.MARKUP LANGUAGE AND OBJECT MODEL FOR VECTOR GRAPHI CS CROSS- REFERENCE TO
RELATED APPLI CATIONS 5 The present invention is related to the foll ow ng
copending United States Patent Applications: Serial No. 10/184, 795
entitled Miultiple-Level G aphics Processing System and Method; Serial No.
10/ 184,796, entitled Generic Paraneterization for a Scene G aph; Serial

No. 10/185,775 10 entitled "Intelligent Caching Data Structure for

| mredi at e NodARFURFANGUAGE AP | PRIEGH HOREL 250K WBSTORARARFLEA St at os
Patent Application entitled "Visual and Scene G aph Interfaces" (Attorney
Docket No. 3470), filed concurrently herewmth. Each related application is
assi gned to the assi GROSSoREFIERENCES 0t RELATED: APPUICATIONSN and her eby
incorporated by reference inits entirety. FIELD OF THE | NVENTI ON 20 The
inverg i on rel ahes pgesentl liyiviedn tdamputsereSysiceimo amk fodewiard i cularly to
the processing of graphical and other video information for display on
conput er cspehaibg UniteBAEKGRAIND a@entHR Wi GNstheddimit sof the
traditional imredi ate node nodel of accessing graphics on conputer systens
are bei ngoreaeheds eAtipakll PRARUSS STRERIY @FADMIT sS PSRy Misde@pt up
with the 5 advancenents in main processors and/or graphics processors. In

gener al , ahhemedhbant seeigl, NAM RAI/NBL redel hehi tRRPadna-i& frame requires
too nuch data processing to keep up with the hardware refresh rate when

conpl ex gpapRkesrehheshs @b adevienedcrApnd e34lal, nehen oyamy ey sgr aphi cs
effects are 10 attenpted with conventional graphics nodels, instead of

10 entitled “Intelligent Caching Data Structure for Immediate Mode

Graphics;” each filed on June 27, 2002; and United States
Patent Application entitled “Visual and Scene Graph Interfaces”
(Attorney Docket No. 3470), filed concurrently herewith. Each
related application is assigned to the assignee of the present
15 patent application and hereby incorporated by reference in its

entirety.

FIELD OF THE INVENTION

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

video information for display on computer systems.



conpl eting the changes that result in the perceived visual effects intinme .
for the next frame, the changes nay be added over different franes,
causing results that are visually and noticeably undesirable. 15 A new
nodel for controlling graphics output is described in the aforenentioned
United States Patent Appli GHGKEGER QF THE INVENRION/95 10/ 184, 796, and
10/ 185, 775. This new nodel provides a nunber of significant inprovenents
in graphics phecddsiitg tadfchis dyyadifgroradamymediate: rRelg atoddl afd/ 184, 795
20 is generally directed towards a multiple-Ilevel graphics processing

syst em amgcretsiod, dgrrphhicsh cn kiggirertdreais temp@arentbeifsy greadfedn in
operating system perfornms conputationally intensive aspects of building a
scene gr gpirt bedatusey reeniorat isowl e svpetestss ek trrcay deesithud vel 9T eriee
graph's data structures, at 25 a relatively | ow operating rate, in order to
pass 5i nmpldviaineemez t sdatra netir gindreess sty emdyrap brepltemmndsdssard ow-Irevel
conponent. Because the high-level processing greatly sinplifies the data,

t he | ow hewvelradonuoreriurcantoper.af.e aM PAINISt erodedt oy daatdnind & t he

hi gh-1 evel conponent), such as a 5 rate that corresponds to the frane
refresh ratgmeofredid r@ysaplict SnuctllEkitst @hodas gireraess Hdwp dat aviith aloonst ant
out put data for the graphics subsystem Wen aninmation is used, instead of

havi ng t Gah@Eiaae af feRigH & areenmal idonplangefragiied ardamel anfy ocessing
may interpolate paraneter intervals as necessary to 10 obtain instantaneous

val ues t bisiwaen rerder edgayi Geth Drirghid ¥ e § ereeach frane,
providing smooth animation. U S. Serial No. 10/184, 796 describes a

par af@t eLicZ@ehp¥eN&ith conventional graphics models, instead of

completing the changes that result in the perceived visual
effects in time for the next frame, the changes may be added
over different frames, causing results that are visually and
noticeably undesirable.

15 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
provides a number of significant improvements in graphics
processing technology. For example, U.S. Serial No. 10/184,795 .

20 ‘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
intensive aspects of building a scene graph, updating animation
parameters and traversing the scene graph’s data structures, at

25 a relatively low operating rate, in order to pass simplified



.graph that provides nutable (ani mated) val ues and paraneterized 15 graph
contai ners such that program code that wants to draw graphics (e.g., an
application programor operating system conponent) can sel ectively change
certain g Eects of the scene graph_description, while | eaving other
aspects Pfi 80?tr?ﬁéurﬁFOGPQﬁPEoﬂga@QﬁC§I§8“W@H§§ &% Eady"buif=porti ons of
the scene 20 gh wth possibly different paraneters. As can be
appr eci at8@P° ﬁE ab|?PF9u§8 §§§|%99@héﬁ§€ltR§°§Gﬁ§&P§h@EQﬁt1%hsplayed
itens via, paraneterization and/or the reuse of existing parts of a scene
gr aph pr®¥MBe1E4B8t SRei SRtFai i8S AOWORENVSI CHIRMIEES 5P SRETF LAY & ency.

U S Serial No. 10/185, 775 general ly describes a cachin data structure
and r el af @8t RBECHAKPS S TRARLIVET ERY ties HAh-LEVELNEOMEenAENE JobjSatls an@ dat a
in a scene graph. The data structure is generally associated with
mechani shetenhkfas rarsespgeds| yocsher diranewrehe ogihs walts offorthst iggmati@sei n
is populated and used. For exanple, unless specifically requested by the
appl i cat fehspsbghantonpspcefst hbei dhsamaniton consteadti pute d@ta faruct ure
has no external reference to it, which enables this information to be
opti m zethergvehbiasseuboyptemessienAgndan thonappsr esiest ed nsttisiasl wiovi des
efficiency and conservation of resources, e.g., the data in the cache data
st ruct urkacangbeopredeswedni phoiaedistkeeent thocimngelsat the rhowe Ley@ipact
and/ or reduces the need for subsequent, repeated processing, such as a
bi t map oprothssipgshapr boesspndakesphtramebeWhiine erive labease nieneseaetye ritos
provi de substantial benefits in graphics processing technol ogy, there
sti 110 neeldsain beshanwayebos pabgeanthto ehkectriendeyedserilviisia rkpr oved
gr aphi cs

slightly changed scene for each frame, providing smooth

animation.
U.S. Serial No. 10/184,796 describes a parameterized scene
graph that provides mutable (animated) values and parameterized
15 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
graph description, while leaving other aspects intact. The
program code can also reuse already-built portions of the scene
20 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
existing parts of a scene graph provide substantial gains in

overall graphics processing efficiency.



nodel and its other related inprovenents in a straightforward manner. \Wat
is needed is a conprehensive yet straightforward 20 way for prograns to

t ake advantage of the many features and graphics processing capabilities
provi ded by the inproved graphics nodel and thereby output conplex
graphi cs in ag.sef teghiant Noanner 184, 736MyAR¥r&E 1YHEelsNYENEISON Bricefilng, t he
present invention provides an el enent object nodel and a vector graphics

mar kup | gggdagerhieruaecassi rglbliad mekdamikmebjfeet stodehg riguednner that
al l ows program code 5 devel opers to consistently interface with a scene

graph daiafoshbHEbHI €1h00opHedHee agtadaias inThe sveakogragbaphi Themdakap
| anguage conprises an interchange format for expressing vector graphics

via the glegeplrabjacherpdal1yVigRocAbeERr ¢tiel, mekBaniBmsuphag parsed into
data including elements in an elenent 10 tree that is translated into the

obj eaf s of+a13¢6BRtALARBNERLA holr ¥EkULEsuAl thEcehemBRh theedieveals a
property system and “presenter systemare provided to provide rich

pr09r§”“B95%%E¥edfSﬁhuﬁgéd.in@BQdEQQmF@Q?rhhiﬁﬁﬁ %B@E@Qﬁ%bﬁig;%%q%@@ted

eventi ng, ing It straightforward tor scene designers to sign 15

possib'yb9OEng§p§§§es%iohnpggagaﬁh,mba% veckoe 9h2BRhESiocs eWeRld in
correspond to shape elenents and other elenents including inmage and vi deo

e'enentSﬁﬁaaaaegrgekaE€uw%tﬁa CEBeex@L2RA10RLECLEnRE tRE 18CeRR 19Haph obj ect
nodel . The properties and other resources of the vector graphics elenents

al so 20 8§5F?E$t€hﬁgtEn%h?hgﬁgoBrQBebbi85t§&9z%858¥r8%%e&@%s%ce”e graph
obj ect nodel. The vector graphics system can thus programto an el enent
10 processed. As can be appreciated, this provides efficiency and
conservation of resources, 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
processing, such as a bitmap or other post-processing result.
15 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 in a straightforward
manner. What is needed is a comprehensive yet straightforward
20 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.



.level, in which each of the drawi ng shapes is represented as an el enent at
the sane | evel as the rest of the programmable 25 elenents in a
page/ screen, allowing interaction with the - 5 presenter system events

and properties. The vector graphics systemalso provides a nechani smfor
progranming to a resource I§Rﬁﬁﬁﬁﬁg&ﬁwﬂﬁgilgﬁgﬂgzﬁggigners can essentially
shortcut the _elenment tree and presenter systemand programdirectly to the
5 visual APl Payeflvhathenpeessnés inveRtiva Provddgsagm @demendt ridadte.
This provides a nore efficient and |ightweight way to output the
appr opr i Bededbprdt & Hkchougbrbpdicg oRrkuive lehguege goggesnessilng yheft t he
el enment level. In one inplenentation, when a fill of type "visual brush”
is 10 pregemenbdobifetpaprdel danadmaaoely thaltl atRewAPpriogyem wiade resource
| evel data to create a correspondi ng visual paint object (which is also a
corr & at feneberasentpheoskéstrntdlj eoterfadel wandh ehecenengrgrdpldadis ect
nodel). In this two-tiered system elenent |evel vector graphics get
parsed i atoucteaeetdolprefiemengsaphlicsh n8be aceort gamaehdttso matdkurhe
objects, while resource |evel vector graphics get parsed and directly
stored langmagéfcompnfseanaar inAerchengantotrmas, folre exeseawsiad erxeetordat a
or the objects created thereby can be referenced by elenents and part of
t he el engnéaphies. via thesegptienel ebgpts R2Odenc| utlhes Pnsealpreaied, elhenents
may be naned. The scene designer thus has the ability to bal ance
ef fi ci enayriegpi b8t papsagdr anaebihikty iaslndeded el EhenetlsedBNtancledssdmiter ar chy
i ncl udes a shape class, an imge class, a video class and a canvas cl ass.
:E! em@nt stpéet tikat 2DsshagAsthass iAebudBer ebtjargkeorpal glokehe, grapygdatapat h,
i ne :

structure. At the element tree level, a property system and

presenter system are provided to provide rich programmability
features, including inheritance characteristics and eventing,
making it straightforward for scene designers to design

15 possibly complex scenes. In general, the vector graphics
elements correspond to shape elements and other elements
including image and video elements that correlate with scene
graph objects of the scene graph object model. The properties
and other resources of the vector graphics elements also

20 correlate with similar properties and resources the scene graph
object model.

