; e3eXhXXYd"NJ " g6hTXh51 7@/ SUAL AND SCENE GRAPH | NTERFACES CROSS- REFERENCE
TO RELATED APPLI CATIONS 5 The present invention is related to the follow ng
copending United States Patent Applications: Serial No. 10/184,795 entitled
Mul ti pl e-Level Graphics Processing System and Met hod; Serial No.

10/ 184,796, entitled Generic Paraneterization for a Scene G aph; Serial No.
10/ 185,775 10 entitled "Intelligent Caching Data Structure for | mmedi ate
Mode G aphics;" each f| | ed_an June 27. 2002: and United States Patent
Application entitled " Lﬁf&'éwaw BORGES or  Vect or G aphi cs"
(Attorney Docket No. 3480) flled concurrently herewith. Each rel ated
application is assi gned to 15 the assi gnee of the present pat ent
application and her &R 2 l i birety. FIELD OF
THE | NVENTI ON The i nvention reI at es gener ally to corrput er systems and 20
nor eSparti cul®rd yrexsdrite iprumesisimg Ofraraapdd dad @ fodHeswirigleo
information for display on conputer systens. BACKGROUND OF THE | NVENTI ON
The | i mdepeiditre Urriathd istsded rredhiret eappidieramidals :0fsedhi sdlcagssi ng gr aphi cs
on conputer systens are being reached, in - 1 part because nenory and
bus speeds/ 1s.e7 Iterkedlad Wi Tt glhe- [aaxancreptiscd rProdds PUTaE €88 «n and/ or
graphi cs processors. In general, the current (e.g., WM PAINT) nodel for
prepar i nghd Metaer] f et TS NoO Iucls datss preanessiay) denderp up with the 5
hardware refresh rate when conpl ex graphics effects are desired. As a

resul t, mheieml fx irapti s efdacd Taigh atdanpiediod t1o cmwents onal

graphi cs nodels, instead of conpleting the changes that result in the

per egi veshudisiad efftectis deht idR-Hiolg thedeadrddam tde Ghantes dmpode
added 10 over different franes, causing results that are visually and

not i ceatdpyindes « e ﬂ“ilr@:’tNdfPQﬁiné of7 COga Dl |4y HaH oLl put i s
described in the af orenenti oned United States Patent Application Seri al

NOS.  10/5efi4s O Sy e D Gon W D/ o1 A - 1. Sa S8 A AR5 dox REd des a

nunber of signi f| cant inprovenents in graphics processing technol ogy. For

exanpl €,£d) eI Ardfhi A 16 hds N @INY. HIRpl edefqnerds a

mul tiple-level graphics processing systemand nethod, in which a

hi gher - | gygl, cOmMONeHed&yith . HadD APRIALd %ﬁ]ylséae&?orpefé Ud®i gned to
conputatlonally 20 7i nt ensi ve aspects of building a scene graph, ‘updating

ani gt | chhé)aa[saé%r?éé A Hd YIS Ng ﬁél?er?@%ﬂf@é’& datf yds4gpures, at a

rel atlvely ow operating rate, in order to pass sinplified data structures

and/ or gy Wsré@elaer{@é/\flrevﬂs Cég{g)lo,_r@w Because t he high-Ievel

proceSS|ng great

FIELD OF THE INVENTION

The invention relates generally to computer systems, and
20 more particularly to the processing of graphical and other

video information for display on computer systems.

BACKGROUND OF THE INVENTION

The limits of the traditional immediate mode model of

25 accessing graphics on computer systems are being reached, in
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25 sinplifies the data, the | owlevel conponent can operate at a - 2
faster rate, (relative to the high-level conponent), such as a rate that
corresponds to the frame refresh rate of the graphics subsystem to process
the data into constant output data for the graphics subsystem Wen
animation is.used, instead of havi ng tp redraw an.entire scene with
Changes D HEE Aot d6T R P Ao TS pd e T ritbri o as
necessary_to obtain instantaneous val ues that when rendered provi de a
sl i ght | FERRTEEECEAE S e RAPIGSHRES i R RGh BRASRETOT - 107U, S.
Serial No. 10/184,796 describes a paraneterized scen raph that provides
mut abl e YERf4Rt e HRS AHELHN %z%‘anéﬂ%{?w)gr"%ﬂs‘?]coﬁ%gi RS & hat
program code that wants to draw graphics (e., g., an applicatjiqn program or
oper at i ngF BB EEAEFRO ISR MHSh ‘gaeqaecﬂq‘?f‘eﬁf%/s% kc"e%?d?% Widedthe of the
scene 15 graph description, while | eaving other aspects intact. The program
code%aﬁ"%%rr%d%%f%%}éiﬁﬁ%dﬂﬁn pﬁﬂf?l?]tﬁ’?% Qﬁaﬁlﬁé%&@f@‘b@%pﬂﬁe with
possibly different parameters. As can be appreciated, the ability to easily
change t3RSHRsbar fit & dfehklpl AP i ITRL S FRRHRT ST REDREMD/ or the
reuse of 20 existing parts of a scene graph provide substantial gains in
overal | afrtgmmtead piidde ssamiereaffong leriipPi @ delsg, Ng1stepd gt 775
general |y describes a caching data structure and rel ated nechanisnms for
st ori ng SATRIALIingG dratdlomaes Urtecieswid idattdhe rereqierrd grisgtel The data
25 structure is generally associated with nechanisns that - 3
i ntelli gdiegtson risimehoien Here/itmet  frdng mdthorrhdnges may pprddadd and
used. For exanple, unless specifically requested by the application
pr ogPamoverstdicfEertmnt rfxammes i crewtiotedrésnlte ata ate uctanal hasand
external reference to it, which 5 enables this information to be optim zed
or ot hemwtsicerlvigessetksiAxnlelan. be appreci ated, this provides efficiency and
conservation of resources, e.g., the data in the cache data structure can
be processed A ntew anatid) ef@ntcdmrmalt]l inmtgraphinre aonpacti antésrr ilsstlices
the need for subsequent, repeated 10 processing, such as a bitmap or other
post - pr dcessien feesanidn t Mridd Urhiet exb Bie i e rReviesren t Aol iod tdieors udest daanlt | al
benefits in graphics processing technology, there still needs to be a way
for progtaens 10y ¥4 ,6xa5 vely/ 1esk, 196 s dmpriovad Hral csTinmelevamibddls ot her
rel ated inprovenents in a straightforward 15 nmanner. \Wat is needed is a
conpbeheprsdwigiegeta stundeghtd Orasnarrh fisyaritori npwrogrement o irakerashviagd age of the
many features and graphics processing capabilities provided by the inproved
gr aphi coroted siangl Hdetmsio@rl pltor aapdngXl & apls8 cSSérin M f i 100 £184 /mEmer .
20 SUMVARY OF THE | NVENTION Briefly, the present invention provides an
obj ect nidelenearyll AN PP d A | W g raamm g p e €l dasle fAPHidor accessing
that object nodel in a manner that allows program code 25 devel opers to
consi st eftdded s fagearh tahd@ el griaphvitiadia a Hi ghest Ydied Ur @origorigragduce
graphics. A base object in the nodel and APl set is a visual, which
represents. @ Vidt Ul spédacind G dtems @ier fdens caspdiapibnsl Bi |t of
vi sual objects. Such Visuals include container visual objects, validation
vvi sg@: ol et Sived LMVt o a1 OB P Ss @Kk sardice wEi n@ieGhStion
i sual s

parameters and traversing the scene graph’s data structures, at

a relatively low operating rate, in order to pass simplified
data structures and/or graphics commands to a low-level
component. Because the high-level processing greatly

25 simplifies the data, the low-level component can operate at a
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t hensel ves can hol d onto resource objects, such as clip objects, transform
objects and so forth, and sone type of Visuals (e.g., Draw ng Vi sual

Val idation Visual) can hold on to drawing instruction lists that may
reference resource objects, 10 such as inages, brushes and/or gradients.
Typi cal resource objects in the scene gr are i mut abl e once creat ed,
that i s,facﬁ'c%r tlFﬁe%F'arér%]r%%]t‘é% ‘i%e@“%éﬁ“rﬁa)fﬁ)'h% VeharJERPIRb e tHEE\AS A s
are general ly not considered resources, and that visuals not considered

i nmut abl 2% A ECRATRONES -0 i grAfe ofet TP rre&b‘?%c‘ép t RS 1R t o
which a Visual is pointing, but cannot change the transformitself, because
the trariRI¥SENi FRIRIFPES THE DA st FRIHAT e Wi h D nstF uct or
or by using a conpanion builder object. Via the application programi ng

i nterfacdd PrAfeds cHRSYD-HRi t JEW AR IR PP 5 v‘é%e%uc%fl%%ei)gdh%t ry
data, inmage data, animation data and other data to the visuals._ For

exanpl e, NP R CERIECIW | AR SR BNR LT i F eSAREPS asthR avPWiHevel
instructions, draw geonetry instructions, draw bitmap instructions and so
forth i MIPILRSIANG IR . IITHRISRO b bV PR TR § @15 t ¥ReT AT RIeFSTONLEFNed

Wi th conplex data |like geonetry _ 5 data that describes how a path is
drawn, adltaireyinssantranceed erahiees ridovurdesn | Feeder edrapeovideleds, and so
forth. The code can al so specify transform clipping and opacity properties
on vi sua$kighnky nehanaed f sreprshongearhl Hoppe ngeBe &S ofmeodpacity and
hit test identification are provided. In addition, the visual has flags
cont r ol lamimdoipit participates in hit testing. The program code al so
interfaces with the visuals to add child visuals, and thereby build up a

hi ed@r chi cal BcgneSgraph.NA vigib84 mMihagdes gr vees sespdxangter 1ded ravenses
or transmts) the scene graph to provide rich graphics data to | ower-Ievel
gr aphi csgxapipotiesnt sor Sordas newtaivbelal snjnavede falueas cahd godaranetoérthed dr en
visuals and in one inplenmentation, are the only visuals that can define

hi er ar chyragdhhec aot 4 Boér ®nsweh cthad drerogiera dédde orthat nesnvs stal dedw ows f or
arbitrary insertion, renoval and reordering of children visuals. Draw ng

vi sual s geraplopesete Wt h an apehi catlon hatogedmros cperavimy spatext (e. g.,
a reference to a drawi ng context object) to the caller. In general, a

drawi ng eambdexént 5 GaOsébapol )y hehgpege obeecdin hagpestsisefl tloe popethate a
visual . The program code then uses the drawi ng context to add draw ng
primist i vgsaple dédecyistbdbn, Thel DPehegl hg NBiyh€t eagpédies conteat s (T | dren)
of a visual, or an append call may be used to open a visual for appending
to that grbgesth vbsdlatan | 960FéhO8 dDready-built portions of the scene

graph, with possibly different parameters. As can be
appreciated, the ability to easily change the appearance of
displayed items via parameterization and/or the reuse of

20 existing parts of a scene graph provide substantial gains in
overall graphics processing efficiency.

U.S. Serial No. 10/185,775 generally describes a caching

data structure and related mechanisms for storing visual
information via objects and data in a scene graph. The data

25 structure is generally associated with mechanisms that
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- 6 receiving static values as drawi ng paraneters, drawi ng contexts can

be filled with animati on objects. A validation visual operates in a simlar

manner to a drawi ng visual, except that its drawing context is filled when

5 the systemrequests that it be filled, instead of when the program code
surface visual is provided

wants to fil]_ it. o display a bitmap of pixel
dat a, M%’T’F%%ﬁ%s‘iﬁiﬁﬁr‘?% BOWr SR NGt St e%&%‘?]fmal‘%jgo%' TP ptel dat a,
or anot her vjsual subgraph traversed by a surface visugl ager that
provi desPARF tHeLPi ‘b%%)%-_ THRY s??é"i‘%f%rr ot as%‘?%’v\ﬁah%a%t”e%ue*‘ted
i npl enentation that, can directly draw into_the surface, and a Surface
Vi sual NBhaRE Rl iRe bsd R EoPoSRSE Wi e stk r i BHR i FEr e st f ace.
O her types of visuals are al so described. 15 Thus, different types of
prim ti Vet iatdes T atRAa ¥ seratetRd hor of i eRF St oht extt ¢l udi ng
geonetry, image data and video data. Ceonetry is a type of class that
defi Res enaRkedrtly s phrEornktel @ ore iPe RRELIBIFIKLCHOFReTWiLL g, | a
rectangl e. Each geonmetry object corresponds to a sinple shape 20
(Li neGeomeResssel| | phe bne r3prreciaef e GdohetPyIvices Bieneyglandhape
(Pat hGeonetry), or a list of such shapes (GeonetrylList) with a conbine
oper at i crprPpRETAtEen (@f ¥esourted, ¢rder stkee i ddtand she oraehs daieze
objects forma class hierarchy. There are al so shortcuts for draw ng
f requent$yresStusedcay pee pfogeesed rinteue ndbEter ér bwReetalh gt ka et fiotore
then geonetry is drawn, a brush or pen may be specified. A brush object
def i nes ¢wwaot gaphdrategudes | the pheed, fandsulheequént a xépeateder archy of
brush objects. A pen also has a brush specified on it describing how to
fil L0t hepsteeketnar esuclh @s spekl ahap ype ofhdr ushs bipeetessirg \Fesal Br ush)
can reference a visual to define how that brush is to be drawn. O her
benefits and Whvhat tlgesabwvée Heooorecngpas aptoviden $iles fah t bavd nigenlef At $ ed
description when taken in conjunction with the drawi ngs, in which: 10 BRI EF
DESCRI PTi:ONy£3pHiEs DRAVWE MNGSI ) GiiRFhrdo 1 sgwa, btloeke dsagl hmeeds eserivé ng an
exenpl ary conputer systeminto which the present invention may be
i ncor porwdedfod SpFddrams | So ae bf ©€ki v hgrase gents al hyr s epd egeaph hgs a
graphics layer architecture into which the present invention may be
i ncor porrad@ell dhdb i8s i Stheer epssead atmprovémen ssene grapha bdhvistwdsd and
associ at ed conponents for processing the scene graph such as by

15 manner. What is needed is a comprehensive yet straightforward

way for programs to take advantage of the many features and
graphics processing capabilities provided by the improved
graphics model and thereby output complex graphics in an
efficient manner.

20

SUMMARY OF THE INVENTION

Briefly, the present invention provides an object model,
and an application programming interface (API) for accessing
that object model in a manner that allows program code

25 developers to consistently interface with a scene graph data

- 4 -



20 traversing the scene graph to provide graphics commands and ot her data
in accordance with an aspect of the present invention;, FIG 4 is a
representation of a scene graph of validation visuals, draw ng visuals and
associated drawing primtives _ g _ constructed in accordance with an
aspect of _the present inyention; FIG 5 s a representatian of i su

st P it mog L

class, of“8KD %c?oh%ﬁ%¥?c?n95%%%+%%nc THC AP APt ofF T HECPT &
invention: 5 FIG 6 is, a riprese tation of various other objects of the
obj ect rfbREISCF SR of HEMRE WEHCAN SREBEEN0F 2 hELPreREntul FReht Fonthel G 7
is a diagramrepresenting transformation_of a visual's data in accordance
with an $Specttle? FEREPrecdpl 19 PubehtPbnvipiak. olRreshy- gBoarle Visuals
representatjons of transformtions of a visual's data jn a geometry scale
and a nolREHIFSrFeReatReT resPeet i QRISCES n WRtbidlahede WItehnPREPetE: of the
present invention; 15 FIGS. 9A-9C are bl ock di agrans, of surface vjsual
obj et s A" DRREYIS1_LaPPECERY FRAPOREFRSE | it Sieebr FRIRECH t VaFuakPect of
the present invention; FIGS. 10A and 10B are diagranms representi ng HMWd
vi sual oBbfeRERLYSS g rahe PRk @ hrFC PR PP DECERe PreBedt Fhi®ntion; 20
FIG 11 is a diagramrepresenting a | ayered visual object in accordance
with an ARpREES of t¥des fpEs colp] ¢avemn@nso Hexthp ardasempriegentati on of
geonetry cl asses of the object nodel, in accordance with an aspect of the
present Yh&éemi$ ohe.g.9 DrawingVisual, ValidationVisual) can hold on to
drawing instruction lists that may reference resource objects,
10 such as images, brushes and/or gradients.

Typical resource objects in the scene graph are immutable
once created, that is, once they are created they cannot be
changed. Note that visuals are generally not considered
resources, and that visuals not considered immutable to an

15 extent, e.g., program code can replace the transform to which a
Visual is pointing, but cannot change the transform itself,
because the transform is immutable. The objects can be defined
with a constructor or by using a companion builder object.

Via the application programming interfaces, program code

20 writes drawing primitives such as geometry data, image data,
animation data and other data to the visuals. For example,
program code writes drawing primitives such as draw line
instructions, draw geometry instructions, draw bitmap

instructions and so forth into the wvisuals. Those drawing

25 instructions are often combined with complex data like geometry

- 5 -



FIG 13 is a representation of a PathGeonetry structure, in accordance with
an aspect of the present invention; FIG 14 is a representation of a scene
graph of visuals and drawing primtives showi ng exanpl e graphics produced

by the 5 primtives, in accordance with an aspect of the present invention;

FIG 15 is a representat.ion of brush classes of the.ohject del, in
accordarfi‘aet%tt}fé)% PR DT LS | T G 1 %f(fﬂi% §% a
representation of rendered hics resulting fromdata i | i near
or adi ent? BrHRIRUD| ERAO U TE S CLr T h P SheAIB O RS ent
invention;, FIG 17 is a representatjon of rendered graphics resulting from
data in a radiBf PWIiEHR %ri%l‘ﬁfeﬁﬁ ¥, CF3PSiTRd E%}I%?h 3t a?i"%%]p%ét of
the present invention; FIG_ 18 is_a representation of rendered graphics
resul ti rRFIVIATIRAG IRy VaFidts ARSRFERRARISOT PP ST RIMELWRH AN aspect
of the present invention;, FIG 19 is a representation of render,edea‘%raphi CS
resuPt i ngF I EIBM RRATY X ARG | itF%g‘%/aJr‘g@'ét}l#Jnc%W Riffe LIRS aspect
of the present invention; FIG_20 is a flow di a(glga_m general ly representing
| ogi ¢ f ok iaddkpreti ngha Visiad hascilrgh e brashinb e 1% 0 generate
graphics in accordance with an aspect of the present invention, - 10
FIG 21par@ieionteentathibn BPskingi d TRl RFRHABrorRde @ise FeerfaRS from
data in a visual brush object, in accordance with an aspect of_ the present
i nvent i onttiFithe 2oiswalks riepradémiatldrivibiuale @gnd Ererebantibidedp a
hierarchical scene graph. A visual manager processes (e.g.,
10 traverses or transmits) the scene graph to provide rich
graphics data to lower-level graphics components.
Container visuals provide for a collection of children
visuals and in one implementation, are the only visuals that
can define hierarchy. The collection of children on a
15 container visual allows for arbitrary insertion, removal and
reordering of children wvisuals.
Drawing visuals are opened with an open call that returns
a drawing context (e.g., a reference to a drawing context
object) to the caller. In general, a drawing context is a
20 temporary helper object that is used to populate a visual. The
program code then uses the drawing context to add drawing
primitives to the visual. The open call may clear the contents

(children) of a visual, or an append call may be used to open a

visual for appending to that current visual. In addition to



5 grid, with rendered graphics therein drawn froma visual, in accordance
with an aspect of the present invention; FIG 23 is a representation of a
rendered nine grid brush object in accordance with an aspect of the present
invention; and 10 FIG 24 is a representation of transformcl asses of the
obj ect nodel, in accordance with an, aspect of the present invention.
DETAI LED SHESCRITET 8 45 BN AR RS ERITNENFFIE Contexts
illustrates an exanple of a suitable conputing system environnment 100 on
whi ch t &% RRentd PGyt e dHftamet &PISHe conput i ng syst em envi ronnment
100 is only one exanple of a suitable conputing environnent and i s not
i nt ended 20 th EiggEtidhywisHat ARHREES t1P thes IholRF Jronper do @
functionality of the invention. Neither should the conputing enviraonnent
100 be iHANPIBIEFUEL hFHIRP Al ate pert e 019 i Penent Fet 89 e any
one or conbination of conponents illustrated in the exenplary operating
envi Ponrféif SpOREen nequesthdthaly et il §isl byrbr A1 oRad i Whitier¥is ot her
general purpose or_ special purpose conputing system environnments, or
conf i gurrite@mn Edapiastoftaelilkndwn dorpikiare syitErs, 1Ry oriett
and/or configurations that may be suitable for 5 use with the invention
i ncl ude,dirnlayr @ dottmapieedixel piasonahicghpiaereoreeyRend detpfut er s,
hand- hel d or | aptop devices, tablet devices, mnultiprocessor systens,
m cr opr ctessiorg basyetksly sfiehbed seitth ophdaxesel plaig anein bl eo Berrs unegua l
el ectronics, network PCs, mniconputers, mainframe 10 conputers,
di stri b capiputraneesed ranmersiscfdce visdaldenansoedf thet apovel dsst ens or
devices, and the like. The invention may be described in the general
confléxt e quirmit etatexecUblad| svs$ et rudviohss suttawnprogrertodul es, bei ng
executed by a conputer. Cenerally, program nodul es

implementation that can directly draw into the surface, and a

SurfaceVisualManager can be used to compose a Visual scene
graph into a surface. Other types of visuals are also
described.

