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generating visual objects may be very performance intensive for a conputer.
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Both the foregoi ng general descri pt%t he foll ow ng detail ed
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identify key features or essential features of the claimed subject matter. Nor is this
Summary intended to be used to limit the claimed subject matter’s scope.
[003] Data visualization platform optimization may be provided. Applications may
20  provide data values and request creation of a visualization from a data visualization
platform (DVP). The DVP may composite a plurality of geometry records associated with
a subset of the visualization's data values. The application may render the visualization by
iterating through the geometry vectors and translating a subset of the vectors into drawing
instructions for output to a display device.
25 [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 addition to those set forth
herein. For example, embodiments may be directed to various feature combinations and

30  sub-combinations described in the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[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:



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 005] The acconpanyi ng draw ngs, which
are incorporated in and constitute a part of this disclosure, illustrate
vari ous ewbadiomestoz of the present invention. In the dr@&erng01p88)p7 FIG 1
is a block diagram of an operating environnent; [007] FIG 2 is a flow
chart of a nethod for optimzing visualization platform performnce; and
[008] FIG 3 is a block diagramof a systemincluding a conputing device.
DETAI LED D@ﬁ@ﬁlEﬁ;qng&g@glmgggmﬂggﬁgmﬁﬁglggﬁﬁhhﬁgtdescrlptlon refers to the
acconpanyi ng draw ngs. Werever possible, the sanme reference nunbers are
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operati ng V|ro nent ro ng a visualization platform 105.
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rendering of the object. The DVP may further allow scaling of the algorithms for skipping

20  datapoints and/or vectors to expose different quality settings, such as by using an
application programming interface (API) allowing control over settings such as maximum
memory consumption, time, and/or datapoint counts.
[011] FIG. 1 is a block diagram of an operating environment 100 for providing a
visualization platform 105. Visualization platform 105 may comprise an object module

25 110, alayout engine 115, and a geometry iterator 125. Layout engine 115 may comprise a
datapoint skipping algorithm 120. Geometry iterator 125 may comprise a geometry
skipping algorithm 130. Geometry iterator 125 and layout engine 115 may create, update,
read, retrieve, and/or provide a plurality of geometry vector data 135. Operating
environment 100 may further comprise an application 140 comprising a renderer 145

30  operative to render drawing instructions to an output device 150 such as a monitor, screen,
printer, and/or other display device. Visualization platform 105 may comprise an
architecture allowing the creation of a data visualization, such as a chart, and may expose

an interactive feature on the visualization. The architecture may provide integration with



envi ronment 100 may further conprise an application 140 conprising a
renderer 145 operative to render drawing instructions to an output device
150 such wie 2aiomme80kor, screen, printer, and/ or other di gprag2adensser

Vi sual i zation platform 105 nmay conprise an architecture allow ng the
creation of a data visualization, such as a chart, and may expose an
interactive feature on the visualization. The architecture may provide
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renderi ng, [#Al miisudrafioreptetiqen®b atay onmpasedy/sbareil pere capprisveg sabtveigot s.
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subset of ghergal APIGIH RSkl RPkHlcAldqs) t hm 130 may operate to reduce a
nunber of drawi ng instructions required to be rendered by translating a
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20  instructions for rendering. For example, during composition of geometry vector data 135,
memory usage may increase greatly as the amount of data increases. The amount of
memory required may be reduced through the use of data point skipping algorithm 120 so
as to composite geometry vectors for a subset of the data. Geometry skipping algorithm
130 may operate to reduce a number of drawing instructions required to be rendered by
25  translating a subset of geometry vector data 135.
[015] FIG. 2 is a flow chart setting forth the general stages involved in a method 200
consistent with an embodiment of the invention for providing data visualization platform
optimizations. Method 200 may be implemented using a computing device 300 as
described in more detail below with respect to FIG. 3. Ways to implement the stages of
30  method 200 will be described in greater detail below. Method 200 may begin at starting
block 205 and proceed to stage 210 where computing device 300 may define a
visualization. For example, application 140 may send a request to visualization platform

105 to create a visual object. The request may comprise a data value, a data series, and/or



consistent wth an enbodi nent of the invention for providing data

visual i zation platformoptim zations. Method 200 may be inplenented using a
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3. Ways to inplenment the stages of method 200 will be described in greater
detail below. Method 200 nmay begin at starting block 205 and proceed to
stage 210 where conputing device 300 may define a visualization. For
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Consi stent with enbodi nents of _the invention, application 140 may define a
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for boxes for the data points and put theminto geonetry vector data 135.

Layout engippiatsEag megpniyeempesite one efthaffpddterainten 140 for exanple, a chart
5122 b PLIPLE SO AR DTN, R4 AL TR i apgred T Ch
20  column chart comprising 10,000 data points. Layout engine 115 may call a column series
class that may walk through the data and composite vectors for boxes for the data points
and put them into geometry vector data 135. Layout engine 115 may receive, from
application 140 for example, a chart size in pixels and determine how many data points
may be displayed in that size of the chart. For example, a chart 300 pixels wide may only
25  be able to display 300 data points without overlapping. Layout engine 135 may thus
composite vector data for a 300 point subset of the 10,000 data points. The size of the
subset may be based, for example, on the resolution of output device 150.
[018] The size of the subset may also be based, for example, on a determination by
layout engine 115 that certain data points will be covered by other data points and layout
30  engine 115 may thus skip compositing vector data for covered data points. Consistent
with embodiments of the invention, layout engine 115 may determine that a later data

point occupies the exact same pixel as a previous data point and thus the later data point

may be skipped. Consistent with further embodiments of the invention, datapoint skipping



be able to display 300 data points w thout overlapping. Layout engine 135
may thus conposite vector data for a 300 point subset of the 10,000 data
poi nts. TWeeimzreewk t he subset nmay be based, for exanpl ecTars2aibm3zsesol ution
of out put device 150. [018] The size of the subset may al so be based, for
exanple, on a determ nation by |ayout engine 115 that certain data points
w Il be covered by other data points and | ayout engine 115 may thus skip
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oper ative tovidthderdhakine. t he conposited geonetry vectors into the supported
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20  receive at least one supported drawing instruction from the application. Visualization

