof ceagimay pempfise ledlaastape dotepadtive faaturesichasea datar act i ve
feature, such as a data nodification feature, a data filtering feature, and
a vi sual radditisatenfeatwal aroata lilédahfeaitarl ahy peviswyl adjugimenefdattier act i ve
features specific to that type and/or
10  Each chart type may comprise interactive features specific to that type and/or
interactive features common to multiple types. For example, a pie chart may
comprise a chart type-specific visual adjustment feature enabling a user to click
on and select a wedge of the pie chart and enlarge the wedge and display
additional information about the underlying data represented by the wedge. The
15  pie chart may further comprise a feature common to multiple types, such as
enabling a user to drag a legend display to a different location. Data modification
features may comprise receiving changes to underlying data elements of the
visualization, such as changing the value of a point on a graph, and updating the
visualization accordingly. Data filtering features may comprise enabling selection
20 of a subset of data points, such as through a search, zoom, pan, or other subset
selection. Visual adjustment features may comprise receiving changes to the
visual appearance of the visualization such as changing a color, a line width
and/or type, and/or a point representation icon. Other interactivity features may

comprise moving a graph axis and/or reference line, adjusting a column and/or

25  bar representation width, iterating a data point set, providing additional information



interactive features comon to nultiple types. For exanple, a pie chart may
conprise a chart type-specific visual adjustnent feature enabling a user to
click onwocdopdisewyr a wedge of the pie chart and enl ar gecrhus2edgs2and

di splay additional information about the underlying data represented by the

wedge. The 15pie chart may further conprise a feature connon t l.tiple
Lypos. SRIPULS SR Anglo et o yiahEA el Brf it FLbaTote affedtbtin!

| ocation. Data nodification features may conprise receiving changes to
under | yi riiptaghange ganying avisupbzationualwheleiapd/ordapartasodnarifitag t he val ue
of a point on a graph, and updating the visualization accordingly. Data
filteringebadringedatappints apdics degerabéntnigs srelsering data2@oinfs anddabstedctorfal dat a
poi nts, such as through a search, zoom pan, or other subset selection.

Vi sual addlewieArnéf theaigiaizatioy, HgHTighting, pieskg, irbttinh 2a8e didotaimgavi sual
appearance of the visualization such as changing a color, a I'ine width

I
and/ ot ypipa Rt lstBn PRI bridRARERR' GO TV ABn, RdeiddiioRfdici Vi Y

features may conprise noving a graph axis and/or reference |line, adjusting

or ovi di nd G vedrarre R RREERved Ryt h ruabufecRle b2 B ek

visualization, predicting at | east one effect of a data change, cofp ing a
vi sual i zfGVRE @%%'ﬁi?‘é“& HEXReseshinteraciha feagiraasech @%@rrH%Wgrﬁenb%t poi nt's
and/or |legend entries, resizing data points and/or structural elenents of

t he vi sudlinter pwer, amiagga OGihei vigualigation.i aeybasratinmuy, ardiar dine@sgyi ng a
5tooltip. Consistent with enbodi nents of the invention, user selection of
an i nt er anbveracheatd/oeclicgky be achi eved t hrough any input received froma
user input device associated with an exposed interactive feature, such as a

novergnt of a [PPENUETINIDWRID aBt=AliSFalRhtibR Blatiorhhed 07 8hd OB X® Ygigboard i nput,
and/ or a nouse novenent and/or click. 10[016] W ndows@ data vi sual i zati on
S

Dot 0 05 B3 PR A B B SRR ol R 5 oy =
speci 1 D eres KPR AL CRreLLd o & FPL TP o ely Y6 B "W ndows @
user int eprlgt?ocr% g(L)J|5)me|13; ct:)(gr%[)%/isel\zlvgjihdows® platform specific utilities such as a
Windows® file I/O library 120 and a Windows® user interface (Ul) library 125.
15  Consistent with embodiments of the invention, file I/O library 120 and Ul library
125 may be implemented as dynamically linked libraries (DLLs). Data
visualization platform 150 may comprise OS X® platform specific utilities such as
an OS X® file I/O library 155 and an OS X® user interface (Ul) library 160.
[017] Shared core 100 may expose the interactivities in each chart type
20 via HotSpot objects that may surface an area of the chart for which an interactive
feature may be available. For each rendering platform, an integration object may
comprise integration code to provide generic interface information usable by the
data visualization platform for that rendering platiorm. For example, Windows®

data visualization platform 105 may comprise a Win32 integration object 130 and

25 OS X® data visualization platform 150 may comprise an OS X® integration object



15Consi stent wth enbodi mrents of the invention, file I/Olibrary 120 and U
library 125 nmay be inplenented as dynamcally linked libraries (DLLs). Data
vi sual i zawpan1ogisexo7or m 150 may conprise OS X@ pl at f or m gpeaiskéoo/oat3nsiti es
such as an OS X0 file /O library 155 and an OS X@user interface (U)
library 1 017] Shared core 100 expose the interactivities in each
char . L yptPooTis KegaBaBObE deaa e ey er ta elaBhT B gay BpTPRe char ¢ f or
which an interactive feature nmay be avail abl e. For each rendering platform
an i nt egre@fiwaie dbjasies ang tocepidest Mavsediuaserdaediprrk ard pit desting l&&'ﬁér& c
interface information usable by the data visualization platformfor that
render i ngdrpgairoéptoop Eiity & mpdye caphilinel owvesige divean, yneusd mpaej amd plaustarmm 105
may conprise a Wn32 integration object 130 and 25 OS X@data vi sual i zati on
pl at f or m@af) ek, dragpand felédsdoa X@ityntbebatd armgoiRiRRt thhbmay hesipiirgr at i on
obj ect for each data visualization platformmay conprise software libraries

and tg prtﬁ”%ﬁ{rﬁécGPé‘%Go%HilécHra%ﬁggég&a%ﬂ’it o cdrfilit '6hatiddiist. YTh& dr ag-drop

| oop utilit at may capture own, use nmove, and nouse up (e.qg.

cuppl | ed CoyoRlidnd BBTBheed lier Lot BBy i ise TR ORs Rt .
changelist. The changelist may conprise a Iist of user inputs such as nouse
movenment KEXFHPERS F9dReENg 8 BREEHCRIIAAMgT e harpalisbpravdsscrivpdata

changel i st may descri be data changes (e.g. change val ue, reorder val ues,
filter bychanges (as-ﬁbamg@galgﬁarﬁ@rge@mj@es,(fﬂrt@vby are@pasewelliasedNape0[ 018] Each
i ntegration object may be responsible for converting platform specific
user i npuhathgta (molve, tatersize).ver si on for submi ssion to shared core 100.
The integration object may not need any chart-specific information to

provide these (i8] itd@Sinterhih Bsiebhﬁ]as/iwr‘épghbi%réfdr%oﬁvmﬁg platforf- the
interactive features associated wth each chart-type provided by shared

core 100.. 1500 a{?"ﬁ?‘jr%%%?ﬁ/@g?n%}’%&@?ﬁeac (of TP RAAE oMo 'ShBrelPbare 100.

vi sual i zat1on p ave specitic areas o
interactiyjty that. are.unigue to those chart types.. To expose those
|t or act 1 {belneBtiofbisdhyetinnl 8eod 38y el sl IaeDREc 6 BrasHE ray
expose a hotspot. Each chart type nay encode various hot spots specific to
t hat charthess gtlitiasd abopipgdhe singlepbiast ta ¢xrgse all of the interactive features

associated with each chart-type provided by shared core 100.

15 [019] Various chart types may be exposed by the data visualization
platform (DVP) and may each have specific areas of interactivity that are unique
to those chart types. To expose those interactive areas, the top edge of a
column, for example, the DVP may expose a hotspot. Each chart type may
encode various hot spots specific to that chart type and expose the interactivity

20 through that. A client may encode a very generic interface that may allow the
client to make use of the interactive features exposed by the hotspots based on
an interaction with a mouse and a simple commit step. The generic interface may
comprise three pieces: mouse hit testing logic, a drag and drop loop, and a
commit step. Once those pieces are in place, the client may hook into all of the

25 chart specific hotspots that the DVP may surface.



20t hrough that. A client may encode a very generic interface that may all ow
the client to nake use of the interactive features exposed by the hotspots
based on w0 20mepcti on with a nouse and a sinpl e comi PCIUSPIDBB2HENeEri C
interface may conprise three pieces: nouse hit testi ng logic, a drag and

drop | oop, C Once .those .pieces are I ace I | ent
my hook” nt o 19291 gt lesuRghey SPFPERE draviES ﬁdrsgbm@ttdﬁa g

surface. WD 2010/ 080207PCT/ US2009/ 064325 [20] Hit testi ng rray
conpr i se G0t ragiugsting infermpationyEomdae 42\0t 88 tanhatilee sbeeiRPut eYigestS ng
information fromthe DVP as to what the user input cursor is over. The DVP
may respawtrwilhe DViBtmawnfespoativeith thab infertaatre foraextahplepaidata point.zorshape,
or nothing. The DVP may also will say informthe client that a hotpot is

Sunder t f‘@ra@ér 8Phothifte Thé P AR 4188 Will %ﬁlw@rnﬁtﬁeeélﬁrﬁm & Rotpbeishot spot
and go into a drag and drop |l oop. As the cli ent S user input cursor noves,

such s Wik, ' 86fsoR ATk RECHPHES g BaRRI%E f RISl Aoty

screen, client may update t hotspot W|t ocati on.” The hot spot

The ot o B Sud BRSS! RO diehES L5 @PUECr%Prﬁrd%%gémﬁw%m”?'hea

fill or a gray. Once the uyser re| eases the nouse, the hotspot ob ect may
commit t FeUSERFceIRAUSH EOWA ANGEAragaafee SHERRIATONRE SEReNpiie Cisstisi st ent
wi th enbodi nents of the invention, the changes nmay be stored in a

changel i Snaybpdate thedrotspad witheits lcation. Ttheehetspehmaydhenppowde @ diagyed and/ or
in part. Wien the changes are commtted, the DVP nay reflect all 15those

changes iimagertaldey theousdrs dadbavk.s Hat example) the hotspot al|préliGe 2wire a
di agram of an operating environnment 200. Operating environment 200 may

conprpse fiarfalAbAne RAMNRIGed Khape WHE oW ) grali @Hcezt?rg us%r Maebse ORI 1)

client 230, and a nobile Client 240. Dat abase server W ndows(r) client

20 e g R L o T BB L 2,7,
ARG 7. encoded for the DVP. Consistent with embodiments of the invention, the changes
may be stored in a changelist object that the user and/or the client may apply in
whole and/or in part. When the changes are committed, the DVP may reflect all
15  those changes internally to the data visualization.

