VISUAL AND SCENE GRAPH INTERFACES CROSS-REFERENCE TO RELATED APPLICATIONS 5
The present invention is related to the following copending United States Patent Applications: Serial No.
10/184,795 entitled Multiple-Level Graphics Processing System and Method; Serial No. 10/184,796,
entitled Generic Parameterization for a Scene Graph; Serial No. 10/185,775 10 entitled "Intelligent
Caching Data Structure for Immediate Mode Graphics;" each filed on June 27, 2002; and United States
Patent Application entitled "Markup Language and Object Model for Vector Graphics" (Attorney Docket
No. 3480), filed concurrently heveMsithALE SSiDrefiied B ppRedttdnlis HsBigAEBS0 15 the assignee of the
present patent application and hereby incorporated by reference in its entirety. FIELD OF THE
INVENTION The invention relates generally to computer systems, and 20 more particularly to the
processing of graphical and ORGSISvidebERfokbatid @ fotEdiddIB) oARRInSiftéd Hitems. BACKGROUND
OF THE INVENTION The limits of the traditional immediate mode model of 25 accessing graphics on
computer systems Hie belieseath&aVientiopar petaladebntery el figd dgwedichave not kept up with
the advancements in main processors and/or Ei%G<'31ph|(:s processors. In general, the current (e.g., WM

PAINT) mo&aRENSHERAriHE bt ntakRfel up'ith the 5 hardware
refresh rate 0 are desired. s a result, when complex graphics effects are
tomptod vitl ARl et  SABIES ot AAGERas | rap%-és rocessing Syster

and Method; Serial No. 10/184,796, entitled Generic

Parameterization for a Scene Graph; Serial No. 10/185,775
10 entitled “Intelligent Caching Data Structure for Immediate Mode
Graphics;” each filed on June 27, 2002; and United States
Patent Application entitled ‘“Markup Language and Object Model
for Vector Graphics” (Attorney Docket No. 3480), filed
concurrently herewith. Each related application is assigned to
15 the assignee of the present patent application and hereby

incorporated by reference in iIts entirety.

FIELD OF THE INVENTION

The iInvention 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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completing the changes that result in the perceived visual effects in time for the next frame, the changes
may be added 10 over different frames, causing results that are visually and noticeably undesirable. A
new model for controlling graphics output is described in the aforementioned United States Patent
Application Serial Nos. 10/184,795, 10/184,796, and 10/185,775. This new model 15 provides a number
of significanpémnerdveoss imgraphicsantdessinggeetirolhgy.e-orcixakepe, U vaearial tie 10/184,795
is generally directed towards a multiple-level graphics processing system and method, in which a

higher-levelagvapsresmenesy. 1 of aadpeatingessmrs) paddiors garapbtetisnpliypRedgensive abpects of
building a scene graph, updating animation parameters and traversing the scene graph's data structures,
at a relativél@nsy dperking ratd iedlddQo Pass WinPridT dakosedctlirss EBREHMHIE commands
to a low-level component, Because the high-level processing greatly 25 simplifies the data, the low-level

component EXABpeFRaWE Les oo mucht dakan RAGREHGLIRI KEFRoHRNY I thtRea rate that

corres%ond%torthe f'[aeme r@"[gssrﬂ] rate tof tvv%rglt‘ap@(i)?ns leJ)tgs s'gemhto feroc&s_s tl%te dat'aeinto constant output
data for the 5‘ra%\ﬁ%s su%%ystem. WARER alihSo |spused, KOG S%av%% 3 r84faw an entire scene

with changeg, ig-oy/-levek paoq%%iw,namﬁf%ﬁ\ I%agfaéfﬁi‘%"%'?ﬁéd@eéféw to_obtain

instantaneous values that when rendered provide a slig ged scene for each frame, providing

smooth aniggenpted wi BRMabNOeHY i 8 POFIagsHPes aniansierireshessdcof
completing the changes that result in the perceived visual
effects In time for the next frame, the changes may be added
10 over different frames, causing results that are visually and
noticeably undesirable.
A new model for controlling graphics output is described
in the aforementioned United States Patent Application Serial
Nos. 10/184,795, 10/184,796, and 10/185,775. This new model
15 provides a number of significant improvements iIn graphics
processing technology. For example, U.S. Serial No. 10/184,795
is generally directed towards a multiple-level graphics
processing system and method, in which a higher-level component
(e.g., of an operating system) performs computationally
20 iIntensive aspects of building a scene graph, updating animation
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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graph that provides mutable (animated) values and parameterized graph containers such that program
code that wants to draw graphics (e.g., an application program or operating system component) can
selectively change certain aspects of the scene 15 graph description, while leaving other aspects intact.
The program code can also reuse already-built portions of the scene graph, with possibly different

parametersfasten beatppreCiatdtinecabtidy theahipbhdrgectheapnsaname)Qf displayesl items via
parameterization and/or the reuse of 20 existing parts of a scene graph provide substantial gains in

overall graphakeprébedsing effeipuyds. SoSditw No“alZ18% Treglentedly debclibes graghings data
structure and related mechanisms for storing visual information via objects and data in a scene graph.
The data 2556tARMSEEI gekRraKosRssi te wWith Faeditifsiaemrdiant prdinydhtadent®P Row the
visual information therein is populated and used. For example, unless specifically requested by the

application S¥grFhARIbEES: ARG A RRon S iRNtHEELirtSifeRds nbSdER Aerence to it

which %enaﬁ)le&thls @forma ion to be optimized or Othel’WJ%% pr?‘cessed. Aﬁr(l:anlbe aqpremi'ited, this

provides eﬁlc{f‘é/n'cr)‘/ganoo chReERMHN of FesbU cé’s‘f%r.‘&, e A& TR M€ Bache Gata” YiraéttiFe can be

processed iE‘i"o%Q%@J@’QIg@@%%ﬁg@%ﬁ&%@ﬂgw{ﬂ‘l\‘lé\/ﬁlﬁg‘thea Jiop susqqy el repeated

10 processing, suc tmap or other post-processing result. ove Improvements provide
substantial pgpefin I9ERNEaRERAPSSNYIGERNTREY: REHSIHENRRISYW -8\ Wwaw fer programs to

effectively use this improved graphics
slightly changed scene for each frame, providing smooth
animation.

10 U.S. Serial No. 10/184,796 describes a parameterized scene
graph that provides mutable (animated) values and parameterized
graph containers such that program code that wants to draw
graphics (e.g., an application program or operating system
component) can selectively change certain aspects of the scene

15 graph description, while leaving other aspects intact. The
program code can also reuse already-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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model and its other related improvements in a straightforward 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 aniobied higdelit bypdcunapplication progranisinglintnfEoen(APiior eheessing ikat object
model in a manner that allows program code 25 developers to consistently interface with a scene graph
data - 4 stipepuéaterodund gegtics. Adrasexanipdian thie kesiel apdcAPisetlidy visuplewhith
represents a virtual surface to the user; the scene graph is built of visual objects. Such Visuals include
container vibYalEfe@ppigatid @NisREPekadts, BAFkwig JibgalldfediBakiiurteeshal Bbjects.
Visuals themselves can hold onto resource objects, such as clip objects, transform abjects and so forth,

and some ol I G LW RIS VR BRI Vﬁ%ﬁ%éﬁ ohtte WAKRg instruction lists

that may reference respurce abjects 1%such S images, hrushes and/or gradients. Typical resource
object?‘lln th%n&%ﬁ%sgrgﬁﬁ%ré rﬂr% '[ngb éognceocr%;%té) ,l'EHQ}'%? gnc?erth%&a(?gwga?ted they cannot be

oo AR XS el seeoiet NS UL ey Ml
but cannot ehangertDg tpnsf P ¥e@lburces, e.g., the data in the cache data
structure can be processed into a different format that is more
compact and/or reduces the need for subsequent, repeated
10 processing, such as a bitmap or other post-processing result.
While the above improvements provide substantial benefits
in graphics processing technology, there still needs to be a
way for programs to effectively use this improved graphics
model and its other related improvements iIn a straightforward
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 (APl) for accessing
that object model in a manner that allows program code

25 developers to consistently interface with a scene graph data
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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 instgwtioosand seofopthdoiwdbegisifstia dhosedrbwsing 3b jrstrucionthee nivele toabined with
complex data like geometry -5 data that describes how a path is drawn, and they also may reference
resources liR@ bitsebs i gideoy,iauidqg forkhl dhereguieesan dis ospetiftuahsunifalepitg abldeopacity
properties on visuals, and methods for pushing and popping 5 transform, opacity and hit test identification
are provided#S&1 addien SEenSs N dRb flkgsRehdbliad novsHalarabipastsa hitesting ed®gram
code also interfaces with the visuals to add child visuals, and thereby build up a hierarchical scene

graph. A vistBFHA8 EPPIRLRELs Y §Uab PR SdSor YaldHAREHRR JKERHNa AP ASFlRide rich

graphicg datﬁrto lower-level %iaptgcs c%r#poH%nts. C{gntainer.visu sgéavid%gor aﬁllecti n of children

visualsnd i} BHé ri‘r%pl\éfnséjn atic())n,Ja e 3R U8 vharV ez Renife Fe?archy. &'d8ction of

cI:DhiIdr_en on fHECuyainer §§Hah%|mv%mdarpjg§%ip§8rt[%1-égﬁg\falsqg% r %rdgiiqg of children visuals.
rawing visuals are opened with an open call that returns adrawing context (e.g., a feference to a
drawing corigle8RISC EPARR FaleI- Bhjeraral, #ndravingrepieXt Bl some type of
Visuals (e.g., DrawingVisual, ValidationVisual) can hold on to
drawing iInstruction lists that may reference resource objects,
10 such as iImages, 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 i1s 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 visuals. Those drawing

25 1Instructions are often combined with complex data like geometry
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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
- 6 receiving static values as drawing parameters, drawing contexts can be filled with animation objects.
A validationdéstial tpatatde dta Bipiamvanaepath digwihgaviayalaexcegtdyatatbadyamdiyg context is
filled when 5 the system requests that it be filled, instead of when the program code wants to fill it. A
surface visusd Eepreniciedresdispzgsa Bitkeplof pivapdsatay lwteds caardrrespdiad tha drawing context
filled with the pixel data, or another visual subgraph traversed by a surface visual manager that provides
10 the pixel data. THhes@em savidebsodengsd EynexanshrirentafdPriddaadr<Bg €AY into the
surface, and a Surface Visual Manager can be used to corr%oose a Visual scene graph into a surface.

Other typesRIFORSE &% Q8o VA&tdibae. 254 1S LaER QY p S PHilHitdRS 3PP Bawn into a
visual using,a drawing context, includin etry, image data .and video data. Geometyy is a type of
ot TR Vet AAEY RO BihET s i Sl ghL A

class that d savmm&%%ﬁ ut stroke or fill, é:g:, C ometry

object corregpo imp i e , Ellj yiRectapgle Geometry), a
complex sinfgﬂe S améghéeé?magtﬁrﬁ%r arpl%st o?!l%cq%gsE?pﬁeﬁggmgtrgﬁﬁt)@vﬁth a combine operation
specified (e ghritiieq pAEeESeFHOM pRdEOSRAY .Thepseohees Faiin eddRSalso interfaces

with the visuals to add child visuals, and thereby build up 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 visuals.
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 iIs 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



hierarchy. There are also shortcuts for drawing frequently 25 used types of geometry, such as a Draw
Rectangle method. - 7 When geometry is drawn, a brush or pen may be specified. A brush object
defines how to graphically fill a plane, and there is a class hierarchy of brush objects. A pen also has a
brush specified on it describing how to fill the stroked area. 5 A special type of brush object (the Visual
Brush) can refereiheeng vistat ixdefirikibewdbkaidragli gy tqpbe dirvte rathed banéhils arshadvargages will
become apparent from the following detailed description when taken in conjunction with the drawings, in
which: 10 B&ABF [BESERIRTION UOF anEraRMMINGS¢ESRE 1 is a block diagram representing an
exemplary computer system into which the present invention may be incorporated; 15 FIG. 2 is a block
diagram generally fepraddai@ie @ngraphikia lagiedratesctiie ateinthane TResat it iion may be
incorporated; FIG. 3 is a_representation of a scene %raph of visuals and associated comé)onents for

processing MR FrhBHRLen S5A5P botRRerdikg tHE LAY gt TrodRle IHh s W3Rinands
d d [ d ith of th [ ion: FIG. 4 i f
s S L P B SRR A O nt

rawing visuals an socidted drawing prlm\l%vgs- Gonstructed in
acamdanceawgbggﬂseggéﬁwgﬁ{§§$gnfi|| it. A surface visual i1s provided to

display a bitmap of pixel data, which can correspond to a
drawing context filled with the pixel data, or another visual
subgraph traversed by a surface visual manager that provides

10 the pixel data. The system provides a drawing context
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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invention; FIG. 5 is a representation of a visual class, of an object model, in accordance with an aspect of
the present invention; 5 FIG. 6 is a representation of various other objects of the object model, in
accordance with an aspect of the present invention; FIG. 7 is a diagram representing transformation of a
visual's data in accordance with an aspect of the present 10 invention; FIGS. 8A and 8B are
representations of \aasfajeations ¢f Bsvidvalm fata raghometysacalagnde rediifiauscale,
respectively, in accordance with an aspect of the present invention; 15 FIGS. 9A-9C are block diagrams
of surface visualuolsjectsb pad bterfingss bod coongorapid teddoordardde with barespeanaf the present
invention; FIGS. 10 A and IO B are diagrams representing HWnd visual objects in accordance with an
aspect of thEpEserksndertibas2ERY.aNCRY; BihgdiHFEpRREAGES a lafeREViGESObL[RS IR
accordance with an aspect of the present invention; FIG. 12 is a representation of geometry classes of

the object MEHENISREHFASE Rith Lh A§RCE 8PHAD R EhvERESN 168t HaKEd RPf&sentation of
a PathGeometry structyre, in accprdance with an aspect of the pregent invention; FIG..14 is a
represgnta;%r']' eacsfcaehrlu-:-et &%%h%?v?’sﬁ%% a%%j(ﬁgavéinggbﬁm%!/sepgasiowsé xé:n%Bler ra%ﬁl%gcp?oduced
by the 5 prignities, 11 248 daRn Y HAD IFRECBHIGPESEEb be drawn.

Other benefits and advantages will become apparent from

the following detailed description when taken in conjunction

with the drawings, iIn which:

10
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 i1n accordance with an aspect of the present
invention;

FIG. 4 1s a representation of a scene graph of validation

visuals, drawing visuals and associated drawing primitives



invention; FIG. 15 is a representation of brush classes of the object model, in accordance with an aspect
of the present invention; 10 FIG. 16 is a representation of rendered graphics resulting from data in a
linear gradient brush object, in accordance with an aspect of the present invention; FIG. 17 is a
representation of rendered graphics resulting from data in a radial gradient brush object, in accordance
with 15 an seprat il e greienhtwentiamdd G iBhs arvepsgsantation afvengdeesskegrephics resulting
from having various stretch values, in accordance with an aspect of the present invention; FIG. 19 is a
representationusfn&mdered graphics resulting 20 from having various the 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 blish Sbjd&, B gerdraeenfkatdien iriccorvdacalitt kasgspeel ofttheopbackt
invention; - 10 FIG. 21 is a representation of a grid and transformed grid, resulting from data in a visual

brush objecldHedccol fateCHENAACR pULEDr AR (FER&R N dn e FRECSS L, FERREARRon of the

grid and transformeq .5 grid,-with rendered graphics therein drawn from visuall?in accordange with an
aspect the prestl G i, FIC CBd s 1B Lo U1 £HHorel Kihe PGS e (il

accordance i34 33BAEYCN RR PRV YRR 89%n aspect of the present

invention;
FIG. 7 is a diagram representing transformation of a
visual’s data in accordance with an aspect of the present

10 invention;

FIGS. 8A and 8B are representations of transformations of
a visual’s data in a geometry scale and a non-uniform scale,
respectively, i1n 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;



10 FIG. 24 is a representation of transform classes of the 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 environfiEh! ang i soainteypiass2i tasiggess finy liPEiics @sactithe stepe ofiveg or
functionality of the invention. Neither should the computing environment 100 be interpreted as having any
dependencyl or aeqairetascerelaitly terargspectr ofmbimatipneseoponegatst ilstrated in the
exemplary operating environment 100. - 11 The invention is operational with numerous other general
purpose or specialfpffpodé cdppatitigRyasandakilsim&fisdr SeaitRuedtants. ekambieadsvell known
computing systems, environments, and/or configurations that may be suitable for 5 use with the invention

include, but3d ridf AHKBE (5T BEAbRAPSoRRaHE S S EMEhAp SRR MR- RIE Y 55l oBYddiies, tablet

devicer% mult}prr(r)ﬁ%sisyer systiems rgécifa]%rrﬁ)cessciri%aserg systems, seig tg&P1 boxle;s,?pro%rammable
consunier e ecfronlcs, RRtwork S, mi co?ﬁpt‘ﬂers, rainffame T gompu%rg, Fistrblted computing

environmen f@%' any of the above systems or devices, and the like. The invention may be
described in the general’context of computer-executable instructions, such as program modules, being

executed by a comptijey. Genejallya PP PELBIRENEFON of brush classes of the
object model, in accordance with an aspect of the present
invention;

10 FIG. 16 is a representation of rendered graphics resulting
from data in a linear gradient brush object, In accordance with
an aspect of the present invention;

FIG. 17 i1s a representation of rendered graphics resulting
from data in a radial gradient brush object, in accordance with

15 an aspect of the present invention;

FIG. 18 is a representation of rendered graphics resulting
from having various stretch values, In accordance with an
aspect of the present invention;

FIG. 19 1s 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;
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15 include routines, programs, objects, components, data structures, and so forth, which perform
particular tasks or implement particular abstract data types. The invention may also be practiced in
distributed computing environments where tasks are performed by remote processing devices that are 20
linked through a communications network. In a distributed computing environment, program modules
may be located in Bath. lazhl asd semeta-eupttet btvragE nedjainclagid g tramefio sierdge devices.
With reference to FIG. 1, an exemplary system for 25 implementing the invention includes a general
purpose compiting reisu bieving iffitos fatataf a compuiausl. [Qaspomds ot tha romputer 110 may
include, but are not limited to, a processing unit 120, a system memory 130, and a system bus 121 that
couples varRecaXdaseombbneats REReRy OF LRemesatE 4Ry etdRRessing unit 120. The
system bus 121 may be any of several types of bus structures incggéréjg a memory bus or memory

iety S

controller, a peripHel& bueZ ahg AoEERIESHING B9t VARG AhildANSEOBYShy of

example, andrraot |im£t§ lon, sugh ar%hit(?ptu%els incl e|1ndustr r%%and ;_c(i) 10 éAr{:/hlitect re (i%A) bus,
Micro Chanf&l ,Qrth\ﬁ(ec urea\ﬂ %5% s,g Ehahtd R(Eré‘A bus,n\/i L0 BISb o EStmntards