platform 105 may be operative to translate the composited geometry vectors into the
supported drawing instructions. For example, visualization platform 105 may be operative
to linearize a geometry vector comprising an octagon into a drawing instructions
comprising a start and end point for each of a set of eight lines used to render an octagonal
25  shape on output device 150. Application 140 may instead or additionally inform
visualization platform of a supported drawing instruction comprising a center point and a
width for an octagon shape such that visualization platform 105 may translate the
geometry vector comprising an octagon into the supported drawing instruction rather than
linearizing the octagon shape. Application 140 may thus reduce the number of translated
30  drawing instructions visualization platform 105 may need to provide.
[022] Computing device 300 may utilize geometry skipping algorithm 130 to reduce the
number of geometry vectors that need to be translated and rendered. For example, if the

visualization comprises a chart of 100 pixels by 200 pixels using octagonal shapes for data



to linearize a geonetry vector conprising an octagon into a draw ng
instructions conprising a start and end point for each of a set of eight

| i nes usewotoiwessber an oct agonal shape on out put devi cecTAB201ppisnTat i on
140 may instead or additionally informvisualization platformof a
supported drawi ng instruction conprising a center point and a wdth for an
oct agon shape such that visualization platform 105 may transl ate the
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Vi sualization platform 105 may wait for application 140 to request a
subsequent TBRETR SEhTEIUCBIRSAD At PR SRe¥eCeS) 024] From st age 240, net hod 200
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visualization to an output device. For exanple, application 140 may receive
t he dr awi ng0® may randeritbmesustization desnequtond §evaerd For epmpire araliseioni I48mMagn on a
screen conmpri.ging cfPaH;leg' fns@@Hbof€at Taerer 145 and draw the visualization on a screen
20  comprising output device 150.
[025] Once computing device 300 renders the visualization in stage 250, method 200
may advance to stage 260 where computing device 300 may determine whether a change
has occurred in the display. For example, the displayed visualization may be moved,
zoomed, re-sized, and/or obscured wholly or in part. If computing device determines that
25  achange has occurred in the display of the visualization, method 300 may return to stage
250 where computing device 300 may re-render the visualization. Data point skipping
may happen during composition at stage 220 when geometry vector data 135 is cached,
while geometry skipping may happen each time the visualization is rendered in stage 250.
So, for example, each time application 140 has to render the visualization, such as when a
30  window is moved, minimized, maximized, or zoomed, application 140 may receive a new
set of drawing instructions from geometry iterator 125. When application 140 zooms out,
for example, fewer pixels may be displayed in the visualization and the geometry skipping

may be more aggressive, skipping more geometry vectors.



[ 025] Once conputing device 300 renders the visualization in stage 250,
met hod 200 may advance to stage 260 where conputi ng device 300 nmay

det er m newotretohiessora change has occurred in the display. PEoruSecianpi3e7 t he
di spl ayed visualization may be noved, zooned, re-sized, and/or obscured
wholly or in part. If conputing device determ nes that a change has
occurred in the display of the visualization, nethod 300 may return to

stage 250 Wh@fec@&ﬂﬂyﬁkﬂHeQB&h&%m§9ﬂm@BMm&%nr &RAintskip M%%Mﬁ@k%ﬁﬁyon Dat a
poi nt ski ppi ng may happen during conposition at stage % when geonetry

vect or dat &Kip¥Bg gy baied depaygidly éndgydmheyarsi@@pbmnﬁ@liﬁdh@pm walch time the
| t S t
visual i za 'Qﬁ})ﬁ%é% WAPAGH &r%ﬁreﬁ% a%r%?a >0 efr%shﬁ%sgﬁc[éfg!) n\%ﬁg attdef1R

appl|cat|on as“to r e visua |za I on na wndow is
noved, m nionma zbat mapdisablzddh pant skippme dh ordqzrpb poatde oe g‘rde@esmyomaeoﬁda%e a new
set of

140 zoofts. StRectERE RGP pRREI AR B i Eh Aol VSRR O
vi sual i zat zesmarid stake geonetry ski ppi ng may be nore aggressive, skipping
dat a poi nt A pvSRFRRY GREEAD Bt e aeib nsbu: Deperre § Bnd or
t oget her angdpARYt #0200 hiPlelr@tlictdRUGNaBzMS L If RRERASIBEhEPT0I BT @l laON

pr ef er ence. Eor exanpl e, a user wishing to zoominto great detail on a

chart may &i5abi% data point skipping in order to provide the greatest
amount 46f ‘i'@ztsf‘ WRich$ &&@H‘doﬂ&st&ﬁ%ttﬁeym%ﬁh&%ﬁﬂf&{%pr%Q\é%%m n%r&v!i lation

of vectors VISIb e in the zooned in state Once conputi ng devi ce
300 has dewgnﬁuﬁeuuMMénmemnmu@h@ng@whagmoummpmeaﬁmnmmm@mdmspgayuht st age

260 and r e, E%Esgﬁgigl&ﬁgg) 3%' e%%“ Qs{aég 'Pl?e;?‘ﬁé%?wgre&nhtrg 2b R”i%ﬁvet%d at

stage 270. nent consi At o conprise a
system f or dpfil@v dsualizavios, wadatwqﬂumhtmif gecfrmmylrem)tdsmezeitfe :Drequéﬁhte dwiaalye m may

conpri se a_nenor tora cessi 0 the nemry
coPage. THE hratelin s G AR Ryt RBRaRE, Etoaty SR R ol ERaTIRY T on,
create18 plherphirhlity 00fedBRANBEM WIS RG Of 181 onceliBlME idtrli@PHEmU displadlitep| ay t he
visualization, iterate through the plurality of geonetry vectors, translate
at | east oH@uﬂVaWH@“ﬁ1@ﬂ%%”Fvw6f geonetry records into at |east one draw ng

i nstructi ofg9pngd,sthSRIYdRE! aﬂn%@ﬁtlvaaltth@ﬁvaﬂma nfdly 2B ANscARY4tER forl 029]
Anot her embodi ment consistent with the invention iy conprise a system for

provi di ng Vroyifang vigtaligaiiop platihan eptowedtionz Ah¢ HRtCNTIAY eopprisern MEYOBonpri se a
menory storage and a processing unit coupled to the memory storage. The processing unit may be

20  operative to create a visualization object associated with a plurality of data values,
composite at least one first value of the plurality of data values into a geometry vector
associated with the visualization object, and skip compositing at least one second value of
the plurality of data values.