The vector graphics system can thus program to an element

level, in which each of the drawing shapes is represented as an
element at the same level as the rest of the programmable

25 elements in a page/screen, allowing interaction with the



6 and ellipse. Each element may include or be associated with fill
(property) data, stroke data, clipping data, transform data, filter effect
data and mask data. Shapes correspond to geonetry (of the scene graph
object nodel) that is drawn with 5 inherited and cascaded presentation
properti pgekbatear eydsed, t @eveti@rs bifidC properpdrsand Thiee vieicitslr Reagdd ctso dr aw
the shapes. The image class is nore specific than a shape and can i ncl ude

nore rast/ecefr apBocplrottdaias ahimeehthe syi dee ragzaakliogs tv deaesaurce
simlar multinmedia) to be played within a displayed elenment. 10 The canvas

cl ass nmayegel , apyawteehaisaenef desshapes, cho keepentihapes shoghiceei ghle. | n
one inplenentation the markup code is interpreted by a parser / translator

whi ch geaeeakhy adde ghanphiskavelr ehement and pragraheriecinge to pheperty
system and attaches presenters to 15 those el enents. The presenter system

then 4 akgsshAe RbeneAyert £88 tWihkkiFa ekt ached theeserher yranth Wakasl at es
the data to objects (via a builder) and calls to a visual APl |ayer that

interfacgs - Wbthrthe saenepghabhednd qobedt @%rtibe cseeRad0NaRM cweligt! Sray20
The mar kup | anguage provides distinct ways to descri be an el enent,

'“C|Ud'”goaoﬁtﬁﬁketﬁhrbﬂﬁr%ﬁ&&ﬁ%eobb%e%@”pE@%h@ﬂ?ﬁcﬁos@%baon@oﬁé %Q”D'ex
property syntax). For a sinple string format e parser / translator

and/ or pEﬁée{aksgr%ﬁgsmégso% chéPe1epB¥er &%n,eﬁor GANYgEting a string to
an appropriate visual 25 APl object. \Wen the fill attribute is too conplex

to fit | %81ﬁ1¥1en@a1§&88' eywhkh! ggf1§§”B|fe)ﬁggre0p@gs¥1a§.yBgrﬁ)éh”m' sch may be

inline in the mark i S use escri t he property set. Because
10 programmed, the parser can directly call the API layer with

resource level data to create a corresponding visual paint
object (which is also a correlation between the element object
model and the scene graph object model). In this two-tiered
system, element level vector graphics get parsed into created
15 elements, which need later translation to the bbjects, while
resource level vector graphics get parsed and directly stored
in an efficient manner. At the same time, the resource level
data or the objects created thereby can be referenced by
elements and part of the element tree. To this end, elements
20 including visual paint elements may be named. The scene
designer thus has the ability to balance efficiency against
programmability as needed.
The element class hierarchy includes a shape class, an
image class, a video class and a canvas class. Elements of the

25 shape class include rectangle, polyline, polygon, path, line



.the 'sane rendering nodel is shared between the el enent |level and the API

| evel , many of the objects are the sanme, which 5 makes parsing /
translation highly efficient and provides other benefits. A resource

i nstance al so may be | ocated el sewhere (e.g., in the markup or a file),
and ref earficedlbpsg.nafech| gleriens maynencladscone bdesisgoariad®@d maidde an
elenment in the elenent tree throughout a scene, including el enents

descri bedild Wprobercynpbexapr speoke shtkax cldppendosiadfa t & rand fadvant ages
wi |l becone apparent from the follow ng detailed description when taken in
conj unct daha, wttihteheedfenitndstai andhinelsk B tBRI EFhBESERICSE rEs poRdT He
DRAW NGS FIGURE 1 is a block diagramrepresenting an exenplary conputer
syst em i geomehrgh (blietheeserhel greaph objrey edelncdahadr dtsedirawiGwizh s a
bl ock diagram generally representing a 20 graphics |ayer architecture into
whi cIb t hénheeseptl andenaksoadedaprieecnteaipor dregperfli@s Thax are used to
representation of a scene graph of visuals and associated conponents for
processi agnsheuseepRegpanhasadcihas bEyisht haedesl g draws etre siiaaels .t 0 The
provi de graphics commands and - 8 other data in accordance with an aspect

of the pimsgstclaby¥enki fBreFkPec4flis @haaphestapat aod ehna iseanfieghaie of
val idation visuals, drawing visuals and associated drawng primtives 5

constructedten geephianteauthh aniaspest ofidebecpaeseatl 1owayenidedn;(dd G 5
is a representation of a visual class, of an object
similar multimedia) to be played within a displayed element.

10 The canvas class may act as a container for shapes, to keep
shapes lightweight.

In one implementation the markup code is interpreted by a
parser / translator which generally adds element-level elements
to an element tree / property system and attaches presenters to

15 those elements. The presenter system then takes the element
tree with the attached presenters and translates the data to
objects (via a builder) and calls to a visual API layer that
interfaces with the scene graph and creates the scene graph
objects.

20 The ﬁarkup language provides distinct ways to describe an
element, including a simple string format or a complex object
notation (a complex property syntax). For a simple string
format, the parser / translator and/or presenter system uses a

type converter for converting a string to an appropriate visual

25 API object. When the fill attribute is too complex to fit into



model , in accordance with an aspect of the present invention;, FIG 6 is’'a
representation of various other objects of the 10 object nodel, 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 g*ﬂﬁg@@eée%ngl N¥eRt tpt'é . <SAcand %@u@hen{ gplbesq@ﬂqtﬂeons of
s da i

transformations of a V|sual n a geonetry scale and a non-uniform

scal e, tﬁSEﬁet tn}é‘%idt '@saee%tad%cee\gﬂc&fab%n £BRPeToRir thN e i eScause
i nvention; SC are bl ock diagrans of surface visual objects 20 and

ot her vi %Hé' F,%ged ﬁ@é‘} 8At S0qa12Gcoancey Wekledn a3REE] enftfntt ReRIesent

i nventi on, 10A an OB are |agrans representi ng HWd visual objects

in accorgﬁacehtttexateézeeCtlg&vpgﬁa@r @%ct§5%ee Uhe i3 thﬁﬁt

dlagrantrepresentlng ayere in accordance w

aspe Bﬁéﬁ%h'/”‘é? his3%t i o fn'i'gﬁlyléffi 3 heP! t%ﬁ%&%%%s ot

geonetry cf(ass ect no I n-accor ance W an aspect o

present L LRYEILEON: P sot%cgsgﬁstsargssa%%thgph%f 3 RANGEUTRLLY o o

structure I'n"accordance w an aspec resent |nvent|on FIG
14 is a representatian of ,a_scen h of ual.s rawing primdtives
show ng é aﬁpre gr%%ﬁl cg* 5u8d85e§ g gﬁé p ire? 63? ccor%ance With an

aspect o the resent inventi.on; 10 FIG 15is a r%aresentathﬂlof brush
cl asses P Y, a scene desigher can reuse an eme e

element tree throughout a scene, including elements described
10 by the complex property syntax.
Other benefits and advantages will become apparent from
the following detailed description when taken in conjunction

with the drawings, in which:

15 BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 2 is a block diagram generally representing a

20 graphics layer architecture into which the present invention
may be incorporated; |

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

traversing the scene graph to provide graphics commands and

4



.0obj ect nodel, in accordance with an aspect of the present invention; FIG
16 is a representation of rendered graphics resulting fromdata in a

| i near gradient brush object, in accordance with 15 an aspect of the
present invention; FIG 17 is a representation of rendered graphics

resul ti ngtheronadat ani aczoradinale griath emt aspesit @i edte pressgwor dance with
an aspect of the present invention; FIG 18 is a representation of rendered
gr aphi csinesuktiong 20 from havi ng various stretch val ues, in accordance
with an aspect of the present invention; FIG 19 is a representation of
rendered grapBRICs Hesgl ki argprisemthadiong ofal Gderld lggrapt WS ,vd N dciasrdance
with an aspect of the present invention; - 10 FIG 20 is a flow diagram

gener al | yisepl esedrangnbogigubol andt aspoetiateda dtesddlg prielitdiveg a brush
object, to generate graphics in accordance with an aspect of the present

i nvergt i osonktGuc2édi snaakepiasarkatiien ah aspecd ¥ theansfayerrd 5 grid,
resulting fromdata in a visual brush object, in accordance with an aspect
of the pigseptibAayention; FIG 22 is a representation of the grid and
transfornmed grid, with rendered graphics therein drawn froma visual, in

accordance w Fhgansagpegt rabrblanpaesent ofnkertiseal A aklsG 23 drS dbject
representation of a rendered nine grid brush object in accordance with an

aspect oho&8¢, PEASEBEOFAYARE RRth EhGasgdcitS o TR 3Rt Qhv@indilansf orm
cl asses of the object nodel, in accordance with an aspect of the present
I nvention; FIG. 6 is a representation of various other objects of the
10 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
invention;

15 FIGS. 8A and 8B are representations of transformations of
a visual’'s data in a geometry scale and a non-uniform scale,
respectively, in accordance with an aspect of the present
invention;

FIGS. 9A-9C are block diagrams of surface visual objects

20 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;

FIG. 11 is a diagram representing a layered visual object

25 in accordance with an aspect of the present invention;



15 FIG 25 is a representation of element classes of the elenment object’
nodel , in accordance with an aspect of the present invention, FIG 26 is a
representation of conponents for interpreting markup |anguage code to
interface with the visual APl layer, in 20 accordance with an aspect of

the present igventiignisaadrEbbesdhtiatian ofr eeohictiryor1alssels pF nhevi a a
geonetry path in accordance with an aspect of the present invention. - 11

DETAI LEDoDESER! REHHEN, EXEMREARY-GRERATENCaENYSBOMVENE EheUREekernlt! Ust rat es
an exanpl e of a suitable conputing system environnment 100 on which the

invention,ButhenS | npl enented. The conputing system environnment 100 is
only one exanple of a suitable conputing environnment and is not intended

to suggest anyrbi mibatkoR agpt-eskbhea2ceneoef aUsa tieckieRell @Rabiclnr@f, the
invention. Neither should the conputing environnment 100 be interpreted as

having any depepdgfey @fth0ahegubeerent tekabirBg@ch?® 3RYeARE @, conbination
of conponents illustrated in the exenplary operating environnent 100. The

invention is gperagjonal ;W bh, AUEREAYS oAt BE a08RENHA! grRYHPRFE VAl uBRGCI 2l
pur pose conputing systemenvironnments or configurations. Exanples of well

known co t] t 15 Vi t [0 f.i.qu I t be
Qggr599w§¥ .?E§?ﬁ%§vgg bh%@qﬁgn% Sggge braphl-g ?@FF%?%ng?EF%%y

sui tabl e use e invention bldt are no

per sonal S OMBULGES, 367 UBEACATRULELLuanTaRgkA Ob <l 8poB cdeyioes, tabl et
mu S

devi ces, I'processor systens, m croprocessor-base stens, set top
gg?ﬁ?}agéggggggggte 20 consuner el ectronics, network PCs, m niconputers,

10 FIG. 15 is a representation of brush classes of the
object model, in accordance with an aspect of the present
invention;

FIG. 16 is a representation of rendered graphics resulting
from data in a linear gradient brush object, in accordance with

15 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
an aspect of the present invention;

FIG. 18 is a representation of rendered graphics resulting

20 from having various stretch values, in accordance with'an
aspect of the present invention;

FIG. 19 is a representation of rendered graphics resulting
from having various tile values, in accordance with an aspect

of the present invention;



.conputers, distributed conputing environnents that include any of the
above systens or devices, and the like. The invention may be described in

t he general context of conputer-executable instructions, such as program
nodul es, 25 being executed by a conputer. Generally, program nodules 12

i ncl ude routi A&S,. BPogsans flobj diagrasomenesatldy daraessmtuctaurlegiafdso
forth, which performparticular tasks or inplenent particular abstract
dat a typ&steTheetnungnti vnsmay, ahsduldengr acbroesth iofjeicst,r itloutostheg@miEut i ng
environments where 5 tasks are perfornmed by renote processing devices that
are |ingedphhreugh accomianiceatiiths anetwpelct bf ahdi pmeisiemted nveorpueriing
envi ronnment, program nodul es may be located in both |local and renote
conput er storBgée.nedi asi acredregemeanipn stfonage idewrnde $rah® fdirtded ef er ence
to FIG 1, an exenplary systemfor inplenenting the invention includes a
genermal guigoseesaiplihpngrotedata in theikanm birushcopeicer, 110. Conponents
of the conputer 110 may include, but are not limted to, a processing

unit 120acaeosgishe& weghr ynl38peandod shist piebentl2hvichatiohS coupl es vari ous
system conmponents including the systemnmenory to the processing unit 120.