[021] FIG. 2 is a diagram of an operating environment 200. Operating
environment 200 may comprise a database server 210, a Windows® client 220, a
Macintosh® client 230, and a mobile client 240. Database server 210, Windows®
client 220, Macintosh® client 230, and mobile client 240 may each comprise a

20 computing device 700, described in greater detail below with respect to FIG. 7,
and may be connected via a network 250 such as the Internet or a corporate
intranet. Windows® client 220, Macintosh® client 230, and mobile client 240 may
each comprise a rendering platform and a data visualization platform. For

example, Windows® client 220 may comprise Windows® data visualization

25 platform 105 and Macintosh® client 230 may comprise OS X® data visualization



and may be connected via a network 250 such as the Internet or a corporate
intranet. Wndows(r) client 220, Macintosh(r) client 230, and nobile client
240 may esolzoasprorse a rendering platformand a data viPSTAIS2ER064305
platform For exanple, Wndows(r) client 220 may conprise Wndows(r) data

vi sual i zation 2 latfo 105 and. Maci nt osh .clien 30 conprise OS
r) it DTSR B0 e ol St es I uDa TP DEVIBROTRR S L Ea 1 o m 1b0. The
data visualization platfornms of Wndows@client 220, Macintosh@client 230,

and robi IMaginfash® dient 280, are makiemliese24h arayceawy eonpuse shaneddarent may

provide a different rendering platformused to display a visualization.

5[ 022] | mtGEx. aeadhvcligntmegy peovideca iffarehiectnperingupldtiorm ased foodkisplgy @nd/ or
draggi ng an input device 712 such as a nouse, a touchpad, a nulti-touch

di spl ay, \asuidigatiorscreen, and/or a stylus. Keyboard-based interactivity may
al so be provided. Consistent with enbodi nents of the invention, each client

may Syppor t a({g%%f ‘jg%%%{ﬁ@gydwp Béfagf:@m‘ﬂ)ﬂglj\&?Bri%ﬁi&ﬁ\?i%\{ocgﬁigHg%ﬁd/d:ror exanpl e,

Maci ntosh@cl i ovi de support for enot e@ user

23] i @ oray 8GRy JRYie PR EPalidR Btin 4 roidtiRl Ml bR BPrimamp o

line chart 300 nay conprise a plurality of data sets 305 plotted on a
graph. LihEOUShacreeb@nddy & aviuserKexhasrd vasad inergtiyitg may alsg Pexi s 315, and
a legend 320. 15 Line chart 300 nay be generated by Wndows@ dat a

vi sual i zarbvideg| didnsisteniosito emiiodinerigaiithe inveption agac diang may surepart t ype

i nformati on associated with shared core 100 and data stored on dat abase

server 2l4dditicoras uséreinteriadendenidexdamayot featdireshd-orexaniplerMadiatash@eesliontbed by
line chart 300 may be stored locally on Wndows@ client 220 and/or anot her

conpypi N ILEMaGHroViiE SRRBER dat ah ARKISRaMIEED UGB PltéfAcY BoviBe tHEn &y pose

hot spots to the rendering platformof Wndows@client 220. For exanpl e,

oL Pt PR RS R e Y (L) oepe SES Al
305. [023] FIG. 3 is a diagram illustrating an interactive feature. For example a

line chart 300 may comprise a plurality of data sets 305 plotted on a graph. Line

chart 300 may further comprise an x-axis 310, a y-axis 315, and a legend 320.

15 Line chart 300 may be generated by Windows® data visualization platform 105 on
Windows® client 220 according to chart-type information associated with shared
core 100 and data stored on database server 210. Consistent with embodiments
of the invention, data described by line chart 300 may be stored locally on
Windows® client 220 and/or another computing device. Windows® data

20 visualization platform 105 may expose hotspots to the rendering platform of
Windows® client 220. For example, hotspots may be exposed allowing
interactivity with legend 320 and/or x-axis 310 such as changing the name of one
of the plurality of data sets 305.

[024] Interactive locations in a visualization may be exposed via a built-in

25 collection of ‘hotspot’ objects. Each visualization layout type may expose hotspots



[24] Interactive locations in a visualization nmay be exposed via a built-in
25col | ection of " hotspof objects. Each visualization | ayout type may expose
hot spot s wa@oR@B020080207PCT/ US2009/ 064325 specific to tIRETINSR@I0643EDr
exanple, a colum chart nmay expose a hotspot to drag the top edge of the
columm vertically, A pi hart may expose a hotspot for each side of a pie
o1 oot napest iha e FOReXeEps, Augtla np g AR POtk B SRt e n
Movi ng or rotating shapes such as |egends and titles may be exposed 5via
generi c dhaper rege ebthe column vertically] Apiesghars meyyexnosexgaelergot ©r gaghi ent
via hit-testing. The client may use an integration object to determ ne what
obj ect s aide bbagi blice tmatisan berdsegge? h a Stomketsecor @ourérciokwiss urn a
reference to a hit shape and/or a reference to a newy created hotspot.

Shared cajieclifn. MVl beeRhEndShaHsy ssH %Iég@hdfs@n@irtitlb@&ﬁé%b@ dxppesd class
for the chart that may anal yze which geonetry curves were hit. If no area

corregpongl } ive feature was hit, shared core 100 may return
5 '\ﬁépg?éﬂc éﬁabé'[@fsg%é.

no hot spot erence. otspot was hit, shared core 100 nay create a

new ref erence- nt h P j ect ecqr.d initial. hit-test
posi 11 o The PeRieieigohRa Ty PREhsHaR 2 el FRglfeiNas "Thitientiigkewi 1
occur and nmay 15di spl ay an appropriate cursor and/or tgoltip and/or ignore
t he hot spti€ an integration ope deteraing waat ObIEFSATs RengathanBRLsSoeUser bei ng
dragged with the nouse, it may go into a standard drag-drop | oop. For
exanpl e, 3@ndohereciare1002nay retyrreatreierenceds) 2 bit shapkiang/Qralrefeteadditag
(OLE) drag and drop and/or a sinple nessage |oop. Inside the | oop, each

mouse novenenwly drgatedaiotepetndleared cdbe 100 maly tbleyatechospst detpotiant tooan t o
whi ch nouse cursor 325 has been dragged. The client may query the hotspot

for ap updaledaydidres! osthe?dtirPthaltnay shaigzd WRLS m%@%c@r\@%%ﬁermge 330.

The type of change associated with a hHotspot may c ased on the

| i f . : 300 i g s '
chart. ey "0 Eg RSEoR eI fraPhBRilagdedt Rl O e, P

anot her ngursll e magt

or der
n no hotsp

rre erence. }f%ehgt%gf was hit, shared core 100 may create a
new reference-counted hotspot object that may record an initial hit-test position.
The rendering platform may get a description of what changes will occur and may

15 display an appropriate cursor and/or tooltip and/or ignore the hotspot.

[026] Once the client detects that a hotspot is being dragged with the

mouse, it may go into a standard drag-drop loop. For example, Windows® client
220 may enter an Object Linking and Embedding (OLE) drag and drop and/or a
simple message loop. Inside the loop, each mouse movement by, for example, a

20 method that reports a position to which mouse cursor 325 has been dragged. The
client may query the hotspot for an updated change list and/or as a drag image
such as a drag image 330. The type of change associated with a hotspot may
change based on the location of the mouse. For example, dragging a pie slice
outward from a pie chart may simply move the shape, whereas dragging the pie

25  slice over another pie slice may reorder the data.



WO 2010/ 080207PCT/ US2009/ 064325 [27] Drag inmage 330 returned via a
hot spot may be received by the client in the formof a geonetry iterator
t hat may we 20tessrmne obj ect used to draw the static i ma@eTafS2a0@643RAart .
Thus, once a client is able to draw a chart, it should be able to draw a

drag i by i-pvoking th de. Inside shared 100, 5 drag i
330 may be gedBPhk ed By ARy SR 4P SRElsEAL PEIEP YRRV R or i gi nal

geonetry and altered to reflect the current changelist. 28] When
t he rousecligpt viBatfowa of pgeonmeingitergterrtbpt Mgy s thersamms obiecbyeed imdravhe
changes may need to be conmtted. At this time, the client may query the
hot spot dhe statgt imdagesofftbe chiag. clirausgencté stcliantdisrable tamaraw atdinart; Haahgeald st
10t o shared core 100 to apply the changes internally. Consistent with

enbodi merdesatelk th Rigaw vEnalg ifTAget BiEinGbkiBgtheBdmeatdae. t Ihgicehstizeed lcbed 100md
selectively apply the changes however 1t wi shes. For exanmple, an Ofice@

chart gcli ; btgarg : tilNg
changgs tcﬁ?%&rﬁgéﬁ%?gﬁ)%gwg%géﬁ%rae 1 gagtﬁ’g g%ﬁ%ﬁ@%‘lgbéléi gZQﬁr&inth?her
exposed intergctivity in Ljin har na rise..for exanple, a visual
st merft e disel ot ghERaigTehed e R eRERASst cqr at 1 an ob) ect " 130
may receive a nmpuse down }ge.g. nouse button click) event froma user input
devi ce and bedPASk r AVREA N FHUSEIHRAEVEHAFCUEN A HtAGE P LPErRHBIMAY0S
changelist until a nouse up (e.g. nuse button rel ease) event is received.
For 20 exeu@plaad the ghangesimnagyodead iorbe aoorittads Ahthis hiengyde client raayl drag t he
nouse to select an area of |ine chart 300. Shared core 300 may provide a

pl at f or mquete e Hetspopore st éime fopite Thahge llishartid ndyecarsmit the chadgelate t he
sel ected area, such as drag image 330. Once the nouse up event is received,