Associationé}(zggﬁiﬁ’%sq%tﬁcgﬂe%&g&aglﬁciﬁé)r%‘%%ghpu%ggﬂgg&pheraI Component

Interconnect o known as Mezzanine bus. 1 e computer 110 typically includes a variety
of computer- readabjg media. e PHE FeadARg FRedasANP -8Ry araitpig HBediriBabysRe

accessed by the computer 110 and includes
object in accordance with an aspect of the present invention;
and
10 FIG. 24 is a representation of transform classes of the

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 iIs 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 iInterpreted as having any dependency or
requirement relating to any one or combination of components

illustrated in the exemplary operating environment 100.
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both volatile and nonvolatile media, and removable and 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 ZEhgiruciveast poograe mpdvigeimmillendath. Gomprbdersstotdger - §énewealla includes,
but is not limited to, RAM, ROM, EEPROM, flash memory or other memory technology, CD-ROM, digital
versatile digksr(@g) orothieeoptidalplisiosiveagmpadiiang psEres emabnetineis nedgnetic disk
storage or other magnetic storage 5 devices, or any other medium which can be used to store the
desired infofABdYHRa LAAES can Bxeesskeshyihevedhlplfiepwno CetmhlAR 2SR E88ta typically
embodies computer-readable instructions, data structures, program modules or_other data in a
modulated &4 SGHHISILT asH'HREr GRAVL W WH M Fatditht AR%NBRisRY ARG S Jrany
information deliver¥ twe%a' Thr(]e teH'rt;]."mr(])du}]at?d ata Bi Eal" Jeans.a fiﬂﬁ]aﬁhc?t tha\s one or more of its
characteristice et or (:hangeoI WSUEH' ARG ES to BN o hrdimation i Hye sig(r)lal. By way of
example, a imitatj icg&gq, dig.i ir media s ited network or
direct-wiredrifzbc)li;%t(ét:qtglc!n,PE<'31(l|;1|ncfS gwre ess mediag;ﬁc é?sﬁ %@%&%ﬁl@?ﬂgj aggho?égt %reless media.
Combinatiopg 0§ tesanvrabiie elave rbew!ld Aiandip insdadashyitaipdie ssope of computer-readable
media. The system memory 130 includes computer storage media in 20 the form of volatile and/or
nonvolatile mpstapsocbssdeabased systems, set top boxes, programmable

consumer electronics, network PCs, minicomputers, mainframe
10 computers, distributed computing environments that include any
of the above systems or devices, and the like.

The iInvention may be described in the general context of
computer-executable iInstructions, such as program modules,
being executed by a computer. Generally, program modules

15 include routines, programs, objects, components, data
structures, and so forth, which perform particular tasks or
implement particular abstract data types. The invention may
also be practiced in distributed computing environments where
tasks are performed by remote processing devices that are

20 linked through a communications network. In a distributed
computing environment, program modulles may be located in both
local and remote computer storage media including memory
storage devices.

With reference to FIG. 1, an exemplary system for

25 1mplementing the invention includes a general purpose computing
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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 -
14 program modules that are immediately accessible to and/or presently being operated on by
processing dew i28. By weyeoffexamplie, andamplirdtation OFIG.Coilipsinairs ©pefatige system 134,
application programs 135, other program modules 136 5 and program data 137. The computer 110 may
also includecsthpruiegovdiflemay- iermadvalsie, \midtilair@nuolttikiodrtipdict storage nastissBy\gray of
example only, FIG. 1 illustrates a hard disk drive 141 that reads from or writes to non-removable,
nonvolatile kakke#2?0 rAe@¥StPAndgiRNRIsK e a0 tiRatF¥adefobtsr Walestidat removable,
nonvolatile magnetic disk 152, and an optical disk drive 155 that reads from or writes to a removable,

nonvolatile SPHPAEHsK F68 QUeh SXEED ROTPBPEIHE? obREdUALER. BifeERIGRONGRG Yemovable,

volatile onx&ola;{lﬁ computer 15 storage mfﬂ? thaﬁ_ﬁan be utsenq lary operating $nvironment

in th
include; but ate no?Iiﬁntgg?g,snﬁggngtrigc'ttape asset ees, fi¥sh erlrg’étjr‘?/ecfaﬁrgsﬁoaf ital vefLRfile disks, digital

ideo tape, sali ' li f he-hard di iye 141 i icall ted
o the syeteny SOt LID otk Anoreran NS ey ITLcs Lk At aca a0, and

magnetic digiefEYS ledrPrantieal digk pdipipihet ate Biricallys@nactisede thesysisinbuanyl by a
removable memory interface, such as interface 150.
of a variety of bus architectures. By way of example, and not
limitation, such architectures include Industry Standard

10 Architecture (1SA) bus, Micro Channel Architecture (MCA) bus,
Enhanced ISA (EISA) bus, Video Electronics Standards
Association (VESA) local bus, Accelerated Graphics Port (AGP)
bus, and Peripheral Component Interconnect (PCl) bus also known
as Mezzanine bus.

15 The computer 110 typically includes a variety of computer-
readable media. Computer-readable media can be any available
media that can be accessed by the computer 110 and includes
both volatile and nonvolatile media, and removable and 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
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The drives and their associated computer storage media, 25 discussed above and illustrated in FIG. 1,
provide storage of - 15 computer-readable instructions, data structures, program modules and other
data for the computer 110. In FIG. 1, for example, hard disk drive 141 is illustrated as storing operating
system 144, application programs 145, other program 5 modules 146 and program data 147. Note that
these compoaelits dac bildeshe hetsdwemstordifidrest frem, openatin@GysteRE PR3N apfileasion
programs 135, other program modules 136, and program data 137. Operating system 144, application
programs IM&nother@rogriine movktes yAd ectutnorbggym deite RAV ard vietedO digieserttlenbers herein
to illustrate that, at a minimum, they are different copies. A user may enter commands and information
into the contpLR&s1 IOWRIUG inpkheEverE koal 41 akastorasaroaanflis) cesseti@dphone 163,

a keyboard 162 and pointing device 161, commonly referred to as 15 mouse, trackball or touch pad.

Other input BRGREL tSotldffm) AR SAAIGAE LSy SART §9MmePad LAk iBHEE ChanREP HR%Fe like.
These gnd othet input devices are 1%ten conHeCted to _th proce%sin unié1 1121? throu'gh pser input
interface 160 THACT <30|fl)prle8l (A sfs'ferrﬂ u'sl,J'P)u My ﬁ)ecggnneect%(? %y ottrer2Phtertale and bus

structures, E@;@ggseap GHIAE8 mgrthOWr?i&w“rE frSgheerial oSy Sﬁ%eAéB tEPLaipther

type of disp vice is also connected to the system bus 121 via an interface, such as a video interface

190. The megiipfuhIEABDOASREGTACHRPENIAdRSHTES CaARNGLEPS PedrB dke that can input

digitized input such as handwriting into - 16
instructions, data structures, program modules or other data in

a modulated data signal such as a carrier wave or other

10 transport mechanism and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of its characteristics set 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 (BI0S), 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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the computer system 110 via an interface, such as a touch- screen interface 192. Note that the monitor
and/or touch screen panel can be physically coupled to a housing in which the computing device 110 is
incorporated, such as in a tablet 5 type personal computer, wherein the touch screen panel 193
essentially serves as the tablet 164. In addition, computers such as the computing device 110 may also
include othgsrpezherabouipetdaviets aweh ammpdakars Iy Saabpritel é96o vdrely onay be connected
through an output peripheral interface 10 194 or the like. The computer 110 may operate in a networked
environmenp nesseniblycdvedsnge ajppsatethean myrepiepasiessongputarcst sligl .as Byemiaye odmputer
180. The remote computer 180 may be a personal computer, a server, a router, a network PC, a peer 15
device or otf¥REGhthorPRchwP ndde Idatdpitall lcluded Mastspdest @rRedafbng described

above relative to the computer 110, although only a memary storage device 181 has been illustrated in
FIG. 1. The RYG&Cohideti SRR dsiadtoth PIOIY MEfidk>2 ARk RERRFRILARAH £3nd3Bwide 20
area n%tworkr&\]é\/AN 173 bu?t may f?? include other networks. Such networking environments are

n

commonpla%e Bﬁlcgg,d%n éerl'E): Ise-wide computer networks, intranets and the Internet. When used in a

LAN networking eryfonisih (.o 106 SORRTiSEdo din AN LibUMBYEY Agletwork interface

or 25 adapter 170. Whe ed in a WAN ne Ing environment, the - 17 computer 110 typically

includes a npARINAT PO YBTRTPRPEF 10N PSEREIFNBIcapIIYBIFatY YR thedVAN 183 skl as the
Internet. The modem 172, which may be internal or external,

of example only, FIG. 1 illustrates a hard disk drive 141 that
reads from or writes to non-removable, nonvolatile magnetic

10 media, a magnetic disk drive 151 that reads from or writes to a
removable, nonvolatile magnetic disk 152, and an optical disk
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 i1In the exemplary operating
environment include, but are not limited to, magnetic tape
cassettes, 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 i1llustrated in FIG. 1, provide storage of
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may be connected to the system bus 121 via the user input 5 interface 160 or other appropriate
mechanism. In a networked environment, program modules depicted relative to the computer 110, or
portions thereof, may be stored in the remote memory storage device. By way of example, and not
limitation, FIG. 1 illustrates remote application programs 185 as residing on 10 memory device 181. It will

be appreciaggahihat #re- nreldk leonhestione tlions areskamptanyendreiber pmeagsah establishing a
communications link between the computers may be used. INTERFACES TO SCENE GRAPH DATA
STRUCTUR®B8UbsSnanrgpedisfithd atescin invemtondsigetemall) tirectebin td-dlfowihg pFogram code,
such as an application or operating system component, to communicate drawing instructions and other
information €X@Mirhage Mthehsil ok gfHPHEs ddhpdiert lvsdraatesretsleP ERAPHIERI output on the
system display. To 20 this end, the present invention_provides a number of defined functions and

methods, e §PGK @ f@nﬁéf%ﬁcéﬁ&p ﬁeﬂﬂamﬁpgofﬁté?réi%ﬁﬁ?’@ﬁé arPSh)EE: RBASI 8%t enable
e gt g AN, ST IPYEE T e o

graphics-relate € sCene graph results’in gra gyed on the

screen. FIG:2,{eRipgRals %Qe’ﬂﬁ@'#é?ﬁ%regsa‘r%“%q%%%g?%mcﬁ ‘?Qi?r‘]r‘?g‘rto' Spdn may be

mplementeg. As represented 5inF program code 202 (e.g., an applicati am or operating
system companenbephpdiel SiyphdgPuRlared o QP IrBPBIGPARtMmEHANR S MAsE VaHgUS ways,

including via imaging 204, via vector graphic elements 206, and/or via

program data 137. Operating system 144, application programs
145, other program modules 146, and program data 147 are given

10 different numbers herein to illustrate that, at a minimum, they
are different copies. A user may enter commands and
information into the computer 110 through input devices such as
a tablet (electronic digitizer) 164, a microphone 163, a
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 iInput 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
type 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 iIntegrated with a touch-screen panel 193 or the

25 like that can i1nput digitized input such as handwriting into
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function / method calls placed directly to a visual application 10 programming interface (API) layer 212, in
accordance with an aspect of the present invention. In general, imaging 204 provides the program code
202 with a mechanism for loading, editing and saving images, e.g., bitmaps. As described below, these
images may be used by other parts of the system, and 15 there is also a way to use the primitive drawing
code to drawhto aoipade dirsgiytdfecia@rapbicarelaneeisRfenrosigeh aasther vaydie-draw graphics,
consistent with the rest of the object model (described below). Vector graphic elements 206 may be
created via acnasop latgudacevhi&an datienttzitpidpe riyaystmr 2as8dfeipresenter system 210
interprets to make appropriate calls to the visual API layer 212. Vector graphic elements 206, along with
the elementggir8partPapstntans BAdPhesiatel bysepypledarkdescineg Inthd AforyheRtioned

copending patent application entitled "Markup Language and 25 Object Model fqr Vector Graphics.” - 19
In one impldMEnGABRYhE Y affd ¢&yet Wi INEIRP atkesbs SYidh-RYel Cofpdahds brd

animatjon ep ine 214|‘ Whiacl: in%IHde"igps ot eriyvis% aﬁﬁoci%ted \ﬁith 81 caé:hinga%atil ﬁdté cture 216. The
caching datx a0 tuchire 298tont NS A'scene Sra%h com risn%J %lergrcﬁ?carﬂy-arra%ge Objects that are

managed a%@é@iﬁ‘ﬂ#&ﬁ%f' 5 (ar{cei%g“‘ﬂﬂé" fé@?é%ri*i%‘%.be'qu‘ﬁ- 'Qoﬂﬁ’@i%'nt,hec‘éiﬁtpﬁ%wayer 212

provides the program co e presenter system 210) with an Interface to the caching data

structure 21§, keluding fre £BABIIDA IRyCqals ekiegto Opay aafosheligats tefieyide data to them,
and so forth. In other words, the high-level

peripheral output devices such as speakers 195 and printer 196,
which may be connected through an output peripheral iInterface

10 194 or the like.

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 1llustrated 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 i1n 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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composition and animation engine 214 exposes a unified media API layer 212 by which developers may
express intentions about graphics and media to display graphics information, and provide 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 apmpoadia inteQratippi tadis indpleineidaticn, hoel6ightizZe broropdgiiromead 2 Ofymation
engine 214 passes an instruction stream and possibly other data (e.g., pointers to bitmaps) to a fast,
low-level caapebfinghndgnhoaiom engiheds. Asusachiee @il the Ierrmsichigadetdeand "low-level”
are similar to those used in other computing scenarios, wherein in general, the lower a 25 software
component K&fdiRte hidhe GRRsshehi theltisdermayo Readedepsadntas tekera@bare. Thus, for

example, graphics information sent from the high-level composition and animation_ engine 214 may be

received at T&Y10RRIeSRNASHRES G ahbeasitrtioh digne 318 MhAeH eisofmAfBh Ts used to send 5
graphics data to the graphics subsystem including the hardware 222. The hjgh-level composition and
aimaton ADFEIELS, So0h AL A L Rrak Akae BoORS s scble SrafSe R B taont a
graphics sc i y t mﬂﬁ%? A0 F it be
loaded with%gﬁﬁh?r%r%étiﬁg%%@h the S)’s%t%zm(}c%)nlggt%ﬁ@tlﬁg %?:Qe%e %gé]aﬁm%a%?ﬁs‘\@dg%e 216. As
will be descibgd bglovhdheiFoRS aHBFlAF Ofvayiods Vs re$PRRINtHES PakotielGiifosdf. and what

is drawn. Further, the high-level composition and
storage device. By way of example, and not limitation, FIG. 1

illustrates remote application programs 185 as residing on
10 memory device 181. 1t 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 iInstructions and other
information (e.g., image bitmaps) to graphics components iIn
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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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 systewhénexnasedssets attmestend vigraplevetsd esowrleyaiaomiessitingiagd animation
engine 218 manages the composing, animating and rendering of the scene, 25 which is then provided to
the graphicsissipdayed 222. The |seregn.level engine 218 composes the renderings for the scenes of
multiple applications, and with rendering components, implements the actual rendering of graphics to the
screen. Note, howeler, tRat @Rrese ksa@be fReEsdary bavadietlagvaiiddesidor séhfe dinke
rendering to happen at higher levels. For example, while the lower layers service requests from multiple
applicationsVtH&ERighRR | REFSSRtin LRYRATAP B2y e PEp IRRIBRHALRY whehSo RYGSHIE S the
imagin% mecrba]:_a' s 204 tor§er|janm tim -c%ﬁurzing or ap Iicatiorh 10 sgeciltlic r?nde'[inrﬁj atrhigher levels,
and paSs reldtehces ta Bilr gp Bt aye § ‘Bes. Faifh Shst é)?amBIeos%e%e goraphs 300 and

o oo OS5 Dotk plaprges an b
representehithig (e Sy AP PCEASRaYAYdIn PENIIRINRdIas e HPTRIRALRS OthieTarsiel AyPasi Ahat
imaging 204, via vector graphic elements 206, and/or via
function / method calls placed directly to a visual application

10 programming interface (APl1) layer 212, in accordance with an
aspect of the present invention. 1In general, imaging 204
provides the program code 202 with a mechanism for loading,
editing and saving Images, e.g., bitmaps. As described below,
these Images may be used by other parts of the system, and

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 APl 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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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) visual 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 chilareoras thatipdsaintoathabwindone -gi2aghecklA.dyelrows tial YisceliMan2ger as one
of a set of other objects 620 in the object model of the graphics system described herein. To draw, the
visual manatyee Bodgsocedsegi{e kevedversap dsditiransraits) the Etatie gragingsseh@ddied by a
dispatcher 308, and provides graphics instructions and other data to the low level component 218 (FIG.
2) for its comEksghdiildRRy 906 1 sueras geheealRsRaelip&gth withpacaaabpicatdatderial Nos.
10/184,795, 10/184,796, and 10/185,775. The scene graph 10 processig%will ordinarily be scheduled by

the dispatchet BOBLUT S ratthat iSBIHRER I EPERANTREYERLLS 1 Bt GRRTANER IR ePE&RBonent

218 angd/or ra hhcs sunl]:)sy_i,te%zzg.i F'LG.r:éﬁhOWffl Qur'nper Ofeﬁpil \Ligu Ig 3 0-%15a%rranged
hierarchical é?owqge?op-?eveg(roos WA 58@ some'or A34wRicRAIE epresef?ted asehaving been

popuiate i (Ao EniEs 346¢51L Doy 83 R PoigIA ePfESeIL ARG teporary nature)

with associated inistruction lists and 319, respectivetly, e.g., containing drawing primitives and other
visuals. Theydgegls mayalgeropialn ofRy RFPRAEY 2RPNToIRgEeN. ADSHIWY FHES FpHewing example

visual class:

program code 202 (and the presenter system 210) with an
interface to the caching data structure 216, including the

10 ability to create objects, open and close objects to provide
data to them, and so forth. In other words, the high-level
composition and animation engine 214 exposes a unified media
AP1 layer 212 by which developers may express intentions about
graphics and media to display graphics information, and provide

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 iIn
other computing scenarios, wherein in general, the lower a

25 software component is relative to higher components, the closer
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- 23 public abstract class Visual : VisualComponent { public Transform Transform { get; set; } public
float Opacity { get; set; } public BlendMode BlendMode { get; set; } public Geometry Clip { get; set; }
public bool Show { get; set; } public HitTestResult HitTest(Point point); public bool IsDescendant(Visual
visual); public static Point TransformToDescendant( Visual reference, Visual descendant, Point point);
public statictPeiat CanstorerroidassentantiayidwakeferenpbesVisfardescangdeat, Beiaphdiod); public
Rect CalculateBoundsO; // Loose bounds public Rect CalculateTightBoundsO; public bool HitTestable {
get; set; } pulnitosoe HitrestgndreDididrethg bt gbt: Femadlicdmmd et stFinal{cdyeandatal  0ks can be
seen, visuals offer services by providing transform, clip, opacity and possibly other properties that can

be set, and/@ﬂﬁi&tﬁvi&%ﬂgé’ﬁMeﬂ%dfﬂ?ﬁééﬁﬂ@nf'ﬂ‘tﬁe‘i}i@aﬁ) Qe ERMRMFEAO iBhktticipates in hit

testing, as described below. A Show groperty is used tQ show/hide the _
animation engine 213, where the information is used to send

5 graphics data to the graphics subsystem including the hardware
222.

