WO 2010/ 080207PCT/ US2009/ 064325 TI TLE DATA VI SUALI ZATI ON | NTERACTI VI TY
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 am)n t he renderin latforns. I nteractive data
10vi sual i zati on nRHTAYSRPAL T'P&* %ﬁ%ﬁﬁi‘@'%ﬁ@%ﬁ@ﬂ#@ﬁal i 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 poi nts 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 +,inféractivel dagbivisudREaticanich @Wayﬁthé@nay.mé?hﬁn&eoédmshmmﬁacrpsgbl ens
because the conventional strategy may result in a great deal of duplicate

ef fort andaRpaffcbbht reYidédhg preempat 'Irli"sbr‘rieysnu%"tlbﬁésdatéﬂﬁisUdﬁEm fdafiteses in
presentation. The notivation for developing a s harabl e architecture for
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interactivity across ra o I'es and applications
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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
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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
interactive f r WO 2010/ 0 PCT/ US2009/ 064325 FIG 4 is
2" ow chart P0d TG dds oo PRUT Al AgnaionDePeAdI06 & nieseeiMYat f on
architecture; [1 ! FIG 5is a flowchart of a subroutine used in
the met hotsuslizalien architgelureans! ating a sel ected el ement to a cormon for mat
5[011] FIGs. 6A-6J are diagrans 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

descrigption t f o ment s of
the i r!?vent [ onc[OH;| gig eg%{? é?h@ngf?r% E:rgt%?étrlls a aptﬁ‘é? ?ﬁg?l'lst?y andé)rgdt her
i mpl emantfgg u%lg; A £ possi bl e. For exanple, subst itutions, additions, 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 af f or mNAdsPQiAd 2pPlicatio pyogrammipg dntgrirges (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,
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hotspf)ts. ap ||cat:con programm-ng i aces )
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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 doachctyaetof chaghimay pempfise g4 faastrape doemdtive faaturestichasea dataer act i ve
feature, such as a data nodification feature, a data filtering feature, and
a vi sual radjifisatimnfeatwal brdata filtering feature, and a visual adjustment feature.
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



10Each chart type may conprise interactive features specific to that type
and/or interactive features common to nultiple types. For exanple, a pie
chart maywoanwiss®7a chart type-specific visual adjustmeot/dSeavoss2gnabl i ng
a user to click on and select a wedge of the pie chart and enl arge the
wedge and_di spl ay,.addi tjional .information about the underlyin at.a

Fepr esencatip b SO0 Aagr PR ot ERbRlraRaprediP et BaRATE et e A ur e
common to nmultiple types, such as enabling a user to drag a | egend di spl ay
to a dif faateshange6anyiNg yissaliztion ipavhda andirip @artragrtegmatase recei vi ng
changes to underlying data el enents of the visualization, such as changi ng
t he val ueeofdasingadatia pointa agdaphegentenipidal iesinddata ialsi arat/onstructural
accordingly. Data filtering features may conprise enabling sel ection 20 of

a subset @émdatsfoMBeNisualisaiidh, deghlighiHg NoifomRAretating0and dRrayity aot her
subset sel ection. Visual adjustnment features nmay conprise receiVving changes

to theg VitﬁHlﬁh. BUHAEBACRKIT rﬁdb%lir’ﬁleﬁféaéfitﬁé‘irﬂx@htiéH?lﬁ%eﬁ%e‘Fé”@f&Wd&gqhna color, a
and/or typ

i ne wi dt e, and/or a point representation 1con. er

interactiyity f e ri Vi a .graph _axi nd/ or_reference
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data point set, providing additional information about a section and/or
poi nt of A8YECR/AIRPAIASAMIHIAN prRFES NHYagHva BakireodleCed$ adrowmaniyaita
change, copying a visualization in whole and/or in part, sorting data,

r eor der i mpinter aveoamageaodihervisualigatiorrm keymard gxiuti and/aaaanusent s and/ or
structural elenents of the visualization, highlighting, pivoting, rotating,
and di splagvargent &dof tligk. Consi stent with enbodi ments of the invention,
user selection of an interactive feature may be achi eved through any i nput

receiyped fromg1epaNidideNe® 851 GSuAZaa6h MRfbri 185 8Rd OPKEEdatant eracti ve
feature, such as a novenent of a pointer over an area of the visualization,

f
sSSP Ao oo kAt VW neone e
interfaces (APIs), such as C++ APl 110 and C APl 115. Data visualization
platform 105 may comprise Windows® 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



visualization platform 150 may conprise shared application progranm ng
interfaces (APIs), such as C++ APl 110 and C APl 115. Data visualization
pl at f or mOR0megomonpri se W ndows@ pl at f orm speci fi ¢ ut PCTitSe@I®esks as a
Wndows@file I/Olibrary 120 and a Wndows@ user interface (U) library
125. 15Consi sfent with enbodinents of the invention, file I/Olibrary 120
and U i ?{}h%ﬁe%@@%é’ %?@m%%etay'wm%w@yormmacwinﬁr'a?ies
(DLLs). Data visualization platform 150 may conprise OS X@pl atform

speci fi c s@fwareilibeariascInNdaly RIPVAe KMauseeUrs@ feedpagkandbit destingrittity. 2@ user
interface (Ul) library 160. [017] Shared core 100 nmay expose the

i nt er act idragidesp icopeatily treimbay gaetuBdMause dovwBp ohoudy molve, amhmause wur f ace
an area of the chart for which an interactive feature may be avail abl e. For
each renderd.rtck|dh§ Oamd réiasd)t aatiaty BrHraW] £atagMiageoiiBt hig bes @R on
code to provide generic interface information usable by thée data
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data visualization platform y conpri ation object 130

and 25 OS5 X Vi li.zation platform 150 cCOnMprise an

"t eqr at 1o G iardy BMeHRE S R B8t BTt Ry et ER RS G SR 2at on
pl at f or m may con;prise software |ibraries and to provide a nouse cursor

f eedback keygirakes fecordeyduring aidragArer RpRir e CoaNE.lSE Mayydesesbe @ capt ur e
nouse down, nouse nove, and nouse up (e.g. click, drag, and release), a
utility tahagges(a.gdchgngergleet reardemyalbes. Jiigpby eded)ds welesdshegee 100 whil e
dragging, and a utility to commt a changelist. The changelist may conprise
a |ist ofchasgesi(movesratatehsiag).nouse novenents and/ or keystrokes recorded
during a drag-drop | oop. The changelist may describe data changes (e.gqg.