W n330i nttgGhaké®Borebi ®sio é%ﬂ}sﬁ?dcﬁéﬁ%éstinté?ﬁa 1208RsSis&Ent Withsdiabsdinfedts 100
that may in turn WD 2010/ 080207PCT/US2009/ 064325 generate an updat ed

Lot s AR P SRR IR TALPE | oo
OO 100 kSRR SuSBR, PUAT G 5 et L AR e por
shared Cocrheanégg b%ic(lz tg gﬁm Ifxxc%?@galc}rltlgﬁeet, letting changes trickle back to shared core
100 at a later time.
15 [029] Another exposed interactivity in line chart 300 may comprise, for
example, a visual adjustment feature such as a zoom operation. Win32
integration object 130 may receive a mouse down (e.g. mouse button click) event
from a user input device and begin tracking additional input and adding each input
to a changelist until a mouse up (e.g. muse button release) event is received. For
20 example, a user may position cursor 325 at one position and drag the mouse to
select an area of line chart 300. Shared core 300 may provide a platform-
independent graphical representation to the user to indicate the selected area,

such as drag image 330. Once the mouse up event is received, Win32 integration

object 130 may commit the changelist to shared core 100 that may in turn
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the client wants or there may be scenarios where a built-in hotspot wll

not suffice. Consistent with enbodinents of the invention, shared core 100
may exposwoaddvasimmal APlIs to allow the client to exten#CaaSa@omssasy. For
exanpl e, shared core 100 nay expose APls for clients to retrieve

| Terati oA vROSROVET RpLRT Ph0 Liehbey fsBlRvean BRieract VLIRS | ot

may want to understand what interesting parts of the |layout are beneath the
mouse curddie selgctediangsl &f linerghacte3®bps may want to annotate a chart with a
connector arrow fromthe drawi ng shapes. To do so, shared core 100 15may
need to provi dé38ub-Hieshetispots éxposed byrdharedicomn 100 keay' ©pegsatdtea poi nt #3
in series #1" or "over the growmh edge of a data point" or "over a val ue

axi s ti clgomigrenehsive detsf kibwn interactivitiéghalPdréd meinbgistivy dga r ender ed as
paths wthin a series shape. Cients may want to highlight individual data

poi nt %h( %idlial PRSP Uit O Rble ﬁ{a?a‘éfst?éggﬁtgﬁgbé drftel IcBrd 160 AR hotlékddRelthat at e

over the geonetry specific to ata pornt and not the entire
series.

he chandtesliea W AP el s e o3l pbReBwiBIRS A en

reordering data points, a client _nmay wish to show a data point properly
i nserted Sisterd WigverpBpaimeants Rf it uentiomsharemcaie 10heEm $H9SRar ker

ghost. To do this, the client may create and hand a changelist to shared
core 100 addiitignardy’1s teallew g elientdopytend as necessary. For example, shared

core 100 may expose APls for clients to retrieve layout-specific hit-testing
10 information, to provide datapoint geometry iteration, and/or to provide what-if
change prediction.
[031] Clients may want to understand what interesting parts of the layout
are beneath the mouse cursor. For example, Office apps may want to annotate a
chart with a connector arrow from the drawing shapes. To do so, shared core 100
15 may need to provide sub-element hit-test information like “Over data point #3 in
series #1” or “over the growth edge of a data point” or “over a value axis tickmark
with value 10”.
[032] Data points may be rendered as paths within a series shape.
Clients may want to highlight individual data points (e.g. on mouse hover) and so
20 may require the ability to iterate over the geometry specific to a single data point
and not the entire series.
[033] Clients may require a full chart to be handed back with the change
predictively applied in a what-if scenario. For example, when reordering data
points, a client may wish to show a data point properly inserted into its new

25 location rather than show an ‘insertion marker’ ghost. To do this, the client may
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on-wite clone of the chart, apply the changelist, and hand back a geonetry
iterator pointed at the new chart for the client to draw [ 34]
Changes maioeotomssivar ed core 100 via APl access or user BPCmiuse@onsons (e. g.
hot spots) shoul d be undoable. To achieve this, a transaction object may

ot 3 comfuRA ALhend8 eheRrltS ShhEd ferkok VB aRR e ha e B soR .
Get UndoRecord() nethod that hands back an UndoRecord object to store
undo/ r ed®N-Writs Blane & therplartrariike te ehagelist, angyhansadnieePmely Redo() 10

met hods to be invoked fromthe client's undo/redo commands. For user
changes ndatovipainted Sptitesnew lthadHantpel ¢lent th@mmt. r et urned by t he Hot Spot
may al so expose a transaction object to track its undo/redo state.

[35] FIG 4 i9084f |omearsderr hagetd sAgrddosdrd tonevig A raRlcess agaserd nvol ved in a
met hod 400 consistent wth an enbodi mrent of the invention for providing a

data &5vi iﬁ%%étﬁt ! Hdg%ﬁtgﬁ%@g@ be%rr@@gb%@t% %cmlx%gﬁig, 492neBY e,

i npl enented using a co Ice as described 1h nore detail bel ow

with respegct .to FIG . 7. to i ARl enent .t he. es of nmethod 400 will be
descr | bedetgPakeat Bt sl 00 R Aol o s 8 Byt ARudBel ng "bi ock
410 and proceed to stage 420 where conputi ng device 700 nay create a data
vi sual i zteHaes Bba %@%ﬁﬂ@,'e\ﬁb- E@ﬁﬁiﬁ@ﬁnﬁ&&*&gﬁr@@&?@@me% Y i€XBO%¢ Adows
client 220 and may use Wndows@data visualization platform 105 to create a
vi sual i zdb¢tbndoiRgeosd() meihed graimands besk ashdndoRacerdanlyjest tetsiore, a col um

chart, a line chart, an area chart, a doughnut chart, a radar chart, a

surface aimio/reda ibiobipatonhdihe, UrduRecost oblect @yt have Undo() and Re&6(]) From
stage 420, method 400 may advance to stage 430 where 25 conputing device

700 mBY axePResab beaAasdkeomthecheht Y Bnd&rddl EorhRiandde Frider Wehnges
2010/ 080207PCT/ US2009/ 064325
made via HotSpots, the changelist object returned by the HotSpot may also
expose a transaction object to track its undo/redo state.
[035] FIG. 4 is a flow chart setting forth the general stages involved in a
method 400 consistent with an embodiment of the invention for providing a data

15  visualization interactivity architecture. Method 400 may be implemented using a
computing device 700 as described in more detail below with respect to FIG. 7.
Ways to implement the stages of method 400 will be described in greater detail
below. Method 400 may begin at starting block 410 and proceed to stage 420
where computing device 700 may create a data visualization. For example,

20 computing device 700 may comprise windows client 220 and may use Windows®
data visualization platform 105 to create a visualization such as a pie chart, a bar
chart, a scatter chart, a column chart, a line chart, an area chart, a doughnut
chart, a radar chart, a surface chart, a bubble chart, and a stock chart.

[036] From stage 420, method 400 may advance to stage 430 where

25 computing device 700 may expose at least one interactive feature for the data
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vi sual i zati on. For exanple, conputing device 700 may expose a hot spot
associated with an interactive feature such as a data nodification feature,
a data fiwoepiongofoeat ure, and/ or a visual adjustnment fe&CUMES2009/064325 [ 37]
From stage 430, nethod 400 may advance to stage 440 where 5conputing device

700 d t t d with at t f
ol ur a1t WENGRHOgF Bl SEADPlss Cof R T R hgsRe 00 may use a

rendering platformsuch as GDI, GDI + Silverlight, WPF, C# wi nforns, and/or
QT to rerdfSPC@eHWitban 'Gt%’@ﬁtaﬁﬁsfeéﬁdﬁ&uchﬁsaa da@mpﬂﬁn&atl@meatmap datam st age
440, method 400 nmay advance to stage 450 where 10 conputing device 700 may
recei ve dilteehgdeatore,cindadr 4 gssbl adjasinerdtfeatur@n t he data visualization from
a user input device. For exanple, a user may select a point on the data

vi sual i zati on [087ng FaroFfDSlt%lge 4805 mBthed 480keaPaavshceidpdiage a44Dautdrescr een.
[39] Fr om stage 450, nethod 400 may advance to stage 460 where conputing

devi cg oy H@e&ﬁ) c%@s 60 desn #f @%ESH o%Ledt%%é&ch(égj \gﬂ?ﬁﬂ gtis 15

assocl at e pot or exarrpl e, rrputl evi ce et erm ne

st uct ur e G ERREly P eerﬁ&eﬁ&?%ﬁ%f?éa%ﬁrﬁﬁﬁ? ﬁg@ytiﬁa%@%&pﬂ%ava user

interface nenu item a user interface command el enent, and/or a data
vi sual iz resaring Platfermeatch as GDI, GEP'IO?"W”'Q}&E Vg?gg@#é‘%'ﬁ 0§ mput i ng
device 700 determ nes that the selected 20 at | east one location is
associ at eahdn @Tdomendgrg@raphicahdigplaye amgyoraihianissiatizatiangsge 470 where
conputing device 700 may transl ate the selection of the at |east one

interactive fga88ye Rrom stageiddlegiethodd00meay bdvarice @ stageds0fviierat
associated with the data visualization platform Translating the selection

via ype idygngalitiig dlé\néé’l?@@?néﬂééeﬁxe@@&'é@tlér%f@iIe'a§t&%Hc'ah@ﬁoh%@\ﬁa'té‘
greater detail wth respect to 25F , at stage 460, conputing device

700 deterid pasatiéRtroh's u38H Fﬁ‘bh?f!e%e. W8r %%R(p?é‘%oaz&@%é&@é%%% Wirton

the data visualization using a mouse, a stylus, a keyboard, and/or a touch screen.
[039] From stage 450, method 400 may advance to stage 460 where
computing device 700 may determine whether the selected at least one location is
15  associated with a hotspot. For example, computing device 700 may determine
whether the selected at least one location comprises a data point, a structural
element of the data visualization such as an axis line, a user interface menu item,
a user interface command element, and/or a data visualization control element.
[040] If, at stage 460, computing device 700 determines that the selected
20 atleast one location is associated with a hotspot, method 400 may advance to
stage 470 where computing device 700 may translate the selection of the at least
one interactive feature via the integration object into a common format associated
with the data visualization platform. Translating the selection via the integration
object into a common format is described below in greater detail with respect to