The high-level composition and animation engine 214 in
conjunction with the program code 202 builds a scene graph to
represent a graphics scene provided by the program code 202.

10 For example, each item to be drawn may be loaded with drawing
instructions, which the system can cache in the scene graph
data structure 216. As will be described below, there are a
number of various ways to specify this data structure 216, and
what i1s 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 APl 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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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 - 24 vevefbratidmeodeascoppiesed-1€he gamralaihi pupyidesrartlexasyseostrafisformation,
identifying the pre-transformation and post-transformation coordinate systems relative to a visual. To get
or set the trawndftimdgorappd visakilahs ,5 Arshsfdrbi prepetgrhayg beanyeon®lots that the coordinate
transforms may be applied in a uniform way to everything, as if it were in a bitmap. Note that this does
not mean thbPEhABREStISHS affk)dadh P s etk O bu Bt MHES gEE fEheeRr BeiTfected by
transforms 10 equally. By way of example, if the user draws a circle with a round pen that is one inch

wide and th¥REHpliEOYRKEIeintHa tx Al LABIT B Ao RN AP RiIrOBCHRSMYWANSE R0 inches wide at

the left.and right a%d onlg oneJdnch wide atpet%)ét) ag%éaottom. This hs sometim%s referred to as a

compo |tinga iy ﬁ‘%%p%ans Srn ?énseop?pose o'a K& rg%on?&%? R MAI0RECts the

oo LG, Y8, EREILS A oy K is g ofed e o
8B is a 20 repigaenialien of scalil ieatponatiorHdthiyn-1ayers are instantiated

on a per-application basis, whereby is possible via the imaging
mechanisms 204 to perform time-consuming or application-

10 specific rendering at higher levels, and pass references to a
bitmap to the lower layers.

FIGS. 3 and 4 show example scene graphs 300 and 400,

respectively, including a base object referred to as a visual.
In general, a visual comprises an object that represents a

15 virtual 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 visual types, that
iIs, 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) visual 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 visual) to that window
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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 visual, TransformToDescendant
transforms a point from the reference 25 visual to a descendant visual. The point is transformed from - 25
the post-transformation coordinate space of the reference visual to the post-transformation coordinate
space of thes@escerdant \isushowansfismFisndBsaandant ttansiorenE pairgeftomfthe tieseendant
visual up the parent chain to the reference 5 visual. The point is transformed from post-transformation
coordinate spapectfshéesaendade visupe ctposid ahnsfbrimbgogy capititste sypatenf the reference
visual. The Calculate Bounds method returns the bounding box of the content of the Visual in
Post-Transfdfagidiesofdfiz@d Bpace. Note 10 that there may be an alternative version of the APl where
more specific specifications are allowed as to how the transform on a visual is interpreted during a

coordinate transfo_fﬁ?atﬂfrﬁ‘wﬁor%r?(dlﬁyﬁﬁla N e ondfle Pgﬁ?éﬁﬁeg‘nc_(ﬁegcenoﬁm‘ﬁéﬁﬁ?nay or
may nqt be take{n r'gto accmgwt. tlp{ é)mét célef)r}%lfteg;%%%ﬁr#a%%%ec%srse gtgll% CfjoLf?r optio ?S{,ﬁ%ﬁcﬁ?&r’d'gaﬁs can be

transformed’ffom prgﬁrrna'nts? rma e, pre- ParfSih

pOSt'”a”Sfoérﬁ‘&tigr}c?{?i‘a%é’@%g e c&ch?ﬁﬁ%“%{ﬂﬁn%%?p%ﬁ_”ﬁd’ofﬁgai‘B rmation to

post-transformation space. T me concept 20 applies to hit-testing, e.g., hit-testing may be started in
pre-transforpajiep FdfssianeopTaligR fansyMeRoripaie sPRE8pand IRy irieRisesdisemight be in

pre-transformation or post-transformation coordinate space.

such as generally described iIn U.S. Patent Application Serial
Nos. 10/184,795, 10/184,796, and 10/185,775. The scene graph

10 processing will ordinarily be scheduled by the dispatcher 308
at a rate that i1s 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 clip property sets (and gets) the clipping region of a 25 visual. Any Geometry (the geometry class is
described below - 26 with reference to FIG. 12) can be used as a clipping region, and the clipping region
is applied in Post-Transformation coordinate space. In one implementation, a default setting for the
clipping region is null, i.e., no clipping, which can be 5 thought of as an infinite big clipping rectangle from
to (+cc, +cc). TheoUpbndyareopestyty elbisris\vihs elactynauglagomeonesual, such that the contént of the
visual is blended ofl the drawing surface based on the opacity value and the selected 10 blending mode.
The BlendMode propeRyRhHD ®raet/GRn (fg"tﬂg{blgﬁﬁ' Rloderthat is used. For example, an
opacity (alpha) value r’rj?égri%seg ﬁg@@ﬁﬁ%@ﬁgﬂ. @;w f @F %gha blending set as the made, e.g.,
Color = alpha * foregroy OB&die AP p Packgio! Egl’(?{‘);. ther services, such 15 as special
effects properties, may pgopettidssbin avesual, godl; ek ;mpnochrome, and so on. The various|services
(including transform, oppaiiy i clip)i tesi®esished-and pep@ecion spdmviing context, and push/|pop
operations can be nesté¥dd pripad o ppseensandi(ed ayalksty Paual For example PushTransform(...);
PushOpacity(...); PopTPuds ?rrﬁ.t..?,ti'scijllggw‘be-r{aﬂé%fﬂéf@@%@CFS’B‘HT"F%;HSform call, PopOpagity needs
IE}ua ege ernce

to be called.| The PushTrans a transformation. Subsequent drawing operatjons are
executed with respect to the poiﬁtppglaa@jr,ansfor’mation. The PopTransform pops the

public static Point TransformFromDescendant(
Visual reference,
Visual descendant,
Point point);
public Rect CalculateBounds(); // Loose bounds
public Rect CalculateTightBounds(); 7/
public bool HitTestable { get; set; }
public bool HitTestlgnoreChildren { get; set; }
public bool HitTestFinal { get; set; }

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. In addition, the visual

5 has flags controlling how i1t 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 1is 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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transformation pushed by the matching PushTransform call: void PushTransform(Transform transform); 5
void PushTransform(Matrix matrix); void PopTransform() ;. Similarly, the PushOpacity method pushes an
opacity value. Subsequent drawing operations are rendered on a temporary 10 surface with the specified
opacity value and then composite into the scene. PopOpacity pops the opacity pushed by the matching

PushOpacity catisfoe usbéipaciyd oatopagity)yelit voidFRAGhQpapinévahbgrAntoxaiideBase opacity);
void PopOpacity() ;. The PushClip method pushes a clipping geometry. Subsequent drawing operations

are clipped extredenrodtrit remstiippiatison0 apgdiod irfpesigr drieto pratiobrspesEo PopTliprpops the
clipping region pushed by the matching PushClip call: void PushClip(Geometry clip); void PopClip O ; .
25 Note thaBpdsiPep&ratibAsThA meadbarhpaEsibaake IGupisie b6 apdMRiokh8 afe matched with a
push. For example, the_ following is valid: - 28 PushTransform(... DrawLine(... PushCIiﬁ(e... DrawLine(...

Popclipo; PUSHInsfolR( 98B aRSEE. fhe transtormation of a visual, T

5 Transform property may be used.

Note that the coordinate transforms may be applied in a
uniform way to everything, as i1f i1t were In a bitmap. Note
that this does not mean that transformations always apply to
bitmaps, but that what gets rendered is affected by transforms

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 bitmap 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 i1s 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 visual,
TransformToDescendant transforms a point from the reference

25 visual to a descendant visual. The point is transformed from
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PopTransf arm O ; PopTransf arm O ; Hit-testing is performed in the Post-Transformation coordinate
space, and returns an identity of each hit-testable visual that is hit, e.g., when a pen or mouse click is 5
detected. An alternate version of the interface may allow for hit-testing to start at a Pre-Transformation
coordinate space relative to the visual where the hit test is started. Visuals that are hit are returned in
right-to-left, teptipiest otaemdfibiestingonay be rditratted withorriofs flags riefidingct0 HitTestable,
which determines if the visual is hit-testable (the default is true), and HitTestFinal, which determines if
hit-testing stopsualertthetVisugias tittiransX st ioritcourthenaditte stpimae pabetiyeof the visual is
true, hit- testing aborts and returns the results collected up to this 15 point (the default is false). Another
flag is HitTedag66eHNEraA SUAdh deteFRNFEIF tHer hildras endantudirstosikehesonsideidttwhen

hit-testing is_performed on a visual (the default is false). A ProxyVisual is a visual that may be added

more than oFE@M28 R0 4R SEBRQGI A Bidde YRy HiBaPRFENE) FBY 2 BrodAst& FrPhE Feached

by multiple paths from the root,.- 29 -rea%vservi s (TrangformToDescendent, TransfarmFromDescendent
and Hit%‘l‘0 est?lag Lﬁ%!o Woﬂbﬁwrgﬁé H% F’rsoxy VR ﬁr'{ %gger?cf:'é(?mth%?g %c?nreagg’rfoon@a If—:)%l?f'? from any visual

to the root O&%ﬁ"d’i dreg thﬁﬁt%d%%e%w%%lﬁge%ﬁ{px@éis 8§t§ As represented in FIG. 5,

various types of visuals are "define e object mo Including ContainerVisuals 501,
transformation coordinate space of the reference visual. The

CalculateBounds method returns the bounding box of the content
of the Visual iIn Post-Transformation coordinate space. Note

10 that there may be an alternative version of the APl 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 iIn 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
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DrawingVisuals 502, ValidationVisuals 503, SurfaceVisuals 504 and HwndVisuals 505. The table below
sets forth example methods of a DrawingVisual: public class DrawingVisual : Visual { public
DrawingVisual(); public IDrawingContext OpenO; 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 towegithe Visfialtwea evwi@/isaal) butin sseneisewpleseatatibippiings regdiawed. The
DrawingVisual 502 15 includes an Open method, which returns an IDrawingContext that can be used to
populate theDdawing \Viduep,pa.ng witodiber Mswakp hnedrawingosimifivasnskodesttibed below. In one
implementation, for various reasons also described below, a DrawingVisual may be only opened once to
populate its@RENFZECOFRRES: othE! VSIS ISiRteaendakt@isua isrfiaulb stk rspEefto what

can be put into it (although program code can _replace a resource object to whijch a visual is pointing). -
30 After thetBPaih R nEEDEEA phpuitdd -thd 1Srawim/iSddIPRIOgsed 4R LR RMmethod, e.g.,
on the drawing context. Note that an Open call may clear any contents (children) of a_visual, however in
one alternatfiPHIEn@hi@®nathet8 Td 5 HE6iBAS o IABRAOMER ARSI bEed B0 ket vistaPin a
manner that appends to that visual. In other words, an OpenForAppend

to (+wo, +o).

The Opacity property gets/sets the opacity value of the
visual, such that the content of the visual i1s blended on the
drawing surface based on the opacity value and the selected

10 blending mode. The BlendMode property can be used to set (or
get) the blending 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 + (1.0-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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call works like Open, except the current content of the DrawingVisual is not cleared out on the open. The
following is an example of how a drawing context is 10 used to populate a visual: ContainerVisual cvl =
new ContainerVisual O ; 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 thagunsigétialteaays folrenantd\dnusing D RppTyCeriEsito paysOgea 0 ) { dc.DrawLine(new
Pen(Brushes.Blue), new Point(...), new Point(...)); }// Add dvl to the child collection of cvl
cvl.ChildrentAwa@¥r maddd anpthehechitsrytyisualas colil rgl. EhikdrEnasz{ssmeothklVisual); // Create
another DrawingVisual DrawingVisual dv2 = new DrawingVisual(); using (IDrawingContext do =
dv2.0pen 0) {// This sets up a new coordinate system // where everything is twice as big

dv.PushTransform(new S¥ak 2.'6‘,@?0:@%!/7% M canahann tﬁ{%@@fgﬂi&i /I coordinate system.
dc.DrawLine(new Pen(Bryg*! .B\éa n?ﬁ%@fﬁ@%'?‘oi'ﬂﬁt.‘i)‘,x) -

opTransform();

Similarly, the PushOpacity method pushes an opacity value.
Subsequent drawing operations are rendered on a temporary
10 surface with the specified opacity value and then composite
into the scene. PopOpacity pops the opacity pushed by the
matching PushOpacity call:
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(Q);-
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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/I This reverts to the original coordinate system. dv.PopTransform() ; - 31 dc. DrawLine(new Pen
(Brushes. Green), new Point(...), new Point(...)); }// Add dv2 to the child collection of cvl;
cv1.Children.Add(dv2); In general, a ValidationVisual 503 is conceptually similar to a DrawingVisual,
except that a ValidationVisual is populated when the system requests that it be filled, instead of when the
5 program[code wantshio pefuai€ it. .Hor example, as described in U.S. Serial No. 10/185,775, the
high-level composRIGHahE Gnimation engine 214 (FIG. 2) may invaljdate scene graph data as resources
are needed, such %f ﬁ hp @ft:%f:a scene graph is not visible. For example if some parts are scrolled off
the 10 display, clippsst iapg)so on. If the invalidated scene graph data is later needed, the program code
202 called|will be Eafletrbagkagnedraw (validate) the invalidated portion of the scene graph. To this end,
one typical usage gg@ﬁﬁg@ Of;%r) a_program code to subclass the ValidationVisual and override the 15
OnValidate methodoﬁ\{ﬂg sy§tem calls the OnValidate 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 caH be-diesiyeddyicalirey $et@adr. ilo fonee Prestpdatans froa-ValtdationVisual,

SetColor calls Invalidate to force the graphics sub-system to revalidate the ValidationVisual:
coordinate space, and returns an identity of each hit-testable

visual that is hit, e.g., when a pen or mouse click is

5 detected. An alternate version of the interface may allow for
hit-testing to start at a Pre-Transformation coordinate space
relative to the visual where the hit test is started. Visuals
that are hit are returned in right-to-left, depth-first order.
Hit-testing may be controlled with various flags, including

10 HitTestable, which determines i1f the visual i1s hit-testable
(the default is true), and HitTestFinal, which determines if
hit-testing stops when the visual i1s hit, i1.e. if a Visual 1is
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
HitTestlgnoreChildren, 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 iInto the scene graph. Since any visual referred to by a

ProxyVisual may be reached by multiple paths from the root,
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- 32 public class MyValidationVisual : ValidationVisual { public override void
OnValidate(IDrawingContext dc) { dc.DrawLine(m_color, ...); } public void SetColor(Color newColor) {
mcolor = color; InvalidateO; // Force a redraw of the ValidationVisual to reflect the color change. } private
Color mcolor } This example shows how to use the ValidationVisual: MyValidationVisual myVV = new

MyValidation¥istlade reditewe(Tehitds €0 AMTHDy ¥Ee e MY ,S qtcater firaw Kiadame e Srfdént shows an
example scene graph 400 in which ContainerVisuals and DrawingVisuals are related in a scene graph,

and have assudidddd Gast ttle fool ofidrivitiy rptighives Pieoxy N seredspontimedisaviog contexts).
The ContainerVisual is a container for Visuals, and 10 ContainerVisuals can be nested into each other.
The childrefENSIEECARtANEeVER2PBAC AL RatiBubranwan Vikadadokectite réiaefedfote Children
property of the VisualContainer. The order of the Visuals in_the VisualCollection determines in which

order the Vi¥d&43te HisGerdld AL AR fofReragt Include any ProxyVisuals.

5 As represented In FIG. 5, various types of visuals are
defined In the object model, including ContainerVisuals 501,
DrawingVisuals 502, ValidationVisuals 503, SurfaceVisuals 504
and HwndVisuals 505. The table below sets forth example

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 1s immutable with
respect to what can be put into it (although program code can

replace a resource object to which a visual 1s pointing).
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15 from the lowest index to the highest index from back to front - 33 (painting order). For example, with
proper parameters with three drawing visuals representing red, green, and blue rectangles hierarchically
under a container visual, the following code would result in three rectangles being drawn 5 (translating to
the right and down), a red rectangle in back, a green rectangle in the middle and a blue rectangle in front:
VisualCollegtrerc the-ciChiliingV. isuadd(haw Besvingdisudideds. At nBwlaranghddisadl();
vc.Add(new DrawingVisual()); for (inti = 0; i < vc.Count; i++) { DrawingVisual v = (DrawingVisual)(vcfi]);

if (v I= null) §s. TchosiecmusTranstordl Ceeata@tdrsihtion(igr-20.0f) iPU0E); d Daawing Cumdexib-= v.Open()
; dc.DrawRectangle( new Brush(colors][i]), null, new Point2D(O, 0), new Point2D(100.0f, 100.0f));
v.Close(dc)Np ¥ stieateimtEiPeNF R H Jhdvhe: kopd obOkugooHieatis £ SuktheeerdaPt04 In general,

as represented in FIG. 3, a } B} B n .
visual, however in one alternative implementation, there is

5 provided an Append method, to open a current visual In a manner
that appends to that visual. In other words, an OpenForAppend
call works like Open, except the current content of the
DrawingVisual is not cleared out on the open.