15 Thus, different types of primitives may be drawn into a
visual using a drawing context, including geometry, image data
and video data. Geometry is a type of class that defines a
vector graphics skeleton without stroke or £fill, e.g., a
rectangle. Each geometry object corresponds to a simple shape

20 (LineGeometry, EllipseGeometry, RectangleGeometry), a complex
single shape (PathGeometry), or a list of such shapes
(GeometryList) with a combine operation specified (e.g., union,
intersection and so forth.) These objects form a class
hierarchy. There are also shortcuts for drawing frequently

25 used types of geometry, such as a DrawRectangle method.
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15 include routines, prograns, objects, conponents, data structures, and so
forth, which perform particular tasks or inplenent particular abstract data
types. The invention nay al so be practiced in distributed computing

envi ronnments where tasks are perfornmed by renote processing devices that
are 20 linked,t hrough ommuni cat i ons ,net wor Kk, di strihu conput i ng
envi ronnent, qﬁ%rbr%gn?mn%d‘f}f ggn%ﬁc/a e Iaocl%ltﬂ%s iH t#)%}ha}?ac}é;t%e a%aécrelgfrrlo Cg'p
conmput er_ st orage ,nmedi a i ncl udi menory st.orage devices. Wth reference to
Fre 1 TS S ATEIT 08 TS AR G et T PR IGIE T bdes a
general purpose conputing - 12 devi.ce in the formof a conmputer 110.
Conponert i thet oMt T Y ThcP i BUHCH R ndt FTh AP (RS 2
processin nit 120, a_system penory 130, and a system bus 121 that couples
Dar T ous A bR S | 111 SR LR HIE S e rchioh v R THEEbrfassi g
unit 120. The system bus_121 y .be any aof sever types of bus_structures
i ncl adi iy SP VOYRR O l?ﬁéﬁfl?iﬁﬁ? oftﬁé‘? Vi ﬁrd%)alcetfhs’fe%‘?ﬁe%? ocal
bus using any of a variety of bus architectures. By way of exanple, and not
i mitatidiih B FHEIRE ML that Rt shdusthSy 2% SHRiR 10 Architecture
(I'SA) bus, Mcro Channel Architecture (MCA) bus, Enhanced | SA (El SA) bus,

Vi deo El ect r dHiRQr Renribr R S RTATATTVESA L | RREI™MD APPERRt f R d

G aphics Port (AGP) bus, and Peripheral Conponent |nterconnect (PCl) bus

al so kndwte a0 MewHERy ride tukl ed ey R erhan otaken chr | en HErGlHean a

vari ety of conputer readable nedia. Conputer-readable nedia can be any

avai | ablvel Hedilke tdrawisags belmodesged by the conputer 110 and incl udes both

vol atil e and nonvol atile media, and renovabl e and non renovabl e nmedi a. By
way l8f exanple, and not limitation,

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a block diagram representing an exemplary
computer system into which the present invention may be
incorporated;

15 FIG. 2 1s a block diagram generally representing a
graphics layer architecture into which the present invention
may be incorporated;

FIG. 3 1s a representation of a scene graph of visuals and
associated components for processing the scene graph such as by

20 traversing the scene graph to provide graphics commands and
other data in accordance with an aspect of the present
invention;

FIG. 4 is a representation of a scene graph of validation

visuals, drawing visuals and associated drawing primitives



20 conputer-readabl e nedia may conpri se conputer storage nmedia and
communi cation nedia. Conputer storage nedia includes both volatile and
nonvol atil e, renovabl e and non-renovabl e nmedia i npl emented in any net hod or
technol ogy for storage of information such as conputer-readabl e
instructions, data,25 structures ragram nodul es or_other data. Conputer
Stor age SO TUCHER T [3ETTRARICH I TR o979t o 119 FAMS PR EEPROM
flash nmenory or other nmenory technol ogy, CD-ROM digital versatile disks
(DVD) or*'B{Ffer*¥Yptical di sk storage, nmagnetic cassettes, magnetic tape,
magneti c di sk _storage or other nmagnetic storage 5 devjces, or any other
Tedli um whi ch i be ARl TOPHTRA MOt rod ) Hr AT i b < i
accessed by the conmputer 110. Conmunication nedia typically, enbodjes
conput erf¥Ebante 3FEATIRAGME tRIAT 23R st vy 2eR Frothif FE /1 ot her
data in a nodul ated data signal such as a carrjer wave or other 10
tranSport necdhEhi shnBhP | FRPLRRRN YL P hidf Tt P T yohdRF e dheth®rm
"nmodul ated, data signal" neans a signal that has one or nore of its
char act @hE e e ori REREEanCs et smrees b B RIeseitor mation in
the signal. By way of exanple, and not limtation, conmunication nedia
i ncl udesl WL A5 nedi a such as a wired network or direct-wired connection,
and wirel ess nedia such as acoustic, RF, infrared and other wireless nedia.
Conbi nat i ons G t he Ehya oiiadweanbosrr esent thal soanbel oyt il of téhin the
scope of conputer-readable nedia. The system nenory 130 incl udes conputer
st or age eglial |1 Gota ha fageendanes afitle amdsverbrvb| Hie |Rre®emty such as
read only nmenory (ROM) 131 and random access nenory (RAM 132. A basic
i npdo/ outrprentsiet em 133 (BIOS), containing the basic routines that help to
transfer information between elements within conputer 110, such as during
start-up, is E3}GH cadd yakb 88 orree 1epnROMrIBAEL 1M AB 2t tamps Dedhat toms adhs
data and/or - 14

a visual’s data in a geometry scale and a non-uniform scale,

respectively, in accordance with an aspect of the present
invention;

15 FIGS. 9A-9C are block diagrams of surface visual objects
and other visuals and components in accordance with an aspect
of the present invention;

FIGS. 10A and 10B are diagrams representing HWnd visual
objects in accordance with an aspect of the present invention;

20 FIG. 11 is a diagram representing a layered visual object
in accordance with an aspect of the present invention;

FIG. 12 is a representation of geometry classes of the
object model, in accordance with an aspect of the present

invention;



program nodul es that are i medi ately accessible to and/or presently being
operated on by processing unit 120. By way of exanple, and not limtation,
FIG 1 illustrates operating system 134, application prograns 135, other
program nodul es 136 5 and program data 137. The conputer 110 may al so

i ncl ude ot her_renpvabl e/ non renovabl e, vol atil e/ naonvol atil e conputer
storage nedi & 1By iy S e??é?ﬁﬂstfrﬁrﬁ‘i}oq:l 3 Rathrqouatey £ Wik drive
141 that, reads fromor wites to non- rem)vabl e, nonvol atile magnetic 10
medi a, dTEFFATRIESWidhH O BSPedfacT St BESSIAYT WSS Y a renovabl e,
nonvol atil e Waé[%’j[’letl c disk 152, and an optical disk drive 155 that reads
fromor witét r@r&/dﬁkﬁge%ﬁﬂlﬁr} 1 Sprscsate graeh s stichalse a oD
ROM or other_optical nmedia. Oher renovabl e/ non-renovabl e,

vol at i | bVl @xighpures Bhoptidicaamndis el arodrcad iky thhe
exen‘gl ary operating environnment include, but are not limted to, magnetic

t ape> cag¥aimidsives asin mstrnndagsed i tdl gin Asnagtsfifi (thelipnesendi gi tal vi deo
tape, solid state RAM solid state ROM and the |like. The hard disk drive
141 is tiypisgdiianiconnected to the system 20 bus 121 through a non-renovabl e
menory interface such as interface 140, and magnetic disk drive 151 and
opti cal disk dtiGe 1555 smre ne;qﬁe,%ﬁnt&atcmmez:ﬁ drrush tHe 3383 @i U 121 by a
renovabl e nmenory interface, such as interface 150. The drives and their
associ atdd esgnmadsl stioy az}e:qmarac,e 28 i ssussaectbhove @l dddamttrated in

FIG 1, provide storage of - 15 conput er -readabl e i nstructions, data
st r uct urigszergriggr;am nodul es and ot her data for the conputer 110. In FIG 1,
for exanple, hard disk drive 141 is illustrated as storing operating system

1441 0appl i catilsh préogrsars reliy;essrhert immogriamendwhd esralpltl e drgrruddriang dat a
147. Note that these conponents can either be the same as or different from
oper at i iy steara 134 ,a dpipl dacatd e iprrog ranssH 38 j aattherimpraogramayodlveis-HL 36,
and program data 137. Operating system 144, application prograns 145, other
progr amarmmdidesctl 46, tared gyresgpraim idatentlidh;are gi ven 10 di fferent nunbers
herein to illustrate that, at a mninmum they are different copies. A user
may enter corpmsdslAnd infrspmddaitd tiion tde marutel dridbHivoughsd Initig

devi ces such as a tablet (electronic digitizer) 164, a mcrophone 163, a
keyboar AR dach pioi i iR ideVipeaditdht earoainlgbiafter riad ddc@sdakbc drouisth
trackball or touch pad. O her input devices (not shown) may include a

j oysti Clan gaipedratht sateldddserdi shveanaiier, or the like. These and ot her
i nput devices are often connected to the processing unit 120 through a user

i nput interface; 1608 tihata ieaidat diord her syst@mdugrdpii dByrdueonngect ed
by other 20 interface and bus structures, such as a parallel port, gane

port or frdiinegrisal Efidls mﬁréﬂésB)val‘w\léﬁ)nlitrQracJ&ﬂrdﬁndé RercH ygee of
di splay device is also connected to the system bus 121 via an interface,

such as apdsted i et faees 0. inffhadmyri tor 191 nay al so be integrated with
a touch-screen panel 193 or the
FIG. 19 is a representation of rendered graphics resulting
20 from having various tile values, in accordance with an aspect
of the present invention;
FIG. 20 is a flow diagram generally representing logic for

interpreting a visual, including a brush object, to generate

graphics in accordance with an aspect of the present invention;

- 10 -



25 like that can input digitized input such as handwiting into - 16 t he
conputer system 110 via an interface, such as a touch screen interface 192.
Not e that the nonitor and/or touch screen panel can be physically coupled
to a housing in which the conputing device 110 is incorporated, such as in
a tablet 5 type personal conputer, wherein_the touch screen panel 193
essentially s%ﬁre@r]asl% e TSR RS- 1 9Th Hdf 190 ac%frpr[haé”r%é)%{%?‘fi as the
conmputing device 110 nay_al so_include other peripheral,K output devices such
as speakBrid 195 B i f%?avﬂﬂ@nwa&e%d%c‘f%qu odyh an out put
peripheral interface 10 194 or the like. The conputer 110 may operate in a
net wor ket SHAFHIFem E R STh P IRRF e A dIMhERATIFTE 11T GIRE R mor e renot e
conputers, such as a renote conputer 180. The renote conputer 180 nmay be a
personal condlk®r 2% kerderePEesdifiarion Hetths WBE andderansi@gte or
ot her common network node, and typically includes many or all of the
el enént I%ehcriidey anfrRre@|HarElad thrr @ghpinam 15em A tWotlyht only a
menory storage device 181 has been illustrated in FIG 1. The | ogical
connect iEPIHERNGE &l th 1 @sre¢h@uddrs Prregntarewenti®itk (LAN) 171 and a
w de 20 area network (WAN) 173, but may al so include other networks. Such
net wor ki ng efAG orertS areeROPARIN Wed | 9f of ferder itk | Feldy kiaish
conput er networks, intranets and the Internet. Wen used in a LAN
net wor kioly exiviimoraggnydanre congutast aAsedts Qe trgEsent a1 Yo oy
through a network interface or 25 adapter 170. Wen used in a WAN
net wor kiargd envi ronnment, the - 17 conputer 110 typically includes a nodem
172 or other neans for establishing comruni cati ons over the WAN 173, such
as flie | nterEkG. e imdemdyesantiati omyobhecransfoah orasseerofal themy be
connected to the system bus 121 via the user input

object model, in accordance with an aspect of the present

invention.

DETAILED DESCRIPTION

15 EXEMPLARY OPERATING ENVIRONMENT

FIGURE 1 illustrates an example of a suitable computing
system environment 100 on which the invention may be
implemented. The computing system environment 100 is only one
example of a suitable computing environment and is not intended

20 to suggest any limitation as to the scope of use or
functionality of the invention. Neither should the computing
environment 100 be interpreted as having any dependency or
regquirement relating to any one or combination of components

illustrated in the exemplary operating environment 100.

- 11 -



5 interface 160 or other appropriate nmechanism In a networked environnment,
program nodul es depicted relative to the conputer 110, or portions thereof,
may be stored in the renote nenory storage device. By way of exanple, and
not limtation, FIG 1 illustrates renote application prograns 185 as
residing on 10 nmepory device 181. It_mﬁli be appreciated that the ne{mork
connecti ons sHES-AY e BXk@pt &r SPERACLPPR WREAS WREERPALP FRAT ngeRera

comuni cations |ink between the conguters,nay be used. | NTERFACES TO SCENE
GRAPH DATA BTRRICTURERS 5% O ERDER t CHPY hRHr BEBRHE™M | FEHT PORCTRES g@heral |y

directed to_allown rogram copde, such_as an application or operating
systen1c%ﬂ%%h%%??t%%ngong%%?%%f%sd?gWW%bfi%%?W%c v %Yﬁ%gm?nfornation
(e.g., image bitmaps) to_graphics, conponents in order. to render graphical
out put OFPFYHECRYRREFn dRRPIAY. CTBE DFUFRTE0RAICRE hepy RBnEUT HRRAEI BAT

provi des a nupber of defined functions and nethods, e, g,, in the form of
appl Pcat #of B Byr Bt HYVERE PR ot AP SHUE 2 5HR BOF etiMkBER@I tOt hat enabl e
prograns to popul ate a scene graph with data structures, drawing primtives
( commandR§r sapl of PrEPUGREPhi BErYer af@Erdhenrs . -hagd-hel@epr plakeeBed, the
scene graph results in graphics being displayed on the screen. FIG 2

repr esend€ViCg@nerplet ayeybdesar chil etPLPecPPOr i AYSLHFch the present
invention may be inplenented. As represented 5 in FIG 2, program code 202
(e.g., dhieppPreasssdr phagrdnsysteper atehgteyshenteonpopgnamdabiae |ike)
may be devel oped to output graphics data in one or nore various ways,

i ncl udi ngendameénagl agtrodicyi angeeovk BEaphninéetempnter20cnaanftanevi a
function / method calls placed directly to a visual application 10

pr odlamméompinees f ades ¢ APP)teédyeompPdRing nenactoonmenes wihat ainatpdetany t he
present invention. In general, imaging 204 provides the program code 202

wi th a nethtnesabboe $pademg, orddévigeandasdving Likges, e.g., bitnmaps. As
descri bed bel ow, these i mages may be used by other parts of the system and
15 there is afse anwaytionuseytbe @gesoribeé inavhaggendeal ocanasxt cofin
imge directly. Vector graphics elenments 206 provi de another way to draw

gr aphi cscompusestentcuidhlé hinsestcofohhe sbrkecas npdeyrimescdubed, bel ow) .
Vect or graphic elenments 206 nay be created via a markup | anguage, which an
el ement be2figpenpentydsygt @ncaBuaad. preseatrel 1gy speoy2dd nodelpsets to
make appropriate calls to the visual APl |ayer 212. Vector graphic elenents
206,15al onicidld thetehesenbrégpamper eyt encdBonedt pr edgbser system 210,
are described in the aforenenti oned copendi ng patent application entitled
"Markup sengtegee@ndard £b) e6ithpdehiéRrpdecton uapheedar tadBs orln one

i npl enentation, the graphics |ayer architecture 200 includes a high-Ievel
conposi timpl anenanpaBt i o0l &A0kPerPddt dbt&htipes udesher ihgent hehvimse
associated with a caching data structure 216. The caching data structure
216 contaiss Beseeaetbcedaph @08Pribipgdhtenatehhgabhy: aohneged wheest s
that are managed according to a defined object nodel, as described bel ow.

I n generghské hgr¥i séafofibbdl By erekd e PpoYEEESi LT 08EaM EQEHEa202 (and the
presenter system 210) with an interface to the caching data structure 216,

incb%ﬂingiﬁﬁédlghﬁgﬁbhta EOmmh 8L 8L OBhEChEtwOPRN and 8'8§§t995§€é§ to

provide data to them and so forth. In other words, the high-leve

conposi t ¢ Shp@PnNENRL +8AmERYI NBrddAaRXROEE S8 Ma fbed18BHEAd in both
local and remote computer storage media including memory
storage devices.

With reference to FIG. 1, an exemplary system for

25 implementing the invention includes a general purpose computing
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APl | ayer 212 by which devel opers nmay express intentions about graphics and
nmedia to display graphics information, and provide 15 an underlying
platformw th enough information such that the platformcan optim ze the
use of the hardware for the program code. For exanple, the underlying
platformw || be respopsible.for caching, source negotiatjion and nmedi a
"t egr atiRCF it ord t nEPERERE o | SHTDEHE h ot | cveioCATPGs | 1f oand 20

ani mati on eq?ine f%gﬂﬁasses an ingéruction Str anlaqugossibl ot her data
(e. g., PIUMTEPS FrapR§ L Edea PA5t3TF IRt evEl EBYPLRI 17 Myt ARTS & Fat i on
engi ne 218, sed herein, the te "high-level" and " | evel " are
simlar ?Qﬁ?ﬁ%% 'uieﬁy?ﬁe%tﬂﬁmoﬁ%n£€$inﬁngc%n§¥?ﬁﬁwa9%%rL$ﬁk?%abeneraI, t he
| ower a 25 Sfftmare,conponent is relative to ﬂigher conponents, the closer
- 20 FHR L 2D PHRERES | BYF SR NEOHRTRFRE 2. 1RSI I RS ERK aFF ESM gREIPRT ¢ s
information sent fromthe high-level conposition and ani mation engi ne 214
may Be r%%e?%cp%?c?%%lm%vﬁmje%ejrz%onp%@?tﬂﬁ%t%mdb‘é%i %%iWe?n%iWZ‘i@,
where the information is used to send 5 graphics data to the graphics
subsyst eFFYPER bidFYiRes hef rﬁwmﬁ%ufetz%esrhbn%f%m%m MRBAFOSPEF 0P and

ani mation engine 214 in conjunction with the program code 202 builds a
scene graPACYY FePEE’bhera yraphirBeszbnRupr o ded bYCRhelPp® 0dF BRY cYE 202.
10 For exanple, each itemto be drawn may be | oaded with draw ng

i nstruct®bmd, vali ety t 9 kystanclbrectieresi n Bhevarept graphldatandtReEture
216. As will be described below, there are a nunber of various ways to
speci fy lhnstaienst guelh ureckibectpbeshiecleder Bndus Foy t Beandeah@ hi gh-1 evel
conposition and 15 ani mati on engi ne 214 integrates with timng and

ani fét i ohrelysteasure0(IBA priovs deMilerd aflanvel (Archi beeunai MEAbnbesnt r ol
(e.g., animation intervals) and timng control. Note that the ani mation
syst em afhloawsceadi igd e(BRFAEsbte, béigeassBteessent ¢al $yandsnfiere in t he
system including, for exanple, at the elenment 20 property |evel 208,

i nsi de okssteiatsoal (VWRSA] ayercallRyus anbictalangyted ¢hapbibderPoeso(h@Rs. The
timng systemis exposed at the elenment and visual |evels. The | ow I evel
conposi thug, amid akeniphena ngomeo2dBt nEmiagesonhec t ofPodF) ngys aal sat kngwand
rendering of the scene, 25 which is then provided to the graphics subsystem
222. Theastadezz@1ine bewel engine 218 conposes the renderings for the
scenes of nmultiple applications, and with rendering conponents, inplenents
t he 18ct ual r endercmgpoetegr aphi cgpicalhe butcbedes Notearhewevef , cohahtat -
times it may be necessary and/or 5 advantageous for sone of the rendering

t o happeneaslabl gheedl &vel Sombat eexaspiiehl dhheé@id heah operahayavsis€bveéce
requests fromnultiple applications, the higher layers are instantiated on
a per - appédtat tioat bash she Whet ebyed sbposié bt emyiget hel ) nagd ngnskehani snms 204
to performtinme-consunmng or application 10 specific rendering at higher

| evel s, lavthpassateler &ngesohvodabllavpediDat hend onenolalyee sand non-

removable media. By way of example, and not limitation,

20 computer-readable media may comprise computer storage media and
communication media. Computer storage media includes both
volatile and nonvolatile, removable and non-removable media
implemented in any method or technology for storage of
information such as computer-readable instructions, data

25 structures, program modules or other data. Computer storage

- 13 -



FIGS. 3 and 4 show exanpl e scene graphs 300 and 400, respectively,

i ncluding a base object referred to as a visual. In general, a visual
conprises an object that represents a 15 virtual surface to the user and
has a vi sual represent ation on the display. As represented in FIG 5 a
base cl ass Vi sual ow es_the b funct onal i t

that is, ‘?‘Peavjiré% (si% %OJUSI% Ja{?fsttef ct® 'baé%McIO% Pﬁ?#% uaI
types (e 501-5 derive. 20 As resent inFIG a to eveI (or
root) vitsTy ?r%@r.%%%m%e?%wt%edﬂwéﬁ YA, et B RE ol so
has a rel ation (e.qg.,, via a handl wi th a wi ndow (HMd) 306 or 5|mlar
uni t in‘islv}ﬁ é?‘é[gh%ro%‘i}éelfso%‘i&iﬁ& ‘%Zﬁ Kt FeCTRBYr dIf EodetC TFRSSett

Vi sual Manager 304 manages the drg. g of the top 25 |evel visual (and any
chi | dr e i ‘%ﬁ%%ral‘)‘a%e‘ﬂ%t moﬁwa@ OT ST MAYNB-LhoOEHEE

Vi sual Manager as one of a set of other objects 620 in_the object rmdel of
the §raphCECeY st ST RE PRABIM. WHChir AR RPcSAQUED FediER)eFi®04
processes (e. traverses 5 or transmts) the scene graph as scheduled by
b i SpatEHEhE ebaln BRI bR (RAS GrAHHE (2R AT EREFOrRY abE (HBPUERE ol 10t he
| ow | evel conponent 218 (FIG 2) for its correspondi ng wi ndow 306, such as
gener al | §oHESEFFHEPT Mefs paekeallapppikedion SURPReNyseadap |4, 795,

10/ 184, 796, and 10/185, 775. The scene graph 10 processing will ordinarily
be schedm%‘dﬂwt%cﬁesdl@i})%ﬁ cHerugpgres . PreUean Heedykes 0atovRey &3 edvein t han
the refresh rate of the |lower-1level conponent 218 and/or graphics subsystem
222. Fl @ modhbysed drpbesigiakhineh \asual caBaeB1waee rengehed er archical ly
bel ow the top-1level (root) visual 302, sonme of 15 which are represented as
havilfig beeansppot awechan bsmrad n@l@hﬁtﬁ@t@%lﬂ;f@aﬂaﬁmmh@vmmd boxes
to represent their tenporary nature) with associated instruction |ists 318
and 319 ,med@spectTivel yerme. tmodebmt &d ndatgy ds bgwanly” pneams | & esiamall of et
visuals. The visuals nay al so contain other property 20 information, as
shown i rhadeoriel dowharge extinpt € chartmttetbstsics @8 or changed in such a

manner as to encode information in the signal. By way of
example, and not limitation, communication media includes wired
15 media such as a wired network or direct-wired connection, and
wireless media such as acoustic, RF, infrared and other
wireless media. Combinations of the any of the above should
also be included within the scope of computer-readable media.
The system memory 130 includes computer storage media in
20 the form of volatile and/or nonvolatile memory such as read
only memory (ROM) 131 and random access memory (RAM) 132. A
basic input/output system 133 (BIOS), containing the basic
routines that help to transfer information between elements
within computer 110, such as during start-up, is typically

25 stored in ROM 131. RAM 132 typically contains data and/or
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public abstract class Visual . Visual Conponent { public Transform Transform
{ get; set; } public float Opacity { get; set; } public Bl endMbde Bl endMode
{ get; set; } public Geonetry Cip { get; set; } public boot Show { get;
set; } public HtTestResult HitTest(Point point); public boot
| sDescendant (Vi sual visual), publjc static Point Tr f or moDescendant (
Vi sual ST dlOtn L) ks R e TS 1 Pt RIS S HOLR | O ST Po nt
Tr ansf or nFr onDescendant (Vi sual _reference, Visual descenqgnt, Poi nt ggint);
publ i ¢ PSR LUI RETED ARRYG Lo /O I8 PHOTRRZ PUFFEE Reet - By way
Cal cul at eTi ght Bounds(); //, public boot HitTestable { get; set Jﬂ% public
bool Hi t SRR Hhor&thi 1o el TL Rt oRetFIq - phibt EUDoo? CEF tARIFFHAF { get ;
set; } As can be seen,_visuals offer services by providing transfor
clip, opBtYEsMahtt pdRbl§2 ot PRIPHIHIRE i £30t HAEDRRE PHRILIT Mt F f%%d
via a get nethod. In addition, the visual 5 has flags controlling how it
part Pci pRRRPTIAR da%tihy’ - as descri bed bel ow. A Show property is used to
show hide the visual, e.g., when false the visual is invisible, otherw se
the visual isThe s¢omeuter thhshay natsoningbedeothrr t¥emayap ke property,
defines 10 the coordi nate systemfor the sub-graph of a visual. The
coor di natemneyakken bed brlel 1 panenenbd b ket oMPwseE of t EP ¥ aned s dByn way
coordi nate system the one after the transformis called post-transform
coor di nae® eyaehs emby, iBIGa Visllkstrates arkansd odhekidnive B4livdent to
a visual with a - 24 transformati on node as a parent. FIG 7 generally
provi desrexdexbngh eonfwribesf o meen oremodaint ¢ f yierve het ple-naamet oe mat i on
and post-transformation coordi nate systens relative to a visual. To get or
set 10he nedisf ox madoet bé¢ &l vk sdalyve t hel StHatans¢éadsn Propert ywnayebetaszd.
Note that the coordinate transforns may be applied in a uniformway to
ever yt hirgmoasblé, inomeskatnla hadgmetic Ndtek t hel, téamd alwespinotahredisk hat
transformations al ways apply to

drive 155 that reads from or writes to a removable, nonvolatile

optical disk 156 such as a CD ROM or other optical media.
Other removable/non-removable, volatile/nonvolatile computer
15 storage media that can be used in the exemplary operating
environment include, but are not limited to, magnetic tape
cassetteg, flash memory cards, digital versatile disks, digital
video tape, solid state RAM, solid state ROM, and the like.
The hard disk drive 141 is typically connected to the system
20 bus 121 through a non-removable memory interface such as
interface 140, and magnetic disk drive 151 and optical disk
drive 155 are typically connected to the system bus 121 by a
removable memory interface, such as interface 150.
The drives and their associated computer storage media,

25 discussed above and illustrated in FIG. 1, provide storage of
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bi t maps, but that what gets rendered is affected by transforns 10 equally.
By way of exanple, if the user draws a circle with a round pen that is one
inch wide and then applies a scale in the X direction of two to that
circle, the pen will be two inches wide at the left and right and only one
inch wde at the to bottom This is_sonetines referred to as a
Conposi t‘??f@p‘b?eliBr#‘?%&getjr%?ﬂbﬂﬁ?%' DTS e T kR RIOMTH™ geonet ry
scale that jaffects_th eorretry only). FIG BA is a representation of
scal i ng ¢ ?%r"’rﬁ%i%’%"gﬁm 33 ﬁ%-#%n%‘?@%’e%ri%%e Elfpeati ngPon the
left and a transfornmed_jmage 802 with a nonuni form scal e appearing on the
right. FEEMRER; PArdETTprackft attbnl DT sEaF FrRted AR FVFMRIRDn, with the
non transformed i nage 800 appearing on the |left and a transfornmed i mage 804
with gedRITLSAIFYREHUD i MPRA ¢Hel 91 FPROINFRH Fe3perthed RERF MR Rat e
transformation of a visual, TransfornloDescendant transfornms a point from
the Pef dReitke®5l44 A REPIr e sEiRiakt 7 vi REe Ghat poiete | cotperRtey ned
from- 25 the post-transformation coordi nate space of the reference
vi sual teAn el R -ve dHiT oFaree | % oot Frents pheen oPp e Rt Hed ceiieeit
vi sual . TransfornfFronDescendant transforns a point fromthe descendant
vi sual w34 heaprbegrtinipregramne k&5 ereeer PXOGRMN  naiel 99 hibi sand
transforned from post-transformati on coordi nate space of the descendant
vi sual tereoean réasd okt | Prevdrthnatrsspacktdf apelicdciencerodsanss . The
Cal cul at eBounds net hod returns the boundi ng box of the content of the
Vi sual i Postthennsternam inrdebes di Hat eanpaueogiNot eddite t Wit ahereivnay be
an alternative version of the APl where nore specific specifications are
al | d@ed &ist fexrdrow nyreoer ainsdieim ore al Vissatate thter pret@dntuinuryg, achey
coordi nate transformati on. For exanple, the transformon the reference and
descendaarte visiiadremy orpimy. nod beet akan emter acoouamds land hi s 15
alternative, there are thus four options, e.g., coordinates can be
t r ansf orivefo fmatm qur ettt @nsioraatpwet ol o eclhrcungth ot mmit & odevshaee, such as
pre-transformati on to post-transformati on space, post transformation to
pre-transftalbét 00ebpatteon Bddd st 1 6N ST &4 ned | et @plpess -1ERNsd or mat i on
space. The same concept

keyboard 162 and pointing device 161, commonly referred to as

15 mouse, trackball or touch pad. Other input devices (not shown)
may include a joystick, game pad, satellite dish, scanner, or
the like. These and other input devices are often connected to
the processing unit 120 through a user input interface 160 that
is coupled to the system bus, but may be connected by other