25 FIG. 5. If, at stage 460, computing device 700 determines that the selected at
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| east one location is not associated with a hotspot, nethod 400 may return
to stage 450 where conputing device 700 may wait to recei ve anot her user

i nput selwWoDLNMS0207 [41] From stage 470, nethod 400Pcayusaavantsest o
stage 480 where 5conputing device 700 may update the data visualization
according tg the selected interactjve feature. Once uting device 700
Updat es RESIRREIOGRUQTKIS NolERsRCARc W@ hRigPotatatiee 488 Tay "EiHehoend at

st age 490. [42] FIG 5 is a flow chart of a subroutine used in the
net hod ofStEgeEAoq whare cogtpltiagidayice 40 Bayeraibieiaseive anahevbwsaiinPYr mat .
Subroutine 470 may being 10 at stage 510, where conputing device 700 may
capture ateléctimst one characteristic of the selection. For exanple,
conputing device 700 nmay capture a selection characteristic such as a nouse

click, a drag [oper airbﬁﬂ_sta%efﬂﬁ@p ngmﬁé@ubgmna;ﬁam 1B03t8H8 180 veherer ol |
operation. Consistent with enbodi ments of the invention, the captured at

| east Onecogﬁ%‘tgﬁ@é\}iéé 760 WYy @ﬁ%?‘%@é’%gtd %sé‘aﬁz%iigﬁtac%éﬁﬂﬁ' ik Aéﬁtgé

15renderin or ns. rom st age subroutine 4

advance t.Q. s 2 [ ut.ing, devi 7 di,splay a._vi.sual
Feedback ‘SeledNg Batritints EOPUbA VBN D drc R b3l Mt o
conputing device 700 may di splay a visual feedback such as changing a
cursor, ditagf Aglameiird Q0 mAYigen eseAStagdafli ng a 20titl e, changing a
status display, and/or displaying a tooltip. ~[44] From stage 520,
subroutine 470043y dd@aidde a ftove chgd of aGuliieutinecasgslini thg raethiodef FIG. day
convert the captured selection characteristic froman encodi ng format

associ at efdr tvahiatimg arseietted einpdrttd ar cemimensforaatoBuleratitide 4F 0fraaydking
associated with the data visualization platform For exanple, the data WO

5232/1@80?&@ _ 5@,@9%@%&1%%&@%@?Db?ﬁb@bé’étﬁ% A1 18BYt Y€ chi@chsRael at ed
gration object to convert the selection characteristic.
of the selection. For example, computing device 700 may capture a selection
characteristic such as a mouse click, a drag operation, a drop operation, a mouse
movement, a scroll operation. Consistent with embodiments of the invention, the
captured at least one characteristic may be encoded in a format associated with a
15  rendering platforms.

[043] From stage 510, subroutine 470 may advance to stage 520 where
computing device 700 may display a visual feedback associated with the at least
one characteristic. For example, computing device 700 may display a visual
feedback such as changing a cursor, drawing a line, drawing a shape, changing a

20 title, changing a status display, and/or displaying a tooltip.

[044] From stage 520, subroutine 470 may advance to stage 530 where

computing device 700 may convert the captured selection characteristic from an

encoding format associated with the rendering platforms to a common encoding

format associated with the data visualization platform. For example, the data
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[ 45] From stage 530, subroutine 470 may advance to stage 540 where

conputing device 700 may create a change |ist according to the converted at
| east 5 owe 2otvzosexveri stic of the selection. For exanpl eCTASPI64395 devi ce
700 may create a changelist in response to receiving a nouse down sel ection

characteri.stic. chan t has been .created, utin vi ce 700
ey apperteieEie: 37 BBeRaETEN Lok Lie Oper SR SR LSRG DTS ey ar e
recei ved. [ 46] From stage 540, subroutine 470 may advance to stage
550 wher éelectioprinara¢igrisisi ce 700 nay deterni ne whether a user selection is
conpl ete. For exanple, conputing device 700 may determ ne that the user has

conpl eted a dr[@45Kr d*'prohosﬂagbyB&OebalatdutﬁgetW@ meysdvbote tmstage 540 wiherg] | f,
at stage 550, conputing device 700 determ nes that the user selection is

conpl et e,copniiuitiigt devecet 700 sy erduans ehbagé listscdoh@inghetite eomrddst Ibastdevi ce
700 may submt the changelist for processing. For exanple, conputing device

700 gy %f@"’&ﬁar%%n%ﬁ@[ﬁgﬁ'e'%%%t ﬁ%@%&bsé@h?ﬁ%%séw%%b%ﬁy ', at

stage 550, conputing device det erm nes that er selection is not

I 0 0 wh d 00
may v ¢ TGRSR ESVhE K By Ao NGBt  Cnce”
conputing 20 deV|ce 700 processes the chan Ilst in stage 560, subroutine
470 may eq#@r%mrlmaﬁeee@cpf?m&astm ke %ﬁéﬁﬁ Agpputing devige, 590 may

enbodi nent consistent with the invention may conprise a systemfor

provi di napkend furtbeaseleatioroeharacteristics ta the. chaﬁ@gggtca%ﬂﬁemecfemjve@e a
menory storage and a processing unit coupled to the nenory storage. The
25processi ng J046] nmeBrohestagers:t;, gabtowtine ed@i0emay dalivanee tustagz @s50omhaecor di ng
to a WD 2010/ 080207PCT/ US2009/ 064325 shared | ayout, expose at |east one

i nt erpct i dpndaMg&i¢dT00 h@aﬂ@ét@rrﬁh’%‘%ﬁhétﬁé? bQier BERER iBompledr fbi On
obj ect associ ated with at | east one of a plurality rendering platforns,

e et e eR LR 250 R SRR BT L R £ oo™
format drag-drop loop by releasing the mouse button.
[047] If, at stage 550, computing device 700 determines that the user
selection is complete, subroutine 470 may advance to stage 560 where computing
15  device 700 may submit the changelist for processing. For example, computing
device 700 may submit the changelist to the data visualization platform. If, at
stage 550, computing device 700 determines that the user selection is not
complete, subroutine 470 may return to stage 510 where computing device 700
may wait to receive and capture another user input selection. Once computing
20 device 700 processes the changelist in stage 560, subroutine 470 may end and
advance to stage 480 of method 400.
[048] An embodiment consistent with the invention may comprise a
system for providing data visualization interactivity. The system may comprise a

memory storage and a processing unit coupled to the memory storage. The

25 processing unit may be operative to create a data visualization according to a
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5associ ated wth the shared | ayout, and nodify the data visualization
according to the selected interactive feature. An integration object may be
provi ded worzomashoof the plurality of rendering platfor meT/Ush@shered

| ayout may be independent of the rendering platfornms and nmay conprise, for

exanpl e, pie chart, a bar chart, .a scatter chart, a colum chart, a line
char(, arshared I BRLH(EXPASE G AR PErAEraCYe Tallie Widha et ¥oUalsalion: chart . a
bubbl e chart, and/or a stock chart. The interactive feature may conprise,
for exanplrevidg amintegraten peigct assackatedveth at lgastorie ot @ plunglity serderdg and/ or
a visual adjustnent feature. Selection of the at |east one interactive

f eat ur e migtiaronyisekest ther el leasgorze pdéractivefedtuey trahslate Hte $elastiorookthef : a
nouse, a stylus, a keyboard, and/or a touch screen. 15[ 049] The processing

unit may feeddtidneanterfsthvel feutirt ¥id BRehtR)ratidrPeBjetPintd 8lcommen fbrefatof a user
i nput device and retrieve information about the received |ocation, wherein

the i 8f orsmhiQfed MRS SRafd |bg§§t; 2R8I & me.ctfaiggis@m%y%é}{oﬁea 2 §ihBs

nodi fications to the data visu ati1on ag/som at catFon and a
descripti.Qn I t..on at a i . the.lqocation. The infornation
about ¢ ndhSsBlecti bBREU Rl A7 iPbafinh dhidet ity BF proviGed RptBidrTy,
processing unit may be further operative to expose at |east one hatspot

bbj ect s pBePireliSraRdermaeroshEn 1he s BYOHEMB L TeReN AR 1SS v e
feature in a pie chart. A hotspot object nay be associated with at |east
one st r ucendating plationns @ndtmay camprisesigdlexaatlers pewitarag karghapt aaxi s
line. WD 2010/ 080207PCT/ US2009/ 064325 [ 51] Anot her enbodi nent

consi st ergcattet bharfea colvent cloart,ealne omgt | sreaeasotsdrs a daughmud ehdithg radar
extensible interactivity for a data visualization. The system nay conpri se

a MenDryY @Hafl a0urfRd chalt, QaRBDIABhaHI AndOUR sRSEK harh eTHE [REtacalOr age. The
processing unit may be operative to create a data visualization 5according

to 2 set b flaliy EARAS by bR TR oo E BH N Fo 2 BELERIGAR 0T L1

at | east one CT €a C I’ St associ at € ction of

changel | SEatUpPoelS’ & NeueharigaimEntTeahey SHigtuoiE o PLiepelRar zation
according to the processed changelist. For exanple, nobile client 240 may
open a cHateragtivedeainre may comprise receiving a selection input from at least one of: a
mouse, a stylus, a keyboard, and/or a touch screen.
15 [049] The processing unit may be further operative to receive a location
for a pointer of a user input device and retrieve information about the received
location, wherein the information comprises at least one of: a description of
possible modifications to the data visualization associated with the location and a
description of at least one data point at the location. The information about the
20 received location is displayed in a tooltip.
[050] The processing unit may be further operative to expose at least
one hotspot object specific to the layout, such as a wedge manipulation interactive