The following i1s 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 = dv1.0pen())

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 = dv2.0pen())

// 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.DrawLine(new Pen(Brushes.Red), new Point(...), new Point(...));

// This reverts to the original coordinate system.
dv.PopTransform();
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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 dnd - 3% _direcilyrehtho e pirelsetodhecalfacey Poimnis( repyeseaiteBdinElG. 3Dy the dashed
line between}the surface object 322, the drawing context 323 (shown as a dashed box to represent its
temporary nature) and 3he pixel datgy 324, P dO6 gﬁognialg'{/ggde 202 also has an option to create|a surface
visual managen 334 amebassag@iey visual subgraph 332 with the SurfaceVisual 315. This option is
represented in FIG. 3 by the dashed line between the surface object 322 and the surface visual manager
330. Note that the visual subgraph 332 10 can also nest other surface visuals, as also shown in FIG 3.
The surface visual ka@ge 133D, (atso/sHodat s enyps i bilkd 3ojscciankegtuald vt siGidpwalks the
visual subgraph 332 to update the SurfaceVisual bitmap 322. Further, note that this traversal is
scheduled hAn@ digsutdneaciahd BresREidaRy maydbifrdidenyd svstlo ovPered afisBitmap

3221 dated. Th f isual 330 d th t the visual sub 322 h
time anclor BB G e Wt Db O v R IR hanGod S el RETES Dt Gerk Kraph, 20
With reépecﬁ%awéﬁ]c%scgé fWéﬂ?'sdet%:”BSSJ‘i'g{e it. For example, as described

in U.S. Serial No. 10/185,775, the high-level composition and

animation engine 214 (FIG. 2) may invalidate scene graph data
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 OnValidate
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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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 another 25 surface, and controlling which surface in a

surface listis - 35 used to composite into or to draw into. A surface list is defined as a collection of one
or more surfaces (i.e. frames/buffers) of physical (system or video) memory used to store compaositions
of visuals or graphical drawings, or both. 5 One of the surfaces of the surface list may be set as a current

back buffer

as a current ‘i)rima%“qr front buffer, which is used to composite_onto another render target. 10 S

may be use

din agl
9A, a surface visual mgnages AbjgeiFORSpRPects a surface list 902 as a render target for a visu

904. During

is currently iserving as the active back buffer for the surface list. The surface being composited t¢
include a surface BWHEEbYalE chiehep kg (el okorpiisak®y 2ngine 214 (FIG. 2) for in-process

compositing scerfarios, a %lirgacg owr!]%q by the low-level compositing engine 20 218 for scenario
the client ddes not neejb2 (1l u 08 Jow-level compeRiing SPCERE 3LATRRLTSRSTLIIOFROS
surface ontp another render target, Or a gyossPIRRAsSStIRINasRs FOEREARArios where the client neg
access to the }

vkl drantiagsamty\oa tosagasinkgssabne, \éaki da i ohtissalfaces of the surface list
B&r SYGRYLIBMRAY Sin¥R ARt EE RS Mg ISR te} I 8SiaAng to a surface.

each ycompositing cycle, the visuals are composited into the surface 15 of the surfacg

private Color m_color

is set
urfaces
In FIG.
al tree

2 list that
) can

s where
ite the
bds

3

This example shows how to use the ValidationVisual:

MyValidationVisual myVV = new MyValidationVisual();
container.Children.Add(myVV);

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

10

15

FIG. 4 shows an example scene graph 400 in which
ContainerVisuals and DrawingVisuals are related iIn a scene
graph, and have associated data in the form of drawing
primitives, (e.g., In corresponding drawing contexts). The
ContainerVisual 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
which order the Visuals are rendered, i1.e. Visuals are rendered

from the lowest index to the highest index from back to front
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surface bits, but the low-level compositing engine 218 also 25 needs the surface for other compositing
work. - 36 The compositing is controlled by a timing service that is attached to the Visual Manager. One
example of a timing service, is a manual mode that might be used as in the example below: // create a
manual timing service and attach a visual manager TimingService timingService = new
ManualTimidpaéntde(gisoatdanagerrol cexmmsite thaviishapirepértheattanertdeskbirier of the
surface visualManager.Render O ; foreach (Tick tick in timingService) {// advance the back buffer to the
next frame diithesuditaw 1sgfacesinl Nexrepnesenti agvaeck, thgnaree of drevielaleree
timingService.Tick(tick); // composite the visual tree to the current back buffer of surface
visualManad&ctangdes ;hisraoahdcaddio waklgsupfaceEdkAsHmedsatalmodBerendering to a
surface, via a context. Attaching a surface list to a visual (a surface visual) enahles immediate-mode

rendering tofﬂ’l_UsQWHEg _cﬁ‘?_ﬂ'@ sWﬂHJ@'IigﬁﬁatliE clf?remyei% JeGhgnales ﬁ%&@%aﬂ(%‘mer for the
surfa.c%llst.rg rﬁlés% é%rio%ﬁ{ﬁ]n’%ls donﬁhbey |thga}|10tl.n% a Odrgwmr(l;;&lcontext fcr(j)obrF aeltgi%%%;grg:ece-\ﬂs%% ﬁagld %xecutlng

drawing co a cotr(ﬁex, as SLLTbEYasoVE Tioté tHat avvllng ekt
green rectangle in the middle and a blue rectangle in front:

VisualCollection vc = m_cv.Children;
vc.Add(new DrawingVisual());
vc.Add(new DrawingVisual());
vc.Add(new DrawingVisual());
for (int 1 = 0; 1 < vc.Count; i++)
{
DrawingVisual v = (DrawingVisual)(vc[i]):
if (v 1= null)
{
v.Transform = Transform.CreateTranslation(i * 20.0Ff, i*20f);
IDrawingContext dc = v.Open();
dc.DrawRectangle(
new Brush(colors[i]),
null,
new Point2D(0, 0),
new Point2D(100.0f, 100.01));
v.Close(dc);
}
b5

As represented in FIG. 5, another type of visual object is
a SurfaceVisual 504. 1In 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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locks the surface so that other compositing operations cannot 15 be done to it. Each drawing command is
executed immediately, and vectors and other surfaces can be drawn (blended) onto the surface.
However, other visuals cannot be drawn onto the surface, but instead can be composited into the surface
by - 37 associating it with a visual manager, as previously described (e.g., in FIG. 9A). // attach a surface
list to a visual PedadsVisual ahtase Visisad Fsheyn BorfeheVisuaifaddacel i) s// gwable immediate-mode
rendering to (and lock) back buffer surface BaseDrawingContext do = surfaceVisual.OpenO; // draw a
line (immediztplyesemtanirient BhGk baffoyoftine dashesidd.Drewheknw@en, staetPaintfandPoint); /
unlock the surface - we're done with immediate-mode rendering surfaceVisual.Close(dc); Another use for
surfaces is RRSREBNHOSiinENE sdifavd o meHite 3eAdEFRRYE:. D tRistaRfcBAstiace 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 surfabBREERRETs AlFekfMRNARPAIAEYRAaT Y iR A& kA3 cStposited to another

surfac%or to the dﬁkto%.rlo Ihis is(\i)%;estr iarlllFIG' 9B aré%in th '%Xr? le below: //aattach a surface
list to avisual SurfaCeviRh L FACEUS ar 2néW §%r£@g\/lsuaﬂgur¥aceu§);9f£8 & surfaceVvisual to a

visual tree fay,eqmpasiyRd ORe AAARGE/ BieL Y985 sociate a visual subgraph 332

with the SurfaceVisual 315. This option is represented in FIG.
3 by the dashed line between the surface object 322 and the
surface visual manager 330. Note that the visual subgraph 332

10 can also nest other surface visuals, as also shown in FIG 3.
The surface visual manager 330 (also shown as a type of other
object in the set 620 of FIG. 6) walks the visual subgraph 332
to update the SurfaceVisual bitmap 322. Further, note that
this traversal i1s scheduled by the dispatcher 308, and for

15 efficiency may be throttled to control how often this bitmap
322 i1s 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, i1n 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 another

25 surface, and controlling which surface i1n a surface list is
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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 - 38 eliminate the undesirable video effect known as tearing, the surface list
should havaigdd¢asiotweosiptacese a frond and acdadkduffénsarfacel Asaurfaeseudades isFIG. 9C is
likely owned by the low-level engine 218, or is a cross-process 5 surface to make the composition in the
low level end@Ei2E8] msfoamdsdkircEadacefaeneorarustatcasindbpeade(tiolgects, as set forth in the
examples of constructors below: public class Surface { create and allocate a blank surface without initial
data publicBaRes(Rufikensit afigahymi aal PORIFEeNaQlixd FdaAdt, NSTLdERISSS fIAgs) create a

surface using the supplied memory public Surface(int width, int_height, int dpi, PixelFormat pixelFormat,

IntPtr pixelsS KA BgEATRERbR! RiFtn@Euidstials or graphical ‘drawings, or both

5 One of the surfaces of the surface list may be set as a current
back buffer where drawing and/or compositing is done, and one
of the surfaces of the surface list Is set as a current
primary, or front buffer, which iIs used to composite onto
another render target.

10 Surfaces may be used iIn a number of ways. By way of
example, FIG. 9A shows compositing to a surface. 1In FIG. 9A, 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 i1s 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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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.|O.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 hitias) dbngaosarty maoriestiesratnit ledWigthagetiim 39 poblia e Hehigitt {gst; } public
Int Dpi {get;} public PixelFormat Format{get; } public int Stride{get; } public IntPtr Buffer {get;} } public
class Surfacditstcheredte atlivt of bturkisuttnaggwithoOnaitiekdagal e pabli@Straselgst (int width, int
height, int dpi,

J égrvice, i1s a manual mode that might be used as in the example

below:

// create a manual timing service and attach a visual manager
TimingService timingService = new ManualTimingService(visualManager);

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

foreach (Tick tick in timingService)

{

// advance the back buffer to the next frame of the surface
surfacelList.NextFrame();

// advance the time of the visual tree
timingService.Tick(tick);

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

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

10 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

15 be done to it. Each drawing command is executed immediately,
and vectors and other surfaces can be drawn (blended) onto the
surface. However, other visuals cannot be drawn onto the

surface, but instead can be composited into the surface by
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PixelFormat pixelFormat, int numSurfaces, SurfaceFlags flags) Create a SurfaceList that uses the
specified surfaces All the surfaces must have identical properties (w, h, dpi, etc). public SurfaceList
(Surface [Jsurfaces) // change the front buffer to the first-in-line back buffer public Flip o // advance the
back buffer to the next surface public Next() public int FrontBufferindex {get; set;} public int
BackBufferladex{geitiely peblivi Shrfaces estiabniBuiigyed pubtic Soefate sk adieSdifdiheeliblic
Surface GetSurface(int surfacelndex) } Once constructed, a surface and/or a surface list can be 5
attached to @esugface MisUal GbjedAdr to a visual manager object. - 40 // Create a surface visual public
SurfaceDrawingVisual(Surface surface) public SurfaceDrawingVisual(SurfaceList surfacelist) // Create a
visual manaﬁ wkkacsuaaseréager 1dglet touBliy VestadiManager(Surface surface) public
VisualManagetdaGavacie Luraekergy Bvgbr - analtra 869t el (R FRGRLEE? -and/or send its

data to an encpdar iRy ¥k ifi RS lilfendering to (and lock) back buffer

surface
BaseDrawingContext dc = surfaceVisual .Open();

// draw a line (immediately) to the current back buffer of the
surface
dc.DrawLine (pen, startPoint, endPoint);

// unlock the surface — we’re done with immediate-mode rendering
surfaceVisual .Close(dc);

Another use for surfaces iIs 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 i1llustrated in FIG. 9B and in the example below:

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

// Add the surfaceVisual 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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format. Surfaces can also receive/send data from/to effect 5 interfaces. A surface can be constructed for
any pixel format from the full set of supported surface format types. However, some adjustments may be
made to the specified pixel format, e.g., if 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 formainiestdaehwillbelespieddda Miffrrofdiffcequdatetpixal famsatiusy)g eHermat
conversion filter. Returning to FIG. 5, yet another visual is an HwndVisual 505, which positions a Win32
child HWndsu tHeasee i gapbin al bl B onapeartatilakya sty atypregrahaces,stil dpevate \AatheaWMPAINT
method (or the like) that draws to a child HWnd (or the like) based on prior graphics technology. To
support suchagtodearhien s hERGRaphits pradeasmdisetePthd RAvintwis @ dipwkiteldwnd to be
contained in a scene graph and moved as 20 the parent visual is repositioned, as represented in FIG.
10A. As a rRY0RSr Picktieh I AR LG RgRNRNEE HohitveP widh defligRse BIGREFRvnd can only be
on top pf other \AéingOW§ and - 41t(ﬁannot be rotq:ted or scaled IikF oth?r \\//is als describ\%%glbove. Some

clipping’is p%léfgl f"e, as rgpFneaslé%te i Iﬁ%nq%ﬁl whele "He dienedYine S Vi cSBMEH s displayed

rectangle b%gqﬁmeg%@p relative movement with respect to its parent 5 visual. Other types of
visuals 506 are also feasible, and the present object model is extensible to allow others to be developed.

For example, as regyipgeiied inFES chhSdAyeest Vissial hiep enakiet ashjridieationdevalpper to

separately
forth in the examples of constructors below:

public class Surface

// create and allocate a blank surface without initial data
public Surface(int width,

int height,

int dpi,

PixelFormat pixelFormat,

SurfaceFlags flags)

// create a surface using the supplied memory
public 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 fTilename,
SurfaceFlags flags)

// Create from Stream
public Surface (System.l10.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
public Int Width {get; }
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10 control the information in a visual via multiple data streams, providing a finer granularity of control
relative to visuals having a single data stream. Note that similar 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 lay
content d
another a
onto eithe
Z-order fq

S indexed

ered visual having indexes to multiple Tayers. By way of example, in FIG. 11, background data,

ata andrdrliee dind ate kgintaif@eitin & single layered visual, 20 but are separated from one
Bja layer value, e.gi:.1 0, 1 or 2, respectively. Layers can be inserted, including tacked
r end, aRd7or' &el ?&d,%ﬁh?ﬂg Ia}yering order (e.g., left-to-right as shown) defining an jmplied

r display, Npie: thatiel ssFvEY r Vb e fige €0Mfent and other data in a layered visual cannot be

enumerated. Other types of visuals include container visuals, and redirected child HWnd visuals, in which
content ig drawn toud 13 bithmatp Samd dedgrpbraled into a surface visual. Three dimensional visuals enable
a connection between two-dimensional and three dimensional worlds, e.g., a camera-like view i

possible via a twdPHPGsibRET s B REAng 98%ied into a three-dimensional world. 10 Many of the
resource o?jects are immutable once created, that is, once they are created they cannot be changed for
various re 1 ' mptifyi g ) ' ' ; mplifying
the

public class SurfacelList

// Create a list of blank surfaces (without initial data).
public SurfacelList (int width,

int height,

int dpi,

PixelFormat pixelFormat,

int numSurfaces,

SurfaceFlags flags)

// Create a SurfacelList 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(Q)

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

public int FrontBufferindex {get; set;}
public int BackBufferlndex {get; set;}
public Surface GetFrontBuffer()

public Surface GetBackBuffer()
public Surface GetSurface(int surfacelndex)

5

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

object.
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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 is 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/tsseaquianguafaidicaiiondlregisiration mechanism, e.g., if anew clip iIs assigned to a
visual, the pigulbil e §istdiacesatbwithoViescigd (Er nbaficatomd#eg), a clip changed notification). Thus, in
one implerRERtBtp M YEIT SpspITREk Y A aHF R FE866LSES BHjd8ECASTRIMuUtable. - 43 These|resource
objects can,be defined with. str. r,. Which is a straightforwar erjic way to create an opject, or
by using a%ﬁﬁ%%%ﬂk{é%géﬁ%&ég@%@gﬁﬁ%g iﬁé%é%c‘g% c%\gte a SolidColorBrush,
(brush objgsis Bie Ydeaanbadapiewua FRBsSLIISOSIRFdee UBSt) Brush MyBrush = new
SolidColorBrush(Colors.Red); The user can also use the static members on the Brushes 10 class to get
a set of predefined colors. Because immutable objects cannot be changed, to effectively change an
object, the user nekds thercate aswevf asige ctlamdeblartihe OidNe VvdeCodRI thigedd omany of the
resource objects in the system may utilize the builder 15 pattern, in which immutable objects are created
with a buildée'a%ss,t\'ﬁ/hi{“hﬂél alAPafbReARE tharishdbbro THe desPaebidcaf hlfutable object

to mirror the parameters set on the builder, creates a new puilder for that object, and jnitializes
format. Surfaces can also receive/send data from/to effect

5 iInterfaces. A surface can be constructed for any pixel format
from the full set of supported surface format types. However,
some adjustments may be made to the specified pixel format,
e.g., 1T 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 via 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
- 41 -



it from the immutable object. The user then changes the 20 builder as necessary. Once done, the user
can build a new object, by changing the builder and reusing it 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. - 44 Thus, instead of using a
constructor ¢anreate be Splid@aledBvishssadestribéabovher SpiidGaksBdeabtilded radyobe used:
SolidColorBrushBuilder MyBuilder = new 5 SolidColorBrushBuilder O ; MyBuilder.Color = Colors.Red;
Brush MyBr&shie: k¥ Bpjddardl dByugh<3 § b evjostbiens dsstndies static vhfueslédh, algbeslee animation
objects. For instance, on the DrawingContext there is an override on DrawCircle that takes a
PointAnimakheB skashsckhbiiieserigidh s akelcthietHiy/ady stHdisstt avadspestandl eniktitioa
information at the primitive level. For 15 resource objects there exists an animation collection in addition
to the base FalRPFHe LM BIOEorBSTY SvnNEPFN IS WSRBESE ahndiEShBAERUE example, the
user cqéjld specigllthe following example line before the brush is built: 20

MyBuil er.C’o‘grLAnlrﬁations.Add(new ColorAnimation(...)); Note that an object with animation parameters

Sr gggsisrg:j“gab'e' B‘Eﬂ%‘iset'&t;)é%'”baﬁ‘\?i%é 151G Sty édo"i‘S‘.!}]%ri BN DR FCeAg graph is

.g., traversed), 25 the meaning of animation parameters changes over time, giving
present object model is extensible to allow others to be
developed. For example, as represented in FIG. 11, a layered
visual 1100 enables an application developer to separately

10 control the information in a visual via multiple data streams,
providing a finer granularity of control relative to visuals
having a single data stream. Note that similar 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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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, - 45 there are a set of resources and classes that are shared through this entire stack. This
includes Pens, Brushes, Geometry, Transforms and Effects. The IDrawingContext exposes a set of
drawing opetehiars hahiedn deneaedatzopitate a HyLrydngVisual @idatan\dsual.
ISurfaceDrawingContext, a base interface to IDrawing context, can be used to populate a SurfaceVisual.
In other worelsuther@tadng context exposes a set of drawing operations; for each drawing operation
there are two methods, one that takes constants as arguments, and one 10 that takes animators as
arguments. The DfREN8Te BEIRSd afawd auindsvidNGELsiR caRidtadNelony Iiseadst.p@Atko the end
point. public void DrawLine(Pen pen, Point start, Point_end); public void DrawLine( Pen pen,

PointAnimaliGtHASELRR, Bl THRHoNESYALR), FhHEETR SRR clsh Gl MR dPaws a

rounded recgtangle 15 with the specified prush and pen; brush and pen can be_null. public void

Drawi S A HAR A BB TS AEEH P E b Ano L 8he SAFUL,  Tred®
dimensional visuals enable a connection between two-dimensional
and three dimensional worlds, e.g., a camera-like view iIs
possible via a two-dimensional visual having a view into a
three-dimensional world.