changg val ue, [D&gr dedch/itdirbtior bbie@t ] oRSipREldr cBRvVEMIARDIStRRREES
(nove, rotat e,[ sig]ze) . 10[%?8] Eac%%i rrf'??aglgr aﬁ%}))n obj ect may beg:besponsi bl e
for conv i - if i .l L {on for
subrr a1 ool I Bets BEG = PR ivar Bt o b 18 PR BT,
chart-specgjfic informatign to provide these utilitigs | |l ow ng.the single
obyect o B iearaiRn Geinay RBEREed Py Shatnesticiubinalpe  Rriideach
chart-type provided by shared core 100. 15[ 019] Various chart téf;es may be
exposed Bheseutilifiasa alowingl the sindie opiest toexpqIVel otihg iRigyjacivereptwes speci fi c
areas of interactivity that are unique to those chart types. To expose
t hose i ntassackitedwiheash dhiaet-type peogdedbyashared 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.



colum, for exanple, the DVP may expose a hotspot. Each chart type may
encode various hot spots specific to that chart type and expose the

i nt er act iwot2g1028b3e7ough that. A client may encode a ver PCHArseomoned3ns er f ace
that may allow the client to nake use of the interactive features exposed

by the hot spot on an interaction with a nouse and a si

otep, The genddPdl K B A GSEaHEF M it aBepURESEVics REBURY PRESE ng

l ogic, a d.ra? and drop loop, and a commit step. Once those pieces are in
pl ace, tHdea Teé}l\lﬁsﬂlﬁglﬂf@rcﬁkaﬁmfﬁo@lthe@v'?%tQE("hﬂ’ié*ﬁ@ uspledPHf BUNSEt Bpot s t hat
the DVP may surface. WD 2010/ 080207PCT/ US2009/ 064325 [20] Hit
testing raercdimprD¥R mayw regpoadusitT thah pmiorndaiors doraexampleaadiatd polt i amd
requesting information fromthe DVP as to what the user input cursor is

over. TheHage, oRMoth@soTe W\ nidyadisd WilPs ARG tHeOEl et afatl LhotpotRt @ poi nt,
or a shape, or nothing. The DVP may also wll say informthe client that a

hot pot '%n}‘ég@‘?é cut%%r hé%rlenﬂr‘ﬁgygﬂéérﬁ’%cé"@é’atr@%?eﬁ f%'t}‘n% HdtEtenegg to the

hot spot o into a drag and oop t he ent's user |np t cursor

rvany o B8 SRy Bralt Boph s oS Ry R BsbtByER urv?ﬁf e padEef Wit

hot spot may t hen provide a drag ed imge to get the user's feedback. For
exanpl e, & HeEHMASSHSIMAESL 89\6{0@6% CA{GQBF%tHJGfQUg% HAUNG sCreenyfhe ?'!eéﬁged shape
with a fill or a gray. Once the user rel eases the nouse, the hotspot object
may conmimay hedaleaﬂ?géptepm witheits logatier. s hbispehmayetien provite amvegged

Consi stent with enbodi nents of the invention, the changes nmay be stored in

a changelimgigedbjgetthd bsér's feedbaek. Eodémmplwthﬁé hetspotmmayapplidei anwirbol e
and/or in part. Wien the changes are commtted, the DVP may reflect all

15t hage GhangenhdidHLNFddgetishabe v §fM'o'f"éaﬁ)ﬁa?a‘Or¥He the user releddds G 2 i's
a diagram of an operating envi ronment efating environment 200 may

el ont 24000 ARERISTRR KBlact My SR ThaheSe sRlte SlandRa REYIET) ol i ent
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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



20conput i ng device 700, described in greater detail below with respect to
FIG 7, and nay be connected via a network 250 such as the Internet or a
cor por at ewpreoroznsez07 W ndows(r) client 220, Maci ntosh(r) PCTiusna0928325 and
nobile client 240 may each conprise a rendering platformand a data

visualization platfqrm For. ex le, W.ndows(r) client 220 y conprise

W ndlove et 150 TR dALe vist BRI FIPTERS 5 indoWER cieBsRa) o1t ent - 230
may conprise OS X(r) data visualization W 2010/080207PCT/ US2009/ 064325

pl at f or mMacintoph® ¢l iend 230sard mahilesiiept 249 arayseasnh WMBde B atedaare 220,

Maci ntosh@client 230, and nobile client 240 may each conprise shared core
100. Eachl (fl.ieath oiantpnawpayide didiffereeitenderidg platfprpl adddtondisglad at o di spl ay
a visualization. 5[022] Interactivity nmay be acconplished primarily via

cl i cki ng \ag\§Hlieatighi.aggi ng an i nput device 712 such as a nouse, a touchpad, a
mul ti-touch display, a touch screen, and/or a stylus. Keyboard-based

intergctivity EE%’]l ﬁh%?a&ﬁxit?rrﬁé{%ﬁé%cc%{bﬁéﬁé&PFim‘éﬂriN"viSr@ﬂ@@g@%’hgforpf the

i nvention, ea ient may support a ronal user Inter evi ces and/ or
features. For. exampl e, ,Maci sh@client 10 230 proyi S ort_for an
nopl o RerfiedunGeRr Mot affiGe 2" A0 rh s Aot AT TR BBt BB et ove @
client 220, I%23] FIG 3 is a diagramillustrating an interactive
feature. FIUCEELRRRTE AT G eSS tKehpardPassrntesrctiyity May-alse Peof data sets
305 plotted on a graph. Line chart 300 may further conprise an x-axis 310,
a y-axis m%i,dednd:wai%g@tnuitmzmbOQBnemse)fct%@mve@@onn@@cfb@ieyémmasmpcwy