20 interface and bus structures, such as a parallel port, game
port or a universal serial bus (USB). A monitor 191 or other
tyvpe of display device is also connected to the system bus 121
via an interface, such as a video interface 190. The monitor
191 may also be integrated with a touch-screen panel 193 or the

25 like that can input digitized input such as handwriting into
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20 applies to hit-testing, e.g., hit-testing may be started in
pre-transformati on or post-transformation transform coordi nate space, and
the hit-test results mght be in pre-transfornmation or post-transformtion
coordi nate space. The clip property sets (and gets) the clipping region of
a 25 visuyal. Any Ceonetr the geonetry, class is descri bed bel ow - 26

Nt 1 ef iR B BYATT D S Al HE S EA Sy S GF i, SR ho
clipping region is applied in Post-Transfqormation coordjnate space. In one
| pl onerGHETh, LR RIHARS 1 %0t t iVREY G he-f (TP He T GRUIPT ST, 1. e., no
clipping, which can be 5 thought, of_ as an infinite big clipping rectangle
from (--Scxegn rpnal can)be My R 1Y REHEIT \EYet Y he? gy val ue
of the visual, such that the content of the visual is blended on the

dr awi ng SR fERIPHaT Vit bHac i ReAIRCERHEI heSwEh &% el 19 IRt ng
node. The Bl endMbde property can be used to set (or get) the bl ending node
t hat 2i s GHRRY. PEOGTORBAARUERT opdReESA T aiphajoueht (iRerrs et bt ween 0.0
and 1.0, with [inear al pha blending set as the node, e.g., Color = al pha *
f or egr olFREH R 1LY (3210788 pra) the Hadkkptoukt col Bt )addd hien segeiesersuch 15
as special effects properties, may be included in a visual, e.g., blur,
nmonochr ofch aa®l gee oremoHel Nardeiscs ek geay (310 udieigade amisief m opacity,
clip) can be pushed and popped on a draw ng context, and push/ pop

oper at i arer el mesteet deviery isch Pppreakenatthesand pusiner ck36. For
exanpl e PushTransform(...) ; PushQpacity(...) ; PopTransforn(...); is

i |l egal ,whredaussy Bed orennéret b pfhremsdloran cal tpu tPapdpatiene hebtser tade
cal l ed. The PushTransform nmet hod pushes a transformation. Subsequent

dr aMing Opkrett itdms hrleeexecuted with respect to the - 27

The computer 110 may operate in a networked environment
using logical connections to one or more remote computers, such
as a remote computer 180. The remote computer 180 may be a
personal computer, a server, a router, a network PC, a peer
15 device or other common network node, and typically includes
many or all of the elements described above relative to the
computer 110, although only a memory storage device 181 has
been illustrated in FIG. 1. The logical connections depicted
in FIG. 1 include a local area network (LAN) 171 and a wide
20 area network (WAN) 173, but may also include other networks.
Such networking environments are commonplace in offices,
enterprise-wide computer networks, intranets and the Internet.
When used in a LAN networking environment, the computer
110 is connected to the LAN 171 through a network interface or

25 adapter 170. When used in a WAN networking environment, the
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pushed transformati on. The PopTransform pops the transformati on pushed by
the matching PushTransformcall: void PushTransforn(Transformtransform; 5
void PushTransform(Matrix matrix); void PopTransform();. Simlarly, the
PushQpacity nethod pushes an opacity val ue. Subsequent draw ng operations
are rendered on t enporary, .10 surface wth the ecified opacity val ue and
Fhen compBEPh M TRE S B ) TR (b ST tBF D JSRAF P he
mat chi ng PushQpacity call: void PushOpacity(fl qat acity); 15 void

P Opa B NI I SRET BHSA G T aTS - oMb thaciian 25 i Pushd i p
met hod pushes a clippin eonetry. .Subsequent draw ng operations are

cl i pped ¥H L geo qﬁoc%m 114 ppitid qaéo RHHHERE TR fYstS ARG or mat i on
space. PopC.ip pops the_clipping regi on pushed by the matching Pushdip

cal | : vé&y ﬁ%ﬁ%r{}tﬂ%? yeRE TSR PO i'D(3 ;SR I®E e HBHE  push
operations can be arbitrarily nested as |ong as the pop operations are

mat cRed theff-"fécpcﬁs]kﬁo FOr %@%ﬁﬁ)laé?plfcffé”f%qe? dWQRfTPSSH\‘mI it a ngtworked
PushTransform(...); DrawLine(...); Pushdip(...); DrawLine(...); Popdip();
PushTr arfForfRRment . MEQMEt (ModyleprrRisddrigiat P Transtoreégyputer
Hit-testing is perfornmed in the Post-Transformatjion coordi nate space, and
returns i FENtRABL M ddierrel + daalte SAXRE ihdihe sremqte gugorhen a
pen or nouse click is 5 detected. An alternate version of the interface may
al | ow f d¥tafiage Ve + o B aray Af emeelr amsidmatt i bivdedrdmatBIGpake
relative to the visual where the hit test is started. Visuals that are hit
are ret urlnleBirategtenere efep l det o ipxeoranerl 8Hias teetidignaresn be
controlled with various flags, including 10 HitTestable, which determ nes
i f LAe ey ideHice t&tabl¥t will be appreciated that the network

connections shown are exemplary and other means of establishing

a communications link between the computers may be used.

INTERFACES TO SCENE GRAPH DATA STRUCTURES

15 One aspect of the present invention is generally directed
to allowing program code, such as an application or operating
system component, to communicate drawing instructions and other
information (e.g., image bitmaps) to graphics components in
order to render graphical output on the system display. To

20 this end, the present invention provides a number of defined
functions and methods, e.g., in the form of application
programming interfaces (APIs) to an object model, that enable
programs to populate a scene graph with data structures,

drawing primitives (commands), and other graphics-related data.
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(the default is true), and HitTestFinal, which determnes if hit-testing
stops when the visual is hit, i.e. if a Visual is hit and the HitTestFi nal
property of the visual is true, hit testing aborts and returns the results
collected up to this 15 point (the default is false). Another flag is
Hi t Test I gnoreChil dren ich determines if the chil drerhof gbvi sual shoul d
be consiHEFEPUMETPITI- 1 68T i HFTS FeADrietior a%i SRR ThLTH AUl t is
fal se). Pr.ox ¥;sual is a visual that may be added nore than once 20 into
the sce i}?]gﬁ%e S a5 i al referred to by a ProxyVisual may be
reached by multiple paths fromthe root, -. 29 read services ,
(Tr ansf or mToE%Ts%en%dg?p,r%%fhﬁ Gt SRR ¢ RIS rRF it BRSEYT R 2 Mt 1R k
through a ProxyVisual. In essence, there is one canonical path from an
visual t'@He YRGS ARREIM é@%rﬁ?tﬁﬁfl%"ht%es Hotr $RICT RISy
ProxyVisuals. 5 As represented in FIG 5, various types of visuals are
def i Red 3'h THé- obj RECFORIRI SOt Wi Ry Tont@P rRPRA SEAE OB AL OFFH g Vi sual s
502, ValidationVisuals 503, SurfaceVisuals 504 and HwndVi sual s 505. The
tabl e bePRRF IR FHFT HERGHAR Rt HYsERR BLER Ay \Pe g ve hered ctel ass
Draw ngVi sual . Visual public Draw ngVisual (); public |IDraw ngContext.
Open(); PuBPYle JTRRAW Ty CERERXAD APPR K )MORE DFan itV veaies - | i@l edHiRiwed for
graphical content (e. g. lines, text, inmages, and so forth). Note that it
i s possiimaging ARf a WiasUeChon rARREm slpmentss | 2Gut and sopevia
i npl ementations this is not allowed. The Draw ngVi sual 502 15 includes an
pen nethotctivn ch methedscahls hadedChimextly hee @ ant $1ea lLisaebl cgpolen at e
the Drawi ngVisual, e.g., with other visuals and drawing primtives, as
deséfi berr dataming oreed hptenthR Bl | bayer o2l arinueceeadamnse abstth descri bed
bel ow, a Draw ngVi sual may be only opened once to populate its draw ng 20
cont ext ;aspeet hef woe dereserth v oV stal gémeradut i eing t204 espect to
what can be put into it (although program code can replace a resource
obj ect tmrawidds athe quabgram podde i QP .witlBe medtiaretsm hodr bowding sual has
been popul ated, the Drawi ngVisual is closed using a C ose nethod, e.g., on
t he dr avedigt contanxd . saNotregy tirediges, Qoan. cabltmays cl s deyccidme@nbslow,
(children) of a visual, however in one alternative inplenmentation, there is
5 provi detessn Appeesl meef Hosl, uded dperotthetirpant s vo & udhe | sy st emnnetd t hat
appends to that visual. In other words, an OpenFor Append

15 there is also a way to use the primitive drawing code to draw

to an image directly. Vector graphics elements 206 provide
another way to draw graphics, consistent with the rest of the
object model (described below). Vector graphic elements 206
may be created via a markup language, which an element /

20 property system 208 and presenter system 210 interprets to make
appropriate calls to the visual API layer 212. Vector graphic
elements 206, along with the element / property system 208 and
presenter system 210, are described in the aforementioned
copending patent application entitled “Markup Language and

25 Object Model for Vector Graphics.”
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call works like Open, except the current content of the Draw ngVisual is
not cleared out on the open. The followng is an exanple of how a draw ng

context is 10 used to populate a visual: ContainerVisual cvl = new

Cont ai ner Vi sual (); Draw ngVisual dvl = new Drawi ng\/ isual(); // Open a
drawi ng cont The text //.,will_,automaticall e cl osed en //

e ting the ol DI B SR o105 TIAREE oYy e e T2 gh

already // be.in dvI us (I Drawi ngCont ext . do = dvJ
e b oSS Pt e b o B 3 chimacp F%wé%%e 234, 1/ Add

dvl to t hild collection of cvl cvl.Children d( /1. Add anot her
arb|tra“|{}’”\ﬁcl%daﬂcjt16?l‘%§/1%\ﬂts &?h%@rﬁ%ﬁmﬁ ﬂha%)caq ”@e‘gﬁt

anot her Draw ng\f sual DraW| ngVi sual dv2 = new Draw ngVi sual (); using

(1 Dr awi rifeoHt exie dol & dv ﬁo“e?ﬂl}l)ngldaﬂfﬁ ss@@%%t%e azﬁ%W%"b?Jdil%aﬁ‘ es%%}?ﬁ em
/'l where everything is twice as big dv. PushTransfor m( new Scal e(2 0, 2.0));
/1 TRi s 953N | OB IR hwm@%h&avrm%ﬁ%&%@

dc. DrawLi ne( new Pen( Brushes. Red new P0| nt ( new Poi nt (. )(% /1l This
reverts RaRagRd oﬁ‘quqlﬁ%lln%oté? (o8, J‘:el e%Fv Im?ﬁﬁ' arfst dﬂ?ﬁqube

dc. DrawLi ne(new Pen(Brushes. G een), new Poi nt ( IChg new Poi nt( )) - 31
/1 Add dv@law. t hen (generabl e ivrewil ART kaverc 1 irerewaireva)e | n
general, a ValidationVisual 503 is conceptually simlar "to a Draw ngVi sual ,
except {IRRIEAVA G2 Bh Vi andl the popisnier siheyen el Gy st ralquest s t hat
it be filled, instead of when the 5 program code wants to populate it. For
exanpl e, intenfaee | bedhe @igerdata Nt ruQtUss, 776, el il gy | Bvel
conposition and ani mati on engine 214 (FIG 2) may invalidate scene graph
dat a0as alksisbiry et arreaeeded esieh azemband pakesofokl ecehetgrempivide not
visible. For exanple if sone parts are scrolled off the 10 displ ay,

cli pped,datal 5o tgrem)| fandhesd nikext thlat eth seEmer grempds dathe i idlat beverleeded,

t he program code 202 called will be Called back to redraw (validate) the

i nval i datedoportion aid tdeiscene gregine Tl 4 hexoesek aneni fped ahedismge
scenario is for a programcode to subclass the ValidationVisual and

overri deArhel dyeOD/E isatweh vt hielre M ¢ hea s yesstmre sl 1 st drinted dand/ad b clatt e
nmet hod, a drawi ng context is passed in, and the programthe uses the

dr awi ng guaybleds repbputdie tded Mablaatdoandh sesl 1in ddemaexasg] eabe | pno-ehdas
one way to inplement a sinple
15 an underlying platform with enough information such that the
platform can optimize the use of the hardware for the program
code. For example, the underlying platform will be responsible
for caching, resource negotiation and media integration.
In one implementation, the high-level composition and
20 animation engine 214 passes an instruction stream and possibly
other data (e.g., pointers to bitmaps) to a fast, low-level
compositing and animation engine 218. As used herein, the
terms “high-level” and “low-level” are similar to those used in
other computing scenarios, wherein in general, the lower a

25 software component is relative to higher components, the closer
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Val i dationVisual, e.g., one that draws a line with a certain 20 color. The
color of the Iine can be changed by calling SetColor. To force the update
of the ValidationVisual, SetColor calls Invalidate to force the graphics
sub-systemto revalidate the ValidationVisual: - 32 pubI ic class

Val i d Vi sual . Val i datignVi b
Ghval i datia] Sk %?%%L@%ﬁ# %”%-e'( R ot SEley TapRiia

Set Col or | or nevvCoI or col C I r; valldate() /1 Force a redraw
of Che Vbt T iR D G gen A e e e

m col or This exa Ie shows how to_use the VaI dat i on\/ sual

MyVal i d&&IHHG 2 WW|%tqfiﬁ1\}i%aﬁie{‘§e SRR Hdring and
Chi | dren. Add(nyW ; nyW Set Col or (new Col or ) ), 5FIG 4 shovvs an
exanpl e aé'Hé‘F?é:Jg? (RGO | 3L Svhi B D ithE n‘é’i‘f\ﬁ@tﬁat}]soréribs DFRA iRt s are
related in scene graph, and have associated data in_the form of_draw ng
prinpt | \Hé'saplpéJSg datig teQriyhes sHRRHE % r BRI Bhtad )i nh e a s sual
is a container for Visuals, and 10 Contai nerVisuals can be nested into each
other. Bf<children of a Cont ai ner Vi sual can be manipulated with a

Vi sual Col | ection returned froma Children property of the Visual Container.
The order of Thee highaleveln QW%WWH@@HW@&T&rQﬁW|%W%h or der
the Visuals are rendered, i.e. Visuals are rendered 15 fromthe | owest

i ndex t QT tgivas twi i ebh d mradrank aadd rifit buidl3ls a (yeanm igprde? ). For
exanple, with proper paraneters with three drawi ng visuals representing
red, gre@pregrhthlagrachiarseens arrcidedlby Urlaresnonteeder20d sual
the followi ng code would result in three rectangles being drawn 5

(trafsl &amertanplee réagh e dowlde drawd nactenglended bacihy drayiaen
rectangle in the mddle and a blue rectangle in front: Visual Collection vc
= m_cv. Ghidtdrestiaes Addlinsw travsyepés ud( )9ache . Iad dihre ve Grreani KBS Ual () ) ;
vc. Add(new Drawi ngVisual ()); for (int i = 0; i < vc.Count; i++)

Dr awi ng\dasial s true tibreavid IfgVi sAARIWilkc[bgd )desdribed beldw,) there are a

number of various ways to specify this data structure 216, and
what is drawn. Further, the high-level composition and

15 animation engine 214 integrates with timing and animation
systems 220 to provide declarative (or other) animation control
(e.g., animation intervals) and timing control. Note that the
animation system allows animate values to be passed essentially
anywhere in the system, including, for example, at the element

20 property level 208, inside of the visual API layer 212, and in
any of the other resources. The timing system is exposed at
the element and visual levels.

The low-level compositing and animation engine 218

manages the composing, animating and rendering of the scene,

25 which is then provided to the graphics subsystem 222. The low-
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v. Transform = Transform CreateTransl ation(i * 20.0f, i*20f);

| Dr aw ngCont ext do = v. Open(); dc.DrawRectangl e( new Brush(colors[i]),

nul I, new Point2D(0, 0), new Point2D(100.Cf, 100.0f)); v.d ose(dc); As

represented in FIG 5, another type of visual object is a SurfaceVisual

504. In general, as r esented in FIG 3, a 10 SurfaceVisual object 315

Cef er encheSh T TR P SORTRREST B AT ides 195 L Oh s Gr R olfe. 202

(FIG 2) can, access.. The client ogram code 202 can supply its own surface

memor y. TP LSRR M. TS PP G 1 SRR T he sur f ace

object. 15 The program code 202 has the option to open a SurfaceVi sual and

get a dridWRIRPEOrR ebie 32U ht 5eRFF Y el FRPRITR ot B2 & Rite pi xel

data 324 or the like and - 34  directly put those pixels onto the

surf ace. Nt s HAWe sy eseitlect nt 1S BE HRY Hee RRIRIFIT N Heen t he

surface object 322, the drawi ng context 323 (shown as a dashed box to

r epr 8serRAVaRtageRiey af X nIere 9 aflee t FRNGRXENT de® dhagmen miTHl gheyyr am code

202 al so has_an option to create a surface visual manager 330 and associ ate

a vi sual L&Y apH I3 2eX%G 0Nl ¢ heviSuke aleles/i ke r 3hdyernhi seppt¢onreguests

represented in FIG 3 by the dashed |ine between the surface object 322 and

t he surfieen visligiplarrigeli eBolongt ethadiigher viavers saberipht3spiaedan

al so nest other surface visuals, as also shown in FIG 3. The surface visual

manager Q3R (ResRMbVER Bkom Rypies of whrteby obf eeessiblidevirtitiBOindo @G 6)

wal ks the visual subgraph 332 to update the SurfaceVisual bitmap 322.

Furt her ,mexhanisms 204 ste reeefeah §Imechenkirindgyor haprl spat tder 308, and

for 15 efficiency may be throttled to control how often this bitmap 322 is

updated. sféel Sir feemder su@l a tranbgleer 3B3Ovelbes and peve rtefé¢revessetd he

vi sual subgraph 322 each tinme and/or at the same rate that the top | evel

vi sual ranager 392thal kewehelawsts of the scene graph. 20 Wth respect to

surfaces, as further described with reference to FIGS. 9A-9C, in general,

t he present grEphi c3 amdled sl ekdrogwbe corgosi graohs 3@ aidv4aGuals to a

surface, i nmredi ate-node rendering of vector and bitmap primtives into a
respectively, including a base object referred to as a visual.

In general, a visual comprises an object that represents a

15 wvirtual surface to the user and has a visual representation on
the display. As represented in FIG. 5, a base class visual
provides the base functionality for other wvisual types, that
is, the visual class 500 is an abstract base class from which
visual types (e.g., 501-506) derive.

20 As represented in FIG. 3, a top-level (or root) wvisual 302
is connected to a visual manager object 304, which also has a
relationship (e.g., via a handle) with a window (HWnd) 306 or
similar unit in which graphic data is output for the program
code. The VisualManager 304 manages the drawing of the top-

25 level visual (and any children of that wvisual) to that window
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surface, conpositing a surface onto the desktop or onto another 25 surface,
and controlling which surface in a surface list is - 35 used to
conposite into or to draw into. A surface list is defined as a collection
of one or nore surfaces (i.e. frames/buffers) of physical (system or video)

menory to stor onposi.tions of_ visuals or graphical draw ngs, or

bot 5 6 o The STt VIRRMATRET 12 TS e wets nih Stheent
back buffer mhengﬂ?ramﬁq? aqglor coqgo it'qg?is done, and one of the

sur f acePAeTHe FHE T PRI LA L eurte T HHRT VY ront buf f er,
whi ch is_used to conposite onto another render target. 10 Surfaces may be
used i n PTG dre © By way of exanple, FIG 9A shows conpositing to a
surface. In FIG _9A, a surface visual nanager object 900 connects a surface
list 902 as a'? &R tERYtiT !l Manadel 1TEeLRIESTRT | MYy SacEEdHPOFT i ng
cycle, the visuals are conposited into the surface 15 of the surface |i st

t hat 2i s LUrFeHIY ok ViR e TERRE &S lePHked oY i dhwpatshee 308 st .
The surface being conposited to can include a_surface owned by the

cli ent/ inh peetded rpoaphiey Enginections Rl oyheprdata prockke low

conposi ting scenarios, a surface owned by the |ow | evel conpositing engine
20 218 flRvekerrmRyeHhet B8 t LG | ©ht Lo ekt ot OFeRIPIHEL G tWwindew t b,

| ow- | evel conpositing engine 218 needs themto conposite the surface onto
anot her setlieas tgenpitally desenbedproedssS suhdret Arpliexnben cSexdrke the

client needs access to the surface bits, but the | owlevel conpositing
engi ne XN®s al k& D& nktuls Thel 8rTdee dudt 10 he¥5 cohMposi Thegsoenk . grads

10 processing will ordinarily be scheduled by the dispatcher 308
at a rate that is relatively slower than the refresh rate of
the lower-level component 218 and/or graphics subsystem 222.
FIG. 3 shows a number of child visuals 310-315 arranged
hierarchically below the top-level (root) visual 302, some of

15 which are represented as having been populated via drawing
contexts 316, 317 (shown as dashed boxes to represent their
temporary nature) with associated instruction lists 318 and
319, respectively, e.g., containing drawing primitives and
other visuals. The visuals may also contain other property

20 information, as shown in the following example visual class:
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The conpositing is controlled by a timng service that is attached to the
Vi sual Manager. One exanple of a timng service, is a manual node that

m ght be used as in the exanple below. // create a manual tim ng service
and attach a V|sual nanager TiningService tiningService = new

Manual Ti Re—v-suad o—the

current bacﬁ) L}flf:e?b%tfrat%ecgﬁﬁ?a%%é‘{ﬁ uaVkEWPPﬁEﬁa%r() foreach (Til ck
tick infimn c ££.0y the next frame of the
surface surfaceL bgfé 4?&¥¥%E§ Zéggigggncgef%e}tlﬁe of the visual tre¢e
timngSefvice. Tig Egig 1ed&ho@@”ﬁ9§{ dehe yisualett.ree to the current |back
buf fer of surfac%u5g§gqhyﬁﬂﬁgercﬁﬁpqe@@k §e@nqther way to use a surface is
wi th i mgedi at e- n@dglienﬁﬁﬂjQQOWO{agagr@@ee }via a context. Attaching a
surface |ist to guvilstaiifRstretare nitgeak ) penablpes nkppredi at e- node
rendering to thepabliadsdf rsbessedangvlikgal thiafualls;currently 10 servVing
as the artive bagkbbitferatfier Pbhet StrdnacerhTsbescEndant éndering i s dong¢ by
obtai ni ng a draw ng ¢ostaEixtreffeoentde surface vi sual and executing draw ng
commands| on t hat conVestal a@lesdesdantbed above. Note that obtaining a dfaw ng
context | ocks the suP¢hele pednthat ot her conpositing operatlons cannot |15 be
done to jt. EachPdPalf mfaidenBaAent sTenesoretr erhrsgeactery( and vectors|and
ot her suffaces can bgl%ﬁ%ﬁM¥e€BFéﬁﬂ%d) onto the surface. However, ot hej
vi sual s pannot be dr&hﬁu%ﬁn955F BIRr f ace, but |nstead can be conposited

into the| surface by, :° atin Vi S nager,
Pﬁé Ca u%? ; %ﬁ E $§ce | i st to a

previ ous|y descr fl 6?

vi sual SurfaceV’g lgqggé% %g ;ggé? §un§s ) V' ual (surfaceList); |/
Pe
@
t

enabl e i pmedi at e; gﬁgﬁﬂéﬁ o) §} qp? Quf;g eprface
al

BaseEXaM/nngnteikb Qc-bggy'Hé% }aM/a ine (i mediately)

to the current back buffer of he surface

As can be seen, visuals offer services by providing
transform, clip, opacity and possibly other properties that can
be set, and/or read via a get method. 1In addition, the wvisual

5 has flags controlling how it participates in hit testing, as
described below. A Show property is used to show/hide the
visual, e.g., when false the visual is invisible, otherwise the
visual is visible.