The system bupr¢2l2paysbe aBprekensavebal ofypae @iribdusnst tuehwfesndac! udi ng
a nenory bus or nenory controller, a peripheral bus, and a | ocal bus using

any of grvalieiyhotehsrafdchirhpnt BE€sheByinayraimeraohl &, vardangt i20
limtation, such architectures include Industry Standard Architecture

(I'SA) busccdheancEhanprl adr eBpkeet brettMCH)yebus: iBRBarsed ;| SA (El SA) bus,
Vi deo El ectronics Standards Association (VESA) |ocal bus, Accel erated
G aphi cs PortrfdGPY3 is a representation of a rendered nine grid brush
objeCt in accordance with an aspect of the present invention;
FIG. 24 is a representation of transform classes of the
object model, in accordance with an aspect of the present
invention;

15 FIG. 25 is a representation of element classes of the
element object model, in accordance with an aspect of the
present invention;

FIG. 26 is a representation of components for interpreting
markup language code to interface with the visual API layer, in

20 accordance with an aspect of the present invention; and

FIG. 27 is a representation of clipping via a geometry

path in accordance with an aspect of the present invention.

- 11 -



bus, and Peripheral Conponent |Interconnect (PCl) bus also knowmn 25 as
Mezzani ne bus. - 13 The conputer 110 typically includes a variety of
conput er- readabl e nedi a. Conputer-readabl e nedia can be any avail abl e
medi a that can be accessed by the conputer 110 and includes both volatile
and nonvol atile nedia, and renoyaeh ey RPHODRSERPPTESRVADI € nedia. By way of
exanpl e, and not limtation, - ia may conprise conputer
storage nedi A i tﬁi 0 7 Comput er storage nedi a includes
both voEAE &l And Hehvoral , Bvabl e and non-renovabl e nedi a

i npl ement ed i th or__technaol ogy for, staqrage _af i nf or mat.i on such
as corrputer-r(c'élfir 3%1 e i ﬁgﬂﬁf&riagcﬁss, a&lat%é(am ]Teuc?t%lrjraess,u1|5:r'5‘(:%°gé;&r('}arﬁoﬁ%j(:}l 89 or

ot her data.  Conputer es,. but i.s not limted to, RAM

t di i.ncl
ROV EEPRESESR SO L TRBRERT o0 St MHishory S dENEIISP M B9 di git al

versatile i sks VD) or other aptical disk st.orage, et c cassettes,
15 ma neﬁ@%&‘ﬁ@,tggagng e COMIR G F5E 6T WéFoﬁg‘Eﬁ]&i rbstlosré) Y §&F ces,
or any ot her di um whi ¢h n be used to stare the desjr.ed infornation and
whi ch’ caR*BERAEs8d By SHEETTECEPUIIFS SEIMTARTERt GRamed Dy priamded
enbodi es conmput er-readabl e, instructions, data structures, program nodul es
or ot her t@af¥998 S50 28YnddMidedd oFars i%gide STORea®ta UsSs Ater wave or ot her
transport mechani sm and includes any information delivery nedia. The term
"nodul at EYNGALENSILGHN o Imtdes 1@VERGHAN t hlelther Mheudld i MUt ng
characteristics set or changed in such a npanner as to encode infornation
in the segNaronpenkay08f P25 1BESTRretesh@sneviing Payi SIFPEGIAAM &t i on
media includes wired - 14

10 requirement relating to any one or combination of components

illustrated in the exemplary operating environment 100.

The invention i1s operational with numerous other general
purpose or special purpose computing system environments or
configurations. Examples of well known computing systems,

15 environments, and/or configurations that may be suitable for
use with the invention include, but are not limited to,
personal computers, server computers, hand-held or laptop
devices, tablet devices, multiprocessor systems,
microprocessor-based systems, set top boxes, programmable

20 consumer electronics, network PCs, minicomputers, mainframe
computers, distributed computing environments that include 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,

25 being executed by a computer. Generally, program modules
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.nedi'a such as a wired network or direct-wired connection, and wireless
medi a such as acoustic, RF, infrared and other wreless nedia.

Conmbi nations of the any of the above should also be included within the
scope of computer-readable nedia. 5 The system nenory 130 i ncl udes conputer
st or age rediladien roulte rfesy, mpofooranat i |adojad/sor aommlattis e derry such as
read only nenory (ROM 131 and random access nenory (RAM 132. A basic

i nput / outspotucsystesm B3E8 (B @) ticonttaiali mertfermbasctiqwlar Messkdhadr hel p to
transfer information between elements 10 within conputer 110, such as
during stiapilement partpictdldry aksttorest idatfOMykRss . RANME 3ihterpt et |yay
contains data and/or program nodules that are imedi ately accessible to
and/ or plesebi prizeitigeopdamidad o iy it aregsi tithglrerdvil2thmd3yt svayhafe
exanple, and not limtation, FIG 1 illustrates operating 15 system 134,

appl izat itagkpr aglea e rEdrmeet M8 HimiaProuHE Lisgl Feviarkks pilogt aarelat a 137.
The conputer 110 nmay al so include ot her renovabl e/ non- renovabl e,

vol ati | efRared @hirogglo P HogtinustidAadoTe Hatwdk Wayrn of Exavmiwutsdy, FIG
1 illustrates a hard disk drive 141 that 20 reads fromor wites to

non- r end¥albeit iAgN \eahA tiontheMg N @ridy r e odiu 1 JTREGREIHEL ISk &l | Me BSdh t hat
reads fromor wites to a renovable, nonvolatile magnetic di sk 152, and an

optical dbslkl dhave«ei%%et %&ng&@is FHRARY nMditL S ricO 18 ITRIONERD 8y

nonvol atile optical disk 156 such as a CD ROM or ot her optical msdl a. 25

Q her regpyabhe/ BRY+le¥ovabl e, volatile/nonvolatile computer - 15 storage
medi a that can be used in the exenplary operating environnent include, but

are ot |ini twéthore%%%fclec ARG G .CASS el @enfd 1238 B/ M om CA¥ds, digital
versatile disks, digit

implementing the invention includes a general purpose computing
device in the form of a computer 110. Components of the
computer 110 may include, but are not limited to, a processing
unit 120, a system memory 130, and a system bus 121 that

15 couples various system components including the system memory
to the processing unit 120. The system bus 121 may be any of
several types of bus structures including a memory bus or
memory controller, a peripheral bus, and a local bus using any
of a variety of bus architectures. By way of example, and not

20 limitation, such architectures include Industry Standard
Architecture (ISA) bus, Micro Channel Architecture (MCA) bus,
Enhanced ISA (EISA) bus, Video Electronics Standards
Association (VESA) local bus, Accelerated Graphics Port (AGP)
bus, and Peripherél Component Interconnect (PCI) bus also known

25 as Mezzanine bus.
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video tape, solid state RAM solid state ROM and the like. 5 The hard °
disk drive 141 is typically connected to the system bus 121 through a
non-renovabl e nmenory interface such as interface 140, and nagnetic disk
drive 151 and optical disk drive 155 are typically connected to tthe system

bus 121 by 2 1FETRKARLE LTPIANY ol REAae s pRienRs o HEAte bConf e

drives and théir associate ter storage ne

|1 ustratedab il floata PreghiG et R oh o GRAU Barf BROABLE Jyasliald ons,

data structures, program no es and other data for th nputer 110. In

FIG 1, Rgﬁiae{ﬂ | anh%%dagkﬁﬁs%%?ﬁ %ﬁ% %?E%hkgﬁaﬁﬂbe%n%§i§&gﬁj 15

operating system I44, application prograns er program nodul es 146

and progiamdgtaaldt. Nake fhat these samanents (AR il ke dhe sare as

or differen romoperating System appl ication prograns , ot her
rogram nodul 13 nd rogram gat . rati st 144,
gpp?fgatFS%%B$§éFa%Ed§8'14%¥ %F%é?ngggﬁgéfﬁn ﬁﬁgéoggéﬁxggggg%%bran1data
147 are given, differe nunbers herein to illustrate that, at a jini
Lhey . ar SONPRESF SRESEaR s MeRLoe BP Y ST TBRESE COTRMIEE Sid =0 SmA G nt o
the conmputer 110 through .i.nput devices such as _a tabl.et (e] ectronic
e ST p Bt ot TR, Baat e | sSRELTSE REORadR, mae drFeabies e s ce
161, commonly.ceferred to as. .- 16 nous trackbal |l or touch pad.. O her
nput  deVPABELEROANEHBRAY O LRty Henc FEIE VB LGy S BOnGZATOYAP L & BSHA ¢
di sh, scanner, or _the |iKke. T%Fse and o%ggr igpﬁt devi ces are often
connect ed™PSEMERESHr bR SBYNGSHHCE P30 SERPBRINGY (& StRFGES lerface 160

that 5 is coupled to the system bus, but be connect.ed by ot her

. na
inté#?acéngﬁamﬁﬁéogtFHEFUP&SF°§88ﬁ65§r§aﬁépéﬁléPs§6PFF1@Qﬁe data

structures, program modules or other data. Computer storage
media includes, but is not limited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CD-ROM, digital versatile
disks (DVD) or other optical disk storage, magnetic cassettes,
15 magnetic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store the
desired information and which can accessed by the computer 110.
Communication media typically embodies computer-readable
instructions, data structures, program modules or other data in
20 a modulated data signal such as a carrier wave or other
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

25 example, and not limitation, communication media includes wired
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.port  or a universal serial bus (USB). A nonitor 191 or other type of

di splay device is also connected to the systembus 121 via an interface,
such as a video interface 190. The nonitor 10 191 may al so be integrated
with a touch-screen panel 193 or the Ilike that can input digitized input
such as R&Addr FEFRgaPnBoWitrRE BEkperkr oy sispctryiyed &@nmﬁFgﬂﬁﬁbe?ﬂ§bch as
a touch- screen interface 192. Note that the nonitor and/or touch screen
panel cafiibelprgsmedipysesbphredarousthcusRig infwkired 8254 pdhesnputi ng
device 110 is incorporated, such as in a tablet- type personal conputer,
wher ei n vheelggghmsdiaen pamblinagidonsssoéntingl bpysefvéheaabove tsdisivdd 164.
In addition, conputers such as the conputing device 110 may al so include
ot her petfpheerainolnget wethdestheckcapespdakeorpules -geddable aedi®s, 20
whi ch may be connected through an output peripheral interface 194 or the
| i ke.5 The conPheesystiemmmgmoper 486 incaudeswookedtemyistomagrt madsiang n

| ogi cal connections to one or nore renote conputers, such as a renpte
conput erti8€0foFmeof ewvi et cdrpandr ot8Bonmmplbeide2hepeoryosalchc asputead, a
server, a router, a network PC, a peer - 17 device or other comon

net wor k omtle, memdryypROM) | ¥3Lnehddeandoangcaesal heobriyhd RaM@mans descri bed
above relative to the conputer 110, although only a nenory storage device
181 has baeea ihpusyoatpdti ByEt&m 133ThBIbgyi cabntanneay ahe depicted 5 in
FIG 1 include a | ocal area network (LAN) 171 and a wi de area network
(VWAN) 178coubithesayhat shelpctoderahbeernehidikat i obubktvebnokliehgnts

envi ronnents are commonpl ace in offices, enterprise-w de conputer

net wor kKswithinagehguasd the, | Bhennat. dbeAgusedricnud, LAY repweakilyg

envi ronnment, the conputer
stored in ROM 131. RAM 132 typically contains data and/or
program modules that are immediately accessible to and/or
presently being operated on by processing unit 120. By way of
example, and not limitation, FIG. 1 illustrates operating

15 system 134,Aapplication programs 135, other program modules 136

and program data 137.