W ndows@ dat a visualization platform 105 on Wndows@client 220 accordi ng

t o char t -ddditrahiseniatérfateadsice saedfonfdaturebarrat exangld,0daeintbstha@ aliesttor ed
on dat abase server 210. Consistent with enbodi ments of the invention, data

descripbedpIymhal HRoviasupBOR oRan RPpRt RERDIE®CAL idfald AsA¥S @AlImapt 220
and/ or anot her “conputi ng device. Wndows@ data 20vi sual i zation platform 105

MRy expose Al S RoReliby Wind S Hlilid Ript For m of
[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



Wndows@client 220. For exanple, hotspots nay be exposed all ow ng
interactivity with | egend 320 and/or x-axis 310 such as changi ng the nane
of one ofwoOhe1opisooal ity of data sets 305. [ 24] | mCEEset0wes3skdeat i ons
in a visualization may be exposed via a built-in 25collection of " hotspof

obj ects. Each. visualizatian |layout ty may ,expose hot spots

2010/ 030 APPEER DB IIBbE 95 LBEler Lt IR BN EXDRSs SRR 952G of urm
chart may expose a hotspot to drag the top edge of the colum vertically. A
pi e char tthadgP edge oéthe eusporertienllVead Rissthirrt Brayexfoses helspehier egagh be
dragged in a clockwi se or counterclockw se direction. Mving or rotating
shapes saitte aba lpéggysimtsthahdan beldraggey irbe cegaasssdoneountgreiomkivises hape

hot spot s. [ 25] Hot spots may be exposed to a client via hit-testing.

The cl i erdirgtign Usgovaig bﬂtcﬁgﬁrg%isﬁép@é)i;m a$ gépdsrandieshaly BBjcs@bsSedre
beneat h a nouse cursor 325. ared core 100 may return a reference to a hit

shapegandj; Befi€ER R6tshBtd new y created hotspot. Shared core 100 may
del eggte H%pgp(e)tléée%@égt |86°' Btgg an l1lOactive |ayout class for the chart that

may anal yze ' g [ ryes re hit. lf, no . area.cor pondi ng to an
interactive mQ?@r e%bﬂ%ﬂﬁgyﬁgre@(\ﬁ%é%ﬁj éo f(ﬁﬁ'e%\{/’gr@%%ﬁ .Orl'ﬁgt@sg{ m%y
reference. If a hotspot was hit, shared core 100 nay create a new

refer encélst,eo%lhtﬂé%grﬁBg% FBiech iR determing WhalOPIEESrTeRENER A ANOYR& CYreet
position. The rendering platformmay get a description of what changes w |
occur and3mmyShaeidssiray OQrmay etopr adeterenseasiora Ait@hepe tapdlari predgghee tognor e
t he hotspot. [26] Once the client detects that a hotspot is being
dragged va hbwhyhereatadsitotspdt. retyargd cond 008 nsdyaddiaydtedhetgpot dgtetidmmpto &or
exanpl e, Wndows(r) client 220 may enter an Object Linking and Enbeddi ng

( OLE)0dr agttidBdaHiLRRIARAEPtheAcIHTNaE ERBERSIGzd RPRNK ddbThery EhR/csQpdte HACh
nouse novenent by, for exanple, a 20 nethod that reports a position to

whi ch | | tr
ic muﬁg}og%eﬁ%org eﬁpﬂ&rﬁggﬁy quégggtg%dﬁeggﬁleﬁr&a%sgﬁéugc@%@Bg,feé1 %@ﬁ]eﬁ t spot

for an up chan I St or a dr I mage 330.

The type of cha associated wth a hotspot na han ased on.the

[ ocat ] on GRS HHaES eRsEn G alha BoRarahas Ry el ors S O0GREERRS fom a pi e
chart may sinply nove the shape, whereas draggi ng the pie 25slice over

anot her piew sfetanceegounéen Betspohebigst Brat 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 ISRy SR AP SRElsEAL PEIEP YRR G or i gi nal

geonetry and altered to reflect the current changelist. [ 28] When
t he rmousecligpt viBatfowa of pgeonmeingitergterrtbpt Mgy s thersamms obiecbueed hdravhe
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 w shes. For exanple, an Ofice(r)

chart gcli ; btgarg : r r lietting
changgs tcﬁ?%&rﬁgéﬁ%?gﬁ)%gwg%géﬁ%rae 1 gagtﬁ’g g%ﬁ%ﬁ?i%&l 29 Oartﬁt%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

R T L At

Shar ed ool R RERLEEEL. PoPORRRSRenR SFicsBlondh A hal S RHASALY 1 €8
changes back to an Excel® worksheet, 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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S5visualization clients. There may be hotspots shared core 100 did not
expose that the client wants or there may be scenarios where a built-in

hot spot wDl20masomaf fi ce. Consistent with enbodi ments eCTiUseom0¢s2% i on,
shared core 100 may expose additional APIs to allow the client to extend as
necessary. For, exanple, shared cor 0.may exppse APls for clients to

Fotr eve denpirie Apaasaee Witen cald 3a0 Hmtiray AR PRl SuaER BRor nt
geonetry iteration, and/or to provide what-if change prediction.