A transformation, set by the transform property, defines

10 the coordinate system for the sub-graph of a visual. The
coordinate system before the transformation is called pre-
transform coordinate system, the one after the transform is
called post-transform coordinate system, that is, a visual with

a transformation is equivalent to a visual with a
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dc. DrawLi ne (pen, startPoint, endPoint); // unlock the surface - we're done
w th i nmedi at e-node rendering surfaceVisual.C ose(dc); Another use for
surfaces is when conpositing a surface 5 onto anot her render target. To
this end, once a surface list is attached to a surface visual, the surface
can then be aﬁtache.d as a node in a visual %e% and tagl]rel surface. of the

surface 1SRG RIENtAS SHIAHY as T ph iFHSF B RV IHET &2 can
be conposited to another_surface or, o the desktop. 10 This is illustrated
T B S (0 (BT T o AP L S BT TR E G san
SurfaceVi sual surfaceVisual = new SurfaceVi sual%gﬁurfaceLj st); // Add the
sur f ace ¥Rt TaR N e <5 tSHRF FEtHER %9 % ender
target rootVisual . Add(surfaceVisual); Live conposition to/froma surface is
represetietdr FIT® IRE heted tihe RS RTat IRy tapabiisides He conbi ned
so that conpositing to the back buffer surface of a surface |ist and 15
conpBsi tTHRPFEUM ORI fRe WRfdace of a surface list (e.g. to the
deskt op) happen sinul taneously. Note that to - 38 elimnate_the
undesi r abl e Wee® @igtecth& it dinatearirans foens iaadee 132l e uln dhave at
| east two surfaces, a front and a back buffer surface. A surface used as in
FI G 9Cuymiioge|wawvireesrHeindowae el Ehgiere 28,2 pimeR. cr¥®%e process
5 surface to make the conposition in the low |level engine 218 perform
better. it dduss gdeet omst meakedhat | orpehermtioealvass aeRly okeh in
t he exanples of constructors below public class Surface // create and
al | ocat éoiatnerak buf favet whatowaetsingrdexied al publ fectSed flae efgans hxhesh, i nt
hei ght, int dpi, Pixel Format pixel Format, SurfaceFl ags fl ags)
10 equally. By way of example, if the user draws a circle with a
round pen that is one inch wide and then applies a scale in the
X direction of two to that circle, the pen will be two inches
wide at the left and right and only one inch wide at the top
and bottom. This is sometimes referred to as a compositing or
15 Dbitmap transform (as opposed to a skeleton or geometry scale
that affects the geometry only). FIG. 8A is a representation
of scaling transformation, with a non-transformed image 800
appearing on the left and a transformed image 802 with a non-
uniform scale appearing on the right. FIG. 8B is a
20 representation of scaling transformation, with the non-
transformed image 800 appearing on the left and a transformed
image 804 with geometry scaling appearing on the right.
With respect to coordinate transformation of a wvisual,

TransformToDescendant transforms a point from the reference

25 wvisual to a descendant visual. The point is transformed from
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/'l create a surface using the supplied nenory public Surface(int width, int
hei ght, int dpi, Pixel Format pixel Format, IntPtr pixels, // managed nenory
for the surface Int stride) // create froma source (i.e. Clone) public
Surface(Surface sourceSurface, SurfaceFlags flags) // Create fromFile or

URL blic Surface (Stri fil Sur f Fl I [l Create f

St eam PUb ST A (TR G ST S e S (A TTe) /1
Create from HBI TMAP (which can't_be selected into an HDC Bﬁglic Sur f ace
(B T AT el SR SR AT Yo SR F Rt HIRESE SUI 768 Sur T ace

H CON hj con / read-onl roperties - 39 blic Int Wdth et.
Chbie Mssdindant cogial Y PEAREd e Sironhesgedtini T adis S 4 9

For mat { get ; ublic int Stride{get; ublic IntPtr, Buffer et ; ublic
cl ass S&q%ij{kf%tdqsqe}n@rgat\@s&iqq& HP %?}P%I%ﬁ@%%rcf%é% Y ‘ih%gﬁeﬁ%ﬁ%?‘%

dat a%. public SurfaceList (int wdth, int height, int dpi, PixelFormat
pi xePForfietual ntThe AR ades , L rans e gir am KRR 79 anSER @S 1NN f aceli st
that uses the specified surfaces // Al the surfaces nust have identical
proper t i®eeydinate /9pafin ofettle GrAgerdamil recrld sttq RFtece []surfaces) //
change the front buffer to the first-in-line back buffer public Flip() //
advance tiansEmafdrerceerdins e xaraas fak chripretenenaq Vgl ¢ ithe
Front Buf f er | ndex {get; set;}(fublic int BackBufferlndex {get; set;} public
Sur f ace @tFrtaRAUdY Mefid o« S Sl tBaadBuig 93 Pubiie et
Get Surface(int surfacel ndex) Once constructed, a surface and/or a surface
list carphetlse dfiswhedin Pes sthfamet amatsl owhjeetdinate pageualNghager
object. - 40
10 that there may be an alternative version of the API where more
specific specifications are allowed as to how the transform on
a visual is interpreted during a coordinate transformation.
For example, the transform on the reference and descendant
visual may or may not be taken into account. In this
15 alternative, there are thus four options, e.g., coordinates can
be transformed from pre-transformation to pre-transformation
space, pre-transformation to post-transformation space, post-
transformation to pre-transformation space, and post-
transformation to post-transformation space. The same concept
20 applies to hit-testing, e.g., hit-testing may be started in
pre-transformation or post-transformation transform coordinate
space, and the hit-test results might be in pre-transformation
or post-transformation coordinate space.

The clip property sets (and gets) the clipping region of a

25 visual. Any Geometry (the geometry class is described below

- 26 -



[/l Create a surface visual public SurfaceDraw ngVi sual (Surface surface)
public SurfaceDraw ngVi sual (SurfacelLi st surfaceList) // Create a visual
manager with a surface render target public Visual Manager (Surface surface)
publ i ¢ Vi sual Manager ( SurfacelLi st surfaceList) Further, a surface can get

data froma decoder, and/o e its data to an_encoder for witing to a
Speci 11 o i Febrraned S (g Fah SidE st d SR Elonthe et tier fect s
interfaces, A surface can be constructed for an ixel format fromthe full
ot Cof IS LI e TOT IR T P L vty BOa b s TR Sy be
made to the ecified pixel_format, e .g., if the specified pixel, forpat is
| ess thacflo%rﬁjg‘??"se p%ﬁ?a%r' xel 17 t PR %Imlg%?mtwrlﬂ %e ot bt Pt B2 BPY s
per pixel. 10 Wenever bjts are requested froma, surface ip the original
format, the SHARPRERS WedioR DRt t of & bufFRrCbIPRHRY r ek ctPpi Re
format using a format conversion filter. Returning to FIG 5, yet another
vi sull i sheuwghiwnel/i asiadn 505 ikt ¢ lopostiipming MaSnghe | Grefnt-don e
scene graph. 15 More particularly, |legacy programs will still operate via
the WM BAL NT.aethog (or the like) that draws to a child HWd (or the like)
based on prior graphics technology. To support such prograns in the new

P78 scene oran Ged Rt e SEnt TRt LAY Uttt e R A
e oS SAD, Fh 100 Alng S oLl L Uatkoe Wt axugting pnds.
and - 41 cannot_be rotated or scaled |ike other visuals described above.
Some. ol IFAHEY S HoRaTDIRATEE ot SeTReth T e (Ui her ST FE shod
eSS o 5, 8 sPLoNG  cciatale, el s ¢l pped durLpg el ot ve
are aJchégeséﬁggblgggkﬁg%mode that is used. For example, an opacity
(alpha) value may be set between 0.0 and 1.0, with linear alpha
blending set as the mode, e.g., Color = alpha * foreground
color + (l.0-alpha) * background color). Other services, such
15 as special effects properties, may be included in a visual,
e.g., blur, monochrome, and so on.
The various services (including transform, opacity, clip)
can be pushed and popped on a drawing context, and push/ pop
operations can be nested, as long as a pop call matches a push
20 call. For example PushTransform(..); PushOpacity{(..);
PopTransform(..); is illegal, because before the PopTransform
call, PopOpacity needs to be called.

The PushTransform method pushes a transformation.

Subsequent drawing operations are executed with respect to the
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present object nodel is extensible to allow others to be devel oped. For
exanpl e, as represented in FIG 11, a | ayered visual 1100 enabl es an
application devel oper to separately 10 control the information in a visual
via nultiple data streans, providing a finer granularity of control

relative ta visuals having. a single data stream Note that simlar

gr anul ar?‘f%‘%‘% oS ?rlﬁ%ﬁl%' agﬂ?ﬁrp??%ﬁ%?f‘% OHAKRE (€g., three)
separate child visual s under single parent visual, however thjs 15
o pec AL PR b A CR Rk B i CUMAY | RS GG Lh 8 rror e
conplicated than working with a single |ayered visual having indexes to
multiple |ayers. By way of exanple, in FIG 11, background data, content

data and border daf@tarB e seel™ AR HfR FE3Rs EeF™) sual, 20 but are
sepaPat ed from one’ ot HetR e R S My bx [ B3efi%hl ue, e.g., 0, 1 or 2,
respectively. LayefRt¢aPrBerameke¥BH) i ncluding tacked onto either end,
and/or deleted, with the |ayering order (e.g., left-to-right as shown)
defining an inpljed Z-order for display. Note_that for security, child - 42
content and otHeklafatw i Hh@ PuskiRACITE FaetRANPEShRS ctinep2t By @ hee-
types of visuals include container visuals, and redirected child HWd

vi sual s, Subpsefiemt cHREHLT | QPeFAWPRD 'S FRRGRRCd P/l 3 neApRFaXed into a
surface visual. Three dinmensional visuals enable a connection between

t woldi nevist bree whidh t theeskkpehsednepasbly desalee gand athemeeempoketei ew i s
possi ble via a two-dinensional visual having a viewinto a

t hr ee- di Hebsi Orel sopireé d. BOPNbayity poRs reseuerac by cpushed oy nlue abl e once
created, that is, once they are created they cannot be changed for various
r easons,md e it nushopideiyy ngalhr eadi ng i ssues,

void PushOpacity(float opacity);
15 void PushOpacity (NumberAnimationBase opacity);
void PopOpacity();.
The PushClip method pushes a clipping geometry. Subsequent
drawing operations are clipped to the geometry. The clipping is
20 applied in post transformation space. PopClip pops the
clipping region pushed by the matching PushClip call:
void PushClip(Geometry clip):;
void PopClip();.
25 Note that push operations can be arbitrarily nested as

long as the pop operations are matched with a push. For

example, the following is valid:
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preventing corruption by others, and sinplifying the interaction with

el ements and APIs. Note that this generally 15 sinplifies the system It
shoul d be noted, however, that it is feasible to have a system where such
obj ects are nutable, but for exanpl e woul d require managi ng a dependency
gr aph. fFer—exarp! ﬂdns‘fu‘g- s—posstble—tohave—a system where such
objectg are rﬂfra@ ) program code changed the ¢lip set on a 20 Visual,
t he vi qual mlsdcngﬁd ;o be re-rendered, thus requiring a notification /
regi strjati on oreehari(sm);e.g., if a new cI ipis assigned to a visual, the
vi sual |regi st@tp§1}rt(§elf with the clip for notifications (e. g., aclip
changed noti fﬁ”c'? g‘f )EOr‘)"T(hus “in one inplementation, for sinplification

pur posegs, res&%g& srPdi.ects are imutable. - 43 These resource objects
can be |def i nedpwidxrarcOnst ructor, which is a straightforward, generic way
to create an object, or by using a conpanion builTder object, as described
bel ow. For instance, to create a SolidCol orBrush, (brush objects are 5

described belpid- t & CONS LT 4IGOF £ SBieddef Sk B 1SN NABS £t 1@
Sol i dCol or Brush(Col ors. Red); The user can al so use the static nenbers on

the Brush@srdtht S$pd @ 98in@ S&tuPhs AR deidmiet: ¢ 0d O SaciBesAtiSEe & FARE &bl €

obj ects cannot be changed, to effectively change an object, the user needs

to creatg; &, iewied ecd @nd, rep) aceide nge@r@r%é&étcﬂ&tms end, many
of the resource objects in the systemnay utilize the builder 15 pattern,

I n wai chyd fapit bl e ﬁ&?lﬂtﬁérr@é@e &AL £6h W f NeiRe bl { def o &L sy I Gh £Sr 2

conmpani on class that is mutable. The user creates an imutable object to

mrror tﬁ@c«"@é@t{‘ﬂfr@o S§laP0 4016, by d dfran SESARES: Sh NeYL R hder {084 hat

obj ect, and initializes 1t fromthe i mmutable object. The user then changes

the 20 &'@% é‘sté‘e&?ésx?{éfuap‘v?ﬁeﬁé’“&etﬁft USELt C Q&‘éi@eé‘ “%%Péf&t by

changing t der and reusl ng |t to create anot imuiabl e 0
Note th I t. pr t| e and
that i m?réu}%gltgl e Obj ect s@égalﬁe'htg%)lL %Mnig%ﬁtebuc%) P@fﬁ & ﬁﬁ P %Ha%ﬁ?er

prOpertYHlt—testlng may be controlled with various flags, including

10 HitTestable, which determines if the visual is hit-testable
(the default is true), and HitTestFinal, which determines if
hit-testing stops when the visual is hit, i.e. if a Visual is
hit and the HitTestFinal property of the visual is true, hit-
testing aborts and returns the results collected up to this

15 point (the default is false). Another flag is
HitTestIgnoreChildren, which determines if the children of a
visual should be considered when hit-testing is performed on a
visual (the default is false).

A ProxyVisual is a visual that may be added more than once

20 into the scene graph. Since any visual referred to by a

ProxyVisual may be reached by multiple paths from the root,
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25 change event. - 44 Thus, instead of using a constructor to create a
Sol i dCol or Brush as descri bed above, a SolidCol orBrushBui |l der nay be used:
Sol i dCol or BrushBui | der MyBui |l der = new 5 Sol i dCol or BrushBui | der () ;
MyBui | der. Col or = Col ors. Red; Brush MyBrush = MyBuil der. ToBrush(); 10 Most
objects that take, statijc val ues al so_.take animation objects. For

"t ance Soh THE T hERBRT HAT ] ST S TR ovEr T O TR T T SRS hat

t akes a Poi nt Ani mat i onBase f or tqﬁ?center of the circie. In this way, the
user carfRpeet FYEFTLHAMMatYoOrs | MR i F BeXY TS Y7 T i t 1V eSFRSRFS For 15
resource objects there exists an anipation col]ectjon in addition to the
base val tRETEHES CRF CHHMEET RP ERET IBYARY THEUS YO vt etP?o 2hi HREe the
above exanpl e, the user could specify the following exanple |jne before the
brush i sVheitdt: EoRe MERi FoRE . RBHRr 90F e ? b s AHR e CoP BPRAY HEEa bR( . . . )) ;
Note that an object with anipation paraneters is still _innutable, because
its ani mati oPHareEERTRREeH 13t BEF ¢. O HOVRYEPUS WPt hef sebFier bf apfei s
processed éf. 3., traversed), 25_the meaning of aninmation parameters
changes &okined e} BRei Pl ehle BYPRAr aleel ¢iingi PR nMeYISEatf co0tata. As
descri bed above, visuals can be drawn on by popul ating their draw n

cont ext SPYRWHIGEE $1eruks of @i NG bidat i oRessua he| Qﬁngsﬁﬁ%ﬂ%@Vy$u¢%%g%%ﬁta and
Vi deoData. Furthernore, - 45 there are a set of resources and cl asses

t hat ar eanhdi@dVigeulh 205 s Hi¢rieakladkelani seiscfoels feam@pldr ushes,

methods of a DrawingVisual:

public class DrawingVisual : Visual
{
public DrawingVisual();
public IDrawingContext Open() ;
public IDrawingContext Append();

10
A DrawingVisual is a container for graphical content (e.g.

lines, text, images, and so forth). Note that it is possible
to add a Visual into a DrawingVisual, but in some
implementations this is not allowed. The DrawingVisual 502

15 includes an Open method, which returns an IDrawingContext that
can be used to populate the DrawingVisual, e.g., with other
visuals and drawing primitives, as described below. In one
implementation, for various reasons also described below, a
DrawingVisual may be only opened once to populate its drawing

20 context; in other words, such a DrawingVisual is immutable with
respect to what can be put into it (although program code can

replace a resource object to which a visual is pointing).
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Geonetry, Transforns and Effects. The | Draw ngContext exposes a set of
drawi ng operations that can be used to populate a 5 Draw ngVi sual,

Val i dationVi sual . | SurfaceDraw ngContext, a base interface to |IDraw ng
context, can be used to populate a SurfaceVisual. In other words, the

drawi ng cont ext, exposes a_set of draw ng operations; for_each drawin

oper at I o L Fer ER5 BE P HRPEE FORE, DR eo A DORKLSE Cns AR REAE AT fiAtAL s, and

one 10 that takes anjnators.as argunents. The DrawlLi ne nethod draws a |ine
With thetSpetPFeedipEnd ¢ ot PR Igg ?dpof n? - t oO°F hENRNAEPBTRY . CHBFFE- voi d
DrawLi ne(Pen pen, Point start, Point_end); public void DrawLi ne( Pen pen,
Poi nt Ani ME§ onERs 2Rt FPEN Fai ht BAY nal PRRENRY eren fhe(ERAEbERbCRR angl e
met hod draws a rounded rectangle 15 with the specified brush and pen; brush
and pen ¥hfudb nla?we*f%ablrmco%i@1tﬁmwﬂem&rﬁﬁ@talwushh%msh% Pen
pen, Point topLeft, Size size, float radius); public void ,
Dr awRou nefe PANYT APBPUS HBERRA, PRNOPERA, & PORFY 2RF ndi sedBate @ opRRRer
Si zeAni mati onBase size, Nunber Ani nati onBase radi us%{; public void
Dr awRounéfediRezPRefe (t®r tBAL by igkal PenIpepthep| werdspLan t OpenForAppend
bottonki ght, - 46 float rx, float ry); public void DrawRoundedRect angl e(
Brush bréghl werkpehik@oPpenni patephBaEe ¢oprent crprenintfathenBase
bot t onRi ght, Number Ani mat i onBase radi usX, Nunber Ani mati onBase radi usY); The
Dr awCeonefawyingy heda Hr bswsnat pat taned hoeheor pelee f orenbr ush and pen; brush
and pen can be null. public void DrawGeonetry( Brush brush,

The following is an example of how a drawing context is

10 used to populate a visual:

ContainerVisual cvl = new ContainerVisual();
DrawingVisual dvl = new DrawingVisual ();

// Open a drawing context. The context
// will automatically be closed when
// exiting the using block. This will also
// replace any contents that might already
// be in dvl.
using (IDrawingContext dc = dvl.Open())
{
dc.DrawLine(new Pen(Brushes.Blue), new Point{(...), new Point{...));
}

// Add dvl to the child collection of cvl
cvl.Children.Add (dvl);

// Add another arbitrary visual to cvl
cvl.Children.Add (someOtherVisual) ;

// Create another DrawingVisual
DrawingVisual dv2 = new DrawingVisual();

using (IDrawingContext dc = dv2.0Open())

{
// This sets up a new coordinate system
// where everything is twice as big
dv.PushTransform(new Scale(2.0, 2.0));

// This line is drawn in the new scaled
// coordinate system.
dc.DrawlLine (new Pen{(Brushes.Red), new Point(...), new Point(...));

// This reverts to the original coordinate system.
dv.PopTransform() ;

dc.DrawLine (new Pen(Brushes.Green), new Point(...), new Point(...));
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Pen pen, Geonetry geonetry); 5 The DrawRectangl e nethod draws a rectangle
with the specified brush and pen; brush and pen can be null. public void

Dr awRect angl e( Brush brush, Pen pen, Point topLeft, Size size); public void
Dr awRect angl e( Brush brush, Pen pen, PointAni mati onBase topLeft,

Si zeAni pationBase-si-ze) 10 e Dr awSy = draws—a 3
voi d Drawsurface( Surface surface, Point topLeft, Size size, float
opacity) y, pédl b ¢oi cheDeanWSUEb acRE il Eaga ;i mage, Poi nt Ani nati onBase
t opLeft | «& oeAndreat h@nBase: si ze, Nunber Ani mati onBase opacity); - 47
Geonetry is a type of class (FIG 12) that defines a vector graphics
skel eton, without stroke or fill. Each geonetry object is a sinple shape
(Li neCeonet r yrn Hdndgase1Ge ot Vi, ddRecdangd eGe B ryg , cdh&apphaeiXl 8i sighiel sshape
5 (Pat hGeonetry) or a list of such shapes GeonetryList with a conbi ne

oper at i oo (&.DhawingVidual Ntetsast | thut andrsni datidnvispesl fiedodiested
objects forma class hierarchy as represented in FIG 12. As represented in
FIG 13,widie fiad hésporet ryednsest d Ocletd | BEHeONE OF 1 &l QU R R CH 5. wHéh tEha,
each of the Figure objects is conposed of one or nore Segnment objects which
act ugl | yokied#die ddide fai L' o PEhElathe HOUr erdS kST SECd Qe r BodONMEL I'y
that defines a segnent collection. This segnent collection is a single
connect egh S¢rd ess&fi d waysli Mefsi @nat7sl5 S eidh ORdeet Scomfhtes 7 K eak@n be
either a closed shape with a defined area, or just a connected series of

Segment ;i tion engine 214 (FIG. 2) may invalidate scene graph data

- et hod o A Q

Hblic

as resources are needed, such as when part of a scene graph is
not visible. For example if some parts are scrolled off the
10 display, clipped, and so on. If the invalidated scene graph
data is later needed, the program code 202 called will be
called back to redraw (validate) the invalidated portion of the
scene graph. To this end, one typical usage scenario is for a
program code to subclass the ValidationVisual and override the
15 OnValidate method. When the system calls the OnvValidate
method, a drawing context is passed in, and the program the
uses the drawing context repopulate the ValidationVisual.
The example below shows one way to implement a simple
ValidationVisual, e.g., one that draws a line with a certain
20 color. The color of the line can be changed by calling
SetColor. To force the update of the ValidationVisual,
SetColor calls Invalidate to force the graphics sub-system to

revalidate the ValidationVisual:
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define a curve,
is defined by taking the contained Figures that have their
set to 20 true,

but no enclosed area. The filled area of the Pat hGeonet
Filled prope
and applying a Fill Mbde to determ ne the encl osed area.

ry
rty

Note that the Fill Mbde enuneration specifies how the intersecting areas of
Fi gure objects contai ned in a Ceonetry are conbined to formthe resulting

area of the Gbonetry An Alternate ruIe determ nes whether a point is

i nsi de —CAAV-ES ay—ftroem-that—peint—toe4- 48
infinit pPHrﬁﬁjﬂﬁﬁFeg¥V%ﬁﬁd%%ﬁ8EYﬁ%%agxaﬁfﬁﬁﬁétiqﬂyaﬁPﬁaes where a segnment of
t he shape crosses, the ray. B ti.n a co f [0 and addi ng|one
each tipe a ZghenPVSFﬁg%%§K¥ﬁ%b?g§i é%ﬁ% # ??W%Qﬁaant%ft subtractlng one
each tipe a pathySpsed (f LRSS ES the ray fron1r|ght to left, after

counti ng the}crOSS|ngs the result is zero then the point is outside the
path. GQherwise, it is |n5|de. A "wi nding" rule determ nes whether a point
on the canvasupisid Rekdesetatifl oqtkSobyhLoeepi ual ly drawing a ray from fhat
point to inf{nity in any 10 direction and counting the nunber of path
Segnent s from t he cgilven= shrdppe ;t hat the ray crosses. If this nunber is odd,

t he point is ingingdelidéteilen,//t RerpoiantredsavudSitte VASidepresdstued to kI G
14, wheh geonetry (e.g., a rectanfledt ithedralwy chamgesh or pen can be
specified, ak 15 descri bed bel ow. Furthernore, the pen object also has|a
brush 031ectpr¥¥dﬁﬁu§h1@bﬂééxﬂ@éf|nes how to graphically fill a plane, and
there is}ta class hierarchy of brush objects. This is represented in FIG 14

by the filled rectangle 1402 that

rect angl

results when the visual including the
e and brush 20 instructions and paranmeters is processed. As

descri bed belTvks symahpehays Biaws Hes Yssudhas/ st e/ i@ Ini ne gri ds)

si ze thensel ves.