The computer 110 may also include other removable/non-
removable, volatile/nonvolatile computer storage media. By way
of example only, FIG. 1 illustrates a hard disk drive 141 that

20 reads from or writes to non-removable, nonvolatile magnetic
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.

25 Other removable/non-removable, volatile/nonvolatile computer
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10 110 i-s connected to the LAN 171 through a network interface or adapter
170. When used in a WAN networ ki ng environnent, the conputer 110 typically
i ncl udes a nodem 172 or other nmeans for establishing comrunications over
the WAN 173, such as the Internet. The nodem 172, which may be internal or

EXternalsté?a&EYmgélﬁoﬂﬂgﬁt@gntBetH§e§Y§heﬁhEUéxéﬁéle§ bperdsehgl nput
interface 160 or other appropriate nmechanism In a networked environnent,

program gpgul-eamdapi ¢hedusel ablhveate hbe coRPUEEr tollRaghbtRer thpas
t hereof, may be stored in the renote menory storage device. By way of

exanpl e, ;a8gepobs! | Ft hahi ABroEY Ceatad?d ahby§5mab@§saﬁm@bedaanglca&b@Eal
prograns 185 as residing on nenory device 181. It wili be appr eci at ed t hat

the ne?“giéeocegﬁsctgem§d599$@eaﬁgmexgaphar¥taee RORET aAB2RRON i ke
establ i shing  a comunications |ink befween the conputers may be used. 18

GRAP@'Cfbﬁggk%gﬁcayﬁﬁ 5P?vésEEEt t2€§ﬁ95§§685nh8¥985'98 hﬁeQESEEéh!

directed oW ng progran1co as” an application or erating

SYSte”‘CBHPO?EPtth£8%§8”Q“HbﬁaESTQQQBﬁnghH8£§U9£t89§aé@dsﬁEﬂeéaer o

i nformatTon raphi cs” conponents I n

render SLAPLLERLONSU -1 HlEnsstem g oplave T8y LhleoBRdcaina;Bresen

i nventi on pr oVl nguage a set o enent s

and, ot heg. gl empaL s, arg tggogghm 88gn889885£8'Pﬂe5§§%%§§ Ad k3t egraLi on

with a general y systemi1n an objec enab e prggrans to

Pl o ., SRRSO BHS 0 1 08k 3c51 L SBARA Fe scene
gragh resultsyin gra QécénHGLHgld's g¥ede08 Lheou 8£esEorage media,
discussed above and illustrated in FIG. 1, provide storage of
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
15 operating system 144, application programs 145, other program
modules 146 and program data 147. Note that these components
can either be the same as or different from operating system
134, application programs 135, other program modules 136, and
program data 137. Operating system 144, application programs
20 145, other program modules 146, and program data 147 are given
different numbers herein to illustrate that, at a miriimum, 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

25 keyboard 162 and pointing device 161, commonly referred to as
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15 FIG 2 represents a general, layered architecture 200 into which the
present invention nmay be inplenented. As represented in FIG 2, program
code 202 (e.g., an application programor operating system conmponent or
the like) nmay be devel oped to output graphics data in one or nore various
ways, i nepudengtviegkpelinagi tgueddpadi.a Vediear igrayrhidevelassenire 2G810vand/ or
via function / method calls placed directly to a visual application

progr anmnay inténflece (APkE)rikayegaf®? pali,r et elitideactiisin Widannerhe AP

| ayer is further described in the aforenmenti oned copendi ng patent
appl i cat tha émnket| efhe¥esaald atnteBScanpubr dglvics larteeffaces .connekXed rto
general , imagi ng 204 provides the programcode 202 with a nechani smfor

| oadi ng, tkdi brageandngavnig ilfa@gehroagh a usSicrmamputTheser fragesl GtaytHae
used by other parts of the system and there is also a way to use the
prims i viesdeauphgdStoodaet aydtaw basanbutpgaydidee ebinynedtredatsorcdtareae Wit h
an aspect of the present invention, vector graphics elenents 206 provide
anot her wayetbfadeaandgbaphsésuctameisst enlchwalsh at baraddtelofpdrite @amect node
(as described below). Vector graphic elenents 206 nay be created 10 via a

mar kup | paguage, awahibieaBael egRitl/ bRsORESREY .SYst evnd@dr and presater
system 210 processes to nmake appropriate calls to the visual API |ayer

212. As dgperbbedibphay wWethceefigr ange tonnkkCed?6o ithegeRatdim s vieat or
graphic elements 206 are parsed into objects of the object nodel from

which a $€8ngngiARBrEsced dhaWnasWhi ¢haery iBeepraviedadot.0 iR s@ene g aph
via an elenment level via the elenent / property system 208 and presenter
systu@m 2181 QayNBYsBepRr oMt dgdatBaawiRhe aekblueheBr@RANPandll 493 or the
like that can input digitized input such as handwriting into
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
15 the computing device 110 is incorporated, such as in a tablet-
type personal computer, wherein the touch screen panel 193
essentially serves as the tablet 164. In addition, computers
such as the computing device ilO may also include other
peripheral output devices such as speakers 195 and printer 196,
20 which may be connected through an output peripheral interface
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

25 personal computer, a server, a router, a network PC, a peer
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resource. |l evel, as also described below. In one'inplenentation, t he
graphics layer architecture 200 20 includes a high-level conposition and
ani mation engine 214, which includes or is otherwi se associated with a
caching data structure 216. The caching data structure 216 contains a
scene Q&QQDCEOHPrbEheg BbRRMBAC R Rbk¥- abaangeﬂdo@gggbslnpa&nenede@anaged

accordlng to a de |ned object nodel, as describ below. In general, the

vi sual % % reﬁ des bR s 329crRbaar aMbeede 282 1 (aNedt hsie

presenter S an 1nterface to the caching data structure 216,
i ncludin

data to LR Stegbihbtyaﬁﬁﬁgﬁﬁﬁtgnﬁg SChSnc0neR. A0Sl 086108 aguSylg provi de

and so’'for n ot her mnr I gh-level 5 conposition

and ani mRLLON, £NGLDE.2L4 €XPRSES 3 ungg'eéo L3 cBRholay8h 2 l2-0% ahy ch

developers may express In |ons abo I'Cs an ra to display

graphi cs, 'nﬁ%rm&' Ongngg Br ﬁw ¢ a@-eaUng o¥knngﬁgt fgrm, ydtg €aQuagh

i nf ormat6n" such tha orm can op use o e hardwar e

for the program wgach(émfoaﬁxage b8 4n0sHLILRG BLALLormuh e

r esponsi i'ng, 'resource negotration an egrati on

i npl t t t he hi gh-| t d 214
gggsegpaguFﬁsg?hg?FgﬁngtFégﬁfgﬁégn553| E§E°hﬁﬁgg aaFZQ%eO%f gﬁgpgigss to

bi t t f ast I | 15 t d t 21

Dsed her ehhePpRost i Wcﬁ%gﬁtfegvﬁ‘é-t Sk | Snlrevers"ane Brel Phr S5t tons

used in other conButlng scenar. os rein in eneral g | ower a
gRt UFedy ip B )

sof t war e conp@ﬂ a?i%éNtBehwaﬁangoﬁBHﬁ RPZenfhe SEFPULR

conponent is.to the hardware, Thus aphics 20 information
A AR S ST IRE I A R R A

adapter 170. When used in a WAN networking environment, the

Shose

computer 110 typically includes a modem 172 or other means for
establishing communications over the WAN 173, such as the
Internet. The modem 172, which may be internal or external,
15 may be connected to the system bus 121 via the user input
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
20 illustrates remote application programs 185 as residing on
memory device 181. It will be appreciated that the network
connections shown are exemplary and other means of establishing

a communications link between the computers may be used.
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.engine 214 may be received at the |owlevel conpositing and aninmation
engi ne 218, where the information is used to send graphics data to the
graphi cs subsystemincluding the hardware 222. 21 The high-1|evel
conposition and ani mati on engine 214 in conjunction with the program code
202 bui | dRARHICSNARPEATIECTWRE epr esent a graphi cs scene provided by the
program code 202. For exanple, each itemto be drawn nmay be | oaded with
drawi ng 5 i nsbhechicpest WH Glhel Re-chisite MriamtGasNE J dra-SIceNal iFadted dat a
structure 216. As wll be described below, there are a nunber of various
ways to spegifipwhRigS pabast cdelelr @uelbasaneh appatli dat idraWYy: Jpdddieimg t he
hi gh-1evel conposition and anination engine 214 integrates with timng and

ani mat i 0By&Befmy sbRFHNEAR ,t @ 0P LIS i daElca kM o A AR Y EHd Wther
control (e.g., animation intervals) and timing control. Note that the

an'nﬁglomn§M§hgﬁh@h|3@5gan'E%b%eV%H%ﬁépEQ ke Ra%3ed RsTRdaAldnts anywhere
in the system including, for éxanple, "at the elenent property |evel 208,

i nsi de obrthe ¥bsyahabP g&am&c%&%u%%tl Bl 2 haN%yf &1 QGE, M ESRYr Ces.