[31] O i ertte galpcieehareedfling«gharta®@0-what i nteresting parts of the |ayout
are beneath the nouse cursor. For exanple, Ofice apps may want to annotate
a chart with g080nhnedteohotapovexposedtdyssidiresvicare $0@pes). repoesemt o, shar ed
core 100 15may need to provide sub-elenent hit-test information |ike "Over

dat a poi rdorfiSrehBnsios isesoffliowd int@nrkivitiBs gatmrbd rergexisting ddat a poi nt™ or
"over a value axis tickmark with value 10". [ 32] Data points may be

rendeged \ﬁﬁjdﬂ%f?&w Widrits Tﬁeﬁ@Ha@%éH&%ﬁots@@a‘?ﬁ% 302633(%@53 nbeXpiosR!thait

i ndi vidual data points ?e.g. on-nouse hover may require the
ot 1 he dfie 8 EkFR BT nbRemaT BERNATBE e 2 Bt g M forlilie 70" e
handed back with the change predictively applied in a what-if scenario. For
exanpl e, GRBRISIES Mty REORERGNtH A esIVaria Gherefk§ora 9P MeVABRSE. dat a
point properly inserted into its new 25l ocation rather than show an
i nsert i dAdditoned APlgtmelow The diientho extendeas néeaasamnyFor 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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create and hand a changelist to shared core 100 which nmay then create a
copy- on-wite clone of the chart, apply the changelist, and hand back a
geonet ry wWoepawmsn2opoi nted at the new chart for the clieRCTIUS2a9M64325

[ 34] Changes nade to shared core 100 via APl access or user 5interaction

(e.g. hotspots houl d be un ble. To achieve this transacti on obj ect
hmy Sexi S(C PR B 8 Ben iRt io anaes edte 10 EnichBevhar &eake BByr
changes at a command | evel. For exanple, the transaction object nmay expose

a Get UndcsRewbFIeipnadf iericharit apriv e eangelint, eRddresidrarkobpeemety st ore

undo/ redo information. The UndoRecord object nmay have Undo() and Redo() 10
net hods tieréter ppindéeddt fhreomew lchadiforetne’ dienhtbodrasdo commands. For user
changes made via Hot Spots, the changelist object returned by the Hot Spot

nmay al so expoge34] tGW’ﬁ%stﬁnédeQ@jsﬁﬁﬁed@brbﬂ@@kviétAiPIldE‘é@& edaséet at e. _
[35] FIG 4 is a flow chart setting forth the general stages involved in a

met h0§5499te?€&§i tqeg.thdeéé&s)a&]cﬁjmei oy, T&%chi%vs%igpgé@ﬂﬁggﬁ@éi ding a

dat a visuall za Interactivity architecture. Met ho

i mpl ement ed_using_a._conmput i ey) 00 r.bed I r efail bel ow
w Eh 1 oo siectTbRPpRsE ARl Lol b o ALy e ERERIGBTAR ALBIBEOHH0 wi 11 be
described in greater detail below Method 400 may begin at starting bl ock
410 and ;ﬁ*@@@ga at @ Gﬁ"%ﬂ@é”ﬁi@’%g%eé@rﬁ?ﬁlﬁ,it%tré€§¥%t@”7%eﬁtdva¥ﬁ689 8 data
vi sual i zation. For exanple, 20 conputing device 700 may conprise w ndows
client 2ZXgetdngloRecord¢ mathod raheads bacgm UnaoReeorgieljécitensiay® to create a

vi sual i zati on such as a pie chart, a bar chart, a scatter chart, a colum

chart, a dridogredbanformatioar acdiaddRecord obiEvt niaychavd Undo()amhar Reda)t , a
surface chart, a bubble chart, and a stock chart. [36] From

st agq042QneiMdd8ad bR0RvorY REWARE IIEAL SURGErERDcIMBIMAIZO R TR cRanglayi ce
700 may expose at | east one interactive feature for the data
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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WO 2010/ 080207PCT/ US2009/ 064325 vi sual i zati on. For exanple, conputing

devi ce 700 may expose a hotspot associated with an interactive feature such
as a dat awondioisemri on feature, a data filtering featur@CTarsddoones2vi sual
adj ust nent feature. [37] From stage 430, method 400 may advance to
stage 440 5 ¢ uti ng, devi ce,. 700 ovi de an integration object
Sseoci ar dib Aoy PERSka i, Soripuind davich Ak dgsp At diaeots  For

exanpl e, conputing device 700 may use a rendering platformsuch as G,

Gl +, Si Iaﬁéppi%ﬁ?ﬂ witiayn, 'n@faoﬁ'\@ff@ﬁﬁﬁe syifb/asra data Hodigatien fadpie, @-datai spI ays
and/ or data visualizations. [38] From stage 440, nethod 400 nay advance to
st age 45(illehiag dediiire;, canulior mgisdek/dadjestmtrfa@rtur@cei ve a selection of at |east
one location on the data visualization froma user input device. For

exanmpl e, a usq03TRY FrBhestaga 430, AMethdd %06 ria) advarkdedlol tagé aa0ughdrg a nouse,
a styl us a keyboard, and/ or a touch screen. [ 39] From stage 450,

met hog W@W&P@?b vf’o%oal’f"ﬂﬁégrn ﬁgﬁﬁ‘éd?%sgéé"b WP alB¥4st

det er m ne t he se ect | east tiron Is assocli ated with

cel act o0 90€ S BiPgR FendetRur=08: Vtéﬁe%aorﬁafa%sﬁ Pl FhS e it Ay oF ement
of the data visual]zation such as an axi s user interface menu item
a user i rHS&r? RS HgRIATCTED enghas %Hﬁﬂ'*asd\ﬁ@{gm SVBFi GRWIBIRESnt r ol

el ement . [40] If, at stage 460, qfutlng devi ce 700 determ nes
t hat t he awl/ec@ddozender greabtcabdlépla&smdém ala yissiebzatiand. wi t h a hot spot ,
nmet hod 400 may advance to stage 470 where conputing device 700 may

transl ate the [988ecthrom stagthelOamdthas 400meay atiedrecd iovstafedb0nveherea t he
integration object into a coomon format associated with the data