boundi n
i s set
49

1

10

15

When used,
MYl idatgonViyaeal (e VGradee MiflidapeerVimEldnini ts for the Br

0 25 (bj ect Boundi ngBox, the boundi ng box of the primtive that
container.Children. Add(my

I

myVV. SetColor (new Color(..)):;

FIG. 4 shows an example scene graph 400 in which

ContainerVisuals and DrawingVisuals are related in a scene

graph, and have associated data in the form of drawing

primitives, (e.g., 1n corresponding drawing contexts). The

ContainervVisual is a container for Visuals, and

ContainerVisuals can be nested into each other. The children

of a ContainerVisual can be manipulated with a VisualCollection
returned from a Children property of the VisualContainer. The
order of the Visuals in the VisualCollection determines in

i. Visuals are rendered

which order the Visuals are rendered, e.

from the lowest index to the highest index from back to front
- 33 -
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being drawn is used. |If those properties are set to User SpaceOnUse, then
the coordinate space is used. A Pen object holds onto a Brush along with
properties for Wdth, LineJdoin, LineCap, MterLimt, DashArray and
DashO fset, 5 as represent ed in t he exarrpl e below. public enum System

W ndows. |\/Ed| PenLi%e n q%are 10 public enum S}/item
W ndows. =T a B ENL o) ’foﬂ ?’é?mp%m‘&l VePPTE DO 25 hubfi € tlass

Syst Const t bl P | or, fl oat
Jan o ??%%%%wu%hsméhrem%?n ”ﬁ%ﬁ%gd?}’%'?%ﬁe%'ﬁggo L8681 i c f1oat[]
DashA b fl DashOr f set

F|§atLLI%%%F%%%%?% g?B%Efgéﬁ%i}geﬁ%\?ﬁggiﬁégg B%% 8}SﬁﬁgllEh@enLlneCap

Li neCa - bl P J Li neJ bl f | oat

M tert) rfetfouite p%‘og%ﬁwﬁféi 8%%& ?nhllfl g %e%’mgif%ﬁpeﬁgt FRWRL i ons {
get; } public float Cgam ty { publi ¢ Fl oat Ani mati onCol | ecti on
Qpacidt y AhFR&RF LRI RS geP t?epﬁbghe ee@sﬂowwhsha{ra@treyteegieclm|e%fkvv@th {
get; } public FloatAnimationCol | ecti on W dt hAni mations {_get; % 30 35 40 45

publ i c seBaPEY E%’é@n@ygtemtwnrabv\glemﬂaaee%wree\:angheu FAETPRE Fiel ds
5 10 15

VisualCollection vc = m_cv.Children;
vc.Add (new DrawingVisual())

vc.Add (new DrawingVisual());

vc.Add (new DrawingVisual())

for (int i = 0; i < vc.Count; i++)
{
DrawingVisual v = (DrawingVisual) (vc(i]);
if (v != null)
{
v.Transform = Transform.CreateTranslation(i * 20.0f, i*20f);
IDrawingContext dc = v.Open();
dc.DrawRectangle (
new Brush(colors[il),
null,
new Point2D(0, 0),
new Point2D(100.0f, 100.0f));
v.Close(dc) ;

As represented in FIG. 5, another type of visual object is
a SurfaceVisual 504. In general, as represented in FIG. 3, a
10 SurfaceVisual object 315 references an in-memory surface
(bitmap) 322 that the program code 202 (FIG. 2) can access.
The client program code 202 can supply its own surface memory,
or it can request that the memory be allocated by the surface
object.
15 The program code 202 has the option to open a
SurfaceVisual and get a drawing context 323, into which the

program code 202 can write pixel data 324 or the like and
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20 25 30 Constructors public PenBuilder(); public PenBuilder(Color color);
publ i c PenBuil der (Brush brush); public PenBuil der(Pen pen); // Properties
public float[] DashArray { get; set; } public float DashOfset { get; set;
} public Fl oat Ani mati onCol | ecti onBuil der DashO f set Ani mations { get; }

public PenLi neCap L et, } public_PenLin 0|n LlneJ0|n { get;
Det: ' RbTPCEHY ORME NERaRE REFSTS gabto LERE FUEERTRc THLE
FIoatAnlnatlonCoII ctionBui l MterlinmtAn ons } public float
paci ty Togbeseteed 30 ohER: 9%&%.%@%&%&%%&?8@%&a%? sbfats

Opaci tyAni mati o { ge ublic Brush PBr set ; ublic fl oat
warh | Oeioctet22] Pani TEEPHBa K REKE ofe! | SCeTbne: f ot Eheau AR Hat i ons
{ get; } /1 thhod gubllc Pen ToPené% ; As ment | oned_above, the graphics
obj ect nB%%?e%?thét 5CHFRIERFY | RYEWEE bn ?ﬁcFﬂ%égléehrﬁgﬁao%?éct nodel ,
mhlch is generally directed_towards_the concept of covering a plane mnth
pi xePs. ExanpF® BFogydRsCofiept idhdisarkas epietRhied FA ER82ReeRarchy of
FIG 15, and, under a_Brush base class, include SolidCol orBrush

G adi ent BRESRCE | YibgeBt (BRIAYRE uAP Br 38R LRPPEHAED @aViiFed br 8RRSraPRi 333l )
and N neGidBrush. G adientBrush includes LinearG adient and Radi al G adi ent
obj ect s. wagh delder fpefaapbieuaBr §5h- obTleEs sORE £OR nidit BBPESsented 1n5Fb%b| ic
abstract class System Wndows. Media. Brush fl oat Cpa0|£éz{ get;

Fl oat Ani freleY obite| feehednl tpachelwaenathensurfgee; obigpe | anfl n@hg ets

forth an exanple HrushBuilder class: 10
surface visual manager 330. Note that the wvisual subgraph 332

10 can also nest other surface visuals, as also shown in FIG 3.
The surface visual manager 330 {(alsc shown as a type of other
object in the set 620 of FIG. 6) walks the visual subgraph 332
to update the SurfacevVisual bitmap 322. Further, note that
this traversal is scheduled by the dispatcher 308, and for

15 efficiency may be throttled to control how often this bitmap
322 is updated. The surface visual manager 330 does not have
to traverse the visual subgraph 322 each time and/or at the
same rate that the top level visual manager 302 walks the rest
of the scene graph.

20 With respect to surfaces, as further described with
reference to FIGS. 9A-9C, in general, the present graphics
model thus allows compositing a set of visuals to a surface,
immediate-mode rendering of vector and bitmap primitives into a
surface, compositing a surface onto the desktop or onto ancther

25 surface, and controlling which surface in a surface list is
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15 public abstract class System Wndows. Media.BrushBuilder . Builder {
public virtual Brush ToBrush(); public override seal ed object
Createlnstance(); return ToBrush(); float Opacity { get; set; }

Fl oat Ani mati onCol | ecti onBui | der OpacityAnimations { get; } } 20 Note that
Brush ob'%s:%s may recogni ze how th"gé/eé el ate to the coo%gi nﬁ.e syst em when
they ar d° RS THow tHey el 43 3 Dourfdi T H5E of*$hetShape on
which they are used. In general, information such as size may be inferred
from t hESbed & WACH-SHo B (Rh T8 P VT 1R0%9 ol o1y, many of 25
the brush types use a coordinate systemfor specjfying sone of their

par amet eﬁ’%a’x%ﬁ@i%%ﬁ rfak é’%’t‘?ﬁ#c%ﬁ’%ﬁrﬁ&r BEL R MRy raFed ik to the
si npl e boundi ng box of the shape to which the brush_is applied, or it can
be rel atiiRF Y FURCTdorWhatl GpHtel s HaHf FPRRIGRe AW HET i R tAREN t he
brush is used. These 30 are known, respectively, as (ObjectBoundi ngBox node
and Bser@pacioitke Fidaces 52t theg 3¢e ehtft SHRY R Whddvhsd current
Medi a. BrushMappi ngMbde Obj ect Boundi ngBox, User SpaceOnUse, A Sol i dCol or Brush
obj ect fhagk huefeerhere crprare andira VR Eolng .19 fdenrr @nd @Ie al pha
conmponent _of the color, it is conbined in a multiplicative way with the
cor r espotfdi Hie 191 0Rese yhtthe binefaee thes Brig e efasts i@ adsrrame f ol | owi ng
sets forth an exanpl e SolidCol orBrush object: public sealed class System
W ndows . PNt Y Sy diGodor Brwksker, Brlusth 155 2059% 130 GBua@site Gons@ ruct or s
public SolidColorBrush(); // initialize to black public

Sol i dCol an®rheh (1@n@er codxg9t . public

Sol i dCol or Brush( Syst em W ndows. Medi a. Ani mat i on. Col or Conposer

col d0ConposerJyrfdcey opey thesused in a number of ways. By way of

example, FIG. 9A shows compositing to a surface. In FIG. %A, a
surface visual manager object 900 connects a surface list 902
as a render target for a visual tree 904. During each
compositing cycle, the visuals are composited into the surface
15 of the surface list that is currently serving as the active
back buffer for the surface list. The surface being composited
to can include a surface owned by the client/high level
compositing engine 214 (FIG. 2) for in-process compositing
scenarios, a surface owned by the low-level compositing engine
20 218 for scenarios where the client does not need the bits but
the low-level compositing engine 218 needs them to composite
the surface onto another render target, or a cross-process
surface, for scenarios where the client needs access to the
surface bits, but the low-level compositing engine 218 also

25 needs the surface for other compositing work.
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public Color Color { get;
public class System W ndows. Medi a. Sol i dCol or Br ushBui | der
Constructors public SolidCol or BrushBui | der () ;

Sol i dCol
Sol i dCol
Col or {
Met hods

simply RIS

set of gradient stops,

} public I Enunerator Col or Ani mations { get; }
Br ushBui | der
public

or BrushBui | der (Col or col or);
or BrushBui | der ( Sol i dCol or Brush scp);

get; 8 ;C‘}mQRFn’it’rlcn%rﬁ%mﬁ‘?rb‘?ﬁl‘?@tefg&?ibr%n‘?w&“ﬁ%r%el{wgﬁ ;that /is
public virtual Brush ToBrush(); The G adi entBrush opjects, or
,t‘br% cfélsdﬁb]r ARRAHET § | | 0N iR &) r AP BYAIRE f yi ng

whi ch specify the colors along sone sort of

public
/'l Properties public Co]or

progressTOVige The Yt TR CRERAR IR gt FETeR AP | ithedie example

i nt erpol

ations - 53

I

a

bet ween the gradient stops in a ganmma 2.2 RGB col or

space; i®R¥pol ation through other gammas or other col or spaces (HSB, CMYK

and so f
i ncl ude
of a lig
(with t
stops s
there we
speci fi g
speci fi g
cl ass (¢
W ndows.
public (

10

15

orth, is also a feasible alternative. Two types of gradient ob

/Y ngZ8e ta il "PRR la b iygdPRitise and| at

/ Ref d41isu e COoNnpos
B AFP RN Ent TS EGPST VS ch P8 fanRE

o7 HLSURT AT RGR
B SR OB YBRESE NS & o

he /i agldded ahphaval uele andiAd QbR padd vhhfecar@NguGhadi ent

etkfdiednaddierfasshn) i s drawn as a solid transparent black, as if

ere no brush specified at all. If there is 10 only one gradient

g,"r?%?é‘ BFifEh 1k dravirtagSexVvaeR)i d col or with the one col or

. Like Q&Jagae SRoMGe ;%e%_ot@%%hgoneig £LA3565 kNG, gradi ent st

exanpl eulkfudehesd alker glE@)vy i s imutable. public class System
Medi a. Gradi ent St op public G adi ent Stop(Col or col or, float off§

ol or ol etvajicgethe ¥ime of the visual tree
timingService.Tick(tick);

h
L

h

// composite the visual tree to the current back buffer of surface
visualManager.Rendexr () ;

Another way to use a surface is with immediate-mode

rendering to a surface, via a context. Attaching a surface

list to a visual (a surface visual) enables immediate-mode
rendering to the surface of the surface list that is currently
serving as the active back buffer for the surface list. This
rendering is done by obtaining a drawing context from the
surface visual and executing drawing commands on that context,
as described above. Note that obtaining a drawing context
locks the surface so that other compositing operations cannot
be done to it. Each drawing command is executed immediately,

and vectors and other surfaces can be drawn (blended) onto the

surface. However, other wvisuals cannot be drawn onto the

surface, but instead can be composited into the surface by
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publ i c Ani mati onEnunerator Col or Animations { get; } public float O fset {
get; } public AnimationEnunerator OfsetAnimations { get; } public class
System W' i ndows. Medi a. G adi ent St opBui | der . Builder { public

G adi ent St opBui | der () ; publ iC Gradi ent St opBui | der ( Col or coI or, fl oat

of fset);_ publ.ic.Colar r{ set; ublic Ani ITB.tI i

ol or AnATRHRE ARt TR LA e eAs Ao agus Y sTsqRbed

Ani mat i onL| st Q‘fset An| m%tl ons { get; } public G adientSt op

ToG adi efft-Stop(F - ‘There is aI so a collection class, as set forth in

the 5 fqu—ew_ag_e%
Syst ti bl
g Zd?gqmj\é%%%%?q;é@??oﬁ‘(‘ﬁ T R e TN

& adi onf &5 o TSR, PR, %9' ‘é%%t]fﬁﬁéobgﬁ%fffrso 55 |
| Enuner a lngcgggg}g@rcﬁt ar s@g;_; R;"aﬁ%ﬁén | Col | (Ectl on public yoid
CopyTo( A\rray array, int index); public bool = ectl on. =sSynchroni zed | (

get ( r =?/w@révalasq,meubiﬂuﬁedlratte@pnéo {tr&et:ur}erwmaﬂcck BhELSE of the
=Col | ect sQREsyCcRoot ( get; ) // Extra functions public G adientStop
t hi s[i nt denoleadL.iheg@ben} Juddtipeihopledamatiakns( G adi ent Stop val ue); publi
int I ndexOF (G adientStop value); // returns first one public int

| ndexOf { & adh brtkSttbp wvatfmse i-ntvestarddmededrh puiEdiatienmiode rendering
| ndexOf ( &natheaitiSuep . abse(ddint startlndex, int count); public int
Last | ndexOF (Gradi ent St op val ue);

c

Another use for surfaces is when compositing a surface
5 onto another render target. To this end, once a surface list
is attached to a surface visual, the surface can then be
attached as a node in a visual tree, and the surface of the
surface list that is currently serving as the primary or front
buffer can be composited to another surface or to the desktop.

10 This is illustrated in FIG. 9B and in the example below:

// attach a surface list to a visual
SurfacevVisual surfaceVisual = new SurfaceVisual (surfaceliist);

// Add the surfacevVisual to a visual tree for compositing onto another
// render target
rootVisual .Add (surfaceVisual);

Live composition to/from a surface is represented in FIG.
9C, where the above-described capabilities are combined so that
compositing to the back buffer surface of a surface list and

15 compositing from the front buffer surface of a surface list

(e.g. to the desktop) happen simultaneously. Note that to
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public int LastlndexOn(G adientStop value, int startlndex); public int

Last I ndexOF (Gradi ent Stop value, int startlndex, int count); public

Gradi ent St opCol | ection Get Range(int index, int count); public class
System W ndows. Medi a. G adi ent St opCol | ecti onBuil der : Builder, IList public
G adi ent St opCol | ecti onBuil der(); public .

& adi ent AL BNCAE Pt P PONBAPPAER P aRLBRPSESEoFF BPRUPeRPSEERE} RIpubPee

G adi ent Stg Col hecti OHBU' I dgr %,I Col | gcti on g%; Bu?l i C

G adi enf8F gﬁﬁl &EFi SHBULAIBRYEr 2 ¢RP8LOHYRI FEELRSASE 3diFERPE 8BS) 2 //

I Enurrergbl e gu?l i ¢ | Enumer at or Get Enuner at org); 1 _| Col | ecti og,lﬁuﬁl ic void
Copy To( BAFAYPHEESY, SHREFRdex: SHEBPFE BE6F 28ofPeftFonCsdfndhirEnzed ~
get ~ return false; gublic i nt Count % et; } .public object

=Col | ecPI"BRISPHc RBEY LPWQdeve) PPRIRPPs lgubpirclﬁoél CFEEFXBYSICZES{ get {
return false; } } public bool IsReadOnly { get { return false; public
obj €t SBFERCENES MRKE thRGegOmPESHEtignt 1n) tgebllpw LRVeLLPEE1A&dCBj ect

val ue); public void Cear(); public bool IList.Contains(object value);

publ i c PRELPEMsPeLREEXCF (obj ect value); // returns first one public void

I List.lnsert(int index, object value) public void =List. Renove(object
value); // reEnbfasepi pge grastrgsted pgbindepsndeRenoPe/EESnt @8Sngé%); 5 10
15 20 25 30 // Extra functions public GadientStop this [int index) { get;
set; } pabkhcipnthadereradesnest 6pnearuerorgubeilewhool

Contai ns(G adientStop value); public int |ndexd (G adientStop value); //
ret ur neupilist chars Fubifeeei nt | ndexOf (Gradi ent Stop val ue, int startlndex);
publig¢ fint I ndexOf (Gadji entStop value, int startlndex, int count); public
i nt Last| ndeXOFEerbeli &t stépcats re)Plaplibfretaan wEakerhdeddred adtent Siop
val ue,| int SURLEFndesdaceddBri 14t Last | ndexOf (Gradi ent Stop val ue, in
startlindex, int cd&int ,lg]b‘h'bl ic void Insert(int index, G adientStop value);
publi ¢ void Reno di ent St.g(pléal ue%; /'l renmoves first one public void
AddRange( | Col | ectd™ achTi)ﬁsﬁélc? S@P&‘a nsert Range(int index, |Collection c);
publig void Rermvélﬁangefl inddX! int count); public void SetRange(i nt

I ndex, 1 0ol pCtiggel)a Rihbe (At enkSLARCHdPGkhgppul | der Cot Range(jnt
N

i ndex, %QHﬁEL;Surface(int width,
int height,
int dpi,
PixelFormat pixelFormat,
IntPtr pixels, // managed memory for the surface
Int stride)

// create from a source (i.e. Clone)
public Surface(Surface sourceSurface,
SurfaceFlags flags)

// Create from File or URL
public Surface (String filename,
SurfaceFlags flags)

// Create from Stream
public Surface (System.IO.Stream stream,
SurfaceFlags flags)

// Create from HBITMAP (which can’'t be selected into an HDC)
public Surface (HBITMAP hbitmap, HPALETTE hPalette)

// Create from HICON
public Surface (HICON hicon)

// read-only properties
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[/l Capacity is a hint. It will throw an exception if it is set |less than
Count. public int Capacity { get; set; } // Builder overloads public
override object Build(); public override void ResetBuilder(); public
override void SetBuil der(Object exanple); public G adientStopCollection
ToG adjent-StopCol l ectionl()- A ented-in 5 = O, 5

G adi eht Spr eBAREYhodCs fecFhi e t he gradi ent shoul d be drawn 35 outlside
of the|specifigd vector or, space. There are three values, including pad, in
whi ch fhe edﬁléggocf ors {PLTRL g%?%’llst) are used to fill the remaining
space, |refl e | ich.t t.,ops are replayed in reverse order repeatedly
to fil| the g%]glé%a@ fgﬁdgpépg%?t?’ }i n which the stops are repeated in order 40
until the spges1is Hikehedrmd® fHhbtggepUm

Syst en] W ndows. Medi a. G adi ent Spr eadMet hod { Pad, Reflect, Repeat - 56
FIG 16 showpubxaiples sefiddgydd;adi ent SpreadMet hod. Each shape has a || near
gradient going fromwhite to grey. The solid line represents the gradigent
vector| 5 Thpubl heam@radi Buffapdgiet; s a | i near gradi ent brush al ong a
vector] The individual stops specify colors stops along that vector. An
exanpl e}lis shown in the table below public class System W ndows.
Medi a. LinearGadient : GradientBrush { // Sets up a gradient with two
colors and a gradient vector // specified to fill the object the gradient
is applied to. // This inplies ObjectBoundi ngBox for the GradientUnits //
property public LinearGadient(Color colorl, Color color2, float angle);
publ i c| Bubshdvadpissgbdeadaladitent Units { get; } public Transform

G adi enfTransform { get; } public G adi ent SpreadMet hod SpreadMet hod {
} /1 G adi ent/\exsasre publist ¢hiblanyesunfatesr tiwithent niggblidata) .

Poi nt Ani mat i BAEb1 ¢ entrifefelest oriSttawt Ak mat i ons { get; } public Point
Vector End { get; }nt height,

int dpi,

PixelFormat pixelFormat,

int numSurfaces,

SurfaceFlags flags)

et;

Q

// Create a SurfaceList that uses the specified surfaces
// All the surfaces must have identical properties (w, h,
// dpi, etc).

public SurfaceList (Surface []surfaces)

// change the front buffer to the first-in-line back buffer
public Flip()

// advance the back buffer to the next surface
public Next ()

public int FrontBufferIndex {get; set;}
public int BackBufferIndex {get; set;}
public Surface GetFrontBuffer ()

public Surface GetBackBuffer ()
public Surface GetSurface(int surfaceIndex)

Once constructed, a surface and/or a surface list can be
5 attached to a surface visual object or to a visual manager

object.
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publ i ¢ Poi nt Ani mati onCol | ecti on Vector EndAni mations { get; } // G adient
Stops public G adientStopCollection GradientStops { get; } public class
Syst em W ndow. Medi a. Li near G adi ent Bui | der Gradi ent BrushBui | der { public
Li near Gradi ent Bui | der (); public LinearG adi entBuilder(Color colorl, Color

COl or 2 'F | nat  anal n\ nuhl : Fal IJ_near Gadl F=Yal I:Zlu | rlnr (1 | near (:r ::rhpnf | n\ 1 //
Gradi eff. i%%? %ﬁ% £¢%~v j |ngBox Uq|IC BrushwhpplngN(ﬁe
. ,]P af:e g Sursf
1su

G adi e i a is identity
public rans orn1@fé ?%% ans ace €m¥#ﬁ§§readwbthod Def aul t

i's Pad) pubkj d /1 G adient
Vector | L &jﬁﬁﬁéﬁﬁﬁ%*“ﬁ%@gﬂijmﬁc"f’e@%ﬁ%ﬁ%ﬁ Seiorstart { oot

set; } Bubii&\P@hﬁ&ﬁ@h&ﬁ&!@ﬁ&@hb@ﬁié@@ﬁ&EBQ§E1§@CtOrStartAnl”ﬁtlons { pet;
set; } - 57 pubiic Point VectoreEnd { get, set, j publiic
Poi nt Ani mat i onCol | ecti onBui | der V@ctorEndAnlnatlons { get; set; // G adient

St ops public woignAHASE op(LBLoE £8L Ofet fHR8L 9£$ﬁea)de@8ééfc and/or
Gradi ent St opCol T ecti onBui | der Gradi ent Stops { get; set: } The

Radi al Gééih&”ltésdétén L&' 2 NeREQGEATFD AT, FREEh B0t ReshlBERY o g i ent .
However, whereas the linear gradient has a start and end point to define

t he gradfg%ayecgﬁ%rfgégsréghaé\ So0ragkept/besaaaste ckeo) epoepkLhea f ocal

pﬁlnt tg I ne gr adi ent be avi or. circle defines the end point of
t

v BRSSP M G ARG,
0.0 def t I

grad!gnlgfﬁgtgﬁrgﬁ$f ét Q? é é§$ﬁg§ag% egc$§g e rgg esgn{sg?%$er’

gr adi entsﬁa\aécf{;lﬁ&%%&gemgytbgeﬂg&sst5hghéogsécs?ﬂg& IhLs examele

gr adi ent

e.g., 1f the specified pixel format is less than 32 bits per
pixel, then the format will be promoted to 32 bits per pixel.

10 Whenever bits are requested from a surface in the original
format, the surface will be copied to a buffer of the requested
pixel format using a format conversion filter.

Returning to FIG. 5, yet another visual is an HwndVisual
505, which positions a Win32 child HWnd in the scene graph.

15 More particularly, legacy programs will still operate wvia the
WM_PAINT method (or the like) that draws to a child HWnd (or
the like) based on prior graphics technology. To support such
programs in the new graphics processing model, the HwndVisual
allows the Hwnd to be contained in a scene graph and moved as

20 the parent visual is repositioned, as represented in FIG. 10A.
As a result of limitations with existing Hwnds, however, when

rendered, a child Hwnd can only be on top of other windows, and
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25 30 SpreadMet hod set to Pad: public class System W ndows.