[030] Yet another embodiment consistent with the invention may comprise a system for

25  providing optimizing a visualization platform. The system may comprise a memory
storage and a processing unit coupled to the memory storage. The processing unit may be
operative to receive a request from a user application to create a visualization object,
composite a plurality of geometry vectors associated with the visualization object, receive
a render request from the user application, translate each of a subset of the plurality of

30  geometry vectors into at least one drawing instruction, send the at least one drawing
instruction associated with each of the subset of the plurality of geometry vectors to the
user application and render the visualization object. The processing unit may be further

operative to receive a second render request from the user application in response to a



storage and a processing unit coupled to the nenory storage. The processing
unit may be operative to create a visualization object associated with a

pl ural i t ywofotaiesozal ues, conposite at |east one first waltus2@b/osize7
plurality of data values into a geonetry vector associated with the

vi sual i zati on object, and skip conpositing at | east one second val ue of the
plurality of data values. [030] Yet another enbodi nent consistent wth the

invention HENEPTMRhESERIRYRE RO viREQYdtHh 8jcOPlrhdlladd f6h 8 Mdcestal | zation
platform The system may conprise a nenory storage and a processing unit

coupl ed t o stitet afehrrorlyrakitty of agpenctryhvectprs de sidFargonsrirawinainstiectiopereed thoet t o
receive a ng %%%hf&f\x{i%?méﬁ&{ asRded LR &Qh%f’th%%&%hf%%\s/ﬁ‘{'toﬁ{ﬁ?@éﬁﬁﬁ gp obj ect,

conposite a plura eonetry vectors assocl ate visual i zation
obj ect, regeim@ryavectersdetherusgueplicafiorgand reenethecapphlizotdn dyjgct.t r ansl at e each

of a supse plurality of geonetry vectors into at ast one draw ng
st uoB: olaTL oFlS® ol b tiBe ikerth oBE SR el Tk 2o P S b AR K S5 T R b
of the subseth agfembbéimphtof@lel ihyentdn, gead@tmhyntioacd MeBorty Gtordd@ ati$ ploc@pipg i cat i on
and render the visualization object. The pr cessinq_unit n? be further
operative B FE¥EF YRPIEMIRUIAG CPBRMIE deugh auth & compeiing dgyes OB Cati on i n

response t Qn3dekdel RehbeRaNYSt Ridvaed koBvdi&l@r FRRCAE &fy bk a4kl ZAt1EMht Obj ect ,
transl ate each of a second subset of the plurality of geonetry vectors into

at | east oM TORRH HGraSAINY RIEEURE Uk i@r eHEPA: thegrimorpHerage & ng i nstructi on
associ gped pmcEQing%ﬁﬁ' nfY bk hﬂgl_@rﬁ&%&vﬁﬁjpﬁﬁutiﬁ db& b YF Al drpuRf geonetry
vectors to the uSer applica

' ' ation, and re-render the visualization object.
[ 031] FI G c@mpwing doyioesid 18i iagerabmasfonavithyeompmingdsivied 30y Elembereimegioded/i ce 300.
Consi stent _w n j t of i i e i menory
st or age anaﬁ%%%égggr%g?ﬁhgﬁaﬁ%%eS%Qﬁ%%ﬁéﬁgﬁ?ggm?ﬁgﬁmg%%%gﬁfﬂé&%gggce, such
as conput i ngydempie tBdowmektidBed Rrembryyst@adetaal) pecevimiunatdoosistaft whthr dwar e,

software, or, fi.r re.may be used to i | ement .t he nory storage and
S eaas ng ST b e on R R Rt PGB P g e A0 B e e T Yy be
i npl ene gt edpahiidy @OMFHMEINDHr SRYnC BI0GRAeRFibanabodd. Siher 100amIWpkag iflevi ces

318, in conmbination with conputing device 300, The aforenenti oned system
devi ce, an@UiSF gaeupss adds Rt dimitcd & copuligérvicsy8ens, devi ces, and

processors |y OGREREcd DFIA DbEIRG LARRANTRAPLY e RIAIE - ARE iRERRASST NY
unit, consistent with enbodi nents of the invention. Furthernore, conputing

devi ce 300 mayncuisprcseuig dspiee.aueiveg cempitingriseiae 39k rin g patieeaniigoratien,
descri bed %Mﬁ%ﬁgﬁ%ﬁ&%ﬁ@@%ﬁ% igggdeoa‘?%ato%e bR COSRE 5y LRNGRES iy S not

limted to co ing devic
20  304. Depending on the configuration and type of computing device, system memory 304

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 304 may include operating system 305, one or more programming modules 306,
and may include visualization platform 110. Operating system 305, for example, may be
25  suitable for controlling computing device 300’s operation. In one embodiment,
programming modules 306 may include user application 140. Furthermore, embodiments
of the invention may be practiced in conjunction with a graphics library, other operating
systems, or any other application program and is not limited to any particular application
or system. This basic configuration is illustrated in FIG. 3 by those components within a
30  dashed line 308.
[033] Computing device 300 may have additional features or functionality. For example,
computing device 300 may also include additional data storage devices (removable and/or

non-removable) such as, for example, magnetic disks, optical disks, or tape. Such