feature in a pie chart. A hotspot object may be associated with at least one

structural element of the data visualization, such as a graph axis line.
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10data visualization platform (DVP) may create a data visualization
according to the data in the chart file and expose at | east one hotspot
area of tWwe 2etvwnsb2oassoci ated with an interactive featur @ TAS2G@EMN6432Yy sel ect
t he exposed hotspot with a user input device, and nobile client 240 may

recei ve feedb fromthe DVP to provide tq the user, such as changi ng the
user Trput dedpsd < Aber crbanBegHEons st S v FEe B iy MY COBTHT oG & The
f eedback ma%/ﬁ be associated with the at | east one interactive feature
associ at eysi@n forn previdiig pensiblgnteraclvibnigr agata yisgighizaion: ol e AysiEMahen
selecting a colum edge to indicate that the columm edge may be dragged to

wi den or may comprise acroleorary storage anfds2prosessihg wnstesoupiad fouthatresmohe dat a
vi sual i zati on, each user input 20 mani pul ati on may be added to the

changel i sftogea TRPRBEssiMG emittrigy beIpehats e fondrededa aaRi \ulaltZatent he dat a
vi sual i zation, such as may be indicated by a nouse up event, the changeli st

may be pra‘&&%@ﬁg g{??éss{é'?t%('f) Htﬁ%ag'e%@@%e t%ﬁ%ag@@ﬁ%géé'tﬂﬁ't,erecéﬁ@@a' &Iéﬁticﬁ%f th&0 may

commt the ¢ y en Iterate through eac

cccor di nafeessler RiaRC GBI 2o BRORLHE S Be ML Mt Jud R o ek o
2010/ 080207PCT/ US2009/ 064325 device_ 240 may allow the user to view the
commands EaSt e ReisRGeSIATe pHraibpPlusardRpyt CaNnBRRAS HHING Changstsh | such as

by selecting at | east one of the conmands in the changelist to apply to the
dat a vi suabcess iherchangstist, aed updetenine datd yiluabinatiarvacsasdigitowhe h t he
I nvention may 5conprise a systemfor providing data visualization
| nt er act iprotessethehasyetistm Faryexample, mobile client 240 may open a chart file. A
10 data visualization platform (DVP) may create a data visualization according to the
data in the chart file and expose at least one hotspot area of the chart associated
with an interactive feature. A user may select the exposed hotspot with a user
input device, and mobile client 240 may receive feedback from the DVP to provide
to the user, such as changing the user input device’s cursor appearance and/or
15 displaying a tooltip. The feedback may be associated with the at least one
interactive feature associated with the hotspot, such as changing the cursor to a
hand when selecting a column edge to indicate that the column edge may be
dragged to widen or narrow the column.
[052] As the user manipulates the data visualization, each user input
20 manipulation may be added to the changelist as a command. When the user has
finished manipulating the data visualization, such as may be indicated by a mouse
up event, the changelist may be processed by mobile client 240. For example,
mobile client 240 may commit the changelist to the DVP; the DVP may then

iterate through each command added to the changelist and update the data

25 visualization accordingly. Consistent with embodiments of the invention, mobile
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conprise a nenory storage and a processing unit coupled to the nenory

storage. The processing unit nmay be operative to create a data

vi sual i zawoanioasemwrdi ng to a | ayout associated with a daCa/vse@eabiszat i on

platform expose at |east one interactive feature for the data

vi sual i zati on, OVId an |nte r.at on obj ect 10assqci at ed ast one
0 2&@ L S ﬁH%ah Wi R

t |
of a plur VIGE,27Q Ay 4 Wd"m FO Y BV SOHMANES 1] i?{ég%lﬁgﬁlﬂ@,appy
conprises, for exanple, GDI, GDI+ Silverlight, WPF, C# winforms, receive a
sel ect i orthem intwhalg @ndinrdn parasuehas hytseeding atieasi anefthe sommoands iser
I nput device, and determ ne whether the selected at | east one |location is
associ at ddewhahgelididd apply.toThe datevisualmatiodevi ce nay conpri se a nouse, a
15stylus, a keyboard, and/or a touch screen. Determ ning whether the

sel ected at | ges8] ongetlamviérasmbsdinfsinebasieternimith thehoigioh may conpri ses
determ ni ng V\/net her the selected at | east one |ocation corrprl ses a data

poi nt 5 a Jrhiedets & st%h?@@)ﬁ-ox% n#ﬂ*’t?aéﬁ'@fs%a\’iét% |h(?je9r5bﬁfh~y 4 stér'ﬂtrﬁégace

menu Item a user nter enent at a sual | zation

contr ol eI ement . 20 re ns o det er. e selected at
st ConddTiNe oo ebhder 2R pfac it ShThOUnIRd ol MeEndts ot £ ey e
further operative to translate the selection of the at |east, one

i nt er act iY¥@"a0€at 1PrACESSIAG W”Ht@@)‘ ReiherahiecioCreate QatdoyinediZedPhat

associated wth the data visualization platform To translate the

sel ect i orgccoriing t@ edayoui@ssacintathyith@ daia visvalispiiorplatierm oexrgseatdeast
25| east one characteristic of the selection, display at |east one visual
f eedback one interactive feature for the data visualization, provide an integration object

10 associated with at least one of a plurality rendering platforms, wherein the
rendering platform comprises, for example, GDI, GDI+, Silverlight, WPF, C#
winforms, receive a selection of at least one location on the data visualization from
a user input device, and determine whether the selected at least one location is
associated with a hotspot. The user input device may comprise a mouse, a

15  stylus, a keyboard, and/or a touch screen. Determining whether the selected at
least one location is associated with a hotspot may comprises determining
whether the selected at least one location comprises a data point, a structural
element of the data visualization, a user interface menu item, a user interface
command element, and/or a data visualization control element.

20 [054] In response to determining that the selected at least one location is
associated with a hotspot, the processing unit may be further operative to
translate the selection of the at least one interactive feature via the integration
object into a common format associated with the data visualization platform. To

translate the selection, the processing unit may be further operative to capture at

25 least one characteristic of the selection, display at least one visual feedback

-18 -



WO 2010/ 080207PCT/ US2009/ 064325 associated with the at | east one
characteristic, convert the at | east one characteristic of the selection
from t he wocotvasgeo7or nat associated with the at | east omeTafS2edb@e43baural ity
rendering platfornms to a comon encoding format associated with the data

vi sual i zati on. a a I st accordi to 5the converted at
east ondssnaiied ifiafe aflsef fa cBRgRissic bodetliin 2epE ltange 11t o
the data visualization platform The processing unit may be further

oper at i vechedagipastieotthe seiaciionifianalthe gnresing deronati asgoeigtedhwits dibvet t ed
change list and at | east one property of the hotspot at the at |east one
sel ect ed leastaineoof. thEghsiatityeenderindg patioous e @t coromontendodingnformat t he at

| east one visual feedback 10may conprise, for exanple, changing a cursor,

drawi ng adsobRited Wtng datstisnglizatibaiaiREnd crédtb citdiRdistGcdortid b
di splay, and/or displaying a tooltip. The at |east one characteristic of

the sel eGhL QBNUBYeE AMRasEEne LA icof tie SBfde ﬁ'érﬂ‘su&nﬁﬁﬁ#ﬁﬁ’é’ﬁ‘%@“ on, a

drop oper ation, a nouse novenent, and/or a SCI’O operati on pt ured

oS! 0 RS Lo TR B g R B 0, 1 11

illustrates a line chart 600 and conprises a tooltip 602 displayed as a
user feecﬂ%ﬁt"{%topl&qact%fﬂﬁﬁataav'%@ igR @ccerdingfo @G@%‘W@Fteﬂc 88 yst
[56] FIG 6B illustrates a line chart 610. 20[057] FIG 6C illustrates a
bar (or culdatipastena peperty[@dhe Fptspobat ihel ajdeasitane seleciedtiecationart 630.
[59] FIG 6E illustrates a doughnut chart 640.

Consistent with embodiments of the invention, the at least one visual feedback

10  may comprise, for example, changing a cursor, drawing a line, drawing a shape,
changing a title, changing a status display, and/or displaying a tooltip. The at
least one characteristic of the selection may comprise, for example, a mouse click,
a drag operation, a drop operation, a mouse movement, and/or a scroll operation.
The captured at least one characteristic may be encoded in a format associated

15  with at least one of the plurality rendering platforms.

[055] FIG. 6A illustrates a line chart 600 and comprises a tooltip 602
displayed as a user feedback to positioning a user input cursor 604 over a
hotspot.

[056] FIG. 6B illustrates a line chart 610.

20 [057] FIG. 6C illustrates a bar (or column) chart 620.

[058] FIG. 6D illustrates a scatter chart 630.

[059] FIG. 6E illustrates a doughnut chart 640.

[060] FIG. 6F illustrates an area chart 650.

[061] FIG. 6G illustrates a radar chart 660.