Medi a. Radi al Gadient : GradientBrush { // Sets up a gradient with two
colors. // This inplies (bjectBoundi ngBox for the G adientUnits // property
along with a center at (0.5,0.5) // a radius of 0.5 and a focal point at

0.5,0.5 | i Radi al di t (.Co ) | | Cal | 2) . [ i
(Br ushMa Iﬁ)é:%bu : gj?ee éog;ﬂa}_‘eﬁﬁ ?ﬁ{: '?Sgcagleéjeﬁ:rl]{eoﬁﬁ%ﬁrc “ﬁsg’rr‘?sfsgr rséfé&?egﬁta!igﬁoé’r%'f orm
IS R 8120 S Pt SRl W ), e

Poi nt Ani mat i onCol | ection G r.cleCenter Aninptions { get. ublic float

G r ol e CETRd e i Gam A Ao st redtangte By
Circl eRadi,usAnj mations { get; publ i c Point Focus { get;, } public

Poi nt AniSTetBRSTCSI AT FrfRdu AT NERNDits Y [ettespgqt %%di%tpaﬁedﬁs - 58

5 public G adientStopCollection GadientStops { get; } public class
Syst em WifddWs. Medi a. Radi al Gr adi ent Bui | der G adi ent BrushBui | der { public
Radi al Gradi ent Bui I der(); public Radi al G adient(Col or colorl, Color color2);
publ i ¢ Radi alOGeH énims el GORidem alPe fmpsidlyn BNBFEhy
GadientUnits: Default is_QbjectBoundi ngBox public BrushMappi nghbde

Gr adi entfGfseny uiectsarodal /s @EENEHPI AT GrlhovDertdiads it iRfentity
public Transform G adi ent Transform ( get; set; } // SpreadMethod: Default

i s Pad siielengcadi SSHETNG hGF JFRaAEitRst i G- delt; a8 Jgvemedi ent
definition public Point GrcleCenter { get; set;}//Default: (0.5, 0.5)

publ i ¢ PEiswadni Il @Tedtlesc tdromBinlidat igy decmmaAticsara{elget ;. set ;)
public float CrcleRadius { get;set; } // Default: 0.5 public

Fl 0&f AniqaattinCoite citri fmyBa U idey 1@ rec IveiRad lu s matli ol € dpelta seizedmsgpubl i ¢
Poi nt Focus { get; set; } // Default: (0.5, 0.5) public

Poi nt AnipretiighCg |eedtiirenBgdaderl skodus Afi maitoresl {refettisat ;td visu@ladi ent

St ops public void AddSt op(Col or color, float offset); public

G adi entlBtwipold ecitrigdreBudd thers t@resedh entiBip L Hatgetimislety, granularity of

control can be accomplished by having (e.g., three) separate
child visuals under a single parent visual, however this
15 requires that the program code work with multiple visuals,
which is more complicated than working with a single layered
visual having indexes to multiple layers.
By way of example, in FIG. 11, background data, content
data and border data are contained in a single layered visual,
20 but are separated from one another as indexed by a layer value,
e.g., 0, 1 or 2, respectively. Layers can be inserted,
including tacked onto either end, and/or deleted, with the
layering order (e.g., left-to-right as shown) defining an

implied Z-order for display. Note that for security, child
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Anot her brush object represented in FTG 15 is a Visual Brush object.
Conceptual ly, the Visual Brush provides a 35 way to have a visual drawn in a
repeated, tiled fashion as a fill. This is represented in FIG 14 by the
visual brush referencing a visual (and any child visuals) that specifies a
single circul ar shape 1420, with that circular shape filling a rectangle
1425, THATCGHe VG (TR ) B2 e P Lratdi h SRPMRS U to define how
that brush is to be drawn, which introduces a type of nultiple use for

vi sual s.S1H®%¥3<%anner, a program nay use an arbitrary graphics "netafile"
to fill an area via a brush or pen. Since this is a conpressed formfor -

59  stori n@@RF JBRF Sbitralyriaphiude sentaings W giakhi @% 10
resource. The followi ng sets forth an exanpl e Visual Brush object: public
class SyEmeshericit Ldeding wiska B usH Wk IEqniRME ks drawn to a
Vi sual Brush( Vi sual _v); public BrushMappi ngMbde DestinationUnits { get; }
publ Pc BRLEHNED ATHY MBHC IRATER UM REC {2 getrface it §ear anSte?en Tr ansf or m {
get; } public Rect. ViewBox { get; } public Stretch Stretch {_get; } public
Hor i zont@l%ﬁﬁjrpr}%]r i Fiotitaal 2\ ¢r§ﬁrbl{e FetConngfiibi WW?%IWQ&W%#%W ign
{ get; } 15 20 25 30 35 40 45 50 55 public Point Oigin { get; } public
Poi nt Aniand | Bn@s | EdteH @ hivrnidat iors- { yamgrgubike Gigw iS5 ze { get;
} public SizeAnimationCollection SizeAnimations { get; } // Visual public
Vi sual \waigidble geita § two-dimensional visual having a view into a
three-dimensional world.
10 Many of the resource objects are immutable once created,
that is, once they are created they cannot be changed for
various reasons, including simplifying threading issues,
preventing corruption by others, and simplifying the
interaction with elements and APIs. Note that this generally
15 simplifies the system. It should be noted, however, that it is
feasible to have a system where such objects are mutable, but
for example would require managing a dependency graph. For
example, while it 1s possible to have a system where such
objects are mutable, if program code changed the clip set on a
20 Visual, the visual would need to be re-rendered, thus requiring
a notification / registration mechanism, e.g., if a new clip is
assigned to a visual, the visual registers itself with the clip
for notifications (e.g., a clip changed notification). Thus,
in one implementation, for simplification purposes, resource

25 objects are immutable.
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public class System Wr_dows. Medi a. Vi sual BrushBui | der : BrushBui |l der public
Vi sual BrushBui | der(); public Visual BrushBuil der(Visual v); public
Vi sual BrushBui | der (Vi sual Brush vb); // DestinationUnits: Default is
bj ect Boundi ngBox publ i c BrushMappi ngMbde DestinationUnits { get; set; } //
ContentUnits: ,Default_is_ Object Boundi ngBox publ i c.BrushMappi nghVbde
Cont ent Uni 1 & THoes e T 00 BTN Tt DRt 4s ot ot | EoP g e
Transf orm .Tr.ansf or m et... set; [l _ViewBox: Default is (0,0.0,0) -- unset
and T ondTMEBET 1% HET O eiEbietd gt hEhte Yoy T vt e ‘Bara 9% s Fbne
-- and ignored // because, t he V OoX 1S not set _publjc Strefch Stretch {
get - set SV OTINR | SO AT gL P Pe 5 E et ISR PP r S Bubl ot
Horizontal Align Horizontal Align {, get. set; /1. Vertical Align: Default is
Center afff¥ %?edt?)ucb???:t‘?/e?t$%§%?%%‘ﬁ’%ca‘%‘?%}h POPREESSEE ) /1
Oigin: Default is (0,0) public Point Oigin { get; set; } public
Poi nPAni FRE ForRe | R PBhBIR | SRS B gF WA At POisSe yet : set: } // Size:
Default is (1,1) public Size Size { get; set; } public
Si zeAni mati onCol | ecti onBuil der SizeAninmations { get; set; /'l Visual :
Default is nUPTISD MGPRRAAY TIrae SobtICo \PRREr N CoberE - Ret) i set: ] - 60
A Vi sual Brush's contents have no intrinsic bounds, and effectively describe
an infinite plane. These contents exist 5 in their own coordi nate space,
and the spacelRhi¢FeT sCHe RESP i FFRdERS $HRLVF STRIMPR TS hoR sthe Brezhes
coordi nate space at the tinme of application. The content space is nmapped
i nt 80t heclagal tapirle dased oh pPredsfmw@dxcolpePort, Alignnents and Stretch
properties. The ViewBox is specified in content space, 10 and this
rectangl e i s Peppete i o talel &/ epferts (aanrpedbe i deenvgedt heorigin and Si ze
properti es%@(; ectangle. The ViewPort defines the |ocation where the contents
will evesftedtiveky dekarge caradhPTect hetibaisesery | ved¢ds thicrSrushe néwt he
val ue of DestinationUnits is UserSpaceOnUse, the Origin and 15 Size
properti@eiesle awhsierlace tthdeold tnearitpatle. atTe hehis nendf mapyiehti on.
If instead the value of DestinationUnits is ObjectBoundi ngBox, then an
Qi gi n aphle Sresoaree copsedes eth t théesystethenaportdi hhte spacewildere 0,0 is
the top/left corner of the bounding box of the object being brushed, and
1, 11bs tiwet 28riot tromdiniciint irgrown petr 1l @f ol hec saner & oxredfoed exavipl #, beohdéder a
Rect angl eGeonetry being filled which is drawmm from 100, 100 to 200, 200. In
such an ekxasp) eyhi¢hthe Desdmpartiamlnldssishdiset SpaceddlUse, BAine Qisgrn of
100, 100 and a Size of 100, 100 woul d describe the entire content area. |If
t he 25 Des¢atad i amnUnivhistalsl ©opletedBoutdi mpBoxy dite aghme oér§, Hetanch athe 61
Size of 1,1 would describe the entire content area. If the Size is enpty,
t hi s Br usii I@eder sremt éig ng. ndihebYl bMBoxfos shpeci dbhpelct N aodt £t t Sphtees Thi s
rectangle is transformed to fit within the ViewPort as determ ned by the 5
Al i gnment t pfoger thesimndcdlbbe Sbhpéch. properiyer | théhecltinigéshthe none, then
no scaling is applied to the contents. If the

20 Dbuilder as necessary. Once done, the user can build a new

object, by changing the builder and reusing 1t to create
another immutable object. Note that having immutable objects
with set properties is desirable, and that immutable objects
cannot be changed, but only replaced by firing a property

25 change event.
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Stretch is Fill, then the ViewBox is scaled independently in both X and Y
to be the sanme size as the ViewPort. If the Stretch is Uniform or
UniformloFill, the logic is simlar but 10 the X and Y di nensions are
scaled uniformy, preserving the aspect ratio of the contents. If the
Stretch is Uniform the ViewBox is scaled to have the nore constrai ned

di nension equal to the ViewPort's size. If the Stretch is UniforniloFill

the ViewBox is scaled to have the | ess constrained dinmension equal 15 to
the ViewPort's size. In other words, both Uniform and UniformloFil

preserve aspect ratio, but Uniformensures that the entire ViewBox is
within the ViewPort (potentially |eaving portions of the ViewPort uncovered
by the ViewBox), and UnifornToFill ensures that the entire ViewPort is
filled by the 20 ViewBox (potentially causing portions of the ViewBox to be
outside the ViewPort). If the ViewBox is enpty, then no Stretch will apply.

Note that alignnent will still occur, and it will position the "point"
Vi ewBox. FIG 18 provides representations of a single tile 1800 of 25
graphics rendered with various stretch settings, including a - 62 tile

800 when stretch is set to "none."” The tile 1802 is a representation of
when the stretch is set to "Uniform" the tile 1804 when stretch is set to
“UniformloFill," and the tile 1806 when stretch is set to "Fill." 5 Once
the ViewPort is determ ned (based on DestinationUnits) and the ViewBox's
size is determ ned (based on Stretch), the ViewBox needs to be positioned
within the ViewPort. If the ViewBox is the sane size as the ViewPort (if
Stretch is Fill, or if it just happens to occur with one of the 10 other
three Stretch values), then the ViewBox is positioned at the Origin so as
to be identical to the ViewPort. O herw se, Horizontal Alignnment and
Vertical Alignnment are consi dered. Based on these properties, the ViewBox is
aligned in both X and Y dinmensions. If the Horizontal Alignnent is Left,
then the 15 | eft edge of the ViewBox will be positioned at the Left edge of
the ViewPort. If it is Center, then the center of the Vi ewBox



wi |l be positioned at the center of the ViewPort, and if Right, then the
right edges will neet. The process is repeated for the Y dinension. 20 If
the ViewBox is (0,0,0,0), it is considered unset, whereby ContentUnits are
considered. If the ContentUnits are User SpaceOnUse, no scaling or offset
occurs, and t contegﬁ;@gre drawn into t t with no transform If

he Vi ewPo
t he Content Unft%%are™ t%Buﬂﬁfﬂ%B%x?o?ﬁgﬁu?E%rc%ﬂt%ﬁ?ag?i6in is - 63
i d wth.the ViewPort QOigi dih t I :
obj oct " s BOUACR FGEBEREE, OF dRRCGhACRE: BHETS WiBrer 1 P RO BoEpaEat e R a
Vi sual Brush, the contents are napped into the ViewPort as above, and

clipped T3Ythe WF&HPort. 5 This forms the base tile for the fill, and the
remai nder of the space_ is_filled based on the Brush's TileMde. Finally, if
set, the Brush's t?PahsfoPhPrEruppPragder ¥yBettder aFtBF¥all t he ot her
mapping, scaling, ©P+38te+ArBraskBuihder{| embde enumeration is used to
describe if and ho“V%Piéd§Ea€%l?§ Fi FPLE-ByRPEs Brush. A Brush which can be
tiled has a tile rBERSAQYEBHeER nBdMYBRELERT sTPBFeSRAS a base | ocation
within the space being filled. The rest of the space is filled based on the
Ti |l eMode value. FIG 19 provides a representation of exanple graphics with
var ilus Ti | eMb@ist 18bsaeEEF nERat| kekads @tlﬂoﬁélUQ’éO@?n"ﬂF@"tiggz, "Fl i pX"
1904, "FlipY" 1906 and "FlipXY" 1908. The top left-nost tile in the various
exanpl e grapatesnceorpersaes tRerbasatanre, M GEheoDrapiegepnsestpEbesss for
generating the pixels for this brush. Note that the |logic described in FIG
20 is oniy 20 everpodei eneDnayCivclapteaentabest acPpbytanimagionBaseul d be
understood that other ways, including nore efficient ways, are feasible.

For exanpbe, thhaerenber Orkehg abreleffi tnehbimaysy. the user can

specify rich animation information at the primitive level. For
15 resource objects there exists an animation collection in

addition to the base value. These are composited, whereby if

the user wanted to animate the above example, the user could

specify the following example line before the brush is built:
20 MyBuilder.ColorAnimations.Add (new ColorAnimation(..));

Note that an object with animation parameters is still
immutable, because its animation parameters are static.
However, when the scene graph is processed (e.g., traversed),

25 the meaning of animation parameters changes over time, giving
the appearance of animated, not static, data.

As described above, visuals can be drawn on by populating
their drawing contexts with various drawing primitives,

including Geometry, ImageData and VideoData. Furthermore,
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processing the data, e.g., such that the content is not drawn for each
repetition, with the tile drawn and cached. However, 25 FIG 20 provides a
straightforward description. - 64 In general, each tine the contents of
the pattern are drawn, a new coordinate systemis created. The origin and
of fset of each repetition_is s ecified gy he Cxl i n_and Sy% $ opertles
as filtereer T ¢ htbugh ?ﬁ% ?Es??ﬁ ?%%im?? anF B 5y %?o?ﬁ?p? PETTi es.

coordinate frane is se base Dest tionUnits ro erty. To thls
a1 S eBe R peRt it i OPERE  SipHOTeR  ShE: BEFSBSEetnuse, |t he
current coordjnate frang at the tlnF the brush was used is the starting
coor di naf@OFPEIE; TYERIBOERR pABP OBt ??t?nstﬁ%ﬁ PTRYERICHBUCE heSHPOPRTLY i S
ijectBoundlngBox t he boundi ng, box of the geonetr to which_this brush is
appl i ed #sSeEeRt FEAVERY cQRPYRELPYS sERpt 200A, ?ou§%@ BC P ebetdi Rate frane
such that the upper |eft corner of the bounding box maps to (0,0) and the

| oneP | P¥aEHRAErSer L t héa i 5dabiemY hguabx nﬁ%%rg@cquwlngﬁorét%’ér Zase, at
step 2006 the Transform property is applied to this coordinate frane, which
essentlé¢¢§edb$iﬁ€§a%¢gF@dI Fﬁw}n91c@%b?§§en?§nabﬁf%ﬁ%@BF%sﬁoﬁﬁiﬂt?hﬁt is
defined for the tiles in a Visual Brush. The first circle is a sinple grid,
20 and tHierSeesbshal- a TR aPERer nvordh, atBReW WLl RGCRNERRECEXRASOF 37. At
step 2008, the visual is drawn into each cell of the grid, as represented
in FIG 99t ohcdravhedvoRenat Hoass EOE fa@wo@rmmgdfaparattom therp 2020
there is a ViewBox 25 specified, the Visual is fitted into the grid cell as
speci fi edwo Bsthodpy ohe VhawBoxkesteenshantorasoarghneings, agmd one
Vertical Align attributes, via step 2012. The DestinationUnits and Transform

10 that takes animators as arguments.

The DrawLine method draws a line with the specified pen

from the start point to the end point.

public void DrawLine(Pen pen, Point start, Point end);
public void DrawLine(

Pen pen,

PointAnimationBase start,

PointAnimationBase end);

The DrawRoundedRectangle method draws a rounded rectangle

15 with the specified brush and pen; brush and pen can be null.

public void DrawRoundedRectangle (
Brush brush,
Pen pen,
Point topLeft,
Size size,
float radius);
public void DrawRoundedRectangle
Brush brush,
Pen pen,
PointAnimationBase topLeft,
SizeAnimationBase size,
NumberAnimationBase radius);
public void DrawRoundedRectangle (
Brush brush,
Pen pen,
Point topLeft,
Point bottomRight,

- 46 -



properties are used to apply the correct transform such that the visual
lines up in the grid box. 5 If there is no ViewBox specified, then a new
coordi nate systemis established for drawing the content at step 2014. The
coordinate frame is set such that its originis at the Origin point for

t hat part: w-ar—arid-cell bei nn drawar—A- r-l_l DS :\ppl ed—at St\_p 2018 based

on the Sijze propzrty tuEFf that thls tile vm |1 not draw outsijde of the
bounds of| the cel dified appropriatlely based on
t he Destilnati onUnhﬂ01 £ bpa‘%ﬁ%’mc%oegi% ?%‘g Je?s(lyst emis then mdified,
based on [t he SourceUnPéI§ operty To this end, if at step 202Q the 15

SourceUnitts property $8; neﬁggp&qggsrgg@g&ef@e appropriate scalji ng
transformis appl i ed mlﬁmmggz&igégéﬁgewtmigthﬁ s User SpaceOnUse, and no
new transff ormis appli@tberbhemdtastlfamrpaopsexty is applied at |step 2024,
and the content is driawbeiansinepi dBdese 28dNodw ;that if any part| of size is
zero, nothing 1s drawn, and if Stretch is "None,™ the transformfor the

vi ewbox is set up such that one unit in the new coordinate frame is equal

to one unit iMhéherohdesOt 8 NAbenddadBawd Ng baERSHOEI e6seabédl Fyeecones
an of fset based on the align attributes and 25 the size of the ViewBox. As

descri begradQvendtpsh ePSredid Oaddpen 66an ba0dZ11Stretch and the alignment
properties onI y appl y vvhen there 1s a Vi evaox speC| fi ed The \f ewBox
speci fi es|a Nevgex ESAVASS oG (Ut S N helps to
speC| fy how those co;gl,_t@éﬁ %r{mg |nto t he \/ ewBox The al i gnrrent 5 options
align thel ViewBox, neéntdee,contents. Thus, for exanple, if the |viewbox is
set to "0l 0 10 10" amsbrsoiret beagets/)drawn at -10,-10 and aligndd to the
upper left corner, that thing wll be clipped out. visual, put an inmage
into it and attach it to Visual Brush, the APl for doing so would be

cunber sone. SrhéeeDtHeRECtEnEDe NREEBSAl JrEwat £nteco@fidloalethr ene, the

Vi ewBox and ContentUnits property nenbers no | onger apply. 10 special case

of Vi suagBeeshied bhoyghard ppear abrGeR £h&abénacan be null.

public void DrawRectangle(
Brush brush,
Pen pen,
Point topLeft,
Size size);

public void DrawRectangle(
Brush brush,
Pen pen,
PointAnimationBase topLeft,
SizeAnimationBase size);

10 The DrawSurface method draws a surface.

public void DrawSurface(
Surface surface,
Point topLeft,
Size size,
float opacity);

public void DrawSurface(
Surface image,
PointAnimationBase topLeft,
SizeAnimationBase size,
NumberAnimationBase opacity):;
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15 public class System Wndows. Media.lnmageBrush : Brush public

| mageBrush(l nageData i mage); Returning to FIG 15, image brush can be

t hought of as a 20 25 30 } 35 40 public BrushMappi ngMbde DestinationUnits {
get; } public Transform Transform{ get; } public Stretch Stretch { get; }

public Horizontal Al'i n,kbrizontalﬁli n et. }.public Vertical Align
Vertical Al | gnG?Orﬁ%?Flg}l%u%l EPPar bR TY ﬂWGge}?) 1 EBR b ﬁ?%%lnes a
Poi nt Ani mati onCol | ecti on Orjgi nAni npti ons é et ; public Size Size { get;
} publ i VEFERAN AP bREoFRREEF R VL ERAR ha F’g?\]ée{éﬁefll%f' pub®FR | mageDat a
| mageData { get; } [/ DestinationUnits: Default is ObjectBoundi ngBox public
cl ass SySEERTCXY nelWRCt Medli &, FHERER BRARRI (UEReCeRPeShBui | der public
| mageBrushBui | der (); public |InmageBrushBuil der (1 mgeDat a inaﬂe); public
| mageBr uBhBLPT HePPAEEeBr BRAtARF LeGegretry hypf | €OBP LK MaHPY A Mbare
DestinationUnits { get; set;_} // Transform Default is identity public
Tr anSf or PTFRASPBEFFY) ge¥; askistiof guch)skppes cheomeravi-tst sWwNehe? public
Stretch Stretch { get; set; } // Horizontal Align: Default is Center public
Hori zont@PmPig® PReF2oheml AR gn, {Ugeen, stRtersertipn: i 2R AFPgRoT BRI ault is
Center public Vertical Align Vertical Align i get; set; 111 [l Oigin: Default
is (0,0)spaplftefoi nThepegphli¢chyet fosmta §lpspl hierarchy as represented
Poi nt Ani mat i onCol | ecti onBui | der OriginAnimations { get; set; } 15 20 //
Size: DetmauFiGisl?Z1,1) public Size Size { get; set; }
As represented in FIG. 13, the PathGeometry is a
10 collection of Figure objects. In turn, each of the Figure
objects is composed of one or more Segment objects which
actually define the figure’'s shape. A Figure is a sub-section
of a Geometry that defines a segment collection. This segment
collection is a single connected series of two-dimensional
15 Segment objects. The Figure can be either a closed shape with
a defined area, or just a connected series of Segments that
define a curve, but no enclosed area.
The filled area of the PathGeometry is defined by taking
the contained Figures that have their Filled property set to
20 true, and applying a FillMode to determine the enclosed area.
Note that the FillMode enumeration specifies how the
intersecting areas of Figure objects contained in a Geometry
are combined to form the resulting area of the Geometry. An

“Alternate” rule determines whether a point is inside the

25 canvas, by conceptually drawing a ray from that point to
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public SizeAni mati onCol | ecti onBuil der SizeAnimations { get; set; } //
| mageData: Default is null -- nothing drawn public |ImgeData | mageData {
get; set; } NineGidBrush is very simlar to | mageBrush except the 25 inage
i s warped based on the si ze In essence, N neGidBrush may be thought of a
custom t of Stretch, Ln ch cert arts_of the ge.stretch, while
others (PEELEE A &Y T REFE Snernd Frdll sdeRiniAg, tﬁep%%a% ReTRe
| mageBrush_will _cau e sca e NineGidBrush will produce a non
30 uni fo?rﬁeerat%tuﬁftt)h?h%%e.?Efasetae@h%ea%mt Vi BFoF herAoK: SRafed ar eas
are the user_unipts when %grush IS %gll § means t hat Co ent Units
(if it eXPEERd°F of RP 2 1R9) OB UPAC Bt TBE ¢ oSBT LN FEeRERE. ©
Transform pr E rt¥ gf the Brush can be used effectlvelﬁ Not e t hat the
bor der et EOB5IebINtC i AIERbNREReSRRGEAOF 116 fragRCl By L RRy2 0P ER anpl e,
FIG 23 rep resents a nine-grid inmage be|n enlarged froma first instance
23025t o %9%%%%hdc¥ﬂ§?%ﬁceh?3ﬁﬁy PR Foer t?%e%egF arbher Q@U?Eb?%séh?ed in
FIG 23, to - keep the border the same, the areas narked "a" expand
hori zont emfy‘/Sltl%e, at Ea%h@rameelt b*S e%BRAIERER t FR@I PYINE his a@%%l%r ked "c"
expand horizontally and vertically, and the areas marked "d" do not change
in size P&LR. | SOEhas¥isgst bin 19V HaBHES - Mebli BWNRARER T dBrLShdet BFIERCBubI i ¢
Ni neG i dBrush(I| nmageData i mage, int LeftBorder, int RightBorder, int
TopBor devhe b her Bat PoBer er fhe p‘El%IPV%S B%‘élsh%b‘é? ngBAewerks i Bt i onUni ts {
get; } public Transform Transform { %@ public Point Origin { get; }
public P@@ﬂ@%ﬁth@llbn@ﬁﬁwe%gl@nr€Y|érﬁﬁnt EiBpsnE fetinfiplbyi enSeee Sjze
{ get; } public SizeAnimationCollection SizeAnimations { get; } public int
Lef tlSor dérr¢cgeen angupdinting FhghnBobderof peth Seguehite fnemToh8order {
get; } public int BottonBorder { get; } public InmageData | nageData { get;
publ i ¢ ctawen Sykapen Vitadobhékdan. droeses dBr LEhBol & dewmbeBr s h&ddl} dehe {
public NineG i dBrushBuilder(); public N neGidBrushBuil der (I mageData
i mge, im¢ihefiBordeide;nifReyahBotderpoint TspBotdide.int BottonBorder);
public N neGidBrushBuilder (N neGidBrush ngb); // DestinationUnits:
Default i s Chhsct8ouaseng8dxipubLléc B ushihvappoeghedey DéstgnataonUnits {
get; set; } // Transform Default is identity

rectangle) is drawn, a brush or pen can be specified, as

15 described below. Furthermore, the pen object also has a brush
object. A brush object defines how to graphically fill a
plane, and there is a class hierarchy of brush objects. This
is represented in FIG. 14 by the filled rectangle 1402 that
results when the visual including the rectangle and brush

20 instructions and parameters is processed.