[032] Wth reference to FIG 3, a systemconsistent wth an enbodi nent of
the invention may include a conputing device, such as conputing device 300.
I n a basiwoconiizggezat i on, conputing device 300 rmay i ncl ede/skolomasn7 one
processing unit 302 and a system nmenory 304. Depending on the configuration
and type of conputing device, systemnenory 304 may conprise, but is not
limted to, volatile (e.g., random access nenory (RAM ), non vol atile

(e.g., reada@ndnhl ﬁgﬁgé ¥ 116@9&&:& in 11623 By TRIRSMble HoraBD Y0LHARI RALEAapRY St em
menory 304 may include operating system 305, one or nore progranm ng

nmodul es 306t0r9@nalma@ommauwéagmn@dalmayaml@dﬁ yollagid e andmonviadatilgpemeyeblag syst em
305, for ey An remglabl d&e&é‘hﬁlﬁé}h&téd% 2 PRERGY by t@&m%g?%tr's{&%ﬁg%y | ce 300" s

operati on. one e rogramm-ng nodul es cl ude user
appl|cat|omﬁmm@moﬁuuﬂhﬁmnmpwpr@m@buummmmamsﬂmmhaumnmenﬂuymnnayuheopracticed

in conj nct wi t I|bra ot h operatin stens

ot hoe o Pl gl S BarhRilk 30 et Rbl s gbe SR RS R REBEPReART | 0 o
or syst e{n af’émtllacob@ﬁuegstcrﬁg’e‘ ineis atangtpgesl(&d,gﬂéém%g satalg@ iOﬁ)éﬂfah@r stBrZJ)agg'omEdil@Sﬁ
conponents within ashe ) utin evjc ma ave
addi ti onal n?ﬁ@é%&fdés RIS %ﬁl@tt? ?ﬁgMij% ]'f‘@%c grasa glﬁ ﬂfpgma@%yce 300 may
al so lnC|U@EEmﬂﬂmﬁHﬁﬂﬂhcﬁ&&&m%ﬂ@fﬁ&ﬁmQQMmﬁ&ﬁgLtﬁﬂp®§bh%n®ﬂﬁﬁﬁﬁwdmks

non- renovablebosuch as, for exanple, magnetic disks, optical disks, or

tape. Such&ANPY Porihsr optienl slgmer naenetisspisatiesampenctt @pe. anaspetis diskrnyags] e
storagep309; Qt'ﬂ?r rAadOft &&Q&V&Qicgs 3t A aﬁr’%‘éhum%m%a‘ﬁ be%%éﬁrtéﬁé e”Ed' a nay

i ncl ude vol at|i and nonvol ati | rénovabl e and non-renovab medi a
i npl ement ednfpmmaanlyamrbwlmddcanrbetae@hwdIbmgvmplnmgsltemea@l@ agfnyisndlorommpuicon, such as

computer reg %g'meedfa'}%g f%%%h%i“&evbﬁ%%é Ebth &ngéig\%e R MoRdulGse or other

data. System stora n-renova e st or age
310 are aIHeﬂ@ﬂ@dMéBmﬁh@ﬁkg@ommdaamexammmesmmmdeqmiMﬁnnxwmsﬂnnmge)

Comput er stor.a ia may | de, but.is not limted t
S antr + car K9Vige Senbitrt Bbelns [ ehars B Raer A s gy 19 Dot her
nmenor y 16 ec haldo@y Thebadtictit@idvades MR ksahplbsandiotls fid\uset. ot her opti cal

st or age, @neu C cassettes n'agnetl C tape n'agnetl ¢ di sk st orage or ot her
magnet i ¢ stBrhgEORMBYNEESYicq 3 00A%Y BroRop e omm g2t en wﬁe%@néé%@a&raayst ore

i nformat i oallwqemmt&@dhmn@&&@ﬁﬁsmeﬁ%n@ elviws PRV bR a30Rr ANy such
conput er stora%? medi a ma part of device nput i ng deV|ce 300 may

al so have nefpir m@\ﬁil%rel(%e)dy c:@mu%wva@nraenkéywamnle aalln%@teor the Isgapneta sound
i nput devi %%mkn?unic%&hcdnﬂ&%n 9%’1%%& o@hble O%B@fﬁhmgﬁ}’dn%%ﬁ) 314 such as a

dlsplay, speakers, a printer, may al
Communication media may typlcally be embodied by computer readable instructions, data

structures, program modules, or other data in a modulated data signal, such as a carrier
wave or other transport mechanism, and includes any information delivery media. The
term “modulated data signal” 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

25  example, and not limitation, communication media may include wired media such as a
wired network or direct-wired connection, and wireless media such as 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.
[035] As stated above, a number of program modules and data files may be stored in

30  system memory 304, including operating system 305. While executing on processing unit
302, programming modules 306 (e.g., user application 140) may perform processes
including, for example, one or more method 200’s stages as described above. The

aforementioned process is an example, and processing unit 302 may perform other



i ncl uded. The aforenenti oned devices are exanples and others may be used.

[ 034] Conputing device 300 nay al so contain a conmuni cati on connection 316
t hat may wbl2ow/deso2zce 300 to comruni cate with ot her conpatriusgoidesizees 318,
such as over a network in a distributed conmputing environnment, for exanple,
an intranet or the Internet. Communi cation connection 316 is one exanple of
communi cati on nedia. Conmuni cation nedia may typically be enbodi ed by

conputer readalle otﬂataégamﬁﬁg,mﬂakam%{ ﬁlyﬁmse&m REQUREWIRAUl es, or ot her
data in a nodul ated data signal, such as carrier wave or other transport

mechani sm cahedimgeth gtiés pegpgnt imﬁ@wmayonpldtﬂeﬂw@myc mediaad conkestst er m " nodul at ed
data signal, pl{@é{o g%&ﬂgpo%esgm ?c'aué;daasg) ﬁﬁ]ﬁ&%ﬁgﬁ{aﬂ%r&tﬁ%% acteristics set
0 or t