Vi suabi zaidnutPlgeddvadTy0d nfdisteriehvata EQI@cﬁéﬂ SPb! [@Bsbife Fd&@tlbﬁ‘bﬁghéba@é‘
object into a common format 'is descri bed below in greater detail

respect tﬁs@'ﬁ%ﬁbn fronl & usBF inpLREEvitE 0 Fof MBI G&f! fisly Zg%c{jﬁtp%rﬁpd?wes that

t he sel ect
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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WO 2010/ 080207PCT/ US2009/ 064325 | east one | ocation is not associated with a
hot spot, nethod 400 may return to stage 450 where conputing device 700 may
wait to rwoebwdsewot her user input sel ection. [ 2CT/URe@osi3age 470,
met hod 400 nay advance to stage 480 where 5 conputing device 700 nmay update

the data visualizatjon according,tp the selected.in ctive feature. Once
Lot adeaeIosaioT saiat s & idispet Gietadd AR0TaY BBe i nod
400 may then end at stage 490. [42] FIG 5 is a flow chart of a
subr out i ridage da0iwharasomauting dsvige (0 mayovait Fareseims @i@tﬁe"s@fﬁ%’dﬂw el enent
to a conmmon format. Subroutine 470 may being 10 at stage 510, where

conput i npeatiestione 700 nay capture at | east one characteristic of the
sel ection. For exanple, conputing device 700 nay capture a sel ection

characteri sti qO¥ICctFras stafBUT®), edthitd 400G &Y a8Paic iotftag@ 480a¢hereer ati on, a
nouse nmovenent, a scroll operation. Consistent with enbodi nents of the

i nvent; o%oﬁmiﬁgﬁvﬁfﬁg@m;ﬁ%&at%ﬁe %I?ge[ ?i%&&ﬁia?ibh%c%bﬁiﬁ%cfﬂ%?%&@ctba a

format assocl at endering p or ns. m st age
510, subr.outine 47 y vance t.Q sta where,co ti.ng device 700 may
di spl ay. 4 tracte LR 0ReS OGP Ra HeRtR b W HES PR O RS B v .
For exanple, caonputing device 700 may display_a visual feedback such as
changi ng $128&if88r Mefosl G may, thﬁe,en@r%tvﬁt?geé Qhape, changing a 20title,
changing a status display, and/or displaying a tooltinp. l-lri44] From
stage 520, sulPé2lk i mfd&4d0s @alfovadhar of atspibsowtie s3ml mgeénetbmdmfi g devi ce
700 may convert the captured selection characteristic froman encodi ng

format adeotranslatihgvatdelddied etmienti tog edratioor foembh Buls@utine 470andy bginigor nmat
associated with the data visualization platform For exanple, the data WO

2010408024 géele 5"5@99%@%&1%%&@%@?bb?ﬁb@bé’étﬁ%81 IBBYt 5 chAdchsrael at ed

integration 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 ¢ hd B sBesitq LeRbude oS AFbadliah Bhid ity B proVied Br iR T e
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.

-16 -



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
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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

at least % ﬁﬁaéagﬁfy‘fsféh?t ét%rﬂﬁ%gf??rﬂg“ﬁﬁ%%?%dreﬁg% fgg,mayqi%@fth% fed 15uith at

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 illustraras2@boaski e 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 [§%3fr|'§&l Nﬁﬂh?&é&? 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”@rﬁr&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 EompRlina 9% ey
conprise erating e ro nt tem.l I b ove. tem
15160 fmfugae%amb R ERB T S0 5 R R
devi ce 700. 66] Wth reference to FIG 7, a system consi stent vmth
an errbodlsﬁétmar@foﬁﬁ'f@W@f@éﬁ@Y 68 upe¢ tPrimpipTeent tB@r?ﬁ%ﬁnPHgSt@éaﬂ%énd such as

conputing device 700. In a basic configuration, conputing device 700 may
i ncl ude grotessng anik. pooerssiphey the memory storage and processing unit may be

implemented with computing device 700 or any of other computing devices 718, in
10 combination with computing device 700. The aforementioned system, device, and
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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20 unit 702 and a system nenory 704. Depending on the configuration and
type of conputing device, systemnenory 704 nmay conprise, but is not
limted twp20ml@oiore (e.g. random access nenory (RAM ), PaDrrSe@babie (e.g.
read-only nmenory (ROM), flash nenory, or any conbination. System nmenory

704 may incl ude. operati.ng system 705 or nore pro ranmm ng_.nodul es 706,
and ey {vCPHEoR B35 ARE oGy A lcs Y SPPEAD R0 /1 CpPSHE s  om 705,
for exanple, may be WD 2010/ 080207PCT/ US2009/ 064325 suitable for

controll mg%ammmg m@duiesi € may' I@clb@%aedat@msunahzaim wawig pregram 720.
progranm ng nodul es 706 may i nclude a data visualization view ng program

720. Furt Rarthemeoree ebdmbidireants affthe imeveintios mhaybe pagctivedpn @onjunetion with
conjunction with a graphics library, other operating systens, or any other

appl | cat | :pgraphRaIAAN i opReatild Systais! or any oba bppltATonaRL Atnan or

system Thrs basic configurationis illustrated in G 7 by those

compogent;s Flrlfﬂﬁt?d % Qﬁz?%ﬂ iddjd¥ea C;]d?éatl nor sy Qﬁﬁh@%ﬁ% HhiigEMtioR €00 may

have additional Tfeatur t ona ity.” For exanple uting device

non- r ool SR By ) é’s&%"i‘éﬂ{ﬁﬁéﬁerﬂé layg: do‘?ﬂsbéﬁ?m%ﬁé".viil drks,  or

tape. Such addltlonal storage is_illustrated in FIG 7 a _renpvall e
storage 709 arld64l WPHH@%EY'@eJPQr@@lﬁ haye adgdiepat @atgﬁé%é@%@@?ﬁtyn&y

include volatile and nonvol atile, renovable and non-renovabl e nedia
i mpl enent Ear exarapie, genpoting devisehHi) By e instusieagddibonal gata giorags, such as
conput er readable instructions, data structures, program nodul es, or other

data. 15 deyidesnirenaonalyle /o orererhdealsié osuwdeas, 38 exartple magatic alidks,
storage 710 are all conputer storage nedia exanples (i.e nenory storage.)