The timng systemis exposed he el ement and visual |evels. The

| ow | evelyegmpgsi t ag gggfg@ﬂlt”%b%t%%%m%‘%o%ﬂl%esn‘%nag%%uyge ng,

ani mating and renderin the scene ich is then provi

ar aphi cs; SURSYRLEM 228ec ThE LW:20 heyelcandibe 4%, cumaRes. d he, render i ngs

for the scen e app Prcations ren rlng conponent s,

il em”@?%%QEP?CEHé' Béﬁﬁgéﬁk’iﬂgy SXnErI%thI %ﬁgfﬁn‘t@gr%‘% i% gmt'}Pt £ gre*h%h‘%‘ier

t hat aj[ ecessa ant ageous sone
re“qﬂf'“ErSBePQQpSQS%Em ghgn object model to enable programs to

populate a scene graph with data structures, drawing primitives

(commands), and other graphics-related data. When processed,
the scene graph results in graphics being displayed on the
screen. |

15 FIG. 2 represents a general, layered architecture 200 into
which the present invention may be implemented. As represented
in FIG. 2, program code 202 (e.g., an application program or
operating system component or the like) may be developed to
output graphics data in one or more various ways, including via

20 imaging 204, via vector graphic elements 206, and/or via
function / method calls placed directly to a visual application
programming interface (API) layer 212. Direct interaction with
the API layer is further described in the aforementioned
copending patent application entitled “Visual and Scene Graph

25 Interfaces.”
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25 level s. For exanple, while the |lower |ayers service requests 22 from
mul tiple applications, the higher |layers are instantiated on a
per-application basis, whereby is possible via the imaging nechanisns 204
to performtinme-consunmng or application specific rendering at higher

| evel s, and Pags Laken %”C'ig\a]fgqn@ 22 4PLIIRA &8 Re b%wrahﬁwd% 2%C2‘E%Et@?AF’H

OBJECT NCDEL e€scri béd the rendering nodel i's shared by the
hi gher -1 gv Aol ha or, 4" S ! DS ;2Q6esdnd, 410 the
Iomer-lege CE%% @ gpgaﬁggdéégihedgfguglg Sesﬁggepsflggﬁged |ﬁ#the scene

graph da}om%{ggct%%e%@ 5 mbRS F}{a e'[b%e%]s%d s%'& egagfarac@%rft e

correl ati'on ween the hig er- present 1 nvention,

and the LoWeLy, ®48k géer%tis ® BPued 500 CHD8R BN VP ETRALA | o Of

the scen&’ granh ect exanpl e scene graphs
300 d 40 e ectlvel Iu i.n se object referred to as a
i %égéﬁe§§FW &% uaf“a % et ?h

vi sua onpri ses object that represents a
virtual surface to g us r has a V|%u t%present% |onv%p 2% t he
di splay. As r Br@ggﬁf aues ﬁﬁ SSE OfadtS PGS prOV|E ‘e base

functlonallt for other visual t hat e _vi sual ss 500 is an
abst r act 88§ rcPag® anﬁ%ﬁﬁfﬁtsygggaPrPyﬁgf FEoéﬁer5UfY56€ 8% ive. As
represent ed bn FIG 3, .a top -Ievg root) v iyal 302 25 ] connected to
a vi sual SFBRAGEF obPBSLSE6RT Whiteht Fs5eﬁ§s°§ theygbjegitafogdedni(@sce. g. |

é;?aalgagg%gag%%hbbgﬁgbgggg %ﬁpo g%g%th eiggkh%; %%%tnhg I%@e égguc

10 wvia a markup language, which an element / property system 208
and presenter system 210 processes to make appropriate calls to
the visual API layer 212. As described below with reference to
FIG. 26, in general the vector graphic elements 206 are parsed
into objects of the object model from which a scene graph is

15 drawn, which may be provided to the Scene graph via an element
level via the element / property‘system 208 and presenter
system 210, or may be provided in a more efficient manner at a
resource level, as also described below.

In one implementation, the graphics layer architecture 200

20 includes a high-level composition and animation engine 214,
which includes or is otherwise associated with a caching data
structure 216. The caching data structure 216 contains a scene
graph comprising hierarchically-arranged objects that are
managed according to a defined object model, as described

25 Dbelow. 1In general, the visual API layer 212 provides the
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.code. The Vi sual Manager 304 manages the drawi ng of the top- |evel visual
(and any children of that visual) to that wndow 5 306. FIG 6 shows the

Vi sual Manager as one of a set of other objects 620 in the object nodel of
t he graphics system described herein. To draw, the visual nanager 304
processeprogrgm codayenes aml theapiddet)tdrhaesaane rEpwiach sohedul ed by a
di spatcher 308, 10 and provides graphics instructions and other data to

the | ow Levelrfaeepaneihe? tlcdhing dtal &tridckur@ r2asondidigidt iy awhe306,
such as generally described in U S. Patent Application Serial Nos.

10/ 184, 78bi 1184184, ¢3@atan@bh/IcEED, b6fen Bl SO WAt tPris gssdvigie | |
ordinarily be schedul ed by the dispatcher 308 15 at a rate that is

rel ati velytsl @vethieRan ahide seffirsh .M ate fthdrheydrawer ﬂw%;wnt 218
and/ or graphics subsystem 222. FIG 3 shows a nunber of child visuals

310- 315 abhpBgeediohi anhal GhiieRlt bW 11oRNRIER]s @ Qs M Udai302,

sone of which are represented as havi ng been popul ated via drawi ng 20

cont ext s 3361 23LE 63POWY. Anidas bRl JiotRs d GulyeRAGSAS LRldn: (DU

nature) with aSsociated instruction Ilsts 31 respectively, e.g.
contai ni gga@hawsNEndr MEklibve® adp1aihefra \é;'}ﬁlé%' S.me}‘%na\Hl%%ﬁ' %ﬂlfl}bx%\ﬁﬂie

contain other property i1nformation, "as shown in the follow ng exanpl e

vi sual Claﬁsﬁnderl%ingppt?_l It%f)@‘hISWl%Gf\lt eﬁlo%% 'rffllégjrr% I Oans%c@pmmhe

public Transform Transform t Opacity { get; set;

)et Puiﬂ | 1BLeBdhbesnBLERINRde {r@elises %tf t}he PRl P PR T L R HET -

10 code. For example, the underlying platform will be responsible
for caching, resource negotiation and media integration.

In one implementation, the high-level composition and
animation engine 214 passes an instruction stream and possibly
other data (e.g., pointers to bitmaps) to a fast, low-level

15 compositing and animation engine 218. As used herein, the
terms “high-level” and “low-level” are similar to those used in
other computing scenarios, wherein in general, the lower a
software component is relative to higher components, the closer
that component is to the hardware. Thus, for example, graphics

20 information sent from the high-level composition and animation
engine 214 may be received at the low-level compositing and
animation engine 218, where the information is used to send
graphics data to the graphics subsystem including the hardware

222.
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public bool Show { get; set; } public HitTestResult HitTest(Point point);
public bool |sDescendant(Visual visual); public static Point

Transf ornfoDescendant (Vi sual reference, Visual descendant, Point point);
public static Point TransfornfFronDescendant( Visual reference, Visual

descendant, BNt i BRi-Nleke 1P Rine sRRG bnCahtu laali 6BRURES Ehg ife laasapounds
public Rect Cal cul ateTi ght Bounds(); public bool H tTestable { get; set; }

public beghiHhtTesh weheehid $reyrhndebdesen buildRl iaC Redle driafestdd nal {
get; set; }°} A transformation, set by the transform property, defines

the coordipatgesyshedhphilhe stuhedirrlitbd@ny shal prifgantead nafe system

before the transformation is called pre 5 transform coordi nate system the

one afte&o&héngn%@%f,%%hsit%a! L ed RO 2l RSl O LR GeRLdaNakie s k& ndg hat

is, a visual wt a transtformation is equivalent to a visual with a

”a”§ Or%%!t?ﬂc@?i. Bs2S B g ‘i‘:ﬁﬁg- sHsCen’ cARNELANLY SR 8‘1’1%2%%&% gPLpl e of

transtormation, 1dentifying t pre-transfornmation 1

bost -t r aggfar UBL1,0p, QOLdiNal & sYah Ml QAL O oY) SUdler T, get, O set
S perty ‘may

the transtormation of a visual, thé ransformpro € used.” Note

t hat thenﬁ%BEQiB%t%a&&%ﬂéf%%gﬁ @%ysB%CQQQIE%QSi%a%a structure 216, and

what is drawn. Further, the high-level composition and
animation engine 214 integrates with timing and animation

10 systems 220 to providé 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
property level 208, inside of the visual API layer 212, and in

15 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,
which is then provided to the graphics subsystem 222. The low-

20 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, however, that at times it may be necessary and/or
advantageous for some of the rendering to happen at higher

25 levels. For example, while the lower layers service requests
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.uniformway to everything, as if it were in a bitmap. Note - 25 that this
does not nean that transformations always apply to bitmaps, but that what
gets rendered is affected by transforms equally. By way of exanple, if the
user draws a circle with a round pen that is one inch wide and then

appl i es &reBameltaplige 2R igiatdenison téfe highey tiemers g, inHeYerr W84 | be
two inches wde at the |left and right and only one inch wide at the top
and bot t 8/ 2TREE -pPParetiieds bastierr afrarehbys i aoRFodiks g dortheiimaging
transform (as opposed to a skeleton or geonetry scale that affects the
geonet r ymgahani smsG2 04A tios pgrifepre $dmeatdooys ulid- nef o3¢ AnDig aatEmstor mat i on
with a non-transfornmed i nage 800 appearing on the |left and a transforned

i mmge 808p@rifiia mendegintoam $dgherajpyarlisng aov ey ingfierdrid@s 8B is a
representation of scaling transformation, with the non- transforned i mage
800 dppebkitmgprokot hbel dbtweandayemsansf or med 15 i nage 804 with geonetry
scaling appearing on the right. Wth respect to coordinate transfornmation
of a visual, TransfornloDescendant transforns a point fromthe reference
visual to a descendant visual. The point is transforned from the

post - t r aBSENENERAGH OBOEdIMaMO®EEpace of the reference 20 visual to the
post-transformati on coordi nate space of the descendant vi sual

Tr ansf or nFr onRes@esdatnbetr Ba3bar,MEha penderihgomoided desegiadasd byt Hrad  up
the parent chain to the reference visual. The point is transforned from

post - t r apsfRerat 08 1G0ebdicRat e bspace vek thie gleptardart] enesital 20% pegia 25
transformati on coordi nate space of the reference visual. The - 26

Cal qu at eBaundgeret Bod1r ebyebs st ke chewad 'wg theX vafsulahe agantienter 212

used in the scene graph data structure 216. This provides a
significant amount of correlation between the higher-level
elements of the present invention, and the lower-level objects.
The following describes one implementation of the scene graph
15 object model.
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
virtual surface to the user and has a visual representation on
20 the display. As represented in FIG. 5, a base class visual
provides the base functionality for other wvisual types, that
is, the visual class 500 is an abstract base class from which
visual types (e.g., 501-506) derive.
As represented in FIG. 3, a top-level (or root) visual 302

25 is connected to a visual manager object 304, which also has a
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of the Visual in Post-Transformation coordi nate space. Note that there may
be an alternative version of the APl where nore specific specifications
are allowed as to how the transformon 5 a visual is interpreted during a
coordi nate transformati on. For exanple, the transformon the reference and

desCendaﬁélayiéﬂéﬁlﬁa¥eog My i 0L REnbaKENwk BhOaaGeAlBY.- (HAnERI S06 or
alternative, there are thus four options, e.g., coordinates can be

transforgegd; {4pmpLe- iﬁawﬁieﬁneyaeﬂlaodaﬁe &gaeﬁteﬁeatbentﬁe BP8§eam
pre- transfornatlon to post-transformati on space, post- transformation to

pre- {rans{ge Mt N0 9paag1nandaBLshos! hAASEOETRALORrhA; RGSE! ERBSEREML | on

space e sane concept applTes to hit-testing, e.g it-testing may be

started {g,.pre; LiaNstorARLEQNCAL1AO8H: brABRLET URLLEN) { EBNEhaEm,caRI nat e

15 space, and ts mght be In pre-transformation or

post 5 tra@ééornﬁibonscgﬂéggnﬁﬁs gggglmgnsge% AsPoaBebEYaseLs band.gets) the

clipping region of a “visla onetr geonetry class’is escr|bed

bel N | G . L.QPI 20 and
the ol i priee PRt 0 Fa' Babi SRitek BRRe R o AP R RO DR O pace. I

one |nplgnen£§be8nhe lﬁfault setting for the clipping region is nul
i.e., no c?lpplng “can be thought of as an infinite big cIipping

et anle 1o (areq) b9, &75%) HEbnd J0E SUREREYSR RSELY Sekoasts (he
bl ended S0 isnadl B4 19p3UELae RSS90 LUEgRachiY, VAl uesBudLle sphect o
blen%ln qgrégfées ggggglc§O£ngérgBlengnaggagkﬁgr data to the low
level component 218 (FIG. 2) for its corresponding window 306,
such as generally described in U.S. Patent Application Serial
Nos. 10/184,795, 10/184,796, and 10/185,775. The scene graph
processing will ordinarily be scheduled by the dispatcher 308
15 at a rate‘that is relatively slower than the refresh rate of
the lower-level compenent 218 and/or graphics subsystem 222.
FIG. 3 shows a number of child visuals 310-315 arranged
hierarchically below the top-level (root) wvisual 302, some of
which are represented as having been populated via drawing
20 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

information, as shown in the following example visual class:
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.(al pha) value may be set between 0.0 and 1.0, with linear al pha blending

set as the node, e.g., Color = alpha * foreground color + (1.0-alpha) *
background col or). CIher servi ces, such as special effects properties, may
be i ncl ud bl ur mohochrome and so on- The vari ous
servi ces mé’PB ?ﬁga]?srt&%FoFﬁ?S%ﬁﬁcﬁ“P} : Y1921 CORROBE hushed and popped on
a draw ng context p eratiops can be nested, as long as|a
pop call [matches %’1 €3ISF r@o?ragﬁgﬁéﬁe th F&ﬁgf r m( )
PushOpacijty(...); eg bdl s b %I gcause before the
PopTr ansfiorm cal ubll%[’& HE g 5 tl e PushTr ansf or m met hod
pushes a transforlg@;ilcmboo drawin peratl ons are executed wth
respect tio the tHﬁ%@éEQﬂi ﬂ@@utﬂ}@t %ﬂﬁl&rtaeémfm pops the 20
transforrmation p%&mcbmobmem@émﬂagn?wb&@n%@nm;:al . void