or changed n suc nner o enc tionin e signal. By way
of exanpl eap@ivdtionstslide pieseatatiom appdioaiongidcatingor qveghuir-a@yd appticaicbe Wi red nedi a
such as.a w red network or direct-wired connection, and wi rel ess nedia such
as acougtl e Sty g frequency (RF), infrared, and other wirel ess nedia. The
t erm conmpuese] r Sactadlyecamridicat wish uﬁlﬁdlmmsaifmhermvenﬁmcIpucgearbﬁfobulsimﬁ}age medi a
and commruni.c t| on nedi a. E%@35 As st ted above, unber Egr am nodul es

and data f|“iC © YN e PEBEIMS ACAMH OB Yt ﬁ?ﬁ‘é‘ﬂfﬁ‘fr? ot ‘?rﬁ-‘éﬂeﬁld ‘Q‘C%‘ 8 i ng

syst em 305.ma\WpitSnepe@bdilar RGOS tRdt %9%pl@ﬁeﬂifibhﬁtm@l@?abs@i&@it@%w9 nmodul es 306
(e.g., user application 140% may perform processes including, for exanple,

one or nor &gfeavebgmpodimens gt the By cntiondeay deipsticygtheother sempyter ehtet i oned
processgqi S g SRR, ‘ﬁychfaﬂl% hBﬁ@ﬁééaéﬁ&sHﬂﬁlhpl%&%sd?%ysté}ﬁsf frldr rtQ{]egs%"rpr ocesses.

Ot her progra ng modul es “that nmay be used in accordance enbodi nent s
of the predewnt of pvenminshleraysumec tledeneh geinicompetervantinfare eomtuges, nd

appl i cati ong, hk\éDFgle(ﬁi%% t?%Hﬁg iR dnG | 0% 6?{%5&%‘13 ARG bu%'&%]&lﬁlﬁ gons,

dat abase appllc I ONns I'de presenta
conputer-aededmamp&mmamn@hspe@gmanﬁdbetmnm@@@ﬁﬁmﬁgd@mabnymeanMStent W th
enbodi ments_of .the invention, pro i ncl ude routines,

rogr ane. AT A SEPEES o S e GOmER g BELOERer BT r e ¢ hat
may penor modalket may b&locitasitidbod loddhatd Byt nigh@Bodagpadidecul ar abstract data
types. Moreover, enbodi nents. of the invention may be practiced with other

conput er  sy&7knd WGP EreatbdiRentsioh the O HARHRHEPYCERR R ELCTH| t i pr ocessor

syst ens, mcﬁwwo%eaﬁgaiga@e@le@{mlﬁé QeRBTRAE &pd?sn‘t{g,&ﬁte@lal%&l;dn%h?p%
m ni conputers, mainfrane conputers, and the |ke nbodi nents of the

i nvent i on KeRtaiging dodiegansat eifcué atilizinglp BYGTPHIOESr.c op atingly chip containing

electronic elements or microprocessors. Embodiments of the invention may also be

20  practiced using other technologies capable of 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.
[038] Embodiments of the invention, for example, may be implemented as a computer

25  process (method), a computing system, or as an article of manufacture, such as a computer
program product or computer readable media. The computer program product may be a
computer storage media readable by a computer system and encoding a computer program
of instructions for executing a computer process. The computer program product may also
be a propagated signal on a carrier readable by a computing system and encoding a

30  computer program of instructions for executing a computer process. Accordingly, the
present invention may be embodied in hardware and/or in software (including firmware,
resident software, micro-code, etc.). In other words, embodiments of the present invention

may take the form of a computer program product on a computer-usable or computer-
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envi ronments where tasks are perfornmed by renote processing devices that
are |linked through a comuni cations network. In a distributed conputing
envi r onmew,20riagsoam nodul es nmay be | ocated i n both | ocaCTarsdowessde nenory
storage devices. [037] Furthernore, enbodi ments of the invention may be
practiced in an electrical circuit conprising discrete electronic el enents,
packaged or integrated electronic chips containing logic gates, a circuit
utilizing g qhiié Ql%g&%&%’ha%ég B té‘&%l@o%h@u&eﬂ@aé&% &Egﬁln%ﬁé oni ¢

el ements or m croprocessors iments of the invention may al so be
pract i ced @@bﬂdje@mh@m@@@hrﬁ@n@gbsegr ig aprispteonofithyaripdiugiieigexeagiop aystaper at i ons
such as, I to
mechani caI o t?[%gllu%b Efg}JQam gﬁer gﬂb%?dﬁd%p %&gﬁ%%‘ﬁgﬁﬁugﬂ%t 2 {n? ﬁon

enmbodi nent :stom‘ Cd)rhlﬁumlcale rptapagatmytrimpqmt e tpragemn tir lukﬁ by & ngemmecaion puﬂlpos e
corrputeg AR %Ot hert cwg tS,. Q8 s§si [ [ 038] Enbodi nents of the

i nventi 3n, ]?e PS B AT ES RS eénl %91 Aot ¥0'Ss a conputer process (rmethod),

a conput i ng;ossysir&rmonqmtea&saa[b @frcbmphter-@fdabRddacih mlayabe smdﬁampleaucfmﬁput er

pr ogram prg1 uct or co ut er readabl. e d|a The co p ram product
may be a c H%‘ﬁf‘&’ra%?ﬁ‘gg)&é? Wé%F}e&C’rOQHEFétﬂ wgpagiets Eﬁr OE%PE{I ‘é‘rﬁ‘H encodi ng
a conputer sj})sﬁé?ﬂraﬁﬁﬁrﬂfls lqpatd, BEprbpIpatidhe BNBC Mokd\pedfi€ oM@ IrelREESS. The
conput er egram product may al so be a propagated signal on a carrier
readabl e b)}?ﬂ ugbHBEPleh g rseysetXb%ﬁSﬁY?dls@n@@apm@tg-r@w%htn@ﬂlw gy Belugde the