Conpyper &iti%ﬁ&l@ké’“%ﬁ'tép@aSu'cH@déjﬁﬁ)nab%réE%e &QFIuétfeﬁb&WFl@ 7B\ ROM
electrically erasable read-only menory , menory or ot her

AL W I kfﬁ&% el S o
o her ek 31 A8, S5 St i ML L 4P b
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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by conputing device 700. Any such conputer storage nedia nmay be part of
devi ce 700. Conputing device 700 may al so have input device(s) 712 such as
a keyboarwp 2a1ms02e, a pen, a sound input device, a touelTiuspew/odses ce,
etc. WD 2010/080207PCT/ US2009/ 064325 Qut put device(s) 714 such as a

di spl ay, speakers, rinter, etg, al so be inc|luded. The aforenmentioned
vt ooy’ 4PRKEREbe®) 214 SEhasch fisple sedkers. o PhRler BamabanisaPeng. dev oo
700 may al so contain a conmuni cati on connection 716 that may all ow device
700 to cdhfludledatleedferengiionedaigyirasmyesuarnies and dtheysdnaybeyser- a
network in a distributed conputing environnent, for exanple, an intranet or
t he I nternet. [B&MComatiingdevicad®linay al® ¢ontainea esranplnécadionconmmruni cat i on
medi a. Conmuni cation nmedia may typically be enbodi ed by conputer readable

i nstruct i ympectiet @1 6ltrﬁat%m{]%ﬁowl@fe%feammﬂﬁwrﬂmunwm@mrotﬁéﬁ éorhpuing
nodul at ed data signal, such as a carrier wave or other transport

10mec ?anio?{)(ijc&”ﬁ g, %%kﬁ%%ﬁo@a\%?ﬁer‘ééggﬂmé Attty %Bhpﬁgﬂb%nv%ﬁmteﬁi%r

"nodul’at ed data si’gna e a sl gnal fhat s-one or nore

the. ot oS, &7 n@ngS aRREeee?, EBr o iREaR R Ede ok o o may

i nclude wired nedia such as a wired network or direct-wired connection, and
Wi r el ess S¥EARIE S eAMRUNIGHAIECER. Cagiuricainnemedia may YRigalhabed, and
other wireless nedia. The term conputer readable nedia as used herein may

i ncl ude BbodiedbygenmpuiEareatdbiimsirtciiens, dataveldictiures, progran] B@PUES, st at ed
above, a nunber of program nodules and data files may be stored in system

menory 7@t othecdatdiing rapdulatéchdataysigeat) sidh as\bidaericOvaveondingy transport
processing unit 702, progranm ng nodul es 706 (e.g. data visualization

Vi ewg RheskaHIsr2Bhd IFRYUREY A%y MG PRRPSERivVERCMEdid19Thé BmeXAdliStecpt | east
one of nmethod 400"s stages as ‘descri bed above. The af orenenti oned process

: | Rk . . Oh
b ogr anme SiarRf By RESSROH s RS S6t LG RRte R BESBEGS . SLot

the present invention nmay include el ectronic,mil ,and contacts
app! Pcat idlanged in'such a mgnner as to encode intormation in the signal. §y 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 corrput er rrermry 5[ 074] Enbodi ments of the present
invention[ f or exanpl e al ﬁj]scrlbed abqve h reference to.bloc

di agr ans HRErAIrABpE RS S RIOPFAP %6 eo?'e PRIGAYY CapMredyia a{%l conput er
program products according to enbodi nents of the invention. The

f unct i ondngl@nse rentisal seaNMRY @f&@@mprmwrm@dw%fthen@omea as shown in
any flowhart. For exanple, two bl ocks shown in succession may in 10 fact
be exec utieter[smbesi,mtdtmmyse:prmssedﬂn § saitableenbhmerk § neegssaypandiserbe
executed in the reverse order, depending upon the functionality/acts

i nvol ved.stored in a J;Jrﬁbut\éhm@ngg/rtal n enbodi ments of the invention have been
descri bed, other enbodiments may exist. Furthernore, although enmbodinents

of the presentioraeninbaaniae oPFRNHESEAL HIBAIGH, (BELRINARS AR Bhsshud h dat a

stored in 15 nDry an r storage nedi uns a a ca e stored on

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

fromthe Internet or other fornms of RAMor ROM Further, the disclosed

met hods’ @?’5@% SYS/EHE. ADRICPMPYLENPraElAMRIPRCES PREPTINSY HYPLPEBITEs Phy
stages and/or inserting or deleting stages, 20w thout departing fromthe

i nvent i orihe invention[ 7Adie fanctionsjacts noted lmthﬁqaledwmagmceumutcvféhe@d@eﬁ 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 griaptisserad Bl séBQtanﬂélly"'@or%dP@ntlplUr@ﬁ’éﬁlocks may soRétile¥d e the
speci fication includes exanples, t e invention's scope is indicated by the

fol | owl nge el 9 dfpin (FUTLISLERESer WALLSIRBSIRRRRE r?&Fdn%Whgﬁ? E580 a% descri bed

in language specific ura FeaP e aRdy acts, the
ol a1 e not g g e ESHHLE, B ok tRsclu bl sbaue i er,
enbod nene[ttsteroém%ggirritenn{tgrr]néyogkist. V\I!-llf\r-{helrrsno%,p\éllt\n%%glhsémbodiments 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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1. A nethod for providing data visualization interactivity, the nethod
conpri si ng: providing a core of visualization services capabl e of
bei ng shawedotasumen different conputer operating syst emrCTySean9/064325
providing a plurality of functions to the core of visualization services
for providing ipteractivye visualizations; creating a data