As described below, some types of Brushes (such as
gradients and nine grids) size themselves. When used, the size
for these brushes is obtained from the bounding box, e.g., when
the GradientUnits/DestinationUnits for the Brush is set to

25 ObjectBoundingBox, the bounding box of the primitive that is
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public Transform Transform{ get; set; } // Oigin: Default is (0,0) public
Point Oigin { get; set; } public PointAninmtionCollectionBuilder
OiginAnimations { get; set; } // Size: Default is (1,1) public Size Size {
get; set } public SizeAni mationColl ectionBuil der SizeAni mati ons { get;

set; % *Border: default to O _puplic int LeftBorder é set; } public
int Rig ‘Bb’f*ﬂe‘flr?w@e%s ’é%? 5§bF]P€S‘?nPr%%BB?‘ﬁ%ra{e g E%t } - 69
public int BottonBorder ; set; | mageDat a; Default is null --

not hi ng ‘d?ﬁﬁﬁpﬁﬁﬁ@ﬁgs‘?m%%t Bh?nﬁ@%‘fﬁ%%a‘{eg%ac@e%s wsedas generally
descri bed above, the graphics _object nodel of the present invention

i ncl udes a Tr%ng?’érﬁbﬂ)ﬁf chohB8ePntanhd cRY AR I @#4ergt WethypEQPeF t{ #anEPHr s
represented in the hierarchy 5 of FIG 24, under a Transform base cl ass.
These di Wi€EBntLiypéeins LoRApeaARNnt ¥1tarkiMake HﬁSBAFFéﬁs%%Pﬂﬁ?Oﬁﬁﬁﬁ‘ade
Transfornlist, TranslateTransform RotateTransform Scal eTransform

SkewPr and$ oF gpraseniadr iR TERRSEBAMPLenEEYPYual properties can be ani mated,
e.g., a program devel oper can 10 aninate the Angle property of a
RotateTransform Matrices for 2D conputations are represented as a 3x3 15
mat ri X. | Posl tchennpedeskdrr.aisflowsaledinl. pesl.inaGdrues are needed i nstead off a
full 3xB{matrix. These are naned and defined as follows. nDO nD1 0 MmO nil
0 n20 nR1 1 Bavén BowedriSeuagenultiplied with a point, it transforns that
poi AV ffbm the new coordinate systemto the previous coordi nate system
70

public enum System.Windows.Media.PenLineJoin

{
Miter, Round, Bevel
15 }

public class System.Windows.Media.Pen
{
// Constructors

20 public Pen(Color color, float width);
public Pen(Brush brush, float width);

// Properties

public float[] DashArray { get; }
25
public float DashOffset { get; }

public FloatAnimationCollection DashOffsetAnimations { get; }

public PenLineCap LineCap { get; )
30 public PenLineJoin LineJoin { get; }

public float MiterLimit { get; }
public FloatAnimationCollection MiterLimitAnimations { get; }

35 public float Opacity { get; )}
public FloatAnimationCollection OpacityAnimations { get; }

public Brush Brush { get; }
40 public float Width { get; }

public FloatAnimationCollection WidthAnimations { get; 1}
}

public sealed class System.Windows.Media.PenBuilder : Builder
45 {

// Fields
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nD0 nD1 O LX newCoordSys y newCoordSys 1 J ~nmlO m 1 0

ol dCoor

new transformis applied it

current
J ~m 102

[ X ol dCoor dSys vy
dSys I1J n20 nR21 1 Transforns can be nested to any | evel. V~henever
is the sane as post-nultiplying it onto 5 the
transform mat ri x: n002n0120n00, n011 OLX newCoor dSys y newCoordSys 1

a

nm20nk1]
i nst ead
System
/'l def 3
nD1, dqu
static
| sl dent
mat ri x2
Theié f
transfg
voi d S¢g
degr eeg
public
Set Rét 4
Set Scal
sy, Poi

20

25

30

O{Qet e APl do not take a Matrix directly, but 10
use L ?1 qﬁ hghy supports ani mation. public struct
1 *ructlon and setting public Matri
ultsphgligeﬁgﬂg‘ﬁl § B/ ubl i ¢ Matrix( doubl & n0O, doubl |
nLO, doubl e nﬂl double n20, double nRl1l); // Identity publi
readqnlyraggfﬂﬁgsldentlty public void Setldentity(); public bool
ity pubtic f#lquthl)i caskmidss, Wabgetx opgrator *(Matrix matrixl, Mat
); public static Point operator *(Matrix matrix, Point point); /
unct pobliei fiidataDazbof freetcyr yent swmt;ritxx with // the specified
rm meubl k¢ Plddtirfeinet torSatlTeahsomiu idmedolbsOtEcetdoubaeiahg) ;{ publ i
t Trangdedtii on( Si ze of fset); public void SetRotation(double angle)
public void SetRotation(double angle, Point center); // degrees
voi dPSEL Ret BnldmraaPr anstafe®hlledahg ¥t public void
t|onR&HFaﬁsﬁ%ﬁﬁﬂﬁpéoéﬁgﬁ¥?quéPnﬂ %%ﬁneﬁ?F bubl i c void

|ng(do Ef d%ggee f&&t {pgngcsv0|q Set Scal i ng(doubl e sx, doul
nt c ?i  FTon 5L
get

imationCollectionBuilder MiterlLimitAnimations {
}

1’){'\ [0} ’In’lmn 111 ﬂ |y \lrl("nnr rlee \L nl rl("nnr rlee 1 'Ind)n’)no’l 21

~
N

7\

x

11

Dl e

public float Opacity { get; set; }
public FloatAnimationCollectionBuilder OpacityAnimations { get;
}

public Brush Brush { get; set;

}

public float Width { get; set; }

public FloatAnimationCollectionBuilder WidthAnimations { get; }

// Methods
public Pen ToPen();

35

40

As mentioned above, the graphics object model of the

present invention includes a Brush object model, which is
generally directed towards the concept of covering a plane with

pixels. Examples of types of brushes are represented in the

hierarchy of FIG. 15, and, under a Brush base class, include

SolidColorBrush, GradientBrush, ImageBrush, VisualBrush (which

can reference a Visual) and NineGridBrush. GradientBrush

includes LinearGradient and RadialGradient objects. As

described above, Brush objects are immutable.
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10 15 2

voi d Set SkewY(doubl e angl e);

angl e) ;
post - mu
voi d Ap
Appl yTr
/'l degr

plyTranslation(double dx, double
aﬁ’rgqlélcl BRESra &flfiﬁxﬁp?%te“bM’BPiiewﬁ/d‘ieﬂilﬂpBWﬂbt ation(doubl e angl e

0 25 30 35 public void Set SkewX(double angle); // degrees public
/1 degrees public void Set SkewXRadi ans(doubl e
public void Set SkewYRadi ans(doubl e angle); // These function

Itiply the current matrix // with the specified transform public
d): nublic void

eks Ry b|IC voi d Rotatlon(double angle Poi nt center); //

degr ees pub dlan u I|c voi d

Appl it &t 1 6 AT e %‘&;‘f“eon BrEL CEeHAED PBub 13

Appl ySCﬁ | nn/ rlnllhl e—Sx é%b1 e C\IL n||h|r= Fa \lf\l nl /\nnl \LSCa! : nn( I‘I_{\U_Hbl e—SX%
doubl e sy, P0|nt center) publlc v0|d AppIySkewK(doubIe angle) /'l degrees
public void 25 doubl e ang /1 degr ubl.i

bl y SkenxRadt Sh et AR B | Pt | € Ve SRR S HR e
angle); public void AppIyNhtrlx(Nhtrlx matrix); // Inversion stuff public

doubl e

Determinant { qget: Y public. hool lslnvertible ! get; 1JIIhLL(‘ \V2aY|

d

I nvert (
| nv Pt(
} publi
doubl e
{ get;

desgKi p
prOV|de
system

rix
:t,
VP 1
pd

)BulLicTRPBWER S FURERt EXTER - MBAIPYS 1 Mesiigy Brvahs 1Bl i cBetdarc Maf
trix natrlx) [/ Ind|V|duaI nenbers public double M)O { get; s¢

c do ilﬁdf' E@%tpﬁﬁ? da 5§§F£ @EﬁQUble MLO { get; set; } publig

ML1 ﬁu te e, EIPSEANSR_E: 7Y public double |
set; } }, gh%ip As can be seen from the f oregoi ng detail g
Vi
e Wit b Lhe, ahidigy to interface with a scene graph. The

fl exi bl

tion, the?e I'S pro d" a system nethod and object nodel that
prOQﬁ%EE
met hqdaa Ml%tompgeiuﬁ{aeﬁaé@l@&Hcf&mmamﬂgsq g¥et power ful
ey and extensi bl e. 72 While the invention is susceptible to

vari ous

modir fications and atternative constructions, certainm rttustrated

enbodi nents thereof are shown in the draw ngs and have been descri bed above

o f

rm

25

30

%taH

| tNé@Q%ﬂaPengﬁréﬂ?Qgts P VEYES gn DAt hEREL Ked SrOPatOLEGLT ON

t the invention

the coordinate system when they are used, and/or how they
relate to the bounding box of the shape on which they are used.
In general, information such as size may be inferred from the

object on which the brush is drawn. More particularly, many of
the brush types use a coordinate system for specifying some of
their parameters. This coordinate system can either be defined
as relative to the simple bounding box of the shape to which

the brush is applied, or it can be relative to the coordinate
space that is active at the time that the brush is used. These

are known, respectively, as ObjectBoundingBox mode and

UserSpaceOnUse mode.
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the specific forns disclosed, but on the contrary, the intention is to
cover all nodifications, alternative constructions, and equivalents falling
within the spirit and scope of the invention. - 73 VWHAT IS CLAI MED | S:

1. In a conputing envi ronnent, a method conprising' rece|V|ng, at a defined
i nterfae 3 3 e

scene dr Qﬂﬂ%lcaﬁﬂumr§¥§tF@st?@RWS @F@é?r?ﬁf%ﬁ%9999§ﬁ%.telarOV|ch ng a drawn
cont ext gészgl galntalnlng data in association with the visua
t he data re éPﬁ drawi ng context; and processing the scene graph
|ncI§d| 0 ger prOV|de 10 graphlcs data to a graphics subsystem

receiving a request to open t he V|sual and in response providing a

reference to ont.ext,., 15 3., The wher g

mai nt ai ni ng Pi fjnw%j; ‘Eﬁﬁ‘ W T s%lsﬁr:% % C? t]af ‘F%a%{la Jdtf'l'avﬁl ng

primtive received vi drawi ng_co . t,hod o clalm

Furt her SIS b B 1 ook VHT S TR IS acwg%oqmtaqﬂe WG SolExtiand i n

responseﬂ cIo he draw ng. context. 5. The od of cIa|n11 wherein the
i

vi sual 251 o 0ot R4 TR R dRs it DA BRRFIALnG 4 6.

The nethod of cIa|n11 wherein the visual conprises a ,
opacity attribute in the Brush base class. The following sets

forth an example SolidColorBrush object:

public sealed class System.Windows.Media.SolidColorBrush : Brush
{

15

// Constructors

public SolidColorBrush(); // initialize to black

public SolidColorBrush(Color color);

public SolidColorBrush(System.Windows.Media.Animation.ColorComposer
20 colorComposer) ;

// Properties

public Color Color { get; }

public IEnumerator ColorAnimations { get; }
25 }

public class System.Windows.Media.SolidColorBrushBuilder : BrushBuilder
{
// Constructors
30 public SolidColorBrushBuilder();
public SolidColorBrushBuilder(Color color):
public SolidColorBrushBuilder (SolidColorBrush scp);

// Properties
35 public Color Color { get; set; }
public AnimationList ColorAnimations { get; }

// Methods
public virtual Brush ToBrush{();

40 |

The GradientBrush objects, or simply gradients, provide a
gradient fill, and are drawn by specifying a set of gradient
stops, which specify the colors along some sort of progression.

45 The gradient is by drawn by performing linear interpolations
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val i dati on visual accessed by program code, and further conpri sing,

i nval idating the visual, and conmunicating data to 5 the program code to
val idate the visual. 7. The nethod of claim1 wherein the visual conprises
a surface visual and wherein the data nmaintained in association with the

vi sual conprises .pixel_data. 10 8. .The nethod .of im 1 wherein the visual
conpr i sgéentgwes‘?ﬂf ® %as%]a&a%%oxf%rjtrhe?‘ %%%?i%’i%éicgé s%?]jr%%esgfﬁ%%"al nmanager
that relates the surface visual to a subgraph of at |east one oth i sual
by L aver ST PR SIbgratreld PR PR Rl (L TR sTRTace WISl . o,
The net hqod of c|aim erejin intaingéagé;jalgl&ata'n association with the

vi sual iR etV Yy at®FasR D %gafp‘?‘?lfﬁ?"r%éevi A YheE RS ng
context. 20 10., The method of c]Jaim_J1l wherein_recejvjng at,|east one

dr awi ng F iR E PRITLES IEBINR Nyl RERT mRfe TREL rIratisRES 11, The

met hod of claim1 wherein receiving at | east one 25 drawng primtive
conpPi ses recEt WHRPEAVI R R Drifh tfmosed ot a 1bistel fadtPE clai m
1 wherein receiving at |l east one drawing primtive conprises receiving a
geonet r ySiRRT t iBRCL P thetR WEARRR b S ePRT rF AP IHET &b rCP i (Whigh athe
geonetry primtive conprises receiving data corresponding to at | east one
proper t Vig1uAeq rrlphay varhie hpd b RROET 8 12l et 3R 19 i Fepd elonet ry
10 primtive conprises receiving data corresponding to at |east one

proper t ySleAParsretibsed, 1the Thausipt b dloFwe| @8 i 190 Whér efansRaesNt ng a

geonetry primtive conprises receiving data corresponding to at | east
black, as if there were no brush specified at all. If there is

10 only one gradient stop specified, the brush is drawn as a solid
color with the one color specified. Like other resource
classes, the gradient stop class (example in the table below)

is immutable.

15 public class System.Windows.Media.GradientStop
{
public GradientStop (Color color, float offset);

public Color Color { get; }
20 public AnimationEnumerator ColorAnimations { get; }
public flocat Offset { get; }
public AnimationEnumerator OffsetAnimations { get; }

}

25 public class System.Windows.Media.GradientStopBuilder : Builder
{

public GradientStopBuilder () ;

public GradientStopBuilder(Color color, float offset);

30 public Color Color { get; set; }

public AnimationList ColorAnimations { get; }
public float Offset { get; set; }

public AnimationList OffsetAnimations { get; }
public GradientStop ToGradientStop();

35 }
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15 one property of a rectangle. 16. The nethod of claim 12 wherein
receiving a geonetry primtive conprises receiving data corresponding to at
| east one property of a conplex single shape. 20 17. The nethod of claim 12
wherein receiving a geonetry primtive conprises receiving data

corresponding to at |east one property of a list of shapes and an operation
for conbi ni ngwg s Ped O Fa 56 1 €5 l—°¥17§la5518.asTﬁ§tn&aﬂJf§%’ af* (j,;l%ﬁ m 1
wherein ai;l | east one drawing primtive is associated with brush object

data. 1$OLFRYIRG FEF™BHLSCl ai m 18 wherein the brush object data 5 conprises
solid or brush data 0 he nethod of claim 18 wherein the brush object
dat a cj) PHCe 6131528y Tl BIPOHS diCa2 - Crad e tSFARE e e Ho G of TEPETSAC2E" wher €] n
the gradi et brush.ehiect ,Hat 8 LIBR();S¢5 digRear; gradi ent obj ect data, |
i ncl uding auph ea%irad@i sl-8tdpdd@l it i8R (5:AR: &G LPOI Nbrad2nt INRsNet hod of cliim
20 wher ei n dubeigreads st sbenreh1dS iob| el 1ekatian conpri ses radi al gradi ent
object (data, including circle data and a focal point. 23. The nethod of
clajm 18 W%ﬁ%?%ﬁﬁ%blﬁr ush obj ect datf} conprises image brush data. 20 24.
The frel hod BP T AEHME e & R RE2H¥Udh obj ect data conprises nine grid
brush dat a.,25¢o1hRer gt hod of claim 18 wherein the brush object data 25
conpri ses Wwublad vbLashopdad @rray Afray, i26.inEke) et hod of claim 18 wherein

t he vi sual Hwbltd bdat srCed iopstsgyneronbzese (t getafiotdtapn \iadgal 3 }
15 public int Count { get; }

public object ICollection.SyncRoot { get; }

// Extra functions
public GradientStop this[int index] { get; }
20 public bool Contains{(GradientStop value);
public int IndexOf (GradientStop value); // returns first one
public int IndexOf (GradientStop value, int startIndex);
public int IndexOf (GradientStop value, int startIndex, int count);
public int LastIndexOf (GradientStop value) ;
25 public int LastIndexOf (GradientStop value, int startIndex);
public int LastIndexOf (GradientStop value, int startIndex, int count);
public GradientStopCollection GetRange(int index, int count);
}

30 public class System.Windows.Media.GradientStopCollectionBuilder : Builder,
IList
{
public GradientStopCollectionBuilder() ;
public GradientStopCollectionBuilder (GradientStop (] GradientStops);
35 public GradientStopCollectionBuilder(ICollection c¢);
public GradientStopCollectionBuilder (GradientStopCollection
GradientStops);

// IEnumerable
40 public IEnumerator GetEnumerator();

// ICollection

public void CopyTo(Array array, int index);

public bool ICollection.IsSynchronized { get { return false; } }
45 public int Count { get; }

public object ICollection.SyncRoot { get; 1}

// IList
public bool IsFixedSize { get { return false; } }
50 public bool IsReadOnly { get { return false; } )}

public object IList.this [int index] { get; set; )

public int IList.Add(object value);

public void Clear();

public bool IList.Contains(object value);

55 public int IList.IndexOf (cbject value); // returns first one
public void IList.Insert(int index, object value);

public void IList.Remove(object value); // removes first one
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5 27. The nethod of claim1 wherein maintaining data in association with

t he vi sual

nmet hod
vi sual
of cl aip

i ncl udes receiving brush data via the drawi ng context. 28. Th
of claim1l wherein maintaining data in 10 association with the
i ncl udes receiving pen data via the drawi ng context. 29. The neth

28 wherein the pen-data—conmpri ses—at Inncf one nf Ad rlfh rl:n‘::

line jai
dash of
associ d

cont ext|.

associ 3
cont ext|.
associ 3
dr awind
associ 3
dr awi ng
conpri g
transfd
wher ei n
33 wher
claim3

cl abm 3
Co bR 3

transfg
The et
vi sual

visggl
Vi ewboX
and ver
process
met B8d

t he scen

conput er - execut abI e |nstruct| ons for perform ng the met hod of claim 1.

35

40

in d%#§3°|vﬁ8 %%%%8%T§nt1§“ﬁ¥yer linit data, dash array data and
f set /dakéra HncditRsmet hod of claim 1 wherein maintaining data in
ti onpwiltih Ghaiwntswab iel Lidesindsei Vigey; efdtect s data via the dra
200 FlLicThe Add (foddbfntérert mrivadher ei n maintaining data in

ti onPWRMR F9e Sty é?\‘ﬁ) opacity..data via the dra
il HE el DL

11 b

lii i toglgylﬁil gégrglggyx)fajrn ng data in

ti onpumltlh trhe vdsioak ciackatdesp eagk Viing Sldrpphdeg, datacyina )t he
conpexitic fmt3Bastiindexmt(oaliehtedopi malbewherei n mai ntai ning data i

t i onPwtltih mtebwts@sﬁxqfdér%ﬁ}eswt@@ewlmg irtapsdodndetdtia via the
con® 22 E g&?%l%e‘r‘@ ACHEETandPoratHaGEtia
radientSt
laadl‘égs,; CJTELTD g0l

VOl
es tﬁmﬁﬁ 30l kv éér@lﬁtvzﬂ@re' nthe |
rm dﬁlﬁlﬂ.l@omrd' E&ii{ahlj@-@B@iécQﬂoﬂ&I)a he net hod of cl ai m 3

t hepilanstadnToatraRe@RP s egde0t atcblclrecdmIaC 37. The nethod of cl
ei n pHEirrenisf mrmva&itrweé nhdes setalqongt)data 20 38. The net hod

3wh%‘1‘ﬁ i £¢ © dEdexc at 39. Th t hod
33 whengih L, CTdmsrel a%%%B&%a Fentlnfalan, 39, The gt ho

40. The dapbhad of Lchahdn 33c whes eiol he bradrafion medat a scooPnkses
rm anitmhi @undat a for at | east one property of a transform 5 41]
hod pibldkainn Camdvetei h grhi reqi ni ng data in association with the

i ncl f S £§%V| i ewbox data via the drawi ng context by which
i's fz i eq,r § é@gg BUS 1%(3”2 The nmethod of claim41 wherein th
dat gun1S cSPREKEY y;@%e ®aste0ne of 1 stretch, horizontal allgm
ti capulalicgorenidproperdecBsilddb (e ecd haangtdod of claim 1 wherein
ing the scene grfgh conprises traversing the scene graph. 44. Thq

of cP%ﬁ%ﬁFlGRﬂ#é?%ﬁ °B§Qﬁ§é§%ﬂQﬁgT?Qﬁédg%ﬁﬁ$é°2ﬁ9%ﬁﬁc?ﬁ?ﬁﬁf1:ses transmtf

\v.>J

Y4

As represented in the table below, the

GradientSpreadMethod specifies how the gradient should be drawn

outside of the specified vector or space. There are three

values, including pad, in which the edge colors (first and

last) are used to fill the remaining space, reflect, in which

the stops are replayed in reverse order repeatedly to fill the
space, and repeat,

in which the stops are repeated in order

until the space is filled:

45

public enum System.Windows.Media.GradientSpreadMethod
{

Pad,

Reflect,

Repeat
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46. A conputer-inpl enented nmethod, conprising: receiving function calls at
an interface to a scene graph data structure; and processing data
associated with the function calls to 5 create objects in the scene graph
and hierarchically arrange those objects with respect to one another, the
obj ects corresponding to a scene graph object nodel. 47. The nethod of
claim46 wherein one of the objects 10 conprises a validation visual, and

further conprising, calling a programtaq repopul ate the yalidation visual.
48 The ot nOG! k7 a0 SHRPRITE o OF° 1P DR AT 1288 o BAChal
and further c rising, providing a drawing 15 context to popul ate the
obj ect Vit tHPUrEAt Y ﬁ’g"f%\;? e%’é?‘%ﬂe%%i%o%% g‘?%%%%n’i%x?’?g%& 5% met hod
of claim48 further conprising receiving data via the draw ng cont ext
conpri siHR- el WSS R FERFRRIVRFEP T 48 further conprising
receiving data via the draw ng context conprising video data. 51. The
net héd of cl ai#f 48l 1A T HAREnprIRehf et cd vi eSS dadieit Preshiraleny
context conprising geonetry data. - 81 52. The nethod of claim51
wher ei n @ HeeQfediet rin@latd Eohia b est @bs | $RT1 Bnecotors i sieormtalory | thak
data, rectangle data or a conplex single shape data. 5 53. The nethod of
cl ai m 5IVSFER®i n AheCFRIBPER riS delt @R obprisestable shepwshapes and an
operati for conbining the listed shapes. 10 54, The nethod of claim4
furt her | eopiici slary FeteiviingodaiMedvs dinher@edivntg : censdésttBeoaipri si ng br lish
data. 55! The nethod of claim B4 wherein the brush data

ets up a gradient with two colors and a gradient vector
// specified to f£ill the object the gradient is applied to.
// This implies ObjectBoundingBox for the GradientUnits
// property
public LinearGradient (Color colorl, Color color2, float angle);

public BrushMappingMode GradientUnits { get; }
public Transform GradientTransform { get; }
public GradientSpreadMethod SpreadMethod { get; 1}

// Gradient Vector

public Point VectorStart { get; }

public PointAnimationCollection VectorStartAnimations { get; }
public Point VectorEnd { get; }

public PointAnimationCollection VectorEndAnimations { get; }

// Gradient Stops
public GradientStopCollection GradientStops { get; 1}

public class System.Window.Media.LinearGradientBuilder :
GradientBrushBuilder
{
public LinearGradientBuilder();
public LinearGradientBuilder(Color colorl, Color color2, float angle);
public LinearGradientBuilder (LinearGradient 1lg);

// GradientUnits: Default is ObjectBoundingBox

public BrushMappingMode GradientUnits { get; set; }

// GradientTransform: Default is identity

public Transform GradientTransform { get; set; }

// SpreadMethod: Default is Pad

public GradientSpreadMethod SpreadMethod { get; set; }

// Gradient Vector

// Default vector is (0,0) - (1,0)

public Point VectorStart { get; set; }

public PointAnimationCollectionBuilder VectorStartAnimations { get;
set; }
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conprises solid color brush data. 15 56. The nethod of claim54 wherein the
brush data conprises gradi ent brush data. 57. The nethod of claim54
wherein the brush data 20 conprises image brush data. 58. The nethod of

cl ai m54 wherer n the brush data corrprr ses nine grid brush data. - 82 59.
The net| a - nt Vé.‘r nd - a
60. The et @a 1 %ﬁmuttl ttfoqlgettd%rngegt%gaa@nngaﬁioqgt{a gta dehe
drawi ng| cont'ext conprrsrng pen d - The nethod of claim 60 wherein|the
pen data conprises at |east one of: wdth data, line join data, |line cap
data, nlter /I/tﬂr;dléa‘t étogﬁash array dat agand dash gffset data. 10 62. Thg
net hod of clP% ?ﬁ %?F t%{ acity data via, the

dr awi ng gontpex e §§a tr’rrftf')lode ttlon al:irﬁsrﬂfgr?ur nEer Xﬁ% |ng ‘receiving 15
Cllppln s e v o L= TO—O a 40 t Ter
conpri sing recer Vi ng transform data Vi a t he dr awi ng context. 20 65. The

nmet hod of cl ri sin ceiving viewbox data Si g at

| east one of aﬁﬁre%%h roarclhzed'hr?allsasfjl jhrent e rtgf%ﬁ%lcarfg aIT“? r?
properti.e f claim46 further co rrsrn

D obessi e TRAE: apﬂf%%%vir%t SRR T T TP PR 2

subsyste 5 67.. The, net hod of wherein one of the ect
conprlsesrsg%tsmdaceé“%/l Che i tachocfefﬁilrrtehet%l C#Js?rhtgv Tt arﬁ?%t C?er]t dat a
in associ at on vvrth t he surfacelvrsual 68. Thel nmet hod of c(f fau m67 further
conp ISIQEF *%ﬂ thaﬁya circle along with a foc point to de

gradient behavior. The circle defines the end point of the

gradient, that is, a gradient stop at 1.0 defines the color at
the circle. The focal point defines center of the gradient. A
gradient stop at 0.0 defines the color at the focal point.