PushTr angf or n( Tr aps 0rdnsteb@nsf o6t Teahds EusivDeabshaant Matri x matri x);

voi d PopTransform(); .viduad pefardnse,t he PushOpacity nethod pushes an
opacity val ue. Subsegueall desvérmipnaperati ons are rendered on a tenporary -
28 surface with the Bpet¢i bbedt)opacity val ue and then conposite into the

scene. PopQOpaci t yr\polps: shietdpakeint FushefonyFrdm@esmanddntig PushOpacity
call: 5 void PushQpadiisypf| vafenpasity); void
PushOpacilt y( NurrberAanﬁllaénBa%@eltﬁ@@@ ty); void PopOpacity O ;. The
Pushd i p et hod pushé’§1éltcPPglb‘F orretry Subsequent
Rect eBounds(), // Loose bounds

public Rect CalculateTlghtBounds(), //

public bool HitTestable { get; set; }

public bool HitTestIgnoreChildren { get; set; }

public bool HitTestFinal { get; set; }

}

A transformation, set by the transform property, defines
the coordinate system for the sub-graph of a visual. The
coordinate system before the transformation is called pre-

5 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
transformation node as a parent. FIG. 7 generally provides an
example of transformation, identifying the pre-transformation
10 and post-transformation coordinate systems relative to a

visual.

To get or set the transformation of a wvisual, the

Transform property may be used.

u

Note that the coordinate transforms may be applied in a

niform way to everything, as if it were in a bitmap. Note
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10 drawi ng operations are clipped to the geonetry. The clipping is applied
I n post transformation space. PopClip pops the clipping region pushed by

the matching Pushdip call: void Pushdip(Geonetry clip); void Popdip();.
15 Note that push operations can be arbitrarily nested as |ong as the pop

oper ati opga@r ennBt ghed wothmaapusha tFekanefaiplke.iohise afledalyewiang liys teal i d:
PushTransfornm(... DrawLine(... Pushdip(...); DrawLine(... PopCdip O

PushTr angf efnfbs, - bulbr @WBeClhat. hetsPerhderstion ( b f ReRE &35 fratamg)formd0
Ht-testing is perforned in the Post-Transformation coordinate space, and

returns @aula%?_t.i t gy 0fragael Bikbrpast allfe thd sdalr hawsi & Riitrc1® GithMaen a
pen or nouse click is detected. An alternate version of the interface my

al | ow f opo3Rahbknt €8kiNg st Bnst ahkhatvidePhedT taRsl ApBtie@n aCeekdicnake tsprace
29 relative to the visual where the hit test is started. Visuals that are

hit aje gegyraedibh birdhiot @ol ehht d@ph i ki pldetil1Hde kot iiR@HEy be
controlled wth various flags, including HitTestable, which determ nes .if
the visugl gbs,hi tpbestal!l @nd right and only one inch wide at the top
and bottom. This is sometimes referred to as a compositing or
bitmap transform (as opposed to a skeleton or geometry scale
that affects the geometry only). FIG. 8A is a representation
10 of scaling transformation, with a non-transformed image 800
appearing on the left and a transformed image 802 with a non-
uniform scale appearing on the right. FIG. 8B is a
representation of scaling transformation, with the non-
transformed image 800 appearing on the left and a transformed
15 image 804 with geometry scaling appearing on the right.

With respect to coordinate transformation of a visual,
TransformToDescendant transforms a point from the reference
visual to a descendant visual. The point is transformed from
the post-transformation coordinate space of the reference

20 wvisual to the post-transformation coordinate space of the
descendant visual. TransformFromDescendant transforms a point
from the descendant visual up the parent chain to the reference
visual. The point is transformed from post-transformation
coordinate space of the descendant visual to post-

25 transformation coordinate space of the reference visual. The
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.5 (the default is true), and HitTestFinal, which determines if hit-testing
stops when the visual is hit, i.e. if avisual is hit and the Hi tTestFinal
property of the visual is true, hit- testing aborts and returns the results
collecte o.this oint. (the default is false). Another flag is 10

i t Toot | GRLPRCAFPAPERCB Moo ot ds T ERRTEHSIRBE G 471% S “Thoul o
be consid reg when hit-testing is perforned on a visual (the default is
fal se). ApFBRyVisHar i& 5°€F§G§PHF%8Fmﬁ§ﬁoﬁe9&&&&%4%5%3ﬁ -ond¥® 9 nt o

t he scene Si nce Egy Vi SI_JL | referred to by a 15 Pr%gl\ﬁw%ual may be

r aph. a y
reached B?gﬁugg?ﬁﬁemﬁﬁt PRomLERETRETE VeEEd OB Rfi &0 ere more
(Transfornﬁngscendent,_TransfornFronDescendent and HitTe%%) do_ not work
t hrough SPPFoXyTi SREF1LLRaLLOBRcETe PHP¥ TS 3gnd o Avshitee T TIIMThy

visual to the root of the visual tree and that path does not include any
ProxyVi sBaV$5u36 AS LBHPERERLEG PHIEPG a5Coparigas e yredsdrrmadia’s are
defined in the object nodel, including ContainerVisuals 501,
Dr awi ng\i Staf¥aBp2e, Vahpdarrasvrstalrs 5be, rsiergase sudl sesgendant
HwndVi sual s 505. The table bel ow sets forth exanple nethods of a
Dr awi ngWagapl magoorpuBli aogl kes tBken Ag¥osagicounyi.sudn thisubl i c
Drawi ngVisual (); public |IDraw nglCOnt ext Qpen(); public IDraw ngContext
Append()altermabiu@i ngesgabries thusodoairneptionsgr &8i-calcoeFiftiant qe.qpn
lines, text, images, and so forth). Note that it is possible
be transformed from pre-transformation to pre-transformation
10 space, pre-transformation to post-transformation space, post-
transformation to pre-transformation space, and post-
transformation to post-transformation space. The same concept
applies to hit-testing, e.g., hit-testing may be started in
pre-transformation or post-transformation transform coordinate
15 space, and the hit-test results might be in pre-transformation
or post-transformation coordinate space.

The clip property sets (and gets) the clipping region of a
visual. Any Geometry (the geometry class is described below
with reference to FIG. 12) can be used as a clipping region,

20 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

thought of as an infinite big clipping rectangle from (-oo, -oo)
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to add ‘a Visual into a Draw ngVisual, but in sonme 5 inplenentations this'is
not all owed. The Draw ngVisual 502 includes an OQpen nethod, which returns
an | Drawi ngCont ext that can be used to popul ate the Draw ngVi sual, e.g.
with other visuals and drawing primtives, as described below. In one

i npl enent at i ofpef @Ea\éart' BS opRATING sy @ ¥@S ¢hbeghakaltawyvad uk) of the

Drawi ngVi sual may be only opened once to populate its drawing context; in

ot her wogdsya3UchudnDEawcng¥es bah tiehti BHULRR €4 suafit afs R0 rsal
has been popul ated, the Drawi ngVisual is closed using a C ose nethod,

e.qg., Ondw@_iﬂga%gga%@nb%bd_ oMot @ el bahcakyORaN uelldndinhes lRale A
contents (children) of a 15 visual, however in one alternative

i mpl ement,abh@ingt RBKE .1 SThR' BYictemiorid ARBPRItIRLRAM be & RRER A St @Y
visual in a manner that appends to that visual. In other words, an

Openkor Agpendepeabh HAGKS hbke 2RER. i8XG8Rl .t heceUIh@Ris 160N ke iihe
Drawi ngVi'sual 1s not cleared out on the open. 20 The following is an

I i t [ dnt I L |
exanpl e Q%}EB&') anFﬁ\éﬂ ﬂlg.%(:%% exk 'bsetwlé%?ll {).@ RepUhale @u‘(:'l'flig\ﬂea:r r?elvg\?ha

Cont ai ner ual c ntai nerVisual (); Drawi ngVi sua

Or avi noVsuakihy 5eB1a CRRR Aoficauing coRLSXL: THa FaNLetor dildun

aut omat close exiting the usin Thi's 7al so //
repl ace ontents m gh r i.0,dvl i i n t ext
dc = dvl 8%8%()3%{%%&%;‘3% n%ﬁ%he‘%gggﬁfis?%ﬁgs’:3| Set;j'%rnng"v? oicn}[@(’.%. ! new
POInt("ag)épecial effects properties, may be included in a visual,

10 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
call. For example PushTransform(..); PushOpacity(..);

15 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
pushed transformation. The PopTransform pops the

20 transformation pushed by the matching PushTransform call:
void PushTransform(Transform transform);
void PushTransform(Matrix matrix);
void PopTransform() ;.
25
Similarly, the PushOpacity method pushes an opacity value.

Subsequent drawing operations are rendered on a temporary
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.} /" Add dvl to the child collection of cvl «cvl.Children.Add(dvl); // Add
another arbitrary visual to cvl cvl.Children. Add(soneQ herVisual); [/
Create another Drawi ngVi sual Draw ngVisual dv2 = new Draw ngVisual ();
using (I Draw ngcontext.dc = dy2.Open()) .{ This sets up,a new coor.di nate
system FHT %Ege""é{igr GhRi ﬁBeFé%ﬁﬁFcé&éyginga V.ePé‘ElﬁngQﬁ?f GPrPRER e

Scal e( 2.0, 2.0%%; This line is drawn in the new scaled coardinate system
dc. Dr anLREP nERP PEREBRuShBSPRBAT 1 tieROPSi fPE. CPRCIHEWPBSTRA( PY JBPe 7/ This
reverts to the original coordinate system dv. PopTransforn();

dc. Dr anl PAEFALRE PBREBPR&REEYGFBEAY, new Point(...), new Point(...)); } Add
dv2 to the child collection of cvl;  cvl.Children. Add(dv2); In general, a
Val i dationVisual 503 is conceptually simlar to a Draw ngVisual, except
that 2a Val i da¥PeAVP4ERPPRS1pYElapsdoraRétvi he system requests that it be
filled, insted@ldf PuAbArenets (Nrohrainioasinaheset oppepuate it. For
exanpl e, as destdi BepOpaaitly$) iSerial No. 10/ 185, 775, the high-1evel
conposition and animation engine 214 (FIG 2) nmay invalidate scene graph
data as resources are needed, such as when part of a scene graph is not
vi si bl e. For EranphehCiipomethadt pushesser olipdiotf gehmetry. Subsequent