| nstr ughi oS he: S ERUKEN BotheCRHL & oﬂémﬁaéwﬁggoﬂmgm ddre present

i nvention may be enbodied 1n hardwaré and/or in software (1 ncluding
firmware, dekétttemtandehpegassenemarg l(leM()dereaCé@ldy yempry @OG); amerestble enbodi ment s
of the pre 0 [ product on
a conput er-%?g ]“?Ig%gérq}e%%mlﬁ gprog'a@gsél e 3 Ol?é 611l I{éelgorg)o 1é{a\a/dl %69%8%]ut er-usabl e
or conput erpenﬁmjcainipectmmageaalmrﬂ;omemmytﬁ@mmm anﬂeehammcumpﬁtelr usable oby or in
connection Wt ct| on £xec tion s ter-usa or
ot or -r eitorn S aBR ey CBUCERS B atitn i BhEE e E R MO RRkE
comunigat ehe [RE@NAFRIrttedDss the AESRAABN dan bl @e&fdih@faﬁj‘ffb%ﬁﬁlredl &, Ry iBfantd)
connection with the instruction execution system appar at us, or devi ce.
[039] The CBHsit@ripgaiihepaer st mefime han Bompilednisrreed opatherdie exanpl e

but not |i midceded B a @Rati BEIHLM fecehBINGH itfen sRRI if @omfli&GhERIFRINEL i C,
infrared, or sem conductor system apparatus, device, or propagation

medi um Mol @0k pEebediments afihe Biesqné Haerios, feeeNampice s Wpicated abowowitex haust | ve
list), the 8%9&%85[051@%9@9&? AB %maﬁ%l (IRt HARs 61*11‘?&1%21%' W9 an@n

el ectrical connection ng one nore wres, a port abl'e COITpUt er
20  computer program products according to embodiments of the invention. The

functions/acts noted in the blocks may occur out of the order as shown in any flowchart.
For example, two blocks shown in succession may in fact be executed substantially
concurrently or the blocks may sometimes be executed in the reverse order, depending
upon the functionality/acts involved.

25 [041] While certain embodiments of the invention have been described, other
embodiments may exist. Furthermore, although embodiments of the present invention
have been described as being associated with data stored in 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

30  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, without departing from the invention.
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di skette, a random access nenory (RAM, a read-only nenory (ROM, an
erasabl e programuabl e read-only nenory (EPROM or Fl ash nenory), an opti cal
fi ber, amsoaopmontsabkl e conpact disc read-only nmenory (CDPROMS201808801 hat t he
conput er -usabl e or conputer-readabl e nmedi um coul d even be paper or anot her
sui t abl e medi um upon which the programis printed, as the program can be
electronically captured, via, for instance, optical scanning of the paper
or other ngpglbPmaitRER iSAMRJ c%gyngh‘fkt ﬁ&ﬁé&%ﬁ@&clu@éd REORLMSEPRAGEEREdD i N a
sui tabl e manner, if necessary,” and then stored in a conmputer nenory. [040]
Enbodi ment $raperty plethp Appleoant. iTho dmplicsnt refaiys ap&k evpves allgrebtsde dercoded above with
reference | F=Tels I t hods,
systems. - any ReRhiel AR Rl e A S Bl R e
invention rqhmmmummnﬂkmgﬁmaimnmmamﬁmrmamhethm@ks nay occur out of the
order ag s

succesepon 1l Wi BebrRHERR b wiS iR R R eSh ST SRR ne b1 ocks
may soneti fesfold@viax eaiiise Fuithermbe, Wﬁmemsaxﬁﬁﬁammldeb&mdkn@bapmnmgh@m
functionallé%gggts i nvol ved. &041 VWi | e certalg enbodlnen s.of t

i nventi on RRRFHICHE SRucHEal dpatyayand sy sthodplgeig!petit the Hansasg gt lmﬁaﬁl fort ‘?nore

al t hough em&%ﬁ&ﬂﬁak@d&&nb&ﬁmﬁﬁﬁﬁﬁmkrm&%@@&ﬁ@ﬂmﬂ@%%n@&ﬁ@&géﬂ%ﬂhﬁﬁ@aﬁ§ bei ng
associated with data stored in nennr&@and ot her storage nedi unms, data can

al so be st dkelgsedris sranda fpr embefigeHeel hg paetop. conput er - r eadabl e medi a, such
as secqpdary storage devices, like hard disks, floppy disks, or a CO-ROM a
carrier wave fromthe Internet, or other forns of RAM or RCNI Further, the
di scl osed net hods' stages may be nodified in any manner, including by
reordering stages and/or inserting or deleting stages, w thout departing
fromthe invention.[042] Al rights including copyrights in the code

i ncluded herein are vested in and the property of the Applicant. The
Applicant retains and reserves all rights in the code included herein, and
grants perm ssion to reproduce the material only in connection with
reproduction of the granted patent and for no other purpose. [043] Wile
the specification includes exanples, the invention's scope is indicated by
the followi ng clainms. Furthernore, while the specification has been
described in | anguage specific to structural features and/or nethodol ogi cal
acts, the clainms are not limted to the features or acts described above.
Rat her, the specific features and acts descri bed above are discl osed as
exanpl e for enbodi nents of the invention. CLAI M5
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1. A nethod (200) for providing visualization platform (150) optim zati on,
the nmethod (200) conprising: defining (210) a visualization; creating (220)
a plural iwg20fo/geswaetry records; receiving (230) a request/useoidiospbay t he
visualization; iterating (240) through the plurality of geonetry vectors
(135); translating at |east one of the plurality of geonetry records into
at | east one drawi ng instruction; and displaying (250) the visualization on
a display device (150). 2. The nethogd pg@#9) of Caim1l, wherein iterating
(240) through the plurality of geonetry vectors (135) conprises skipping at
| east one df thé& Imﬂmda(IZ‘i)Q)iordfro‘gglogrmsuq}lzwtwtmtﬁn(l1@? optgnizatipa, thet hod (200)

of Claim?2 I i hping at | east one of the plurality of geonetry
e 7 Rgle?