visual i zati on B775 Vs fie Sréifiesondniiies sxpmpiass iha PYERTORS B6RPALS or m
exposing at |least one interactive feature for the data visualization of the
| ayout udneigateriedypihgrfallowipgaslaims chrirdrernsres wh el theosrefificadipa hers been

vi sual i zation services; providing an integration object associated with at

| east onaeasicrineglinutanigubge ispadificitogtrptiardldeas resdndvav nmeghoddlegicat acta, code to
provi de generic interface 15informati on usable by the data visualization

pl at f or mthercldife @b rotamlitedns teé fédgrarl draiitd H¥ssriediesbave. PRatheetRe;
sel ecting the exposed at | east one interactive feature for the data

vi suaki zalieficaba s bAY Qs GESAIRH didlBlrb sdkiNd 44 BxlibRafh on pl at form

n
trans gt ect east one interactive feature via the
i ntegration 200Dbj cé sociated with the rendering platformof the data

vi sual i za%m%%él'ﬁ]éﬁsf ?%%l'ﬁi’%rﬁg’nf’or mat common to the plurality of functions
of the core of visualization services providing interactive visualizations;
and
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nodi fying the data visualization according to the selected interactive
feature i ndependent of the rendering platformusing a function fromthe
core of 25visualization services based on the translating of the
interactive feature. 2.The method of Caim1l, further conprising providing

at | east | rat | object for each of the plurality of rendering

pl atforn@%@éﬁ%@dﬁof Claiml1, further conprising: receiving a

| ocation for a pointer of a user input device; and retrieving

i nformati on about the received |ocation, wherein the information conprises

at least one of: a description of possible nodifications to the data

vi sual i zati on lassod& meélmoeﬁlqrrprovidingcﬁﬁaivmaémh@ inéerectiyity, #ie oretagd | east

one data 10point at the location. 4. The nmethod of Caim3, wherein the

i nf or mat icompaising: the received location is displayed in a tooltip. 155.The

method of Caim1l, wherein the rendering platformis independent of the

| ayous. 6. The jigViamRg depéor@ & ViR Jaliz4h6Hh §Jfaﬁ/i6é%eca?&aﬂl@6ﬁbeiﬁ@%ﬁa%& bafidert
a“data nodification

feature conprises eature.
different computer operating system types;

providing a plurality of functions to the core of visualization services for
providing interactive visualizations;
creating a data visualization of a layout of data using a data visualization
10  platform;
exposing at least one interactive feature for the data visualization of the
layout using the plurality of functions provided to the core of visualization services;
providing an integration object associated with at least one of a plurality
rendering platforms and having integration code to provide generic interface
15 information usable by the data visualization platform for the at least one of the
plurality rendering platforms;
selecting the exposed at least one interactive feature for the data
visualization of the layout created using the data visualization platform;
translating the selected at least one interactive featuré via the integration
20  object associated with the rendering platform of the data visualization platform
into a format common to the plurality of functions of the core of visualization
services providing interactive visualizations; and
modifying the data visualization according to the selected interactive
feature independent of the rendering platform using a function from the core of

25  visualization services based on the translating of the interactive feature.
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20 7. The nethod of Claiml, wherein the at |east one interactive
feature conprises a data filtering feature. 8. The net hod of
Claim 1, wherein the at | east one interactive feature 25 conprises a visual
adj ustnment feature. 9.The nethod of Claim1l, wherein the | ayout conprises
at |east one of: a pie chart, a bar chart, a scatter chart, a colum chart,
a line chart, an area chart, a doughnut chart a radar chart, a surface
chart, a bubbl e chart, and a stock chart. 10. The nethod of O ai m
1, further corbri silhg @etwng @fgC@um|bd@mh@r@m@ﬂ%@@pr@b@égtatm|oniec to the
| ayout . 11. The method of C aim 10, wherein the at |east one hotspot
obj ect i sntdQestioncobjéetdfoneath af tHeeplataliyof sindecihgmpddtfahesrent of the data

vi sual i zati on. 12. The method of C aim 10, wherein the sel ection of
the at | east one interactive feature conprises receiving a selection input
fromat |east one of: a nouse, a stylus, a keyboard, and a touch screen. 15

;3. Asno_n-t ra\r,ail tor’lm]ecﬁ’i@%oeéfé% ?#@ﬁ%ﬁg&ﬁ@ﬂﬁ@l um whi ch_ stores a set of

i nstructions ich en execute for providing extensible
interactivity for. al |za1|on @ executed by the set of

i nstructions 689@?’5”9@}1 caﬁ% \ﬁBPW&eradfc?oﬁ‘%erde% ‘?}’éﬁ on services

capabl e of being shared between
refrieving information about the received location, whereln 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

10  point at the location.

4, The method of Claim 3, wherein the information about the received

location is displayed in a tooltip.

15 5. The method of Claim 1, wherein the rendering‘platform is

independent of the layout.

6. The method of Claim 1, wherein the at least one interactive feature
comprises a data modification feature.
20
7. The method of Claim 1, wherein the at least one interactive feature

comprises a data filtering feature.