10 FIG. 17 shows a radial gradient that from white to grey.
The outside circle represents the gradient circle while the dot
denotes the focal point. This example gradient has its

SpreadMethod set to Pad:

1 public class System.Windows.Media.RadialGradient : GradientBrush
5 {

// Sets up a gradient with two colors.

// This implies ObjectBoundingBox for the GradientUnits

// property along with a center at (0.5,0.5)

// a radius of 0.5 and a focal point at (0.5,0.5)

20 public RadialGradient (Color colorl, Color color2);

public BrushMappingMode GradientUnits { get; }

public Transform GradientTransform { get; }

5 public GradientSpreadMethod SpreadMethod { get; }
5

// Gradient definition

public Point CircleCenter { get; }

public PointAnimationCollection CircleCenterAnimations { get; }

public float CircleRadius { get; }

30 public FloatAnimationCollection CircleRadiusAnimations { get; }

public Point Focus { get; }

public PointAnimationCollection FocusAnimations { get; }

// Gradient Stops
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10 the
travers

surface visual to a subgraph of at |east one other visual
i ng the subgraph. 69. A conputer-readabl e nmedi um havi ng

by

conput er - execut abl e instructions for performng the nethod of claim46. 15

70. In

a conputing environnment, a systen1conpr|3|ng a scene gr aph data

anfiourod ~rt  ndaanl ~

struct
interfaq
interfa
create
obj eét s
graph 2
interfa
72. The
73. 1The
interfaq
vi sual
drawi ng v
a valbid
20 mang
to at
wher ei n

20

25

30

n

t CUTIHT LI b HII UUJ \r\.ll. rmouuvuectT ,
ce b@@%égnéﬁﬁh?%ﬁ¥hﬁ$gﬁﬁc ﬁ%lgE(Hgnaﬁﬁfﬁ hgfg 3 structure, the
ce configured to: 1) receive function calls fromthe programto
abjbéce s-lens tdyetgceiedgrsaphdisapadi]chadent®liildal Ity arrange those

mnth‘P@§b@ﬁﬁrﬁﬁm%%éd%mother the objects corresponding to a scen

5 obj &gt ng 1G The system of claim 70 wherein the
ce lb&éﬁtk ié‘%iéigé ﬁ@%&oi Q06508 Botl: Leasb)One of the objects.

syspenief R&dlaumamewm&eaér (Qa@lrﬂhr&d{h%nﬂbjﬁqts conprises a visuall.

systemof claim72 further conprising a drawing 10 context, the
ce réf \Fratirptint et eP@?RPétt?ef PheedBavi %@ht ext for popul at i ng th
Wi t hp l& B hMﬁ‘FPE% ﬁﬁte%[ﬁj;@fg er¥sith the visual conpri se
@Ahc %@ﬁ&ﬁ%@ﬂﬁéfsﬁm% wber gin the visual comprig

at| on/ \spsuachMetK&i Theagystemaaf claim'72 further conprising a vi
ger pavificgéragdethiSppradessod spreaiMechygt dphett;ospr.ovi de graphi cs daﬁ
east one | ower-|evel graphlcs conponent 77. The system of claim

t he/OI%‘GQ;Oln%ﬂ@E;IE%éé , selt

pub1a Y SPR erauic: (0.5, 0.5)

public P01ntAn1matlonCollectlonBullder CircleCenterAnimations { get;
set;}

public float CircleRadius { get;set; } // Default: 0.5

public FloatAnimationCollectionBuilder CircleRadiusAnimations {
get;set; }

public Point Focus { get;set; } // Default: (0.5, 0.5)

public PointAnimationCollectionBuilder FocusAnimations { get;set;

}

// Gradient Stops
public void AddStop(Color color, float offset);

public GradientStopCollectionBuilder GradientStops { get; set; }

35

40

Another brush object represented in FIG. 15 is a

VisualBrush object. Conceptually, the VisualBrush provides a
way to have a visual drawn in a repeated, tiled fashion as a
£ill.

This i1s represented in FIG. 14 by the visual brush

referencing a visual (and any child visuals) that specifies a
single circular shape 1420, with that circular shape filling a
rectangle 1422. Thus, the VisualBrush object may reference a
visual to define how that brush is to be drawn, which
introduces a type of multiple use for wvisuals. In this manner,
a program may use an arbitrary graphics “metafile” to f£ill an

area via a brush or pen. Since this is a compressed form for
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25 - 85 78. The systemof claim 77 wherein the surface visual includes a
subgraph, and further conprising a surface visual manager configured to
traverse the subgraph. - 86
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ViewBox is scaled to have the more constrained dimension equal
to the ViewPort’s size. If the Stretch is UniformToFill, the
ViewBox is scaled to have the less constrained dimension equal
15 to the ViewPort'’s size. In other words, both Uniform and
UniformToFill preserve aspect ratio, but Uniform ensures that
the entire ViewBox is within the ViewPort (potentially leaving
portions of the ViewPort uncovered by the ViewBox), and
UniformToFill ensures that the entire ViewPort is filled by the
20 ViewBox (potentially causing portions of the ViewBox to be
outside the ViewPort). If the ViewBox is empty, then no
Stretch will apply. Note that alignment will still occur, and
it will position the “point” ViewBox.
FIG. 18 provides representations of a single tile 1800 of

25 graphics rendered with various stretch settings, including a
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the ViewPort. If it is Center, then the center of the ViewBox
will be positioned at the center of the ViewPort, and if Right,
then the right edges will meet. The process is repeated for
the Y dimension.

20 If the ViewBox is (0,0,0,0), it is considered unset,
whereby ContentUnits are considered. If the ContentUnits are
UserSpaceOnUse, no scaling or offset occurs, and the contents
are drawn into the ViewPort with no transform. If the

ContentUnits are ObjectBoundingBox, then the content origin is
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tile rectangle defined, and this tile has a base location
within the space being filled. The rest of the space is filled
based on the TileMode value. FIG. 19 provides a
representation of example graphics with various TileMode
15 settings, including “None” 1900, “Tile” 1092, “FlipX” 1904,
“FlipY” 1906 and “FlipXY” 1908. The top left-most tile in the
various example graphics comprises the base tile.
FIG. 20 represents a process for generating the pixels for
this brush. Note that the logic described in FIG. 20 is only
20 one possible way to implement of the logic, and it should be
understood that other ways, including more efficient ways, are
feasible. For example, there are likely more efficient ways
processing the data, e.g., such that the content is not drawn

for each repetition, with the tile drawn and cached. However,

25 FIG. 20 provides a straightforward description.
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10%g&' ()PronewgR: ()To udEsE7e@do 1f 190eerey-2000, the DestinationUnits
property is UserSpaceOnUse, the current coordinate frame at the
time the brush was used is the starting coordinate frame, via

10 step 2002. If instead at step 2004 the property is
ObjectBoundingBox, the bounding box of the geometry to which
this brush is applied is used, as represented by step 2004, to
set a new coordinate frame such that the upper left corner of
the bounding box maps to (0,0) and the lower left corner of the

15 bounding box maps to (1,1). In either case, at step 2006 the
Transform property is applied to this coordinate frame, which
essentially defines a grid.

FIG. 21 represents a VisualBrush Grid that is defined for
the tiles in a VisualBrush. The first circle is a simple grid,

20 and the second has a Transform with a Skew in the x direction
of 47.

At step 2008, the visual is drawn into each cell of the
grid, as represented in FIG. 22, where the visual draws the

appropriate data. If at step 2010 there is a ViewBox

25 specified, the Visual is fitted into the grid cell as specified
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& "10%& ()-+#10%& ()-9*"10%& ()-9" 109%0& ()-&%F" 109 & ()-#! 109%0& ()-L. 567
8thKE@ﬂ@ropqxﬁ1es are used to apply the correct transform such that
the visual lines up in the grid box.
5 If there is no ViewBox specified, then a new coordinate
system is established for drawing the content at step 2014.
The coordinate frame is set such that its origin is at the
Origin point for that particular grid cell being drawn.
A clip is applied at step 2018 based on the Size property

10 such that this tile will not draw outside of the bounds of the
cell. The Origin and Size are modified appropriately based on
the DestinationUnits property.

The coordinate system is then modified, based on the
SourceUnits property. To this end, if at step 2020 the

15 SourceUnits property is ObjectBoundingBox, the appropriate
scaling transform is applied at step 2026, otherwise it is
UserSpaceOnUse, and no new transform is applied. The Transform
property is applied at step 2024, and the content is drawn at
step 2026.

20 Note that if any part of size is zero, nothing is drawn,
and if Stretch is “None,” the transform for the viewbox is set
up such that one unit in the new coordinate frame is equal to
one unit in the old coordinate frame. The transform
essentially becomes an offset based on the align attributes and

25 the size of the ViewBox. As described above at steps 2010 and
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optio ign“the ViéwBox, no the contents. Thus, for

example, if the viewbox is set to "0 0 10 10" and something is

drawn at -10,-10 and aligned to the upper left corner, that

thing will be clipped out.

Returning to FIG. 15, image brush can be thought of as a

10 special case of VisualBrush. Although a program can create a

visual, put an image into it and attach it to VisualBrush, the

API for doing so would be cumbersome. Since there is no

necessary content coordinate frame, the ViewBox and

ContentUnits property members no longer apply.

15 public class System.Windows.Media.ImageBrush : Brush
{
public ImageBrush(ImageData image) ;

public BrushMappingMode DestinationUnits { get; }
20 public Transform Transform { get; }

public Stretch Stretch { get; }

public HorizontalAlign HorizontalAlign { get; }

public VerticalAlign VerticalAlign { get; }

25

public Point Origin { get; }

public PointAnimationCollection OriginAnimations { get; }

public Size Size { get; }

public SizeAnimationCollection SizeAnimations { get; }

30
public ImageData ImageData { get; )}

}

public class System.Windows.Media.ImageBrushBuilder : BrushBuilder
35 {

public ImageBrushBuilder();

public ImageBrushBuilder (ImageData image);

public ImageBrushBuilder (ImageBrush ib);

40 // DestinationUnits: Default is ObjectBoundingBox
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NineGridBrush is very similar to ImageBrush except the

25 1image is warped based on the size. In essence, NineGridBrush
may be thought of a custom type of Stretch, in which certain
parts of the image stretch, while others (e.g., borders) do
not. Thus, while the Size of the image in the ImageBrush will
cause a gimple scale, the NineGridBrush will produce a non-

30 uniform scale up to the desired size. The units for the non-
scaled areas are the user units when the brush is applied,
which means that ContentUnits (if it existed for NineGridBrush)
would be set to UserUnitsOnUse. The Transform property of the
Brush can be used effectively. Note that the border members

35 count in from the edge of the image.

By way of example, FIG. 23 represents a nine-grid image
being enlarged from a first instance 2302 to a second instance

2304, with four types of areas. As represented in FIG. 23, to
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public Point Origin { get; 1}

public PointAnimationCollection OriginAnimations { get; }
public Size Size { get; 1}

public SizeAnimationCollection SizeAnimations { get; }

public int LeftBorder { get; }
public int RightBorder { get; }
public int TopBorder { get; }
public int BottomBorder { get; }

public ImageData ImageData { get; }
}

public class System.Window.Media.NineGridBrushBuilder : BrushBuilder
{
public NineGridBrushBuilder () ;
public NineGridBrushBuilder (ImageData image,
int LeftBorder, int RightBorder,
int TopBorder, int BottomBorder) ;
public NineGridBrushBuilder (NineGridBrush ngb};

// DestinationUnits: Default is ObjectBoundingBox
public BrushMappingMode DestinationUnits { get; set; }
// Transform: Default is identity

public Transform Transform { get; set; }

// Origin: Default is (0,0)

public Point Origin { get; set; }

public PointAnimationCollectionBuilder OriginAnimations { get;
set; }

// Size: Default is (1,1)
public Size Size { get; set; }
public SizeAnimationCollectionBuilder SizeAnimations { get; set; }

// *Border: default to 0

public int LeftBorder { get; set; }
public int RightBorder { get; set; }
public int TopBorder { get; set; }
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5 of FIG. 24, under a Transform base class. These different
types of components that make up a transform may include
TransformList, TranslateTransform, RotateTransform,
ScaleTransform, SkewTransform, and MatrixTransform. Individual
properties can be animated, e.g., a program developer can
10 animate the Angle property of a RotateTransform.
Matrices for 2D computations are represented as a 3x3
matrix. For the needed transforms, only six values are needed

instead of a full 3x3 matrix. These are named and defined as

follows.

m00 m0l O
15 ml0 mll O
m20 m2l 1

When a matrix is multiplied with a point, it transforms
that point from the new coordinate system to the previous

coordinate system:
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Most places in the API do not take a Matrix directly, but

10 instead use the Transform class, which supports animation.

public struct System.Windows.Media.Matrix
{
// Construction and setting
public Matrix(); // defaults to identity
15
public Matrix(
double m00, double m01,
double ml10, double mll,
double m20, double m21);
20
// Identity
public static readonly Matrix Identity;
public void SetIdentity();
public bool IsIdentity { get; }
25
public static Matrix operator * (Matrix matrixl, Matrix matrix2);
public static Point operator * (Matrix matrix, Point point);

// These function reinitialize the current matrix with

30 // the specified transform matrix.

public void SetTranslation{double dx, double dy);

public void SetTranslation(Size offset);

public void SetRotation(double angle); // degrees

public void SetRotation(double angle, Point center); // degrees
35 public void SetRotationRadians (double angle) ;

public void SetRotationRadians (double angle, Point center);
public void SetScaling(double sx, double sy);

public void SetScaling(double sx, double sy, Point center);
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void ApplyScaling(double sx, double sy, Point center)

publlc void ApplySkewX (double angle); // degrees
public void ApplySkewY (double angle); // degrees
public void ApplySkewXRadians (double angle);
20 public void ApplySkewYRadians (double angle);
public void ApplyMatrix (Matrix matrix);

// Inversion stuff
public double Determinant { get; }

25 public bool IsInvertible { get; }
public void Invert(); // Throws ArgumentException if
!TsInvertable

public static Matrix Invert (Matrix matrix);

30 // Individual members
public double MO0 { get; set;

@

>bC

}
public double M0l { get; set; }
public double M10 { get; set; }
public double M1l { get; set; }
35 public double M20 { get; set; }
public double M21 { get; set; }
Y
CONCLUSION
40 As can be seen from the foregoing detailed description,

there is provided a system, method and ocbject model that
provide program code with the ability to interface with a scene
graph. The system, method and object model are straightforward

to use, yet powerful, flexible and extensible.
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5 however, that there is no intention to limit the invention to
the specific forms disclosed, but on the contrary, the
intention is to cover all modifications, alternative
constructions, and equivalents falling within the spirit and

scope of the invention.
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visual to’'contain graphic information in a scene graph, and in

5 response, creating the visual;
providing a drawing context for the visual;
maintaining data in association with the wvisual, the data
received via the drawing context; and
processing the scene graph including the visual to provide

10 graphics data to a graphics subsystem.

2. The method of claim 1 wherein providing a drawing
context comprises receiving a request to open the visual and in

response, providing a reference to the drawing context.

15
3. The method of claim 1 wherein maintaining data in the
visual comprises maintaining at least one drawing primitive
received via the drawing context.
20 4. The method of claim 1 further comprising receiving a

request to close the drawing context and in response, closing

the drawing context.

5. The method of claim 1 wherein the visual comprises a

25 drawing visual accessed by program code.
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7. The method of claim 1 wherein the visual comprises a
surface visual and wherein the data maintained in association
with the visual comprises pixel data.
10
8. The method of claim 1 wherein the visual comprises a
surface visual, and further comprising a surface visual manager
that relates the surface visual to a subgraph of at least one

other wvisual by traversing the subgraph to provide an image to

15 the surface visual.

9. The method of claim 1 wherein maintaining data in
association with the visual includes receiving at least one
drawing primitive via the drawing context.

20
10. The method of claim 1 wherein receiving at least one

drawing primitive comprises receiving an image data primitive.

11. The method of claim 1 wherein receiving at least one

25 drawing primitive comprises receiving a video data primitive.
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one property of a line.

14. The method of claim 12 wherein receiving a geometry
10 primitive comprises receiving data corresponding to at least

one property of an ellipse.

15. The method of claim 12 wherein receiving a geometry
primitive comprises receiving data corresponding to at least

15 one property of a rectangle.

16. The method of claim 12 wherein receiving a geometry
primitive comprises receiving data corresponding to at least

one property of a complex single shape.

20
17. The method of claim 12 wherein receiving a geometry
primitive comprises receiving data corresponding to at least
one property of a list of shapes and an operation for combining
the listed shapes.
25
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20. The method of claim 18 wherein the brush object data

comprises gradient brush data.

10 21. The method of claim 20 wherein the gradient brush
object data comprises linear gradient object data, including at

least a start point and an end point.

22. The method of claim 20 wherein the gradient brush
15 object data comprises radial gradient object data, including

circle data and a focal point.

23. The method of claim 18 wherein the brush object data
comprises image brush data.
20
24. The method of claim 18 wherein the brush object data

comprises nine grid brush data.

25. The method of claim 18 wherein the brush object data

25 comprises visual brush data.



& ()- 6B, 10%& ()-!++, 10%0& ()-MLO%W& ()-Fs109%d& ()- 10 10

10- ?<??@@ @RIEUT2 1! 6, 10%409%& ()-Z109%& ()-Z F1090& ()- F109%z& ()-
F1090& ()- 109%w& () - MGBRAGAAAA} A 2uT2

116, 1099&' ()-gl0%a& ()-Z109%?& ()-Z! 10%\ & ()-Z109%d& ()-2Z!10% & ()-ZA BpBB
BCDdEuUT2
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10T, 8: 1097°& (3895 R9Reod ez ok 18 Whryetiguatdq )vysgal brush data
109%& () - EIl EKENEEEEJEYNC 1! 6, 3109%0& ()-z&10%& ()-&

10907& ( )COIPES ) -BFRIAENOE &CLERENSE BEISTEEGGCDYNC 116, L!
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KKKLI LLIaSErG anion with the visual includes receiving brush data via

the drawing context.

28. The method of claim 1 wherein maintaining data in
10 association with the visual includes receiving pen data via the

drawing context.

29. The method of claim 28 wherein the pen data comprises
at least one of: width data, line join data, line cap data,

15 miter limit data, dash array data and dash offset data.

30. The method of claim 1 wherein maintaining data in
association with the visual includes receiving effects data via
the drawing context.

20

31. The method of claim 1 wherein maintaining data in

association with the visual includes receiving opacity data via

the drawing context.
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via the drawing context.

34. The method of claim 33 wherein the transform data

10 comprises transform list data.

35. The method of claim 33 wherein the transform data

comprises translation data.

15 36. The method of claim 33 wherein the transform data

comprises rotation data.

37. The method of claim 33 wherein the transform data
comprises scaling data.
20
38. The method of claim 33 wherein the transform data

comprises skew data.

39. The method of claim 33 wherein the transform data

25 comprises transform matrix data.
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41. The method of c¢laim 1 wherein maintaining data in

association with the visual includes receiving viewbox data via

the drawing context by which the visual is fit into a grid

cell.
10
42. The method of claim 41 wherein the viewbox data is
specified by at least one of: stretch, horizontal alignment and
vertical alignment properties.
15 43. The method of claim 1 wherein processing the scene
graph comprises traversing the scene graph.
44, The method of claim 1 wherein processing the scene
graph comprises transmitting the scene graph.
20

45. A computer-readable medium having computer-executable

instructions for performing the method of claim 1.
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& ()-S(10% & 47 - S(M@h&ghdd®S d¥hm 46 wherein one of the objects

10 comprises a validation visual, and further comprising, calling

a program to repopulate the validation visual.

48. The method of claim 46 wherein one of the objects
comprises a visual, and further comprising, providing a drawing
15 context to populate the object with drawing data received via

the drawing context.

49. The method of claim 48 further comprising receiving
data via the drawing context comprising image data.
20
50. The method of claim 48 further comprising receiving

data via the drawing context comprising video data.

51. The method of claim 48 further comprising receiving

25 data via the drawing context comprising geometry data.
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55. The method of claim 54 wherein the brush data

comprises solid color brush data.
15
56. The method of claim 54 wherein the brush data

comprises gradient brush data.

57. The method of claim 54 wherein the brush data

20 comprises image brush data.

58. The method of claim 54 wherein the brush data

comprises nine grid brush data.
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comprises a surface visual, and further comprising, maintaining

pixel data in association with the surface visual.

68. The method of claim 67 further comprising, relating
10 the surface visual to a subgraph of at least one other visual

by traversing the subgraph.

69. A computer-readable medium having computer-executable
instructions for performing the method of claim 46.
15
70. In a computing environment, a system comprising:
a scene graph data structure configured to contain objects
of a scene graph object model;
an interface between a program and the scene graph data
20 structure, the interface configured to:
1) receive function calls from the program to create
objects in the scene graph, and
2) hierarchically arrange those objects with respect
to one another, the objects corresponding to a scene graph

25 object model.
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71. The system of claim

70 wherein the interface

instantiates a builder to create at least one of the objects.

72. The system of claim

comprises a visual.

73. The system of claim

context,

the interface returning a reference to the

70 wherein one of the objects

72 further comprising a drawing

drawing

context for populating the visual with data.

74. The system of claim

drawing visual.

75. The system of claim

validation wvisual.

76. The system of claim
manager configured to process

graphics data to at least one

77. The system of claim

surface visual.

72 wherein the visual

72 wherein the wvisual

72 further comprising a visual
the scene graph to provide

lower-level graphics component.

72 wherein the visual comprises a

comprises a

comprises a



78. The system of claim 77 wherein the surface visual
includes a subgraph, and further comprising a surface visual

manager configured to traverse the subgraph.