10 Many of the resource objects are immutable once created,
that 1s, 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 i1t is possible to have a system where such
objects are mutable, 1f 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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float radius); public void DrawRoundedRectangle( Brush brush, Pen pen, PointAnimationBase topLetft,
Si zeAnimationBase size, NumberAnimationBase radius); public void DrawRoundedRectangle( Brush
brush, Pen pen, Point topLeft, Point bottomRight, - 46 float rx, float ry) public void
DrawRoundedRectangle( Brush brush, Pen pen, PointAnimationBase toplLeft, PointAnimationBase
bottomRight, NunThiesdeimasionibese ratijsstNuaheifminefidnBase facdiusy cdhstthag€eagmetry
method draws a path with the specified brush and pen; brush and pen can be null. public void
DrawGeomeiniCBrush brushr2eghpeho Geoniktrnggeemety)ydyTH® DrawRbetauy o mitiadd, daws a
rectangle with the

by using a companion builder object, as described below. For

instance, to create a SolidColorBrush, (brush objects are

5 described below), a constructor may be used:

Brush MyBrush = new SolidColorBrush(Colors.Red);

The user can also use the static members on the Brushes
10 class to get a set of predefined colors.

Because immutable objects cannot be changed, to
effectively change an object, the user needs to create a new
object and replace the old one with it. To this end, many of
the resource objects iIn the system may utilize the builder

15 pattern, in which immutable objects are created with a builder
class, which i1s a companion class that is mutable. The user
creates an immutable object to mirror the parameters set on the
builder, creates a new builder for that object, and initializes
it from the immutable object. The user then changes the

20 buirlder as necessary. Once done, the user can build a new
object, by changing the builder and reusing it 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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specified brush and pen; brush and pen can 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, Paihifsymatisnaske topLesi rfy zeAoomsieeonBasasite, ditealteryAmimationBase opacity);
- 47 Geometry is a type of class (FIG. 12) that defines a vector graphics skeleton, without stroke or fill.
Each geonfeolistfjedias Brsisbleashatestimdeeombye Elljpseckutiehg gsishfoGbdeatetry), a
complex single shape 5 (PathGeometry) or a list of such shapes GeometryList with a combine operation
(e.g., unionMarerBEctibPEAAd so forth)

SolidColorBrushBuilder MyBuilder = new
5 SolidColorBrushBuilder();

MyBuilder.Color = Colors.Red;

Brush MyBrush = MyBuilder.ToBrush();

10 Most objects that take static values can also take
animation objects. For instance, on the DrawingContext there
iIs an override on DrawCircle that takes a PointAnimationBase
for the center of the circle. In this way, 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 i1f

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

specifty 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 i1ts 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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specified. These objects form a class hierarchy as represented in FIG. 12. 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-&5 sagnersobjects. res bigtes candecltiss eclasettshare wihradefined area, or
just a connected series of Segments that define a curve, but no enclosed area. The filled area of the
PathGeometiyriouigfin&th by tekihg réesdkoathined Hidwes nicdivtes theinsjlaipsipesy set to 20 true,
and applying a FillMode to determine the enclosed area. Note that the FillMode enumeration specifies
how the intdrSOERE M eas CARTHAE D8l cEfiERtkRin a GeenldiKauia geRiRILERSRASRS resulting
area of the Geometry. An "Alternate” rule determines whether a point is inside the 25 canvas, by
conceptuall§t dR§Hing & AXAKNIh APSIiRLECNE 8 trdkiny Aa P dHSEH AR @kSnfhing the places
where a segment of the shape crosse ray. By starting with.a cqunt of zero and adding one each
time a egnggﬁwc'rggi/e'sstlﬁ%aﬁay ﬁoﬁqsg‘#iﬁ()) ﬁgﬁ? gﬁ‘o‘ Subtqragc\':l'{ﬁmfg%c?r?gyggcvz\” 9%(205' pgfﬁq:B sggment
crosses theggy o idyiade A euDiRG RorfFesinoedined eauip 5odBN a0t is outside
the path. Otherwise, It is inside. A "winding" rtile determinés whether a point on canvas is inside, and
works by cefepiellyidiawing a ray FeAealepds [0 ¥ FaRENg context exposes a

set of drawing operations; for each drawing operation there are
two methods, one that takes constants as arguments, and one
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 toplLeft,
Size size,
float radius);
public void DrawRoundedRectangle(
Brush brush,
Pen pen,
PointAnimationBase toplLeft,
SizeAnimationBase size,
NumberAnimationBase radius);
public void DrawRoundedRectangle(
Brush brush,
Pen pen,
Point toplLeft,
Point bottomRight,
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10 direction and counting the number of path Segments from the given shape that the ray crosses. If this
number is odd, the point is inside; if even, the point is outside. As represented in FIG. 14, when geometry
(e.g., a 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 hierarchiy of brush objed$oabias represented in FIG. 14 by the filled rectangle [L402 that results
when the visyal including the fdombgie and brush 20 instructions and parameters is processed. As
described below, some tygBY b Hﬁl%e%r%\{%%ﬁlﬁ?%%%%%nine grids) size themselves. When
used, the size for these brusﬁé ¥ ﬁféﬂﬁ d from the bounding box, e.g., when the
GradientUnits/DestinationUnits i {RR fiisioisseld oy Qi¥gctBoundingBox, the bounding box of the
primitive thatfis - 49 being dryintaHsedt¥dhesedropetinmarheet to UserSpaceOrUse, then the
coordinate space is used. A Pembejetthalds amaseBrash atdhg with properties for Width, LineJoin,
LineCap, MiterLimit, DashArr&\/BRrpatRektenBasgs Fagleisanted in the example below: public enum
System.Windows.Media.PenLineCap { Butt, Round, Square 10 } public enum

System.Windows.Media.PenLijneJoin { Miter, R , Bevel , -
ystem. Windows Mﬁelabr?ﬂv Ig%m%!%r rlngrtho0 nc?rav%/ea path with the specified

brush and pen; brush and pen can be null.

public void DrawGeometry(
Brush brush,
Pen pen,
Geometry geometry);

5 The DrawRectangle method draws a rectangle with the

specified brush and pen; brush and pen can be null.

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

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

10 The DrawSurface method draws a surface.

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

public void DrawSurface(
Surface image,
PointAnimationBase toplLeft,
SizeAnimationBase size,
NumberAnimationBase opacity);
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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
FloatAnimationCol&stne tiierignitAntipdioos { gktigs 3¢ pLblc 1109t @hatitydeddtnepullic
FloatAnimationCollection OpacityAnimations { get; } public Brush Brush { get; } 40 public float Width { get;
} public FloataainatiaiCgilettion sKeketromationshget spobkie sealdd thss Each
System.Windows.Media.PenBuilder Builder 45 { Fields - 50 // Constructors public PenBuilder() ; public
PenBuilder@M5iedet) oRisrPEABEI ¢ _hHass); (LineGeometry,

10

15

20

25

EllipseGeometry, RectangleGeometry), a complex single shape
(PathGeometry) or a list of such shapes GeometryList with a
combine operation (e.g., union, iIntersection, and so forth)
specified. These objects form a class hierarchy as represented
in FIG. 12.

As represented in FIG. 13, the PathGeometry is a
collection of Figure objects. In turn, each of the Figure
objects i1s composed of one or more Segment objects which
actually define the figure’s shape. A Figure iIs a sub-section
of a Geometry that defines a segment collection. This segment
collection is a single connected series of two-dimensional
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
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

canvas, by conceptually drawing a ray from that point to
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5 public PenBuilder(Pen pen); // Properties public float[] DashArray { get; set; } 10 public float DashOffset
{ get; set; } public FloatAnimationCollectionBuilder DashOffsetAnimations { get; } public PenLineCap
LineCap { get; set; } 15 public PenLineJoin LineJoin { get; set; } public float MiterLimit { get; set; } public
FloatAnimationCollectionBuilder MiterLimitAnimations { get; } 20 public float Opacity { get; set; } public
FloatAnimatierfGeliecyiod Buidsy Qiacityidmatiensi{ geler} 25puidliciBsbHrushd@es seiekeublic float
Width { get; set; } public FloatAnimationCollectionBuilder WidthAnimations { get; } 30 // Methods public
Pen ToPen @; Segmarchtiofieddosbape grapsisssbidue nialel of he Sbaréseag imiditioh includes a
Brush object model, which is generally directed towards the concept of covering a plane with pixels.
Examples of 82t S¥hrasies aeteprsbnge PREtheakiRrdithg or FrReImsdh € IiPRieea BiSh base
class, include SolidColorBrush, GradientBrush, ImageBrush, VisualBrush (which 40 can reference a

Visual) and Ko d OB ARTE Lgichkstn 3Rd) S8 Tk &N iACa A RAJH BfadeRtdects. As

5 segment crosses the ray from right to left, after counting the
crossings, if the result is zero then the point is outside the
path. Otherwise, It iIs inside. A “winding” rule determines
whether a point on the canvas is iInside, and works by
conceptually drawing a ray from that point to infinity in any

10 direction and counting the number of path Segments from the
given shape that the ray crosses. |If this number i1s odd, the
point is inside; if even, the point iIs outside.

As represented In FIG. 14, when geometry (e.g., a
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
iIs 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 i1s obtained from the bounding box, e.g., when
the GradientUnits/DestinationUnits for the Brush iIs set to

25 ObjectBoundingBox, the bounding box of the primitive that is
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described above, Brush objects are immutable. - 51 public abstract class System.Windows.Media.Brush
{ float Opacity { get; } FloatAnimationCollection OpacityAnimations { get; } 5 } The following sets forth an
example BrushBuilder class: public abstract class System.Windows.Media.BrushBuilder : Builder 10
public virtual Brush ToBrush(); public override sealed object Createlnstance O; { return ToBrush() ; 15}
float Opacityp¢ prt sei;gwhlobdAoniseationCpflethesuijdes tiecikgAnimalioset gad; } } 20 Note that Brush
objects may recognize how they relate to the coordinate system when they are used, and/or how they
relate to theUsaisiiagrbondsthe diipe dihevhicoiheyrmatesepgade geaertsseidformation such as size may
be inferred from the object on which the brush is drawn. More particularly, many of 25 the brush types
use a coordinate sfseanfdrzpecitying bdmosfitehealr ParantbtakonsindddrdpearsyddpscdiPEither 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 €8 eilal D SIRER thhtRE(APe A e EnA Lo thas 4 1Y RS 298 own,

respectively, gs QblecEaupdinIB O hade 2do1e below:

public enum System.Windows.Media.PenLineCap

{
Butt, Round, Square
10 |}
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; }
}
public sealed class System.Windows.Media.PenBuilder : Builder
45 | {
// Fields
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UserSpaceOnUse mode. - 52 public enum System.Windows.Media.BrushMappingMode {
ObjectBoundingBox, UserSpaceOnUse, 5 } A SolidColorBrush object fills the identified plane with a
solid color. If there is an alpha component of the color, it is combined in a multiplicative way with the
corresponding 10 opacity attribute in the Brush base class. The following sets forth an example

SolidColor]
Constructa
SolidColor
public gol(
System.W
SolidColor

10

15

20

25

30

Brush objecihpublie 6saied class System.Windows.Media.SolidColorBrush : Brush { 15
rs pulﬂldbf!@ﬁd@@l@ﬂ%h!gﬁ@()ﬂ |n|t|aI|ze to black public SolidColorBrush(Color color); pt

Brush éFh g\ﬂﬂ ’olorComposer 20 colorComposer); // Prope
or Col % % 8? ifations { get; } 25 } public class
ndows. |a Solld olorBrushB r BrushBuilder {// Constructors 30 public

BrusthIéeb@ermibh;c SoI|dCoIorBrushBunder(CoIor color);
public float[] DashArray { get; set; }

public float DashOffset { get; set; }
public FloatAnimationCollectionBuilder DashOffsetAnimations {

get; }

public PenLineCap LineCap { get; set; }
public PenLineJdoin Linedoin { get; set; }

public float MiterLimit { get; set; }
public FloatAnimationCollectionBuilder MiterLimitAnimations {

get; }

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();

1l
Iblic
rties

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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public SolidColorBrushBuilder(SolidColorBrush sop); // 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. - 53 The gradient is by drawn by performing
linear interpelaiins Asfveantihelgadisptssapsiina gasnmedd 2. BRsigolor space; interpolation through
other gammgs or other color spaces (HSB, CMYK and so forth, is also a feasible alternative. Two|types 5
of gradient objecid ffudeankly ahdehallgradients. In general, gradients are composed of a list jof
gradie stjps. Aot sad LpaGrhl €t 31oRoReaRt by cobPt el i98keed alpha value) and an

Offset t ara no-aradient ctons eneacified_the bhrucsh ic drawn ac a3 colid tranenarant 10 black as |f
. e UATre 1To uluul\ll LAY \)LUP\) \)'\J\/\llll\/u, CTL OTUJTIT T UTATrTT Ao L Juiniou o ua l\JPMl\JllL - \J ”lu\ll\'

there were no brush specified at all. If there is only one gradient stop specified, the brush is drawn as a

solid color with they gre £y GppAedelrke AT CIAUERa IS FECBAIS ERT ITH _%Ioe%:?{:(examp'e in

the table below) is immutable. 15 -'54 public class System.Windows.Media.GradientStop

public abstract class System.Windows.Media.BrushBuilder : Builder
10 | {
public virtual Brush ToBrush();
public override sealed object Createlnstance();
{
return ToBrush();
15 }
float Opacity { get; set; }
FloatAnimationCollectionBuilder OpacityAnimations { get; }
bs
20 Note that Brush objects may recognize how they relate to

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
25 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 i1s active at the time that the brush i1s used. These
30 are known, respectively, as ObjectBoundingBox mode and

UserSpaceOnUse mode.
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public GradientStop(Color color, float offset); 5 public Color Color { get; } public AnimationEnumerator

ColorAnim

ations { get; } public float Offset { get; } public AnimationEnumerator OffsetAnimations { get; } }

10 public class System.Windows.Media.GradientStopBuilder : Builder { public GradientStopBuilder O ;
public GradientStopBuilder(Color color, float offset); 15 public Color Color { get; set; } public

Animation
OffsetAnin
set forth in
ICollection

ListiepierAsnmatgyatgel ingobiciiasi DBseishgahsaighpublic AnimationList
ndtions { get; } 20 public GradientStop ToGradientStop O ; } There is also a collection cla

the fORIRREREXEH

SS, as

GradientSt

GetEnumerator() ; // ICollection

10

A SolidColorBrush object fTills the i1dentified plane with a
solid color. If there is an alpha component of the color, it
iIs combined in a multiplicative way with the corresponding
opacity attribute in the Brush base class. The following sets

forth an example SolidColorBrush object:

15

20

25

30

35

40

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

{

// Constructors

public SolidColorBrush(); // initialize to black

public SolidColorBrush(Color color);

public SolidColorBrush(System._Windows._.Media.Animation.ColorComposer
colorComposer);

// Properties
public Color Color { get; }
public IEnumerator ColorAnimations { get; }

}

public class System.Windows.Media.SolidColorBrushBuilder : BrushBuilder
{

// Constructors

public SolidColorBrushBuilder();

public SolidColorBrushBuilder(Color color);

public SolidColorBrushBuilder(SolidColorBrush scp);

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

// Methods
public virtual Brush ToBrush();

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.
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35 public void CopyTo(Array array, int index); public bool ICollection.IsSynchronized { get { return false; }
} public int Count { get; } public object ICollection.SyncRoot { get; } 40 // Extra functions public
GradientStop this[int index] { get; } public bool Contains(GradientStop value); public int
IndexOf(GradientStop value); // returns first one public int IndexOf(GradientStop value, int startindex); 45
public int IndexOtjBsetientStds vbled imstarbydee ifioroninty Aubiicant LiastidpsPiEredientStop
value); public int LastindexOf(GradientStop value, int startindex); public int LastindexOf(GradientStop
value, int stheibdernintbeug)apueittGaitips Stop @olgting GetRargB(isbihdex Spacsunt); 50 55
public class System.Windows.Media.GradientStopCollectionBuilder : Builder, IList { public
GradientStobtigtiEpgdatiirier throywiniio thadicaestspe ofdctkmideqbradisresiep [[(HRRlentStops);
public GradientStopCollectionBuilder(ICollection c); public

GradientstdgtdietishsRidEP i Rdichts dbeigcdsr bk RABHEN A Y fenuh¥rokyY BEBiic
T LY R o ARGl g 29 el ool
In general, gradients are composed of a list of gradient
stops. Each of these gradient stops contains a color (with the
included alpha value) and an offset. |If there are no gradient
stops specified, the brush is drawn as a solid transparent
10 black, as if there were no brush specified at all. If there is
only one gradient stop specified, the brush i1s 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
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public int Count { get; } public object ICollection.SyncRoot { get; } // IList 20 public bool IsFixedSize { get {
return false; } } public bool IsReadOnly { get { return false; } } public object IList.this [int index] { get; set; }
public int IList.Add(object value); public void Clear 0; 25 public bool IList.Contains(object value); public int
IList.IndexOf(object value); // returns first one public void IList.Insert(int index, object value); public void