vectors (1 erm ni ng whet her the at |east one of the
plurality of gedefaling(2U®atvinuglifafi®@5) is associated with at | east one
criterion. 4. The tms\t?ﬂﬁ %ﬁoq% og d a{'“rén 3 dv\_/ner ein the at | east one
criterion corrprfrgaeglgé 8RNV ohe' TP re‘IQQ)rI Powi ng: a display size, a data
type, a visuali zativiag (130pereqaest @t didplayuhbeikuatifatidat a poi nts to be di spl ayed,
a total nunber of the plurality of geometry vectors (135), and a size of an
anmount of over | 4getg GARArgreh %QI“W%fyletg@%@?y“Pﬁ@r%%ﬂbd (200) of Caim i,

further conpri sim@latid@h@éddt fic@ ey of fRnRitry k@esk iR et 104st bdee plurality
of geonetry records conprises a pixel location associated with at |east one

second vectdBwieg ingtstipn:apdl ity of geonetry records; and in response to
determ ning t haHiFISIQﬁnQP_SbFﬁé@is%ﬁatfbfn a)tn\'}fitis%la? dbikbd é’llsgf. geometry records

r
conpri ses a pixel location associated w he at | east one second vector
of the plugal it yhoheted@80)of Clamol, dderegkiepgping 240hthreughthegduraltnef second
vector of th ural it f Ly.yector i - Th thod (200) of
Gaim1 t o TR ey R i MERRE R b7 i pp el SEelRERTY o et ry
records tovesomapidsi.cati on (140); and rendering the plurality of the

translated 3.geomffler %etiloe(f &Bg)soffé?gimcg, %&Ellel%};l slg}i)p'{ngeat least one of the plurality of

geometry vectors (135) comprises determining whether the at least one of the plurality of
geometry vectors (135) is associated with at least one criterion.
4. The method (200) of Claim 3, wherein the at least one criterion comprises at least
one of the following: a display size, a data type, a visualization type, a total number of
data points to be displayed, a total number of the plurality of geometry vectors (135), and
a size of an amount of overlap between display objects.
5. The method (200) of Claim 1, further comprising:

determining whether the at least one of the plurality of geometry records comprises
a pixel location associated with at least one second vector of the plurality of geometry
records; and

in response to determining that the at least one of the plurality of geometry records
comprises a pixel location associated with the at least one second vector of the plurality of
geometry records, skipping the at least one second vector of the plurality of geometry
vectors (135).
6. The method (200) of Claim 1, further comprising:

sending a plurality of the translated geometry records to an application (140); and

rendering the plurality of the translated geometry records for display by the
application (140).
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application (140).7. The nethod (200) of Caim®6, further conprising:
receiving a request fromthe application (140) for a batch of translated
geonet ry wecorodssogendi ng a subset of the plurality of trhe/uscanssmved
geonetry records to the application (140), wherein the subset of the
plurality of the translated geonetry records conprises a nunber of

transl ated geonetry records associated with the received batch request; and

wai ting to-rsendrge hEHBEA l()gpof%;gﬁleg fmhef%&ﬂsﬁ&%a| ity of translated geonetry
records. 8. The nethod ? m 1, wherein translating the at |east

one of the plur @Wlwlg@frqueﬁ@@mtbe moéle%rt@g(ié}ﬁ)r) doratbaich g transhieeddeomitng
instructi 03 cQRprises linearizing at |east one of the plurality of geometry
vectors (1 %c) 9. The nethod (200) of daim1, further conprising:
receiving at | emﬂmgaeulsatpxp:fculnetlﬂutahlnya)ﬁﬁhegransi&ed gotrieon recahletethn t ransl ati ng
the at |east .one of ural i ords.into at |east one
rawng | nevniegron QonpPr el b aP FRETLE SRR ehieoSireRB i r et i 1y
of geonet r yompEes ﬁlﬁumlﬁﬁr@f trigladdd deerdsity 0@ dSaspdtédeditidthavictiged Rsdhr uct i on.

10. A system &800) for providing visualization platform(150) optin zation,
the syst em{@8%)2onprising: a nenory storage (309, 310): and a processing

unit (302) couplgging @ deh®a FRIRTY: SibQE 80@e pRODity SXlfhhslatdld &Ry AR OCesSi ng
unit (302) is o&eratl ve to: create (210) a visualization object associated

with a plurfalityhoncted @00fidam I g tragslptrpoe grleaseepsof Gieelyrlitgt val ue
of the pl ul %éott%tr?frecgﬁfs%tg %192%?0156%8&11@% %Qﬁ@foﬁ¥oﬁ{ﬁ‘fste§)fme%ﬁ§19%hﬂgaﬁg ) th the

vi sual i zatl on object, and skip conpositing at |east one second va ue of the
plurality @fthd@t@aIVﬁbi@QmemVeCTME(@?)st em (300) of daim10, further

operative 0 coppo iigd&%@ fﬁmﬁlulbg‘%he%o @gmgj urality of data values into

a plurality’ of eorre assocl afed wth the visualization
obj ect. 12. Thereemsmgmléé?';@@l)e smf)pcﬁedldmwlﬂg infturctibie whopar tadnsltng the pender (250)

E/Ih :\u\é: Isgg![ : Z tolélgngtg]?lp@ga:m? rgr%lst%' ﬁ:{jorgg 1n?cp e[rleaaigtl o\ﬁg d%a%lrggelrr}st%ctlg 250) the
comprises translating the at least one of the plurality of geometry records into the at least
one supported drawing instruction.

10. A system (300) for providing visualization platform (150) optimization, the system
(300) comprising:
a memory storage (309, 310); and
a processing unit (302) coupled to the memory storage (309, 310), wherein the
processing unit (302) is operative to:
create (210) a visualization object associated with a plurality of data values,
composite (220) at least one first value of the plurality of data values into a
geometry vector associated with the visualization object, and
skip compositing at least one second value of the plurality of data values.
11. The system (300) of Claim 10, further operative to composite (220) a subset of the
plurality of data values into a plurality of geometry vectors (135) associated with the
visualization object.
12. The system (300) of Claim 11, further operative to render (250) the visualization
object, wherein being operative to render (250) the visualization object comprises being
operative to:
translate at least one of the plurality of geometry vectors (135) into at least one

drawing instruction.