10 drawing operations are clipped to the geometry. The clipping is
applied in post transformation space. PopClip pops the
clipping region pushed by the matching PushClip call:

void PushClip(Geometry clip);
void PopClip() ;.
15
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:

PushTransform(...);
DrawLine(...);
PushClip(...);
DrawLine(...);
PopClip(};
PushTransform(...);
DrawRect (...);
PopTransform() ;
PopTransform() ;

20
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
detected. An alternate version of the interface may allow for

25 hit-testing to start at a Pre-Transformation coordinate space
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- 32 display, clipped, and so on. If the invalidated scene graph data is

| ater needed, the program code 202 called will be <called back to redraw
(validate) the invalidated portion of the scene graph. To this end, one
typi cal usage scenario is for a 5 programcode to subcl ass the

Val i dat i paVasiae sodtheewvisdelt hherenvhki Hatetesthad. sthenetihe ¥ysueiscal | s
the Onvalidate nethod, a drawing context is passed in, and the programthe
uses thetHaawang root exe repapukdt ent hégWal-tdaledn)i depkh-Thesexarplee . bel ow
shows one way to inplenment a sinple 10 ValidationVisual, e.g., one that
draws a Hipetsktbng seytbenconekolledheiehl ocarobushélhiyge canlhdiabanged by
calling SetColor. To force the update of the ValidationVisual, SetColor

cal I s I nyatrdatepie, fwhcent etgraphessisubhaystieqnloisr avalkdatabvlbe
Val i dationVisual : 15 public class M/ValidationVisual : ValidationVisual {

publisc oyenéi dery@id OsVal-i,dat ebhBr gt ngSoRt %1, dghich detBrawkieseim col or,
.J; '} public void SetCol or(Color newColor) { mcolor = color;

Invalldaﬁ§£)teE@£ﬁ§ gtbﬁsran@ﬁftheevyaha@aEEOHY£$ualetolfrafbﬁghaqh@scolor
change. } private Color mcol or
hit and the HitTestFinal property of the visual is true, hit-
testing aborts and returns the results collected up to this
point (the default is false). Another flag is
10 HitTestIgnoreChildren, which determines if the children of a
visual should be considered when hit-testing is performed on a
visual (the default is false).
A ProxyVisual is a visual that may be added more than once
into the scene graph. Since any visual referred to by a
15 ProxyVisual may be reached by multiple paths from the root,
read services (TransformToDescendent, TransformFromDescendent
and HitTest) do not work through a ProxyVisual. In essence,
there is one canonical path from any visual to the root of the
visual tree and that path does not include any ProxyVisuals.
20 As represented in FIG. 5, various types of visuals are
defined in the object model, including ContainerVisuals 501,
DrawingVisuals 502, ValidationVisuals 503, SurfaceVisualg 504

and HwndVisuals 505. The table below sets forth example

methods of a DrawingVisual:
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.} 33 This exanple shows how to use the ValidationVisual:

MyVal i dati onVi sual nmyVWW = new MyVal i dationVisual (); container.

Chi | dren. Add(nmyW); nyWV. Set Col or (new Color(...)); FIG 4 shows an exanple
scene graph 400 in which Container\isuals and Drawi ngVisuals are rel ated

in a sce ne ?’“ﬁlléﬁh‘:l%ﬁr“d Favargesseratedi898h in the form of drawing

primti g% i.,n corres ond| dravm ng contexts). The Contailner Vi sual
is a cont a| ner fRHON) %f’%’ln |ne \f sual s can be nested into each
other. The chil o‘? lc Cgﬂn be nmani pul ated with|a

Vi sual Cgl | ect,i orP ret urrﬁ‘é'ﬁnqr IIjan property of the

Vi sual ntatfer—Fhe order—of the \V| stal-s—nA—the—visSualCottect+on
determnes in which order the Visuals are rendered, i.e. Visuals are

d d f h t d t th he d f back te t

E;e)gi ﬁ{ i6ng 0;0 r]§ g‘f]—%l?mgi ua? %\Ma?ﬁo ‘3bng paPalnélfeés rg?hcaf%teﬁlr eergl?gavm ng
I t d d_bl o hi h I, d

2 cont Z.fnir?rifiﬂaIQ"t I@a@%%IF%IPnggcsaagﬁmI R BB FBan  EnrecPPeei gl s
bei dra I t ht d d t I back,
o P e R B b S © 17
\/sulCoIIetlonvc—mchh | dr en; cAd(ne Dravmnwsual(l)ls;

AJd (WP EY G FVE SRAIER IS L9 cPRHAEALSHBRaw REGI DAGMLRPVIFORL PRR | = o

< vc. Count; i ++) 34
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

10 DrawingVisual may be only opened once to populate its drawing
context; in other words, such a DrawingVisual is immutable.
After the DrawingVisual has been populated, the DrawingVisual
is closed using a Close method, e.g., on the drawing context.
Note that an Open call may clear any contents (children) of a

15 wvisual, however in one alternative implementation, there is
provided an Append method, to open a current visual in a manner
that appends tovthat visual. In other words, an OpenForAppend
call works like Open, except the current content of the
DrawingVisual is not cleared out on the open.

20 The following is an example of how a drawing context is

used to populate a visual:

ContainerVisual cvl = new ContainervVisual({():;
DrawingVisual dvl = new DrawingVisual{);
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{ Drawi ngVisual v = (Drawi ngVisual)(vc[i}); if (v !=null) { v. Transf or

Tr ansf or

v. Qpen();

0), new

m CreateTranslation(i * 20.0f, i*20f); |Draw ngContext dc =
dc. DrawRect'angl e( new Brush(colors[i}), null, new Point2D( O
Poi nt 2D(100. O, 100.0)); v.Cose(dc); } } As represented in F

5, another type of visual object s a SurfaceVisual 504. In general, &s
teﬁopﬂlﬁl@Iw8m9a0N88F¢ac§b¢suaFeﬁbject 315 references an in-ne
5” b?%ﬁﬁﬁgm§?2a%%%§eﬂﬁésﬁhl ficgde 202 (FIG 2) can access.

represen
sur face
client p
request
code 202
cont ext
the |ikeg
represen

t enpor ar
option t

ock

r Q P&R asy urface menory, or it can
ﬂb é?%% rgn e al ocatedlb e surface object. The program

Jba&gt hlﬁerPirlg@BnEeG(tOBen: avjlﬁbpSHUf)ace\/ i sual and get a draw ng

323, into which the gro%ran1code 202 can wite pixel data 324|or

anddc diregkinafnputPept BT »8218) oREY RHBESur-f ackew TR{ Gs-)) s

// Add another arbitrary visual to cvl
cvl.Children.2Add (someOtherVisual) ;

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

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

{
// This sets up a new coordinate system

// where everything is twice as big
dv.PushTransform{new Scale(2.0, 2.0));

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

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

dc.DrawLine (new Pen(Brushes.Green), new Point(...), new Point(...));

}

// Add dv2 to the child collection of cvl;
cvl.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

program code wants to populate 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
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.surface visual nmanager 330 and associate a visual subgraph 332 wth the
SurfaceVisual 315. This option is represented in FIG 3 by the dashed |line
bet ween the surface object 322 and the - 35 surface visual nanager 330.
Not e that_ .t he visual, subgraph 332 can al sQ nest other surface visuals, as
al so shof SPtap Ge3ip &G S P sudtt idifageV B RS S SHRREERPR t ype
of other _ object .in the set 620 of FIG 6) wal ks the visual subgraph 332 5
t o updat &Re iSurrdcaviraededi ttrhe BXoaram s 2G4t kg wikl Peraversal
is schedul ed by the dispatcher 308, and for efficiency may be throttled to
control KEWlsct &Rchite miadray GaElidatglddthar. invfelidated A sirl MandyRr
330 does not have to traverse the visual subgraph 322 each tine and/or at
the 10 s&FENFag&aPhat Tfe Y |adbl anss daip G B GRIAELQ hes rkef a of
the scene graph. Wth respect to surfaces, as further described with

r ef erenc@rPETRRGSOGALYC subs lgatertdle MeHd dartasuriti spraalbAnd oveydel de Hke

al l ows conpositing a set of visuals to a surface, 15 inmedi ate-node

render i n§nyrLideter matdiast -t mahery ithe isuskamtanlads sihg fjakiotpesiting a
surface onto the desktop or onto another surface, and controlling which
surface metiodur adkamiigyy icontesdd it resgssbiire iand Wre tragzamitthe. A
surface list is defined as a collection of one or nore surfaces (i.e. 20

f r ames/ busesr $heoflrpmisioc alontsydt erapmpuliaden )t hvee eyl dedsicbrt\bl st lor e
conpositions of visuals or graphical draw ngs, or both. One of the
surfaces of tRaesexhapdd kstlovayshoerss eneaway o rienl enesok b fngrlenvher e
drawi ng and/ or conpositing is done, and one of the surfaces of the surface
| i stlG s Veflidataoalsemtl ,- €3@., one that draws a line with a certain

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:

15

public class MyValidationVisual : ValidationVisual
{
public override void OnValidate (IDrawingContext dc)
{
dc.DrawLine (m_color, ..);

}

public void SetColor (Color newColor)
{
m_color = color;
Invalidate(); // Force a redraw of the ValidationVisual to
// reflect the color change.
}

private Color m_color
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primary, or front buffer, which is used to conposite onto another render
target. Surfaces nmay be used in a nunber of ways. By way of exanple, FIG
9A shows conpositing to a surface. In FIG 9A a 5 surface visual manager
obj ect 900 connects a surface list 902 as a render target for a visual tree
904. During eaghs eRBRIE! shGwWEY Glots tbhese shel Yadhidacampedisied ;i nto the
surface of the surface list that is currently serving as the active back
buf fer f Ol TdTE GRLEAPEUd S myVVE el A&E 1PEes Ao BaERasy ed 10 to can I nclude
a surface owned by the client/high | evel conpositing engine 214 (FIG 2)
for in-presessneenphsldidig Adgcepav) 0s, a surface owned by the | owlevel
conpositiing engine 218 for scenarios where the client does not need t hg
bits but| my\he Jed@ol ew shevec @vaosi(+-1 hg engi ne 218 needs themto conposite 15
t he surfjace onto another render target, or a cross-process surface, for
scenarios where the client needs access to the surface bits, but the
| ow- | evel conpositing engine 218 also needs the surface for other
conpositing work. The conpositing is controlled by a timng service that is
20 attached t@Irthe4Vishvaks Nanagemplénecexenpirapbf 480t iim mirickervice, is a
manual node that m ght be used as in the exanple below // create a nmanua
timng sebMtaenantiaguibdehaadvDsualngimagels arel rgdetedcant amsegher vi ce =
new Manual Ti mi ngServi ce(vi sual Manager); [// conposite the visual tree to
t he @urrgphphacknbBuhbee atsbleasedf daea YhsthkeMinageofRemaerihy, foreach
(Tick tick in timngservice) - 37 {

primitives, (e.g., in corresponding drawing contexts). The

A1”4

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

10 returned from a Children property of the VisualContainer. The
order of the Visuals in the VisualCollection determines in
which order the Visuals are rendered, i.e. Visuals are rendered
from the lowest index to the highest index from back to front
(painting order). For example, with proper parameters with

15 three drawing visuals representing red, green, and blue
rectangles hierarchically under a container visual, the
following code would result in three rectangles being drawn
(translating to the right and down), a red rectangle in back, a

green rectangle in the middle and a blue rectangle in front:

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

for (int i = 0; 1 < vc.Count; i++)