25 [062] FIG. 6H illustrates a surface chart 670.
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[60] FIG 6F illustrates an area chart 650. [61] FIG 6Gillustrates a
radar chart 660. 25[062] FIG 6H illustrates a surface chart 670. WO

2010/ 080200RCIVI8BD009/ 064325 [63] FIG 61 illustraceasadvobisbe chart
680. [64] FIG 6J illustrates a stock chart 690. [65] FIG 7 is a
bl ock di agram S device 700. Consistent with
an enmbodi nent [§%3fk@&| Nfﬂ]H?f}a{? Hgb ‘oned 5 nenory storage and

processing unit may be inp enented in a conputing device, such as conputing
devi ce 700 of [PPE FIG. ﬁdy”@tﬁr&t%ﬁétmaﬂbgg@n of hardware, software, or
firmvare may be used to inplenent the nmenory storage and processing unit.
For exanpl e, t[B65dritr. Y istadvlagie dagdampralcesysten indudingesonheutingpdeneat ed wit h
conputing device 700 or any of other conputing devices 718, in 10

combi nat i 7gD. WCoRsiSRAP Withith e@bbainefibf tHédivahasenBBtdfereseriivpieam devi ce,
and processors are exanples and other systens, devices, and processors nmay

COTP 552 hBcH SRR B BRI U EHRHARE iR E agmggw%gﬁ%%' -

1
o e R BT YN O S R A o
devi ce 700. T%1_66 Wth reference to FIG 7, a system consi stent vmth

an embodiSediares or HEWarednay 88 useg tPrrpipTeent tB@r?ﬁ%mPHgSt@éaﬂQ:énd such as
conputing device 700. In a basic configuration, conputing device 700 may

i ncl ude gurotessing onié. pooeEgBIPHey tRO mamory&oragedrad pseesngrimnirmay 0&.
Dependi ng on the configuration and type of conputing device, system nenory

704 may demErhestedbwith b@r_nPQtlngi; device ¥ 00wr arf @itdther Eemputiniadeiceazessm
menory (RAM), non-volatile (e.g. read-only nenory (ROM), flash nmenory, or

ﬁg%’e%”bic%%ﬂ)iﬁﬁt-io %@ﬂ%yde?%’e 780, TA 'a%%n%?ﬁlbﬁbbl RYsNS [ fPicdd angone or
progranm ng ul es 706, and may i nc
processors are examples and other systems, devices, and processors may
comprise the aforementioned memory storage and processing unit, consistent
with embodiments of the invention. Furthermore, computing device 700 may
comprise an operating environment for system 100 as described above. System
15 100 may operate in other environments and is not limited to computing device
700.
[066] With reference to FIG. 7, a system consistent with an embodiment of
the invention may include a computing device, such as computing device 700. In
a basic configuration, computing device 700 may include at least one processing
20 unit 702 and a system memory 704. Depending on the configuration and type of
computing device, system memory 704 may comprise, but is not limited to, volatile
(e.g. random access memory (RAM)), non-volatile (e.g. read-only memory
(ROM)), flash memory, or any combination. System memory 704 may include

operating system 705, one or more programming modules 706, and may include a

25 data visualization platform 707. Operating system 705, for example, may be
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25 data visualization platform 707. Operating system 705, for exanple, may
be WD 2010/ 080207PCT/ US2009/ 064325 suitable for controlling conputing
devi ce 7080=20mp80ATIi on. | n one enbodi ment, progranm ng rOwAISe@IDEB25aY
i nclude a data visualization vi evvi ng program 720. Furthernore, enbodiments

of the inven racti nction wth a .Cs library,
ot her - opdieblegios GeNarling GAMaRG dedicoait s Bheriieln B ReHaRRLIg S oy
limted to any particul ar i catl on or system This basic configuration
is ill ustnrag@mnmmgzmedufpsaﬁ)&pmyen@@%ar@i@ yispiedipatiPnaVigwH1gRrogr a1a

[067] Computing device 700 may have additional features or functionali ty.
For exanpFearthewngnet endpodiénents GfabBe imwendibe anaynbé pdactmediit iconpinctian svitht or age
devi ces (renovabl e and/ or non-renovabl e) such as, for exanple, magnetic

di sks, 1Qpgtdphds Ibraks otfdr dpRPatin edddbt & 8ihes bppAEidnSprobaftanat ed i n
FIG 7 by a rpg?}dovablﬂéﬁstor age 709 and a non- I?&mvab?g storn:t%ebno Conmput er

storage W?ﬂbﬁlur’fﬁﬁgd o ng%%rth‘Bﬂl dp"?‘céﬂ% BPQ)qugﬁﬂt THis bﬁ%fé‘%’?ﬁ ?reﬂf&ﬂ is

non-renovabl e e |a I nplenented I'n any nmet or technol ogy~for storage of

g T L e X oo

709, and non- rennvable storage 710 are all conputer_ storage . nedja exanples
(i.e menory stl@f &Qm@dmﬂu?g\"c%t@ﬁ)a[ﬁéyH@M?é‘dﬁ'ﬁ@”?h@adﬁés O (N GLONAHEY -
limted to, RAM ROM electrically erasable read-only nenory (EEPROV),
flash rrenﬁoyemmpteh@ommf&ngﬁew?@@m ogy,alEDinRDde afidjiienral data srage di sks
(DVD) or other optical storage, magnetic cassettes, 20magnetic tape,
magnet i ¢ dbvidess(remayableranall/dratoregnetalte séunhegs; fdegxaraple, araghayic alidks]

medi um whi ch can be used to store informati on and which can be accessed by

CO”DUID' NehARY §|§k§Q9ta§@>’S%'éﬁfbdélﬂlHHél Slor&J O [ANGstFEREH 3 PRY. PByRaArt of device
700. Conputing devi ce may al so have i1nput device(s) 712 such as a

KeYbORT O TRl Fo0 B L IS8 WS LS IR e, @t

media may include volatile and nonvolatile, removable and non-removable media
implemented in any method or technology for storage of information, such as
computer readable instructions, data structures, program modules, or other data.

15  System memory 704, removable storage 709, and non-removable storage 710 are
all computer storage media examples (i.e memory storage.) Computer storage
media may include, but is not limited to, RAM, ROM, electrically erasable read-
only memory (EEPROM), flash memory or other memory technology, CD-ROM,
digital versatile disks (DVD) or other optical storage, magnetic cassettes,

20 magnetic tape, magnetic disk storage or other magnetic storage devices, or any
other medium which can be used to store information and which can be accessed
by computing device 700. Any such computer storage media may be part of
device 700. Computing device 700 may also have input device(s) 712 such as a

keyboard, a mouse, a pen, a sound input device, a touch input device, etc.
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WO 2010/ 080207PCT/ US2009/ 064325 Qut put device(s) 714 such as a displ ay,
speakers, a printer, etc. may al so be included. The aforenenti oned devi ces
are exanpwe0smdomrhers may be used. [ 68] Conputrcmgisd@wiocs2500 nmay
al so contain a comruni cati on connection 716 that nay all ow device 700 to

[ 1 t,h ot ti bdevi 718, . t K i
G 5111 butHPLLARUEPRY TR AR riranEisP A SBRakRIFea PARTEIcaREY B0 PRe |

I nternet. Conmmunicati on connection 716 is one exanple of conmunication
nedi a. CdRetudledatlnerafarementiongdidgyices arg ex@maiedand @thsrscaapbessedeadabl e
instructions, data structures, program nodules, or other data in a

nodul at ed dat J068gradmpstindidasgica 708@rmag alsesacantain aotbramunicatopor t

10nechani sm and includes any information delivery nedia. The term

"nodul at esbréatgors 796 ahat By alew ddvive m@icgmhnidhﬁiatéaﬁth%&ﬁepéorﬁPﬂmg _ _
characteristics set or changed in such a manner as to encode information in

the siegnglgy ,s%h%%r%’n@t%r Wab‘éﬁiﬁmﬁé&%ﬁp&{ﬁ%ﬁéﬁﬁ%ﬁt,%m a may

include wred nedi’'a such as a wred network or connecti on, and

wireless nmedia such.as Qust | radi o fr.eguen RE) ., J.nfrared, and

ot her wi rgP ehérﬁinél%n?ﬁgﬁﬁ@ ﬁ%tt%rﬁ%uégm%r&g%%?@%@ﬁj 1 s'gg’n erein may

i ncl ude both st orage medi a. and comuni cation nedi a, , L69 As stated
above, a XA OhCORYIYHERITLAGEs GATMMRIAYIGAHON BeiRaYaydYRIEIINERE i n syst em

menmory 704, including operating system 705. Wiile 20 executing on

pr ocessi renbedied byonmpuigr mﬁa%gs imstiuciéensy detq stryctutks:, Rragratmmogstason

vi ewi ng program 720) may perform processes including, for exanple, at |east

one of neiriutbedddtasn stragdsiatsd datacigisdsadioaea chinderakaveorothed radsporcess
is an exanple, and processing unit 702 may perform other processes. O her

pr ograMM HEcHEHIStheand Wud@é’ar}%inﬂ’&%tidﬁ FEvBRHRRER. WA téParbamBiey 2501

the present invention may include el ectronic 'mail and contacts
appl i catipps ignal” may describe a signal that has one or more characteristics set or

changed in such a manner as to encode information in the signal. By way of
example, and not limitation, communication media may include wired media such
as a wired network or direct-wired connection, and wireless media such as

15  acoustic, radio frequency (RF), infrared, and other wireless media. The term
computer readable media as used herein may include both storage media and
communication media.

[069] As stated above, a number of program modules and data files may

be stored in system memory 704, including operating system 705. While

20 executing on processing unit 702, programming modules 706 (e.g. data
visualization viewing program 720) may perform processes including, for example,
at least one of method 400's stages as described above. The aforementioned
process is an example, and processing unit 702 may perform other processes.
Other programming modules that may be used in accordance with embodiments

25 of the present invention may include electronic mail and contacts applications,
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wor d processing applications, spreadsheet applications, database
applications, slide presentation applications, drawing or conputer-aided
appl i cat iwo 2proogomns, etc. [070] Cenerally, consistent wCrhiSesthodiseent s of
the invention, program 5nmodul es may include routines, prograns, conponents,

data structures, and other types of str ctures,.that erfaorm particul ar
tasks or WHSPTRESSIIG PRRKGAIOB, ShEaR Shecl RIS LA REASE EPRIGR o

enbodi nents of the invention may be practiced wi th other conputer system
confi gur eﬁ'lﬂ@ri%’eSGPﬁ{@i'%ﬁﬁ@“%‘ﬁdsh@awlmw eeuputfitaided @@@'@é‘anQQ@%S

m cropr ocessor - based or programmuabl e consuner 10el ectronics, mniconputers,

mai nf rametconput ers, and the |like. Enbodi nents of the i nventi on may al so be
practiced in distributed conputing environnents where tasks are perforned

by renpte proqegs] NGenksdilgesorishaéntalien binboeiiméms @ dhe mveatdhbrogkdrans
network. In a distributed conputing environnment, program nodul es may be

| ocat gd 'rﬂo@t%@ nH%Pﬁw'cllﬂéq Pﬁﬁﬁé epr[ggr‘e&rﬁiﬁ( Oc%‘r%cﬂ%tgedﬁté%ﬁuc ﬁﬁ’ééﬁaﬂd other