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

25 comprises a visual adjustment feature.
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di fferent conputer operating systemtypes; providing a plurality of
functions to the core of visualization services for providing interactive
vi sual i zati ons; creating a data visualization of a |layout of
data using a data visualization 25platform exposi ng at |east one
I nteractive feature for the data visualization of the |ayout using the
plurality of fincti methrd akdlaim 1 whersinghgrlayqul comprises i |%%"‘rt\ﬂ%§es;
providing an integration object associated with at |east one of a plurality
render i ng@fpa pid char, aabar ¢hart, regsdaites ghart| arcotlde chartpa dine dbageaparea
I nterface 5information usable by the data visualization platformfor the at
| east onehaft, Gltdbughnufthary, 4 eidiechad, Blsairfaeehart, a bubbketiest, ar 4 lkeoskxposed
at |east one interactive feature for the data visualization of the | ayout
created y$jiapg the data visualization platform translating the selected at
| east one interactive feature via the integration 100bject associated with
t he rﬁnderi ng platformof the data visualization platforminto a fornat
commoh to the plurality of functions of the core of visualization services
providing interactiye visuali ions;. and .. nodi fyi ng the data
vi sual i zation | corﬂ]en@ef@cl ﬂéé éotf'é'gh‘?rrﬁ%?ﬁré%mg@xp%lf‘éraé?e?arﬂgﬁgndent of
the rendering platform usi n? a function fromthe core of

hotspot object specific to the layout.

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

10 associated with at least one structural element of the data visualization.

12. The method of Claim 10, wherein the selection of the at least one
interactive feature comprises receiving a selection input from at least one of: a

mouse, a stylus, a keyboard, and a touch screen.

15
13. A non-transitory computer-readable storage medium which stores a
set of instructions which when executed performs a method for providing
extensible interactivity for a data visualization, the method executed by the set of
instructions comprising:
20 providing a core of visualization services capable of being shared between

different computer operating system types;

providing a plurality of functions to the core of visualization services for
providing interactive visualizations;

creating a data visualization of a layout of data using a data visualization

25 platform;
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15vi sual i zation services based on the translating of the interactive
feature. 14.The conputer-readabl e nmediumof C aim 13, wherein the data

vi sual i zation conprises a chart. 2015. The conputer-readabl e nmediumof Caim
13 further conprising exposing a hotspot specific to the |ayout, wherein

t he hotspot conpri ses | ocati,on on , the data visualizatiqn assogciated wth
at | east one i%P@?'&tht%qt@&‘Pdﬂ@ra@BﬁeﬁﬁéﬁES UEr q’téé(%@lﬁéatl'ﬁih?ﬁtttﬁeof Clai m
13, further conprising 25providing feedback to a user in response to

r ecei vi ndayaut ustrigdbeipuradity offfaneianspprovidegtiortbe soreref visualizationsenyieeses at

| east one of: changing a user input cursor appearance and displaying a

tool tip. providihg. anlimtegratipnibbject assediatedwith anteatt Gheiofralfuralityer ei n t he
provided 5 feedback is associated with at |east one interactive feature

associ at egndédry plRFoFRS aptahVity) miration code td Bro& yehére intériadeoVi di ng
data visualization interactivity, the systemconprising: 10a nenory

- . ' it " wh ,
the ofocdgormgtioneRb 8 AR ilchzaftioRiol i o i CRE:  Tati on

servi ces capabl e of  bei shared between different conputer operatin
system t ﬁiy rendering pfgf’forms; np p g

selecting the exposed at least one interactive feature for the data
visualization of the layout created using the data visualization platform;

translating the selected at least one interactive feature via the integration

10 object associated with the rendering platform of the data visualization platform

into a format common to the plurality of functions of the core of visualization
services providing interactive visualizations; and

modifying the data visualization according to the selected interactive
feature independent of the rendering platform using a function from the core of

15  visualization services based on the translating of the interactive feature.

14.  The computer-readable medium of Claim 13, wherein the data

visualization comprises a chart.
20 15.  The computer-readable medium of Claim 13 further comprising
exposing a hotspot specific to the layout, wherein the hotspot comprises a

location on the data visualization associated with at least one interactive feature.

16.  The computer-readable medium of Claim 13, further comprising

25 providing feedback to a user in response to receiving the selection of the hotspot,
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15provide a plurality of functions to the core of visualization services
for providing interactive visualizations; create a data visualization
of a layout of data using a data visualization platform expose
at |east one interactive feature for the data visualization of 20the | ayout
usi ng the I_PI urality of functiqgns provided to the core of visualization

ser vi ces:Wherein thg fgedbreclagomprices at least omg et chasghg aveer IPYHCHEO! east one
of a plurality rendering platforns and having integration code to provide
generi c iappeafance and displayingradecitip.e by t he data visualization platformfor

the at 25l east one of the plurality rendering platforns; sel ect the
exposed at |east one interactive feature for the data visualization of the
| ayout created using the data visualization platform transl ate the

sel ected at | ggst %éﬂtﬁﬁ@%&gﬁamé%éﬂigmtvﬂgc%nﬁ 1ienkmrr§fnitﬁé pPVig&

associated with the ren ing platformo ata 5visualization platform

i suabi 2 3P ARl iR lfhsh b Titer b €dre sabodabl ihine

nodi fy the dat(? visualization according to the selected interactive feature
[ ndependé?ﬂecé? f‘ﬂ?plognderi ng platformusing a function fromthe core of

vi sual i zati on services based on the translating of the interactive

10f eat ure.

18. A system for providing data visualization interactivity, the system
comprising:
10 a memory storage; and
a processing unit coupled to the memory storage, wherein the processing
unit is operative to:
provide a core of visualization services capable of being shared
between different computer operating system types;
15 provide a plurality of functions to the core of visualization services
for providing interactive visualizations;
create a data visualization of a layout of data using a data
visualization platform;
expose at least one interactive feature for the data visualization of
20 the layout using the plurality of functions provided to the core of
visualization services;
provide an integration object associated with at least one of a
plurality rendering platforms and having integration code to provide generic
interface information usable by the data visualization platform for the at

25 least one of the plurality rendering platforms;
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10

select the exposed at least one interactive feature for the data
visualization of the layout created using the data visualization platform;

translate the selected at least one interactive feature via the
integration object associated with the rendering platform of the data
visualization platform into a format common to the plurality of functions of
the core of visualization services providing interactive visualizations; and

modify the data visualization according to the selected interactive
feature independent of the rendering platform using a function from the
core of visualization services based on the translating of the interactive

feature.
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