IList. Remdvs(eipst ¥PiR); Fyieranves hissienddeliblCradiBeesraAl(int index); 30 /7 Exira functi
public GradigntStop this [int index] { get; set; } public int Add(GradientStop value); public bool

ons

Contains( radieﬁt»St!)i)Q/éi!]é?i:%‘b%ﬁﬂ@(ﬁpl'rf@ié@!gmdﬂ@s!bp)ﬁﬁféi})ﬂ returns first one publi¢ int

IndexOé(GradlentS%op vaI&Je int ic int IndexOf(GradientStop value, int startindex, int
count); public |ng 8% Qd éﬁ{g?tr }E(ﬁg}l&d%Hggﬂg%%(&rad}entswp value, int
startindex); 40 pybli i Lasslheexfiiéetagiegietop value, int startindex, int count); public void Insert(int

index, Gr |entsmpl/adue3)nm@hcoﬁdlﬁmaﬂe@mget&mmu@)sﬂ{emws}ﬂrst one public vpid

AddRangg([Eollection c); public void InsertRange(int index, ICollection c); 45 public void

RemoYeRan tind x int count
| %%QQC c SS Syste% Windows.Media.GradientStopBuilder : Builder

public GradientStopBuilder();
public GradientStopBuilder(Color color, float offset);

15
public Color Color { get; set; }
public AnimationList ColorAnimations { get; }
public float Offset { get; set; }
public AnimationList OffsetAnimations { get; }
20 public GradientStop ToGradientStop();

There is also a collection class, as set forth in the

following example:

25 public class System._Windows.Media.GradientStopCollection : ICollection
{
public GradientStopCollection(); // empty list
public GradientStopCollection(GradientStop[] GradientStops);
public GradientStopCollection(ICollection c);
30
// 1Enumerable
public IEnumerator GetEnumerator();

// I1Collection

35 public void CopyTo(Array array, int index);

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

public object ICollection.SyncRoot { get; }

40 // Extra functions

public GradientStop this[int index] { get; }

public bool Contains(GradientStop value);

public int IndexOf(GradientStop value); // returns first one

public int IndexOf(GradientStop value, int startlndex);

45 public int IndexOf(GradientStop value, int startindex, int count);
public int LastindexOf(GradientStop value);

public int LastindexOf(GradientStop value, int startindex);

public int LastiIndexOf(GradientStop value, int startlndex, int count);

public GradientStopCollection GetRange(int index, int count);
50 |}
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public void SetRange(int index, ICollection c); public GradientStopCollectionBuilder GetRange(int index,
int count); // Capacity is a hint. It will throw an exception if it is set less 50 than Count. public int Capacity
{ get; set; } // Builder overloads public override object Build O ; 55 public override void ResetBuilder O;
public override void SetBuilder(Object example); public GradientStopCollection
ToGradierntpiepTolerienByistHh WisdeRs asarie Girathie igbie palons dbroiBradeniSp maniethod
specifies hod\%/ the ditadient should be drawn outside of the specified vector or space. There are three 5
values, indl 'n%%ﬁd%“’%ﬁ%ﬁ?&%ﬂ%l‘ﬁ@ﬁc@éﬁ‘: st) are used to fill the remaining space,|reflect,
in whicB the stopshaiie: rephayied tsteyesseentionpene rta et spque candiensabgsyyhich the
stops are repeatedpit orgerdaanriie d@%Tm@J gl beghion c);
System.W ndow@figlk ?gﬁiggg%i?ﬁ N/Fé?ﬁb‘ﬂ"%“l!’%erﬁé"f?gdte”ﬁ?ﬁé’zgp WeSHRE. 16 shows examples
of the GranllentSprea Method. Edach shape has a linear gradient going from white to grey. The sqlid line

repredéhtg the grddiémuvectdr e
public IEnumerator GetEnumerator();

// I1Collection

public void CopyTo(Array array, int index);

15 public bool ICollection.lIsSynchronized { get { return false; } }
public int Count { get; }

public object ICollection.SyncRoot { get; }

// lList

20 public bool IsFixedSize { get { return false; } }

public bool IsReadOnly { get { return false; } }

public object IList_this [int index] { get; set; }

public int IList.Add(object value);

public void Clear();

25 public bool IList.Contains(object value);

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

public void IList.Remove(object value); // removes first one
30 public void RemoveAt(int index);

// Extra functions

public GradientStop this [int index] { get; set; }

public int Add(GradientStop value);

public bool Contains(GradientStop value);

35 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);

public int LastIndexOf(GradientStop value, int startindex);

40 public int LastindexOf(GradientStop value, int startlndex, int count);
public void Insert(int index, GradientStop value);

public void Remove(GradientStop value); // removes first one

public void AddRange(lICollection c);

public void InsertRange(int index, ICollection c);

45 public void RemoveRange(int index, int count);

public void SetRange(int index, ICollection c);

public GradientStopCollectionBuilder GetRange(int index, int count);

// Capacity is a hint. 1t will throw an exception if it is set less
50 than Count.
public int Capacity { get; set; }

// Builder overloads

public override object Build(Q);

55 public override void ResetBuilder();

public override void SetBuilder(Object example);

public GradientStopCollection ToGradientStopCollection();
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20 The LinearGradient specifies a linear gradient brush along a vector. The individual stops specify
colors stops along that vector. An example is shown in the table below: public class
System.Windows.Media.LinearGradient : GradientBrush {// Sets up a gradient with two colors and a
gradient vector // specified to fill 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
GradientSpreadMétBod Spresdviggndigdthk /AaHdemelestor finglic Point VectorStart { get; } - 57
public PointAnimationCollection VectorStartAnimations { get; } public Point VectorEnd { get; } public
PointAnimafiéifddifitton readdieHupchinaesiS i get; Pow GEagieat stk ustie iR s tidllection
GradientStops { get; } } public class System.Window.Media. LinearGradientBuilder GradientBrushBuilder
{ public Liné&ﬂé?d&l@n%ﬁilﬁgﬁos,p&?b!it 1§k AR EQENH LIRRACDIor JoIGTE RIS HIVEE float angle):

public Uneayiadlentepidiy(nearGiagient Sl Rrrels i nis P s Ofisyapunpigeex
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 i1s fTilled:

10 | public enum System.Windows.Media.GradientSpreadMethod

Pad,
Reflect,
Repeat

15 |3}

FIG. 16 shows examples of the GradientSpreadMethod. Each
shape has a linear gradient going from white to grey. The
solid line represents the gradient vector.

20 The LinearGradient specifies a linear gradient brush along
a vector. The individual stops specify colors stops along that

vector. An example is shown in the table below:

public class System.Windows.Media.LinearGradient : GradientBrush
{
// Sets up a gradient with two colors and a gradient vector
// specified to fill 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; }

// Gradient Vector
public Point VectorStart { get; }
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public BrushMappingMode GradientUnits { get; set; } // Gradient Transform: 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; } p

ublic PointAnimationCollectionBuilder VectorStartAnimations { get; set; } public Point

VectorEnd
Gradient St
GradientSt
However, w
gradient ha
point of the
center of th
radial gradi
denotes the

[ get; pebl} publimPanitArimadonlecldohov8tiidatyeciaibadfomandtigas { get; set; }//

ps { §&B

ops pelﬂiﬁ::!\‘ioﬁpmg

r6iit dol@ftiloht offset%' blic GradientStopCollectionBuilder
DERAT I R oW

ent that from white to grey. The outside circle represents the gradient circle while the @

> %@dliﬁgﬂﬁ%i§yﬂﬁmmﬁdi\é?ﬂ%§ jrearGradientBuilder :

radientBrus
{

public LinearGradientBuilder();
public LinearGradientBuilder(Color colorl, Color color2, float angle);
public LinearGradientBuilder(LinearGradient 1g);

// GradientUnits: Default is ObjectBoundingBox

public BrushMappingMode GradientUnits { get; set; }
// CGradientTransform: 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; }

public Point VectorEnd { get; set; }

public PointAnimationCollectionBuilder VectorEndAnimations { get; set;

}

// Gradient Stops
public void AddStop(Color color, float offset);
public GradientStopCollectionBuilder GradientStops { get; set; }

The RadialGradient is similar in programming model to the
linear gradient. However, whereas the linear gradient has a
start and end point to define the gradient vector, the radial
gradient has a circle along with a focal point to define the
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.

- B8 -

M mod&tto the linear grafient.
heregy thedtiheargsadignt has a start and end point to define the gradient vector, the fadial 5
S a cirgle Hiorgradtte atfoisaiGadihe ebidefifeatieergidkdient Daledviak. The circle defines the end
bradient, that is, a gradient stop at 1.0 defines the color at the circle. The focal point defines
e gradient. A gradient stop at 0.0 defines the color at the focal point. - 58 FIG. 17 shows a

ot



SpreadMethod set to Pad: 5 public class System.Windows.Media.RadialGradient : GradientBrush {//
Sets up a gradient with two colors. // This implies ObjectBoundingBox for the GradientUnits // property
along with a center at (0.5,0.5) 10 // a radius of 0.5 and a focal point at (0.5,0.5) public
RadialGradient(Color colorl, Color color2); public BrushMappingMode GradientUnits { get; } public
Transform GradierrTansigrnshoets } 4 Sradbiia IGrgdnispreadiviethdad-Gpredaditethed {gaty). // Gradient
definition public Point CircleCenter { get; } public PointAnimationCollection CircleCenterAnimations { get; }
20 public floEh€icldradies € yet kpubtip FeseAtsndtun Qptiediien CirclBREbusdiikatithe {det;, } public
Point Focus { get; } public PointAnimationCollection FocusAnimations { get; } 25 // Gradient Stops public
GradientStdfersitesot tradierekopo 13kt } ThiRicxagple gradient has its
System.Windows.Media.RadialGradientBuilder 30 GradientBrushBuilder { public RadialGradientBuilder
O ; public RAAEFEAYRINREBPLBA, BR%T color2); public RadialGradientBuilder(RadialGradient rg); 35

/I GradjentUnits: Default is_ ObjectBoundingBox . - =
g pubTic class System.Windows>Media.RadialGradient : GradientBrush

// Sets up a gradient with two colors.

// This implies ObjectBoundingBox for the GradientUnits
// property along with a center at (0.5,0.5)

10 // a radius of 0.5 and a focal point at (0.5,0.5)
public RadialGradient(Color colorl, Color color2);

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

// Gradient definition

public Point CircleCenter { get; }

public PointAnimationCollection CircleCenterAnimations { get; }
20 public float CircleRadius { get; }

public FloatAnimationCollection CircleRadiusAnimations { get; }
public Point Focus { get; }

public PointAnimationCollection FocusAnimations { get; }

25 // Gradient Stops
public GradientStopCollection GradientStops { get; }
}
public class System.Windows.Media.RadialGradientBuilder :
30 GradientBrushBui lder

public RadialGradientBuilder();

public RadialGradient(Color colorl, Color color2);
35 public RadialGradientBuilder(RadialGradient rg);
// CGradientUnits: Default is ObjectBoundingBox

public BrushMappingMode GradientUnits { get; set; }
// CGradientTransform: Default is identity

public Transform GradientTransform { get; set; }

40 // SpreadMethod: Default is Pad

public GradientSpreadMethod SpreadMethod { get; set; }

// Gradient definition

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

45 public PointAnimationCollectionBuilder CircleCenterAnimations { get;
set;}

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

public FloatAnimationCollectionBuilder CircleRadiusAnimations {
get;set; }

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

public PointAnimationCollectionBuilder FocusAnimations { get;set; }

// CGradient Stops
public void AddStop(Color color, float offset);
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public BrushMappingMode GradientUnits { get; set; } // GradientTransform: Default is identity public
Transform GradientTransform { get; set; } 40 // SpreadMethod: Default is Pad public
GradientSpreadMethod SpreadMethod { get; set; } // Gradient definition public Point CircleCenter { get;
set;}//Default: (0.5, 0.5) 45 public PointAnimationCollectionBuilder CircleCenterAnimations { get; set;}
public floaf CircleRadicscl geisetsdpDarpetic ibhepablie - oaidivmaitop€ oflegtonBetdley

PointAnimationCollectionBuilder FocusAnimations { get;set; } // Gradient Stops public void
AddStop(Color color, float offset); - 59 public GradientStopCollectionBuilder GradientStops { get; set; } }

Another brush objéfiedheEeRigdSh MBI 8Sts hepvrReamkash bBjdcl CGod&@ptsal®, the VisualBrush

id t isyal drawn | ted, filed fashi fill. This i ted in FIG. 14
by he T BSHGH BEHASE g el A B P e 85 kSR RE S < Ao shape

e HALEIEY s ARSI 2% Tl B TR T e
manner, a gippjam may 4s§ aNARIHEE FERNIGH Rl 40} afhe visual brush
referencing a visual (and any child visuals) that specifies a
single circular shape 1420, with that circular shape filling a
10 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 visuals. In this manner,
a program may use an arbitrary graphics “metafile” to fill an
area via a brush or pen. Since this is a compressed form for
15 storing and using arbitrary graphics, it serves a graphics

resource. The following sets forth an example VisualBrush

object:

public class System_.Windows_Media.VisualBrush : Brush

{
20 public VisualBrush(Visual v);

public BrushMappingMode DestinationUnits { get; }
public BrushMappingMode ContentUnits { get; }
5 public Transform Transform { get; }

5
public Rect ViewBox { get; }
public Stretch Stretch { get; }
public HorizontalAlign HorizontalAlign { get; }
30 public VerticalAlign VerticalAlign { get; }
public Point Origin { get; }
public PointAnimationCollection OriginAnimations { get; }
public Size Size { get; }
public SizeAnimationCollection SizeAnimations { get; }
35
// Visual
public Visual Visual { get; }
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area via a brush or pen. Since this is a compressed form for 15 storing and using arbitrary graphics, it
serves a graphics resource. The following sets forth an example VisualBrush object: public class
System.Windows.Media.VisualBrush : Brush {20 public VisualBrush(Visual v); public
BrushMappingMode DestinationUnits { get; } public BrushMappingMode ContentUnits { get; } public
Transform[Transform { geft; } 25 public Rect ViewBox { get; } public Stretch Stretch { get; } public
Horizontal Aggh'H‘ér&ﬁ}ﬁ%b&}i@ﬁewg\@!”Poﬁ’ﬁbwsq}ért\@aﬁ%ﬂ@fwrﬁéhmﬁﬁn { Be¢shBai bgefic Point Origin {

get; } public’Poinj/ylimatiQaCAlleclen [y 5nmat|ons { get; } public Size Size { get; } public
SizeArﬂinthlonC[aUBcilemSa@Alﬂ”uréHBmscﬂ $s3&1//isual public Visual Visual { get; } } 60 public class

System.WjndowsWibdiaW sipdiBrushidilder (BreislBuiigbr vPpublic VisualBrushBuilder O ; 5 public

\hsueﬂBru<hBuH99r@/§¥§Aa fonUnits: Default is ObjectBoundingBox

public BrushMappingMode DestinationUnits { get; set; }
10 // ContentUnits: Default is ObjectBoundingBox

public BrushMappingMode ContentUnits { get; set; }
// Transform: Default is ldentity

public Transform Transform { get; set; }

// ViewBox: Default is (0,0,0,0) -- unset and ignored
15 public Rect ViewBox { get; set; }

// Stretch: Default is None -- and ignored

// because the ViewBox is not set

public Stretch Stretch { get; set; }

// HorizontalAlign: Default is Center and ignored

20 public HorizontalAlign HorizontalAlign { get; set; }
// VerticalAlign: Default is Center and ignored
public VerticalAlign VerticalAlign { get; set; }

// Origin: Default is (0,0)

25 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; }

30
// Visual: Default is null -- nothing drawn
public Visual Visual { get; set; }
}
35 A VisualBrush’s contents have no intrinsic bounds, and

effectively describe an infinite plane. These contents exist
in their own coordinate space, and the space which i1s being
filled by the VisualBrush is the local coordinate space at the
time of application. The content space is mapped into the

40 local space based on the ViewBox, ViewPort, Alignments and
Stretch properties. The ViewBox is specified in content space,
and this rectangle i1s mapped into the ViewPort (as specified

via the Origin and Size properties) rectangle.

- 61 -



public VisualBrushBuilder(VisualBrush vb); // DestinationUnits: Default is ObjectBoundingBox public
BrushMappingMode DestinationUnits { get; set; } 10 // ContentUnits: Default is ObjectBoundingBox
public BrushMappingMode ContentUnits { get; set; } // Transform: Default is Identity public Transform
Transform { get; set; } // ViewBox: Default is (0,0,0,0) unset and ignored 15 public Rect ViewBox { get;
set; } // Stretch: Defaigt \siare rtardbifinoes] theedrsetierVianBor isthet seinpeliesSUdtEd Stretch {
get; set; } // HorizontalAlign: Default is Center and ignored 20 public HorizontalAlign HorizontalAlign { get;
set; } // VerdvalAiga D gfaoé isl Cavirer arnckigheregl boblibdeetichidiggnfoertithirgdigB{ush;-set] ¥// Origin:
Default is (0,0) 25 public Point Origin { get; set; } public PointAnimationCollectionBuilder OriginAnimations
{ get; set; } Thsizeabaen MfisRe3t puskd Spendits { et Usar SpasrROSZeRnita iRl der
SizeAnimations { get; set; } 30 // Visual: Default is null -- nothing drawn _public Visual Visual {_get; set; } }

35 A VisualBARR PESREREHER NS irntHTd B8RS, th P&l Bk Bl sGRacsn HinkBSidHE e rhese
contents exist 19 55 QR0 INFP SPATE 30912 S0ATRE TP B&Hiationunits is
ObjectBoundingBox, then an Origin and Size are considered to be
in the coordinate space, where 0,0 1s the top/left corner of
the bounding box of the object being brushed, and 1,1 is the
bottom/right corner of the same box. For example, consider a
10 RectangleGeometry being filled which is drawn from 100,100 to
200,200. In such an example, 1Tt the DestinationUnits 1is
UserSpaceOnUse, an Origin of 100,100 and a Size of 100,100
woulld describe the entire content area. If the
DestinationUnits is ObjectBoundingBox, an Origin of 0,0 and a
15 Size of 1,1 would describe the entire content area. If the
Size is empty, this Brush renders nothing.