14



operative to: translate at |east one of the plurality of geonetry vectors
(135) into at |least one drawing instruction.13. The system (300) of Claim
12, furthwoopenetozve to transl ate a subset of the pl uracirtug2ab/ogsonet ry
vectors (135) into a plurality of drawi ng instructions, wherein the subset
of the plurality of geonetry vectors (135) is selected according to a
geonetry skipping algorithm (130). 14. The system (300) of Caim13,

wherein thg;geonfly xte&k(gmlo@@m%g@rﬂﬁtmgme tSQ%‘idt@@ﬁlb@(ﬂ ofdhgor i t hm (1130)
operative to: translate at least one first vector of the plurality of

geonet ry vebraitsof 2emptry wictoratl3peiatta niwelltdmévltawglg ingrueieei whereip ther at e ( 240)
to at |east ¢ al ors (135);
det erm ne m% ?% ﬁ%@ggy%?g fﬂgﬁéggg ;ﬁ f%%%ﬁQ&xg%ﬂﬁg %ar %%&y of
geonetry vebpmnga@@@ﬁ%(¢ﬁhprlses a p0|nt on t he V|suaI|zat|on obj ect

pr oxi mat e |nt 0 su ati.o ect ssoci t he at
Peast "one it ot TeB R G i 3 pEREaS s SAPah R R Rt Hebu: " east
one SGCOHchﬁﬁ@QSmﬁﬂg@h&mﬂlﬂbﬁbﬂﬂ%@@é geonetry vectors (135) conprises a
poi nt on the visualization iject $ gﬁ@?$te to.a gglnt on the vi sual i zati on
obj ect associ at BgS G Iqanfeng it derdr od s HTSY O Yy Ve (PP i %t i ng t he
at | east Omﬁmﬁﬁggﬁgqégﬁﬁﬁkn@ﬂto at | east one drawing instruction. 15. A
conput er - r eadabl e medi um whi ch stores a set of instructions which when

execut ed per f or Hata (3 o Iestony sqcapd wistar of B RYrality Psasameyar9csss pl at f or m
(150), the . %hod (200) executed by the set of instructions conprising:
recei vi ng {21 ) a request froma user application (140) to create a

vi sual i zati on objtevtine wiegieethe at krest pegirestd \wotopef Beslualipl afigadinety of dat a

val ues andgg tgljsi b:(L, rggsn a 1%%19[6 éﬁ;e Vr{Bl%ﬁ a.ttloﬁl gbj(:gt%g%mgatg u%\ﬁoﬂlttox tﬁ)e geomet ry

vectors (1 vi'suaf1zat ron n conposi ting
t he pIuralwﬁydaﬁuQe@mmnawow&aiwnkﬂ@ﬁﬁﬁ%nomm@mt8£®ranmnp05|t|ng at | east one
geonetry vector. associ

th it f .dat
S e amaC st BARRETLL il BhpmS Mk Ronb Sl APt “acaor di ng

to a geometry vectors (135) comprises a point on the visualization object proximate to a point
on the visualization object associated with the at least one first vector, skip translating the
at least one second vector into at least one drawing instruction.
15. A computer-readable medium which stores a set of instructions which when
executed performs a method (200) for optimizing a visualization platform (150), the
method (200) executed by the set of instructions comprising:
receiving (210) a request from a user application (140) to create a visualization
object, wherein the request comprises a plurality of data values and a visualization type;
compositing (220) a plurality of geometry vectors (135) associated with the
visualization object, wherein compositing the plurality of geometry vectors (135)
comprises:
compositing at least one geometry vector associated with at least one of the
plurality of data values, and
skipping at least one of the plurality of data values according to a
configurable granularity;
receiving (230) a render request from the user application (140);
translating each of a subset of the plurality of geometry vectors (135) into at least
one drawing instruction, wherein the subset of the plurality of geometry vectors (135) is

selected according to a geometry skipping algorithm (130);
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configurable granularity; receiving (230) a render request fromthe user
application (140); translating each of a subset of the plurality of

geonet ry weahuwref0235) into at | east one draw ng i nstruecirars2omisrsei n t he
subset of the plurality of geonetry vectors (135) is selected according to
a geonetry skipping algorithm (130); sending the at | east one draw ng
instruction associated with each of the subset of the plurality of geonetry

vectors (135) tQuhife éS@lcadRRL badtl A tiudd®) assdcBRAST NGk 808 sdbh& of _
vi sual i zati on ob{ec , Wherein rendering the visualization object conprises

rendering theeplerelity ehgeomeire vartami(hg) fotbe st enpbetivssbh:at ed with each of the
subset of the pleﬂa&ln'gt(é’sog‘ihe% fidn 8@8&%}%&&%&&&% it Qéu%ﬁ%a%n 9@\4&09
St e user

(150); receiving a s€cond render requ rom-t application (140)
response t oompiites entlethgehan destait dowimginsthetiorendeniael witlserah oftht bdnetobj ect ;

translatin acg f a.second subs of the plur.ality of geonetry vectors
(135) 1t o e plsdty Br@SHRM RN Heo P B Rt The "t Teast one
dr awi ng i nst r uctec€ining g S @oOh@tedderweduastdaahthe tiscr Bgplis om0 ubsgionsd totahe
plurality of ge tr ectors é35 to the user application (140); and
re-renderi Hgteaﬁfgg@v%%ﬁep%&%ﬁg i ualization objcc
translating each of a second subset of the plurality of geometry vectors (135) into
at least one drawing instruction;
sending the at least one drawing instruction associated with each of the second
subset of the plurality of geometry vectors (135) to the user application (140); and

re-rendering the visualization object.
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