Furt her nore, ments o e practlce iIn an electrical

cl ectroni#P %Pf) P@%ﬂfie}%h‘ﬁhﬁn o sior SR CL B B S o R AR Spfpraghe0r = ¢

m croprocessor or on singl e chip containi nI% el ect ron| c elenents or

mi cr opr oRASHEH ar a@?fﬂf&ldﬁ‘ﬁﬁy egf Mereover, embash ﬁﬁ§5 @l 58 IMEIPRITAL 88 usi ng
ot her technol ogi es capabl e of 20perform ng | ogi cal erations such as, for
exanpl e, PERCICECRYitatheN@oDmpuier siditern cmrtfigutatidnisrﬁnpwp inghard-held devices,
optical, fluidic, and quantum technol ogies. In addition, enbodi nents of the
i nvent i ormuoitiprdeesporasysterdd, midrbprocesgeniesasdd Otun)r@gsanrrmumternsmneri n any
other circuits or systens. [072] Enbodi nents of the invention,

for awanml|getrdMds, BRinidoRh UTBRL %l#ﬁarﬁé @NHATEE, @hdRAEHRE S EnBSdiRidhts &f
conmputing system or as an article of
the invention may also be practiced in distributed computing environments where
tasks are performed by remote processing devices that are linked through a
communications network. In a distributed computing environment, program
modules may be located in both local and remote memory storage devices.
15 [071] Furthermore, embodiments of the invention may be practiced in an
electrical circuit comprising discrete electronic elements, packaged or integrated
electronic chips containing logic gates, a circuit utilizing a microprocessor, or on a
single chip containing electronic elements or microprocessors. Embodiments of
the invention may also be practiced using other technologies capable of
20 performing logical operations such as, for example, AND, OR, and NOT, including
but not limited to mechanical, optical, fluidic, and quantum technologies. In
addition, embodiments of the invention may be practiced within a general purpose
computer or in any other circuits or systems.

[072] Embodiments of the invention, for example, may be implemented as

25 a computer process (method), a computing system, or as an article of
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WO 2010/ 080207PCT/ US2009/ 064325 manuf acture, such as a conputer program
product or conputer readable nedia. The conputer program product may be a
conput er Woanags02vedi a readabl e by a conput er syst em an@Cemnseoaone3as
conmput er program of instructi ons for executi ng a conputer process. The

conputer pro roduct nma o be a ted 5 si naI carrier
onfabl ¢ DO SeEhiE IS § hEm I et B TS g R 5.
instructions for executing a conputer process. Accordingly, the present

i nvent i onl hfagOpRUERPGRE@m Predyst Mayrke amﬁmuterrstgmegla(re@@amﬁ

firmvare, resident software, mcro-code, etc.). In other words, enbodl ment s
of the prcexmute'rsy&temm ma@oditage admepdter pragfrarm @fdmtuhcéionprforgemmwngduct on
a 10 conput er-usabl e or conputer-readabl e storage nedi um havi ng

conput er -4166Mpate? Hré ¥R Frie cmﬁa@r@r@gr@m procketmasndles bed propabateredi um
for use by or in connection w't an i nstructi on executi on systen1 A

I t
conpuger é@?é?o% é’Eaﬁ%Wé’écﬁible'b Opagaﬁuwé%mn&éné’d%e s coh dhpitaat can

cont al n, , conmuni cat e, rtransport an1for USG by

Sevt oo B8R Melhcliogs fr! ”%?@t‘frﬁbﬁcﬁ e bloBRas ! ALETRIR G, oe. O or

exanple but not limted to, an el ectronlc magnetic, qptical

el ect r omeRJRBENANVEHIANANEY becﬁm'él‘é(#ﬂﬁédrhﬂat‘i%@res%f&/@dﬂ sofvara{nsludingsi ce, or
propagati on nmedium More specific conputer-readabl e medi um exanples (a
non- ex hadigiwase| fesident shéwaoe, aniste-eode eetdablle othatiwerdaagmbadinerds ohe
follow ng: an electrical connection having one or nore wres, a portable

conmput er tHepkesdre inventipndnay aaleecthe fornof y ddviddter proggadh-mobyctremary ( ROV,
an erasabl e programmabl e read-only nenory (EPROM or Flash nenory), an

optiapl fdd@puteRNSaBeRR ot ReCriBABle Sthidgd RALPA havFgBINpUteRusEhl. Note
that the conputer-usable or conputer- 25 readabl e nedi um coul d even be

paper or ANA{I5iertddABlE pRBTAMESHREMBBAER in the medium for use by or in

connection with an instruction execution system. A computer-usable or computer-
readable medium may be any medium that can contain, store, communicate,
propagate, or transport the program for use by or in connection with the

15  instruction execution system, apparatus, or device.

[073] The computer-usable or computer-readable medium may be, for
example but not limited to, an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, device, or propagation medium.
More specific computer-readable medium examples (a non-exhaustive list), the

20 computer-readable medium may include the following: an electrical connection
having one or more wires, a portable computer diskette, a random access
memory (RAM), a read-only memory (ROM), an erasable programmable read-
only memory (EPROM or Flash memory), an optical fiber, and a portable compact
disc read-only memory (CD-ROM). Note that the computer-usable or computer-

25 readable medium could even be paper or another suitable medium upon which
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the programis printed, as the program can be electronically captured, via,
for instance, optical scanning of the paper or other nedium then conpiled,
i nt er pr etw0,20v08020Mer wi se processed in a suitabl e mannePCTiUS20080es38ry, and
then stored in a conputer nenory. 5[074] Enbodi ments of the present

i nventi on f or exanpl e all’e escri bed abg}ve V\th reference to.block

di agr ams HRErAIraBp RATEhAS NE RIOBFAMN i CARDLLFICHEPRIGELY CaRRtYia A conput er
program products according to enbodi ments of the invention. The

f unct i ongnglanse entisal seanmirg Bf hiekrareiPr &tkerrmediunbithensosided. as shown in
any flowhart. For exanple, two bl ocks shown in succession may in 10 fact
be executietdrpnebet, amtatladriwise processedin § saitableenbhoerk § neegssaypandiierbe
executed in the reverse order, depending upon the functionality/acts

i nvol ved.stored in a fofhpuldhimiéeméss t ai n embodi ments of the invention have been
descri bed, other enbodi ments may exist. Furthernore, although enbodi nents

of the pr esentioray nhbaginEE P FRIDUSSRE EAGIS BELMNARS AR Bb&diHd h dat a

stored in 15 nory an r storage nedi uns, data ca e stored on

Ctor age ARNEQUNTTaRiEhER & i BB, BOCRY oPe BB AHs °carr o1 wave

fromthe Internet, or other forms of RAM or ROM Further, the disclosed

met hods' "8EHGES. PfERS, ABYCPIMPY§ PragiAMRAPRCE PREPTAHIN BPOPEIBIRIES Phg
stages and/or inserting or deleting stages, 20w thout departing fromthe

i nvent i orihe invention[ 7Adie fanctionsjacts noted indihedledisymiay iocsui aut dfdhe edadern ncl uded
herein are vested in and the property of the Applicant. The Applicant

retai ns agshesemnvasy idwchiarglfar exantgie, wadsocks shioled imsueiesssiom@agrimnt s
perm ssion to reproduce the material only in connection with reproduction

of the griaptsserad RBY sBBstahfAIEoRIUMRINGR YRS Blocks may §OhétiméBides t he
specification includes exanplées, the invention's scope is indicated by the

fol | owi nge gl 8 dfpin (FUTLNSLER: Sor WALLAIRSRARRL Hf@BhIAsS R descri bed

i n | anguage specific ctural "features and/or ne ogi cal "acts, the
clainms are not..LLm to the features oy, acts descri bed abqgve. . Rather, the
S apeci f1c 1 odpGrEMEle e ernBRsls ShuRanTediil bayebed SESuth e 1 or
enbodi ments of the invention. WHAT IS CLAIMED IS: 1. A method for providing
dat a vi sudhezempegiments may exipt yf uithrrmase halthaugRe mbpdigients of the

present invention have been described as being associated with data stored in
15 memory and other storage mediums, data can also be stored on or read from
other types of computer-readable media, such as secondary storage devices, like
hard disks, floppy disks, or a CD-ROM, a carrier wave from the Internet, or other
forms of RAM or ROM. Further, the disclosed methods’ stages may be modified
in any manner, including by reordering stages and/or inserting or deleting stages,
20 without departing from the invention.
[076] All rights including copyrights in the code included herein are vested
in and the property of the Applicant. The Applicant retains and reserves all rights
in the code included herein, and grants permission to reproduce the material only

in connection with reproduction of the granted patent and for no other purpose.
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S5creating a data visualization according to a shared | ayout; (420)

exposing at |least one interactive feature for the data visualization; (430)
provi di ngvarroionserat i on obj ect associated with at | easPCors2ab/0e43pd ural ity
rendering platfornms; (440) selecting the at |east one interactive feature;
(450) 10transl he, sel ectjon of the at |east e.interactive feature
Via the i ntegrdl Ve by o S@?ﬁ'ﬁc 0B dRriRes srARPEss Ht nyERlORs SHOPRE ahar od
| ayout; (470) and fying the data visualization according to the
sel ect ed ingicategcey the fp&@\ﬁ/@geclalmoﬁurﬂwrmore whije thehgpesifiGaii@ndiasdresnm 1,
further conprising providing at | east one integration object for each of

t he pl ur aeascyibed i Endeagegpptiittostractufdl40atures and/o8 methedoegicadacts, C ai m
1, further conprising: 20receiving a location for a pointer of a user input

devi ce; and c(«m@)areeiot ligNteddo ithé faTBidst aRodbséiRd &5Rie eRathegahé on,
wherein the information conprises at |east one of: a description of

I I th th
ocat Fon Hed BALE B et PR e e U AP IR ogat 1 on

(510) 25 embodiments of the invention.
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WD 2010/ 080207PCT/ US2009/ 064325 4. The method of Caim3, wherein
the informati on about the received |ocation is displayed in a tooltip.
(450) w0 208/08T18¢ et hod of Claim 1, wherein the rendecrus2@oasd3es mis