The ViewBox i1s specified in content space. This rectangle
is transformed to fit within the ViewPort as determined by the
Alignment properties and the Stretch property. If the Stretch

20 1s none, then no scaling is applied to the contents. If the
Stretch i1s Fill, then the ViewBox is scaled independently in
both X and Y to be the same size as the ViewPort. If the
Stretch i1s Uniform or UniformToFill, the logic i1s similar but
the X and Y dimensions are scaled uniformly, preserving the

25 aspect ratio of the contents. If the Stretch i1s Uniform, the

- 62 -



filled by the VisualBrush is the local coordinate space at the time of application. The content space is
mapped into the 40 local space based on the ViewBox, ViewPort, Alignments and Stretch properties. The
ViewBox is specified in content space, and this rectangle is mapped into the ViewPort (as specified via
the Origin and Size properties) rectangle. - 61 The ViewPort defines the location where the contents will

eventually beidaBax cieatigabedvase thealar thiseBnsielf dbavyeiticl oildestinadios Uoits égjual
UserSpaceOnUse, the Origin and Size properties are considered to be in local space at the time 5 of
application. thinttead\thewRiuetsicDedtrationUfittliee GitjeetBolundimdBokfaemiah Olibin &he Size are
considered to be in the coordinate space, where 0,0 is the top/left corner of the bounding box of the
object being/BRIEBEY, difd $Cakafe teothsMrighbeotReSf GrNsdiha bard Fel BRARBR) cBALiAdr a 10

RectangleGeometry being filled which_is drawn from 100,100 to 200,200. In such an example, if the
Destination®RitLRE VSEFRFRATOFUSS 26 Oridh FUBT 1869 5HE = S2ERYBHHIT vl describe the

entire content area. If the _DestinationUnits is ObjectBoundingBox, an Ogigin of 0,0 and a SE\Sllize of 1,1
would Gosoid K Qi TE R R et Rt ok S e ns s e ewox i

specified i”fﬂeteé‘r%??%e-\irﬂ%i/é% aﬁ@ewiﬁrﬁﬁf%@%e%%mwn n{g%i/é‘?’(ﬁ%ri Z}? dFé%r\?‘iiﬂ d by the

Alignment properties and the Stretch property. If the Stretch 20 is none, then no scaling Is applied to the

contents. If ey Efrsieh LD 1R MABaNi9RARE INSIPPEREEliTsoR XMl Y to be the same

size as the ViewPort. If the
UniformToFill ensures that the entire ViewPort is filled by the

ViewBox (potentially causing portions of the ViewBox to be
10 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
graphics rendered with various stretch settings, including a
15 tile 800 when stretch 1s set to “none.” The tile 1802 i1s a
representation of when the stretch is set to “Uniform,” the
tile 1804 when stretch is set to “UniformToFill,” and the tile
1806 when stretch is set to “Fill.”
Once the ViewPort is determined (based on
20 DestinationUnits) and the ViewBox’s size is determined (based
on Stretch), the ViewBox needs to be positioned within the
ViewPort. |If the ViewBox is the same size as the ViewPort (if
Stretch i1s Fill, or i1f it just happens to occur with one of the
other three Stretch values), then the ViewBox is positioned at

25 the Origin so as to be identical to the ViewPort. Otherwise,
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Stretch is Uniform or UniformToFill, the logic is similar but the X and Y dimensions are scaled uniformly,
preserving the 25 aspect ratio of the contents. If the Stretch is Uniform, the - 62 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 to the ViewPort's size. In other words,
both UniforraniiZobitd®rdTghitlgmesenvd aspetticabAbigdniéorm ansuresribaidéhreentire ViewBox is
within the ViewPort (potentially leaving portions of the ViewPort uncovered by the ViewBox), and
UniformToFilbseslires tHdtebe epticpiethiast istiile d\bletdo X icsBed ganedtialy daotmgp@tidns of the
ViewBox to be 10 outside the ViewPort). If the ViewBox is empty, then no Stretch will apply. Note that
alignment Wil siineaetoasd it Wifl Jdeidirthbzpokaidibia@mertc I 88 bpdide LhgitedMations of a

single tile 1800 of graphics rendered with various stretch settings, including a 15 tile 800 when stretch is

set to "nonel€Fie RO st R pfdsiRAo B hER tROSHLAPNE Ll thiGidrRTtreddrR £04 when
PR T S N T ko L e
e TR e R e A L B S
is positioneq RS #h OFipihe0 agdadaifgnticriéq the YiewRarb Lberjiserepeated for
the Y dimension.
IT the ViewBox i1s (0,0,0,0), 1t is considered unset,
10 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
aligned with the ViewPort Origin, and the contents are scale by
15 the object’s bounding box’s width and height.
When filling a space with a VisualBrush, the contents are
mapped into the ViewPort as above, and clipped to the ViewPort.
This forms the base tile for the fill, and the remainder of the
space i1s Tilled based on the Brush’s TileMode. Finally, if
20 set, the Brush’s transform is applied — it occurs after all the
other mapping, scaling, offsetting, etc.
The TileMode enumeration is used to describe if and how a
space i1s fTilled by its Brush. A Brush which can be tiled has a

tile rectangle defined, and this tile has a base location

25 within the space being filled. The rest of the space is filled
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- 63 HorizontalAlignment and VerticalAlignment are considered. Based on these properties, the ViewBox
is aligned in both X and Y dimensions. If the HorizontalAlignment is Left, then the left edge of the
ViewBox will be positioned at the Left edge of 5 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 rppeaigddor the YTdilemsdm. (iadbhad/iewBpxds (A.0,0hotisiesnsgidered upset, 10 whereby
ContentUnits are considered. If the ContentUnits are UserSpaceOnUse, no scaling or offset occurs, and
the contentdepeesaniiattvahe MewRanmlith goaphsosmy ifthe VaoiengUdild aModbjectBoundingBox,
then the content origin is aligned with the ViewPort Origin, and the contents are scale by 15 the object's

bounding b&eXhideandinGdnd Wigen NG a sHH@ with'd LesualBRah, td deiten&P44 - mapped into

the ViewPort as ahove, and clipped to the ViewPort. This forms the base tile for the fill, and the

remainder of fHid %ﬁéeéqgﬁ”@d‘gagé:d SRt B139Ps TildBdLoRinkGY bro9 skt Hd 8rdsh Th8nsform is
applied?- it occuts after all theI other mapping, scalin offsetgn Jetc. T eIiIeMode enumeration is used
to desctibe if AW %Xg‘[r)ngceeisqm% Iyclt% g%r%ri‘sgr S vﬁlgﬁ‘%gn &'tied has a tile rectangle

SRRk i e SR e R
TileMode this brush. Note that the logic described in FIG. 20 is only
one possible way to implement of the logic, and it should be
understood that other ways, including more efficient ways, are
10 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,
FIG. 20 provides a straightforward description.
In general, each time the contents of the pattern are
15 drawn, a new coordinate system iIs created. The origin and
offset of each repetition is specified by the Origin and Size
properties, as filtered through the DestinationUnits and
Transform properties.
A coordinate frame i1s set up based on the DestinationUnits
20 property. To this end, If at step 2000, the DestinationUnits
property is UserSpaceOnUse, the current coordinate frame at the
time the brush was used is the starting coordinate frame, via
step 2002. |If instead at step 2004 the property is
ObjectBoundingBox, the bounding box of the geometry to which

25 this brush i1s applied i1s used, as represented by step 2004, to
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settings, including "None" 1900, "Tile" 1092, "F1ipX" 1904, "FlipY" 1906 and "F1ipXY" 1908. The top
left-most tile in the 5 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 one possible way to
implement of the logic, and it should be understood that other ways, including more efficient ways, are 10
feasible. Fosetampleetheyeqrd iikalyenicaeiiicient wayhatrothesing pea datef €. ¢osuverthaef the content
is not drawn for each repetition, with the the drawn and cached. However, FIG. 20 provides a
straightforwitedeseriptionglrfogenerahath tiGie, ke cndetisenf Howpattdefarecabrizawa fa tleey
coordinate system is created. The origin and offset of each repetition is specified by the Origin and Size
properties, &9HRSIEAGhRRY BB D RinblioAnits AAd elfbReforeAs®periesS kegbotlidatcth8me is set
up based on the DestinationUnits 20 property. To this end, if at step 2000, the DestinationUnits property
is UserSpacdGisde e REARAT torlim AL RLARIa P thke RARFGINRLS JEERTE thd'Btfhg

coordinate féameh i? itf‘\? 200012i r|1f igstead a.ltgtep 2004 the property is ObjectBoundingBox, the
bounding b&CoFthe gaéo etr)(;to whith®2hbrush is applied is used, as represented by step 2004, to -

(oier loft comer of g Dol bok Fease B (. o SN sagorcy Sat s M P tar ) operty.
ps to (1,1). In either case, at step 2006 the Transform property
is applied toghés gqardinaje frames yaBpeseentiatydefipese gli%cle is a simple grid,
and the second has a Transform with a Skew in the x direction
of 47.

10 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 i1s a ViewBox
specified, the Visual is fitted into the grid cell as specified
by the ViewBox, Stretch, HorizontalAlign and VerticalAlign

15 attributes, via step 2012. The DestinationUnits and Transform
properties are used to apply the correct transform such that
the visual lines up In the grid box.

IT there 1s no ViewBox specified, then a new coordinate
system is established for drawing the content at step 2014.

20 The coordinate frame is set such that its origin is at the
Origin point for that particular grid cell being drawn.

A clip i1s applied at step 2018 based on the Size property
such that this tile will not draw outside of the bounds of the
cell. The Origin and Size are modified appropriately based on

25 the DestinationUnits property.
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FIG. 21 represents a VisualBrush Grid that is defined for the tiles in a VisualBrush. The first circle is a
simple grid, and the second has a Transform with a Skew in the x direction of 47. 10 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 specified, the Visual is fitted into the grid cell as
specified by the ViendB @0 &teeiolatidorizantalAligs andererticaliiged > ditibetesiviacbiep 2012. The
DestinationUnits and Transform properties are used to apply the correct transform such that the visual
lines up in thegridéidxi sherecipartyiewBox FetHieenthen ® new skepina@2Gytten is established for
drawing the content at step 2014. 20 The coordinate frame is set such that its origin is at the Origin point
for that partRWr eRidNdihdm@Rrdky. A lif i gstiReLsndtasBoxs bkked apRrkediiabfoperty such
that this tile will pot draw outside of the bounds of the cell. The Origin and Size are modified appropriately

based on 25GAd U&tlﬁﬁﬁ‘&'ﬁfﬁ ph5pefP FA60TRE S8-M A820 steAtRERUATRodEed Soased on the

Sourcq%)nlt%grolgg t |seend |fqat s(t)ep 202Q the SfurceUnlts operty is ect ound §Box, the
appropriate scalln ra%sfor% i5 appli ed%t s?ep 6%‘ REANiLE it |t| serSpaceSnUsg ST HS new

transform is Thqg r @firmdprgpe%é ?g atsiar 2924 -8Rt hecqteltis,diawp at step
2026. Note that fan part e IS zero, not
step 2026.
Note that if any part of size iIs zero, nothing is drawn,
and i1f Stretch i1s “None,” the transform for the viewbox Is set
10 up such that one unit iIn 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
the size of the ViewBox. As described above at steps 2010 and
2012, Stretch and the alignment properties only apply when
15 there i1s a ViewBox specified. The ViewBox specifies a new
coordinate system for the contents, and Stretch helps to
specifty how those contents map into the ViewBox. The alignment
options align the ViewBox, not the contents. Thus, for
example, 1f the viewbox iIs set to "0 O 10 10" and something is
20 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
special case of VisualBrush. Although a program can create a

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

25 APl for doing so would be cumbersome. Since there iIs no
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and if Stretch is "None," the transform for the viewbox is set 10 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 the size of the ViewBox. As described above at steps 2010 and

2012, Stretch and the alignment properties only apply when 15 there is a ViewBox specified. The

ViewBox spreifies sargw cenordinatesyateimatéhefeententsthnd \AeetsloRelpsdo specify how those

contents map into the ViewBox. The alignment options align the ViewBox, not the contents. Thus,

for

example, if fentiewbur itsettvoper 1y 10eahe sonmehihgrigeo drpwhyat -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

special cas® T NisUABTEshY FUeTolighdeysiolfam dairesBays viBoA$ put an image into it and atta
Visualju h{, thepL?tﬁ APl for ggmgﬁ@lwgakgg ciwgg)eejsome. Since there is no - 67 necessary cor
coordinate frame, the Viewlgox and “ContentUnits property members no longer apply. public class
System.W|ndowsubkEdiaBnoageanisiol 8reshes t3 miblamimeige Bragstt¢intageData image); public

BrushMappingM3t Bed§Ra86AUNItE e pislfETrdnsform Transform { get; } 10 public Stretch

Stretef{ get; } ppiifild osigiiah lgreidarizonjadAlign { get; } public VerticalAlign VerticalAlign { get;

public Point Origindiget;HorizontalAlign HorizontalAlign { get; }
public VerticalAlign VerticalAlign { get; }

public Point Origin { get; }

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

public SizeAnimationCollection SizeAnimations { get; }

public ImageData ImageData { get; }
20 |}

public class System.Windows.Media. ImageBrushBuilder : BrushBuilder

{

public ImageBrushBuilder();
25 public ImageBrushBuilder(ImageData image);
public ImageBrushBuilder(ImageBrush ib);

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

public Transform Transform { get; set; }

// Stretch: Default is None

public Stretch Stretch { get; set; }

35 // HorizontalAlign: Default is Center

public HorizontalAlign HorizontalAlign { get; set; }
// VerticalAlign: Default is Center

public VerticalAlign VerticalAlign { get; set; }

40 // Origin: Default is (0,0)
public Point Origin { get; set; }
public PointAnimationCollectionBuilder OriginAnimations { get; set; }

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

// ImageData: Default is null -- nothing drawn
public ImageData ImageData { get; set; }
50 |}

ch it to
ntent

NineGridBrush is very similar to ImageBrush except the

image is warped based on the size. In essence, NineGridBrush
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15 public PointAnimationCollection OriginAnimations { get; } public Size Size { get; } public
SizeAnimationCollection SizeAnimations { get; } public ImageData ImageData { get; } 20 public class
System.Windows.Media.ImageBrushBuilder : BrushBuilder { public ImageBrushBuilder O ; 25 public
ImageBrushBuilder(ImageData image); public ImageBrushBuilder(ImageBrush ib); // DestinationUnits
Default is OhgpetBeurthogigort miblia Brusiidapripgdlasie SestwationUinisfigetisate 8avhTransform:
Default is identity public Transform Transform { get; set; } // Stretch: Default is None public Stretch
Stretch { gepaets GF /AHeridomgRAlighr DEfdult islOde ofiisiicsH @ézantal AtigmdeorizdnadAlign { get;
set; } // VerticalAlign: Default is Center public VerticalAlign VerticalAlign { get; set; } 40 // Origin: Default
is (0,0) pubtolaeint Giigi { Wbl Let: thriblid 7RitAnkhati MEER cion BhR ' @agRAHPRativhEL get; set;
} /I Size: Default is (1,1).45 public Size Size { get; set; } public SizeAnimationCollectionBuilder
SizeAnimatoR¥§QHet AP VAN ta e RIS AU IBKsRMG A PEQSIGR R B ImageData {

getseg} 59niform 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 1t existed for NineGridBrush)
would be set to UserUnitsOnUse. The Transform property of the
Brush can be used effectively. Note that the border members

10 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
keep the border the same, the areas marked “a” expand

15 horizontally, the areas marked “b” expand vertically, the areas
marked “c” expand horizontally and vertically, and the areas

marked “d” do not change iIn size.

public class System.Windows.Media.NineGridBrush : Brush

public NineGridBrush(IlmageData image,
int LeftBorder, int RightBorder,
int TopBorder, int BottomBorder);

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

public Point Origin { get; }

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

public SizeAnimationCollection SizeAnimations { get; }

public int LeftBorder { get; }
public int RightBorder { get; }
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NineGridBrush is very similar to ImageBrush except the image is warped based on the size. In essence,
NineGridBrush - 68 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 simple scale, the NineGridBrush will produce a non 5 uniform scale up to the desired size. The

units for th
ContentUni

2302toas
the same, t
marked "c"
class Syste
LeftBorder,
Destination
PointAnim3

non-petdled aneaSaEoife tisergenisiwhen the brush is applied, which means that
s (if ieRitediftr RatdaiRmAsshY Wetidbe set to UserUnitsOnUse. The Transform property
of the Brush can gH%eqngé%%g\@Iylr*\c{ag%gt}gt@ﬁé}ord)@r members 10 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
econd instance 2304, with four types of areas. As represented in FIG. 23, to keep the border
hRURM s TharkegYStedk WARECLs “%&%Hféﬁﬁrﬁﬂ,ﬁé'ﬂéa@%ﬁ?ﬁéd'"@réiB%‘h'd U8ftically, the areas
expand bz QatRlb- paskvsHica iviergl:the areas marked "d" do not change in size. public
m.Wipdbhis: M dizt Nidefbst Bruster B(lishgézublia tvipeGridBrush(ImageData image, int
int RightBorde!P‘in%qﬁgﬁB %éﬁ,_i!ﬂBBﬁBWEE@Fﬁ@ : public BrushMappingMode
. ] int T order .fnt QQtto Borc l . . . bli

Units {063 RIS | T8nRLHs0 s qmzcwdﬁ idpgint Origin { get; } public
tionCollection OriginAnimations { get;

// 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 O

public int LeftBorder { get; set; }

public int RightBorder { get; set; }

public int TopBorder { get; set; }

public int BottomBorder { get; set; }

// ImageData: Default is null -- nothing drawn

public ImageData ImageData { get; set; }
3

As generally described above, the graphics object model of

the present invention includes a Transform object model, which

includes the types of transforms represented in the hierarchy

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
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public Size Size { get; } public SizeAnimationCollection SizeAnimations { get; } public int LeftBorder { get;
} public int RightBorder { get; } - 69 public int TopBorder { get; } public int BottomBorder { get; } public
ImageData ImageData { get; } } public class System.Window.Media.NineGridBrushBuilder : BrushBuilder
{ public NineGridBrushBuilderO; public NineGridBrushBuilder (ImageData image, int LeftBorder, int
RightBordefp mipeapBiasdecéant BetamBowesk ,pellig NinaGridBgushB uldee (NipeGrickiush ngb); //
DestinationUnits: Default is ObjectBoundingBox public BrushMappingMode DestinationUnits { get; set; }
Il Transformarmisfadie istidentuyglélip Mopersfbym dfaasRotidtEtrsssFérrigin: Default is (0,0) public
Point Origin { get; set; } public PointAnimationCollectionBuilder OriginAnimations { get; set; } // Size:
Default is (1,1) pudAEEreESizEQIGetDstoPpUHIRTARBANRNRIJTRIVIREERGIRS Size@mations { get;

set; } // *Border: default to O public int LeftBorder { get; set; } )
matrix. For the needed transTorms, ‘'only six values are needed

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

follows.

mO00 mO1 O
mi0 mill O
m20 m2l1 1

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

coordinate system:

m00 mOl1 O

[XneWCoordSys ynewCoordSys 1]. mlo mll O =|:><0IdCoordSys yoldCoordSys 1]
m20 m21 1

Transforms can be nested to any level. Whenever a new
15 transform is applied it is the same as post-multiplying it onto

the current transform matrix:

m00, m0l1, 0| |m00, mO0l O

[XnewCoordSys ynewCoordSys 1]. mloz m112 O b mlol mlll 0 :[XoIdCz)ordSys ondCz)ordSys 1]
m20, m21, 1| |m20, m2l, 1

20 Most places in the APl do not take a Matrix directly, but

instead use the Transform class, which supports animation.