5i ndependent of the shared | ayout. 6. The nethod of Claiml, wherein
t he at Immﬁgve feature conprises a data nodification feature.
(430) 10~ aiml, wherein the at |east one interactive
feature conprises a data filtering feature. (430) 8. The net hod of
Claim 1, wherein the at | east one interactive feature conprises a visual
adj ust rrent feature. (430) 9. The nethod of Caim1l, wherein
t he | ayout conbri sesmathoefgrtproviding data visualizatien interagtivity e metaodcat t er
chart, a colum chart, a line chart, an area chart, a doughnut chart, a

r adar chatrdmpm'sirsgxrface chart, a bubbl e chart, and a stock chart. (420)

10. The method of Caim1l1, further conprising exposing at |east one hotspot

obj eck speci f'c‘?eét‘ihg{ B%a‘téiVBUbllza(t@ﬁOéccordlng to akharddRyeRt;adopf daim 10,
wherein the at | east one hotspot object IS 25associated with at |east one

structural el efpakinef i 85stdHeAintdrabild 2atir8or &3Mta visualization: (430)

providing an integration object associated with at least one of a plurality

rendering platforms; (440)
selecting the at least one interactive feature; (450)

10 translating the selection of the at least one interactive feature via the
integration object into a common format associated with the shared layout; (470)
and

modifying the data visualization according to the selected interactive
feature. (480)
15
2. The method of Claim 1, further comprising providing at least one

integration object for each of the plurality of rendering platforms. (440)

3. The method of Claim 1, further comprising:
20 receiving a location for a pointer of a user input device; and (450)
retrieving information about the received location, wherein the information
comprises at least one of: a description of possible modifications to the data
visualization associated with the location and a description of at least one data
point at the location. (510)

25
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WO 2010/ 080207PCT/ US2009/ 064325 12. The method of C aim 10, wherein
the selection of the at |east one interactive feature conprises receiving a
sel ect i orwDrzpuroshzoom at | east one of: a nouse, a styl uspCa/usegoes3ds and a
touch screen. (450) 5 13. A conmput er-readabl e nedi um whi ch stores a

set of instructions_whic en_execut ed perfor a pethpd for providing
ext ensi bl e int ractsmﬁ Wﬂ?ﬂogcﬁgpﬁwﬁﬁg\nitbﬁt'ri?%m‘aﬁﬁ%aﬁ@?%%& rEQ%'(YG ed by
the set of instructions conprising: creating a data visualization according
to a set l@¢atipuia digeiaysd [‘Cg%ﬂb@ﬂ-r(&@k | east one hotspot; (430) receiving a
selection of the at | east one hotspot; (450, 460) creating a

changel i st associated with the selection of the at | east one hotspot; (540)
storing a plurality of user input conmands in the changelist; (540)

15processing tgie chgigelettsdd of 8RMh BRhdreahenendéendpladiorhssial i zati on
according to the processed changelist. (480) 14. The

COMpUkEr -} e‘ﬁt@?ﬁié%ﬂe%d%aﬁdp 13, wherein processing the changeli st

conpri ses: commting the changelist to a data visualization platform and
applying the plurality of commands stored in the changelist to the data
vi sual i zati on. (560) 15. A systemfor providing data visualization

interactivity, the system , , , ,
6. The method of Claim 1, wherein the at least one interactive feature

comprises a data modification feature. (430)

10 7. The method of Claim 1, wherein the at least one interactive feature

comprises a data filtering feature. (430)

8. The method of Claim 1, wherein the at least one interactive feature

comprises a visual adjustment feature. (430)

15
9. The method of Claim 1, wherein the layout comprises at least one
of: a pie chart, a bar chart, a scatter chart, a column chart, a line chart, an area
chart, a doughnut chart, a radar chart, a surface chart, a bubble chart, and a stock
chart. (420)
20

10.  The method of Claim 1, further comprising exposing at least one

hotspot object specific to the layout. (430)

11.  The method of Claim 10, wherein the at least one hotspot object is

25 associated with at least one structural element of the data visualization. (430)
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25conpri sing: WO 2010/ 080207PCT/ US2009/ 064325 a menory storage (704); and
a processing unit (702) coupled to the nenory storage, wherein the

processi ‘youniosp®7operati ve to: create a data visualizaCrars2@ones3di ng to a
| ayout associated with a 5data visualization platform (707), wherein the

| ayout conprises at |east one of: a pie chart (610), a bar chart (620), a
scatter chart (630), a colum chart (620), a line chart (610), an area
chart (650), a dou hnut chart é640 a radar chart (660), a surface chart
(670), a bubbl®.cha he redmd obiaim 1K sdierendhe seEstipn OiG&EB@@Sb@W east one

interactive feature for the data visualization, wherein the interactive
f eat ur e dotepadtaesieaturé eastprisas redeiviagdaseleotidti ilhpuafrbmqatfleadstmrm ofaadat a
filtering feature, and a visual adjustnent feature; (430) provide an

i nt egr at ipBusd) £6tyIudS 8M@lyBbard, Wntilh ®luche#sdernn8#50@f a 15plurality rendering
pl atforns, wherein the rendering platformconprises at |east one of: G,

Gl +, 5Si | verI ight, WPF, and C# w nforns; (440) receive a selection
of at "l east one location on the data visualization froma user i nput devi ce

Styrus, s keynohr o A Sk baft i BemT WbEi sBlen SRR olffidiio? he™® °
sel ected \/\%lc% ?AI%SJH gxneeculteodcgét!fgr?nsl g rr?estﬁgg |ng[ Sr%wdlng extensible interactivity for a
data visualization, the method executed by the set of instructions comprising:
creating a data visualization according to a set of data; (420)
10 exposing at least one hotspot; (430)
receiving a selection of the at least one hotspot; (450,460)
creating a changelist associated with the selection of the at least one
hotspot; (540)
storing a plurality of user input commands in the changelist; (540)

15 processing the changelist; (560) and

updating the data visualization according to the processed changelist. (480)

14.  The computer-readable medium of Claim 13, wherein processing the
changelist comprises:
20 commiting the changelist to a data visualization platform; and
applying the plurality of commands stored in the changelist to the data

visualization. (560)

15. A system for providing data visualization interactivity, the system

25 comprising:
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with a hotspot, wherein determ ning whether the selected at |east one

| ocation is associated with a hotspot conprises determ ni ng whet her the

sel ect ed WO 20a8b200ne | ocati on conprises at | east one ofPCTAISd@VAac{30F nt, a
structural element of the data visualization, a user interface menu item a
WO 2010/ 080207PCT/ US2009/ 06?(?85:_% r interface conmand el enent, and a data
vi sual i zat i on &BKMYY SEPTERE in response to determining that
the selected at | east one Iocatl on |s associated with a hotspot, translate
the sel ecti on ®PracRESag UNiHZP2peeumpd te ing memory sierage. wharaimée nt egr at i on
object into a common format associated with the data visualization platform
(707), wroeessimgunij) iopeerativeéo:t o transl ate the selection of the at | east
one interactive feature via the integration object conprises being

operative to: (470)creafRtatatalislsizationdeceMiqrt £1dy@iut assbcidted ied act i on,
wherein 10t he captured at | east one characteristic is encoded in a format

assockat ed w th]téRnéu%ﬂfétu Slaftbrrh 0P Wh%kéthhé 'EbBrSh psas Lo[dXst 8RY

wherein the at | east one aracterl st c of the sé€lectl o conprises at |east

movenent . and O eicriad el A% SR PRt 3F205 A aef BRI A0 ool Epar

f eedback associ at ed with the at | east one characteristic, wherein the at
| east one vi sU8P0) SJHIsEnArE i ar3rea charh&gona dé’PghBWa?f@rh@A'Q cd@r sor,

drawing a line, drawing a shape, changing a title, changéng a status
di spl ay, and dRept amrhgfiﬁs())t a@lurfape chard§7onednibie char (630), enda sfaek
characteristic of the selection fromthe encoding format associated with
the at |east ahartofeo0fe plurality rendering platfornms to a common encodi ng
format associated with the data visualization platform (530)
creatg a change |i sdxppeeqf Bag ohe ikfePactBViBAILRS fEHthk @R%4 vRDSIlization,
wherein the interactive feature comprises at least one of: a data
modification feature, a data filtering feature, and a visual adjustment
feature; (430)
provide an integration object associated with at least one of a
15 plurality rendering platforms, wherein the rendering platform comprises at
least one of: GDI, GDI+, Silverlight, WPF, and C# winforms; (440)
receive a selection of at least one location on the data visualization
from a user input device (712), wherein the user input device comprises at
least one of: a mouse, a stylus, a keyboard, and a touch screen; (450)
20 determine whether the selected at least one location is associated
with a hotspot, wherein determining whether the selected at least one
location is associated with a hotspot comprises determining whether the

selected at least one location comprises at least one of: a data point, a

structural element of the data visualization, a user interface menu item, a
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25characteristic of the selection, (540) and submt the change list to the
data visualization platform (560) and update the data visualization
accor di ngvoaotomsomabmim tted change |ist and at | east onePpTasepessLst he

hot spot at the at |east one sel ected 5l ocation. (480)

10

15

20

25

user interface command element, and a data visualization control element;
(460)
in response to determining that the selected at least one location is
associated with a hotspot, translate the selection of the at least one
interactive feature via the integration object into a common format
associated with the data visualization platform (707), wherein being
operative to translate the selection of the at least one interactive feature via
the integration object comprises being operative to: (470)
capture at least one characteristic of the selection, wherein
the captured at least one characteristic is encoded in a format
associated with at least one of the plurality rendering platforms and
wherein the at least one characteristic of the selection comprises at
least one of: a mouse click, a drag operation, a drop operation, a
mouse movement, and a scroll operation, (510)
display at least one visual feedback associated with the at
least one characteristic, wherein the at least one visual feedback
comprises at least one of: changing a cursor, drawing a line, drawing
a shape, changing a title, changing a status display, and displaying a
tooltip, (520)
convert the at least one characteristic of the selection from
the encoding format associated with the at least one of the plurality
rendering platforms to a common encoding format associated with
the data visualization platform, (530)
create a change list according to the converted at least one

characteristic of the selection, (540) and
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submit the change list to the data visualization platform; (560)
and
update the data visualization according to the submitted change list
and at least one property of the hotspot at the at least one selected

location. (480)
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