\ public struct System.Windows.Media.Matrix
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public int RightBorder { get; set; } public int TopBorder { get; set; } public int BottomBorder { get; set; } //
ImageData: Default is null -- nothing drawn public ImageData ImageData { get; set; } } As generally
described above, the graphics object model of the present invention includes a Transform object model,
which includes the types of transforms represented in the hierarchy 5 of FIG. 24, under a Transform base

class. The
TranslateT|
- 70 prope
Rotate'!éra
transforms
follows. m

5¢ different types of components that make up a transform may include TransformList,
ransfofh,QRoskeTRIAsTAraNdsegtivaasform, SkewTransform, and MatrixTransform. In
rties dAPAd QrfiEEdy (@ g.74 (e drdthided@opeerbhtYnimate the Angle property of a

nsfor I\ézit{gq@ tﬂ: computations are represented as a 3x3 matrix. For the needed
, onlyr/r]so‘,& valuesaare%@%%q@ adastegs iz fuih$x3 matrix. These are named and defing
D0 m01 0 M10 m1l WouB@emAldy, Viaen bemeatn is multiplied with a point, it transforms

that point from the new coordinateubsten2t, triopkdhdonglgordinate system: MOO m01 0

[Xuemf%oo

15

20

25

30

35

40

45

50

public void
public bool

public void
public void
public void
public void
public void
public void
public void
public void
public void
public void
public void
public void

// with the
public void
public void
public void
public void
degrees
public void
public void
public void
public void
public void
public void
public void
public void
public void

public bool
public void

55

cdSys YuewCoocdSys 1] m10 m11 0 = [XoldCoordSys YoldCoordSys m20 m21 1
// ldentity

public static readonly Matrix ldentity;

Setldentity();
Isldentity { get; }

public static Matrix operator *(Matrix matrixl, Matrix matrix2);
public static Point operator *(Matrix matrix, Point point);

// These function reinitialize the current matrix with
// the specified transform matrix.

SetTranslation(double dx, double dy);
SetTranslation(Size offset);

SetRotation(double angle); // degrees
SetRotation(double angle, Point center); // degrees
SetRotationRadians(double angle);
SetRotationRadians(double angle, Point center);
SetScaling(double sx, double sy);
SetScaling(double sx, double sy, Point center);
SetSkewX(double angle); // degrees
SetSkewY(double angle); // degrees
SetSkewXRadians(double angle);
SetSkewYRadians(double angle);

// These function post-multiply the current matrix

specified transform

ApplyTranslation(double dx, double dy);
ApplyTranslation(Size offApply);
ApplyRotation(double angle); // degrees
ApplyRotation(double angle, Point center); //

ApplyRotationRadian(double angle);
ApplyRotationRadian(double angle, Point center);
ApplyScaling(double sx, double sy);
ApplyScaling(double sx, double sy, Point center);
ApplySkewX(double angle); // degrees
ApplySkewY(double angle); // degrees
ApplySkewXRadians(double angle);
ApplySkewYRadians(double angle);
ApplyMatrix(Matrix matrix);

// lInversion stuff
public double Determinant { get; }

Isinvertible { get; }
Invert(); // Throws ArgumentException if

Ilslnvertable
public static Matrix Invert(Matrix matrix);

dividual

d as
10
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Transforms can be nested to any level. Whenever a new 15 transform is applied it is the same as
post-multiplying it onto the current transform matrix: m002 m012 0 m001 m011 O [X- C.dsys

Yoewcoodsys 1] m102 m112 0 m101 m111 0 = [Xoldcoodsys Yoldcoodsys m202 m212 1 m201 m211 1
20 Most places in the API do not take a Matrix directly, but instead use the Transform class, which

supports animation. public struct System.Windows.Media.Matrix - 71 { Construction and setting p

MatrixO; /.
m20, doub
Isldenti
operator *

~—

ublic

defaulté tdndantgualpmelitb®rzirix( double m00, double mOI, double m10, double mil, [double

Matri

le m2IpUa bigiiRid b tati@fdadSSil-Matrix Identity; public void SetldentityO; publi¢ bool

T PWbTiC: douh. ~Set: ; . N . o PN

15 get; } 5 ll@l g | g\/l pgﬁtbrs atgx matrixl, Matrix matrix2); public static Poin
0 % NG %ggtfurglpn initialize the current matrix with the specified
transform matrixp2 pibligoudSeatdvagsigeon(deuhle}dx, double dy); public void SetTranslation($

offset); public voigLBéiRotinisnldoMBle &ngket; //stdgreds public void SetRotation(double angle, Po

iv6 et RO

center); // dégrees

10

15

20

25

CONCLUSION

As can be seen from the foregoing detailed description,
there i1s provided a system, method and object 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.

While the invention is susceptible to various
modifications and alternative constructions, certain
illustrated embodiments thereof are shown in the drawings and
have been described above in detail. 1t should be understood,
however, that there iIs 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.

- 73 -

—

Size

nt



public void SetRotationRadians(double angle); 25 public void SetRotationRadians(double angle, Point
center); public void SetScaling(double sx, double sy); public void SetScaling(double sx, double sy, Point
center); public void SetSkewX(double angle); degrees public void SetSkewY (double angle); degrees 30
public void SetSkewXRadians(double angle); public void SetSkewYRadians(double angle); These
function postHATItiply toe £uMEDt I®irix with the specified transform 35 public void
ApplyTranslation(double dx, double dy); public void ApplyTranslation(Size offApply); public void
ApplyRotation(double andlb);d/ degreet imgbliernoid dippRotaton(aehiod arriy PdingnNter); degrees
40 public void ApplyRotationRadian(double angle); public void ApplyRotationRadian(double angle, Point
center); public voilggiddgingtloudislst iembid 8 bliBFevoR AseedinkRdsUIsats, double sy,
Point center);_ public void ApplySkewX(double angle); deg_rees 45 public void ApplySkewY (double angle);
degrees pubhsysh ﬂéﬂpl?@%ﬁkﬁa@@@@d&:dé‘%ﬂﬁm heBiid Do AGPEKAN 2R elictidUble angle);
public yoid Aggthr?trix(Ma}rix glart]rix)'ﬂgo /] Inversio_n stuff public double Determinant { get; } public bool
IsInvertible { g ,?pﬁ%lic SR ; ﬁro\\//v'ssb{%u’mentException if llsInvertable

providing a drawing context for the visual;

maintaining data In association with the visual, 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.

- 74 -



55 public static Matrix Invert(Matrix matrix); - 72 // Individual members public double MOO { get; set; }
public double MOI { get; set; } 5 public double M10 { get; set; } public double M11 { get; set; } public
double M20 { get; set; } public double M21 { get; set; } 10 CONCLUSION As can be seen from the
foregoing detailed description, there is provided a system, method and object model that provide
program code with the ability to interface with a scene 15 graph. The system, method and object model
are straightforward to use, yet powerful, flexible and extensible. While the invention is susceptible to
various modificatiéns and b&enmetivodoostradiiors, temwhiardustritee ambodiihernyfrerseSar@ shown in
the drawings and 20 have been described above in detail. It should be understood, however, that there is
no intentionMa lildiefEaRvakRIAth BRCESSSHE RYMBIRSHGSe CORE onanE chHIFARE the intention is to
cover all modifications, alterpative. constructions, and equivalents falling within the spirit and 25 scope of

the inventioROMPE hRyLNGR |d BYAlWERLEg 1hg dohivdhg ARARATEH N ol 89 cHrtfistHy:

receivi at a defined interface, a request to create .
@9’ iﬁe program %ode t516halda§e tﬁe visual.

7. The method of claim 1 wherein the visual comprises a
surface visual and wherein the data maintained iIn 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 visual 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 iIncludes 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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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 visual, 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 3za theTthawnatboatexf 2014 imhelmetieocediclaiiece fvitheg ednddsisd receving a
request to close the drawing context and in response, closing the drawing context. 5. The method of
claim 1 whet&iawiagidual Bk prSe SAMPE HERFinGSSSY BiaBe S5 IEHBgYaRIdstiet 18- 6. The
method of claim 1 wherein the visual comprises a validation visual accessed by program code, and
further comprising, invalidating the visual, and communicating data to 5 the program code to validate the

visual. Z. The metl]L of c[l%im 1 v@%%in tFeri'suIanI] cJo_tfpr'selsréa- surfaC(ee\I/i\§|i1al and whgﬁ]eein ;ghe data
maintaied in assocation' With the Visua compﬁses p|xe\fv §E°10 4 T MAIR Lo Tam f Wwherein the

visual compiisg frive comprises receiving data corresponding to at least

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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surface visual, and further comprising a surface visual manager that relates the surface visual to a
subgraph of at least one other visual 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 or@. draiegnsithibde oFmpliads raceiviey @brimageldgis priontvel ral.ahte method of
claim 1 wherein receiving at least one 25 drawing primitive comprises receiving a video data primitive. -
75 12. Thepwdtho@ bielaim habeainteckivinglat tvastlonebgdeating@tiitive comprises receiving a
geometry primitive. 5 13. The method of claim 12 wherein receiving a geometry primitive comprises
receiving data corresponding to at least 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 metfod of BRIMAE Qe FA@NInd 3 JEBRaN" Gt UShPRASFd ARG data

correspondin n’go 'ai Ieasst 15|? e8r0|pe|[ty ofua ecé%q%e. 16. The method of claim 12 wherein receiving a
geometry p e ggmpﬁ es ece?vu?g dg{a Sorr sponding to at least one property of a complex single
shape. 20 17. The method of claim 12 wherein receiving a geometry

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.
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primitive comprises receiving data corresponding to at least one property of a list of shapes and an
operation for combining the listed shapes. 25 - 76 18. The method of claim 1 wherein at least one
drawing primitive is associated with brush object data. 19. The method of claim 18 wherein the brush
object data 5 comprises solid color brush data. 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 tRé gradibet rethotb offjecl data ddinptisaenidtiyeadiestcdjebirdsth, takaling circle
data and a focal point. 23. The method of claim 18 wherein the brush object data comprises image brush
data. 20 24 CPRP SRS 8f ek N18Neserbth MRAFeK ovkad@hbta comprises nine grid brush data. 25.
The method of claim 18 wherein the brush object data 25 comprises visual brush data. - 77 26. The
method of claim 18 wherein the visual brush data comprises a reference to another visual. 5 27. The
methog,of claim 1 yherein maipioiaigg defR I 55T AL ARG LSkl sdgeging brush data
association 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 iIncludes 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 iIn
association with the visual includes receiving effects data via
the drawing context.

20

31. The method of claim 1 wherein maintaining data iIn

association with the visual includes receiving opacity data via

the drawing context.
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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 8ffectsTasa mest ol desfviod b textw{e &1 henanaiitad of olgirddtsihdrein
maintaining data in association with the visual includes receiving opacity data via the drawing context. -
78 32. The assthod af timwi Whekdie nvaistziding niatuthe assedeation nithalld pisuadindakizs receiving
clipping data via the drawing context. 5 33. The method of claim 1 wherein maintaining data in
association W& thB&/islE AN &OREXThg transform data 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
ransfogn data,_comprisesREaRRAGKE 57 IRgimePomel AN TR hesRinG "ants T fate
association with the visual includes receiving transform data

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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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. - 79 40. The method of claim
33 wherein the transform data comprises transform animation data for at least one property of a
transform. 5 41. The method of claim 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 alignMént properties th®d 30 The hadthod f whemnell whEhein prescessEmgnthdascene graph
comprises traversing the scene graph. 44. The method of claim 1 wherein processing the scene graph
compﬂsestﬁﬁ@ﬁﬁﬁﬁ@%h&E@@ﬁ%@ﬁﬂﬁﬁﬁiﬁ@ii@@oﬂ@@ﬁwﬁ@ﬁdé&eWﬁééanHQWHQODGrty of
computer-executable _instructions for performing the method of claim 1. - 80 46. A
computer-irfpIEF NP KRthod, comprising: receiving function calls at an interface to a scene graph data
structuge; and

41. The method of claim 1 wherein maintaining data in
association with the visual iIncludes 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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processing data associated with the function calls to 5 create objects including at least two different types
of visuals in the scene graph and hierarchically arrange those objects with respect to one another, the
objects corresponding to a scene graph object model. 10 47. The method of claim 46 wherein one of the
types of visuals comprises a validation visual, and further comprising, calling a program to repopulate
the validation visua1648. Bhe ongboac ot-dlapl dbodotber aenhosing comyidiagd rid:a drawing context to
populate one of the visuals with drawing data received via the drawing context. 49. The method of claim
48 further comprisingaegeiving HBatzctiaahe ceadvlisgadontext toherriEieeintayeadsieed 59raple method
of claim 48 further comprising receiving data via the drawing context comprising video data. 51. The
method of cHafkaSkirtHeEebmpridid receiving 25 data via the drawing context comprising geometry
data. - 81 52. The method of claim 51 wherein the geometry data comprises at least one of: line data,

ellipse data, rectarffi@RRS bPA GitReR SRRy akale YALD st HINGERSY G8dd%h B2 wherein the

geomefry data comprises a list of s and an pperatiop for garppining the, listed shapes. 10 54. The
oo L B T bt i LR e LR S tAshsridtly brush data. 56,

The method §iglaiy 5§ VhateNdBE 4RI and hierarchically arrange those

objects with respect to one another, the objects corresponding

to a scene graph object model.

10 47. The method of claim 46 wherein one of the types of
visuals comprises a validation visual, and further comprising,

calling a program to repopulate the validation visual.

48. The method of claim 46 further comprising, providing
15 a drawing context to populate one of the visuals 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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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. - 82 59. The method
of claim 54 wherein the brush data comprises visual brush data. 60. The method of claim 48 further
comprising receiving 5 data via the drawing context comprising pen data. 61. The method of claim 60
wherein the pen data comprises at least one of: width data, line join data, line cap data, miter limit data,
dash array data arfPdashlbiéseteitiandl 0062 Cllied rnefidodvbedlainn 48Hartheocomtipysidg teceiving opacity
data via the drawing context. 63. The method of claim 48 further comprising receiving 15 clipping data via
the drawing@@hiases. Ble ARasdd encarf 18 kiABededmprisld 1os8viAg tRandiBRE Qia the
drawing context. 20 65. The method of claim 48 further comprising receiving viewbox data comprising at

least one of98k&cATharisRI Sifg Bl s FUaREaLAkAment properties. - 83 66. The method of claim

46 furtb:_)er comprising, processing the scene graph to provide graphics data to a graphics

53. The method of claim 51 wherein the geometry data
comprises a list of shapes and an operation for combining the

listed shapes.

10 54. The method of claim 48 further comprising receiving

data via the drawing context comprising brush data.

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.



subsystem. 5 67. The method of claim 46 wherein one of the objects 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 meg@d of haimméthtnl 70finc admpBting/kevisdmmenk aoystdmdanzprising: a scene
graph data structure configured to contain objects of a scene graph object model, wherein the objects
include at |eastpwostierenstypbsof widuatky €d.an interface between a program and the scene graph
data structure, the interface configured to: 1) receive function calls from the program to create objects in
the scene graph, and - 84 2) hierarchically arrange those objects with respect to one another, the
objects corresponding to a scene graph object model. 5 71. The system of claim 70 wherein the interface

instantiates a builde?to crédte BEEARHORE of At Bhjdbts MWt hek SRR b7 EEmRFRMAEPSomprising

a drawing cgntext, the interface returning a reference to the drawing 10 context for populating one of the
visuals ithao%fgl. ?@!a\'r%ﬁseys?‘e?’r%%'f%%imoﬁﬁﬁ%r&ﬁ Rzt Bﬁe%%'ﬂﬁéj%‘d{l#érent types of visuals
comprises a drawing visual.

61. The method of claim 60 wherein the pen data comprises
at least one of: width data, line join data, line cap data,
miter limit data, dash array data and dash offset data.

10
62. The method of claim 48 further comprising receiving

opacity data via the drawing context.

63. The method of claim 48 further comprising receiving

15 clipping data via the drawing context.

64. The method of claim 48 further comprising receiving

transform data via the drawing context.
20 65. The method of claim 48 further comprising receiving

viewbox data comprising at least one of: stretch, horizontal

alignment and vertical alignment properties.
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15 74. The system of claim 70 wherein at least one of the different types of visuals comprises a validation
visual. 75. The system of claim 70 further comprising a visual manager configured to process the scene
graph to provide 20 graphics data to at least one lower-level graphics component. 76. The system of
claim 70 wherein at least one of the different types of visuals comprises a surface visual. - 85 77. The
system of claim 76agherefhthensitfand \bfua lmehides afsuiadieph canp iihbngonmristwss bugace
visual manager configured to traverse the subgraph. - 86

10

15

20

the scene graph to provide graphics data to a graphics

subsystem.

67. The method of claim 46 wherein one of the objects
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
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.

70. In a computing environment, a system comprising:

a scene graph data structure configured to contain objects
of a scene graph object model, wherein the objects include at
least two different types of visuals;

an interface between a program and the scene graph data
structure, the interface configured to:

1) receive function calls from the program to create

objects iIn the scene graph, and
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2) hierarchically arrange those objects with respect
to one another, the objects corresponding to a scene graph

object model.

5 71. The system of claim 70 wherein the iInterface

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

72. The system of claim 70 further comprising a drawing
context, the interface returning a reference to the drawing

10 context for populating one of the visuals with data.

73. The system of claim 70 wherein at least one of the

different types of visuals comprises a drawing visual.

15 74. The system of claim 70 wherein at least one of the

different types of visuals comprises a validation visual.

75. The system of claim 70 further comprising a visual

manager configured to process the scene graph to provide

20 graphics data to at least one lower-level graphics component.

76. The system of claim 70 wherein at least one of the

different types of visuals comprises a surface visual.
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77. The system of claim 76 wherein the surface visual
includes a subgraph, and further comprising a surface visual

manager configured to traverse the subgraph.
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