.advance the back buffer to the next frame of the surface

surfaceli st. NextFrame(); // advance the time of the visual tree

tim ngService. Tick(tick); [If conposite the visual tree to the current back
buf fer of _surface visual Manager. Render() Another way to use a surface is
with i mredi ateDrmde Ji&n ering to surface, via a context. Attaching a
surface |[list t;g 8, Vishady,(a siPFF‘éibréqv\?F‘éﬂdl()'CEH bl es i mredi at e- node 5
rendering to the surface of the surface list that is currently serving|as
t he actiye back bufferrégfotiie- suafamenltrebreThinglatrienderd ng. 455 dwne) by
obt ai ning a draw ng I@@ﬁwwom@m ti¢le= vsopengte vi sual and executing draw ng
commands |on that corficeRfawRegka g a;bove. Note that obtaining a
drawi ng ¢ontext 10 Iocks;Eg "5t (‘é?: *&hthHat ot her conpositing operatiops
cannot be done to it. ssawbpeh command is executed inmediately, apd
vectors and ot her surfaceswcadstinkep droawnt (hbenrtdegd) onto the surface.
However, |ot her visual-Slesmidoi; be drawn onto the surface, but instead cgn
be conposi ted ilnto the surface by 15 associating it with a visual manager,
as previ cdsly—deseribed (e g+—FnF G QA // attach asurfacetHst—to0 a
vi sual Surface\/ sual surfaceVisual = new SurfaceVisual (surfacelList); [/
enabl e i mredi at e- node renderjing_to nd Iock back buffer surface .
BaseDr awi ngCIHt e?&pléﬁ:senrs‘?f? gﬁﬁ%ua? Cﬁ%ﬂ%l? FYPar Qv ¥ PP g?rﬁﬁai afel y)

to the current back buffer of the surfflce dc. DrawLi ne ép star P0| nt,
endpoi nty ; .SurtaceVisual 504. 1In genera as represented 1in’' FIG

SurfaceVisual object 315 references an in-memory surface
5, (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.
The program code 202 has the option to open a
10 SurfaceVisual and get a drawing context 323, into which the
program code 202 can write pixel data 324 or the like and
directly put those pixels onto the surface. This is
represented in FIG. 3 by the dashed line between the surface
object 322, the drawing context 323 (shown as a dashed box to
15 represent its temporary nature) and the pixel data 324.
The program code 202 also has an option to create a
surface visual manager 330 and associate a visual subgraph 332
with the SurfacevVisual 315. This option is represented in FIG.

3 by the dashed line between the surface object 322 and the
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- 38 unlock the surface - we're done with i nmedi at e- node rendering
surfaceVi sual . C ose(dc); Another use for surfaces is when conpositing a
surface onto another render target. To this end, once a surface list is
attached to a surface visual, the surface can then be 5 attached as a node
in a vissafaceeyvianalt mansgefraddlof Note sheftatde vitsuelatsubgrapty e y
serving as the primary or front buffer can be conposited to another
surface omnt elsbengeskogper Fhirfaice iMilsustlisat ed iad sl Gho9B amd FIE t3he
exanple below. // attach a surface list to a visual SurfaceVisual

sur f aceViraeakurfaew SushadeYiesaglefs dBladellisst phoAtd atshe sypeacdVictler to a
visual tree for conpositing onto another render target

r oot Vi suabjadd( sur thee¥esualk); of10IG.vé ) cempasi tthen viieifrlomudbroxarhadad2i s
represented in FIG 9C, where the above-described capabilities are
conbihedtsoupbate chepgairtfangvieunie thackpbdbber Furfraee  ohoxesuwtizace |i st
and conpositing fromthe front buffer surface of a surface list (e.g. to

t he desktap} happemsailmikt agtedsllyd N9t @hkhdl sbatthed! BOIBNaed For
undesi rabl e video effect known as tearing, the surface |ist should have at

| east twersuefiasey, mayf benthaddtadedd@ek chutiren suif actenAtsulf aGemaged as
in FIG 9Cis likely owned by the |lowlevel engine 218, or is a

Cross-pregesss spahaed.t oThmakeuttaceorhesili aankget-hs 3l00Wolay @lotemghee 218
20 performbetter. - 39 Surfaces are constructed as independent objects,
as set terthkalBrkbeta%aiRkas10tueaRabhushor $akél @Wne and/or at the

10 same rate that the top level visual manager 302 walks the rest
of the scene graph.

With respect to surfaces, as further described with
reference to FIGS. 9A-9C, in general, the present graphics
model thus allows compositing a set of visuals to a surface,

15 immediate-mode rendering of vector and bitmap primitives into a
surface, compositing a surface onto the desktop or onto another
surface, and controlling which surface in a surface list is
used to composite into or to draw into. A surface list is
defined as a collection of one or more surfaces (i.e.

20 frames/buffers) of physical (system or video) memory used to
store compositions of visuals or graphical drawings, or both.
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
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.public class Surface { create and allocate a blank surface without initial
data public Surface(int width, int height, int dpi, PixelFormt
pi xel Format, SurfaceFlags flags) create a surface using the supplied

menor ublic Surface(int.wi_dth, int height, int dpi, PixelFornat

b1 el For BREmFyc PPF pERBs DUrRigel Moty F5Ed Re SHTBSEIEa FA 1 de)

create fro g sourcgé_i .e. Clone) public Surface(Surface sourceSurface,
gkhe kegs

Sur f aceFF Fah§i8fe Pfom File or URL public Surface (String
filenane, SurfaceFlags flags) Create from Stream public _Surface

(System | O St FBﬁﬁ?EFFeQﬁV %%uPFEéeFPassnPr“Q&ﬂ O%r @Pﬁ‘ﬁ@ f r 6 MBYTIEP (whi ch
can't be selected into an HDC) public¢c Surface (HBI TMAP hbitmaEp HPALETTE
hPal et t e§XPPPEFeal LG r §fh FREWR FOEFPPEiLiRLate eHPEdNaficcon) FiGeddf o y

properties ) ) )
5 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
of the surface list that is currently serving as the active
back buffer for the surface list. The surface being composited
10 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
218 for scenarios where the client does not need the bits but
the low-level compositing engine 218 needs them to composite
15 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
needs the surface for other compositing work.
The compositing is controlled by a timing service that is
20 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 ManualTimingService(visualManager) :;

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

foreach (Tick tick in timingService)




public Int Wdth {get; } public Int Height {get; } public Int Dpi {get;}
public Pixel Format Format (get; } public int Stride{get; } public IntPtr
Buffer {get;} } 40 public class SurfaceList { Create a list of blank
surfaces (without initial data). public SurfacelList (int width, int

hei ght, |int dpi, Pixel Format pixel Format, int nunBurfaces, SurfaceFl ags
flags) reate & SGvimgetpstoachatuifieedor he 968 ifFrRY Lurfac8staR | the
surfaces| nust RHFEFUSh Ve BPodérties (w, h, dpi, etc). public
Surfacel] st (Spffacendd st fragesds khe GhaR&E tibe front buffer to the
first-inrline bagkgbsdfiee. Tipubticx)Fl i p() // advance the back buffer to fhe
next surface public Next() public int FrontBufferlndex (get; set; public
i nt BackBuf f er | hdexedsjée; thsetisualphhty &0 Stef Q& eBetEnPEERF e SUptinei ¢
Surface Get BackBUPH&FEper -Rendet ()

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

5 rendering to the surface of the surface list that is currently
serving as the active back buffer for the surface list. This
rendering is done by obtaining a drawing context from the
surface visual and executing drawing commands on that context,
as described above. Note that obtaining a drawing context

10 locks the surface so that other compositing operations cannot
be done to it. Each drawing command is executed immediately,
and vectors and other surfaces can be drawn (blended) onto the
surface. However, other visuals cannot be drawn onto the
surface, but instead can be composited into the surface by

15 associating it with a visual manager, as previously described

(e.g., in FIG. 9A).

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

// enable immediate-mode rendering 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);
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.publ'ic Surface GetSurface(int surfacelndex) } Once constructed, a surface

and/or a surface list can be 5 attached to a surface visual object or to a

vi sual manager object. // Create a surface visual public

Sur f aceDrawingVi-sual{Surface surface) public

Sur faceDr Surfaceli st surfaceli st Vi su

with a sfwréflé;%gwnghé %’ﬁ%d )p‘ﬁ%ﬁe %P?u‘ﬁfﬁ% %Elgg?f%%%e rt?r"% &y
H o f n

Vi sual rager{surracec StHT+—atett QI.} Further —a—Sttrrace—cah
data from a decoder, and/or send its data to an encoder for witing to a
specific file Surf aces gan al so receive/send data fromto effect

i nterfaces. AgﬁﬁgﬁﬁeuéﬁnfBE CHRSErEEt é§ FnaﬁﬁmﬁpféFlpgkﬁa§u§ “5in t he
full set o u ed surface fornmat p However SQMEe_a ust nts may
be nade ?%L?hggggégffFSBdSFxgﬁrQSFnat&% giés e tﬁgc§p8cﬁﬁﬁ? % or mat
is |less than 32 9& B ? t hen g gornat wi | | % d to 32
bits pertpik&Fac v@r FE8Ck S1FUftestos FPEﬁFSesﬁPPa e original
10 format, the surface will be copied . to a buffer of the _requeste pi xel
for u§FE@C3e$o?ﬁaF EBﬂ@nglBnVF?P?értrQEtu?Hpnﬁ o SEF&acs O% ot her
visual is an FMn?V’suaI 505, which positions a Wn32 child HWd |n t he
scene gr3phiacep ésbaFPPEuFﬁrFyrr?€§§¥ysﬁF8@P§n§stPP Priifpraperate ita t he
15 WM PAI NT_nethod (or the like) that draws to a child HMmd_ (or. the |ike)

based onPpFfeF GRAPRECSOMBERAFEgYC ¥BOSBEFOFHTISAER OFr SGr &kS AFStOPew

gr aphi cs proce55|n nodel , the HwdVi sual
This is illustrated in FIG. 9B and in the example below:

icC

nagel
pub
ge

I
H
L

// attach a surface list to a wvisual
SurfaceVisual surfacevVisual = new SurfaceVisual (surfacelList);

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

10 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
compositing from the front buffer surface of a surface list
(e.g. to the desktop) happen simultaneously. Note that to

15 eliminate the undesirable video effect known as tearing, the
surface list should have at least two surfaces, a front and a
back buffer surface. A surface used as in FIG. 9C is likely
owned by the low-level engine 218, or is a cross-process
surface to make the composition in the low level engine 218

20 perform better.
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allows the Hwnd to be contained in a scene graph and noved as the parent
visual is repositioned, as represented in FIG 10A 20 As a result of
limtations with existing Hwmds, however, when rendered, a child Hmd can
only be on top of other w ndows, and cannot be rotated or scaled like

ot her vi sual s stefarcdse ¢ rabaovans t rSarmed lasp pimppeideoss idid jectas,  reepreegent ed
in FIG 10B, where the dashed lines indicate the HWd's di spl ayed

rect angl éobkehndn th2 esdampied dff icopstehattiors edewent with respect to its
parent visual. Qi her types of visuals 506 are also feasible, and the

pr esent] mipjieet cnaskelsursaexst ensible to allow others to be 5 devel oped. For
exanpl g,{ as represented in FIG 11, a |layered visual 1100 enabl es an
applicdti on develrepee 4rel séparately bleohkt sot fddee witthonmainion alndatai sual
via mulltipl e dflacsevedans (ingrwidithng a finer granularity of control
rel ative to visualint he¥vhe a single data stream Note that sinilar
granul arity of 10 3¥¥nPél can be acconplished by having (e.g., three)
separatle child visggrEorRderPiFedFRYPR parent visual, however this
requires that the $SGFEMRBISIECK with nultiple visuals, which is nmire
conpl i gat ed te/wan wor ki n vvifth a sin It%el gxergﬁe vielsnugl havi ng i ndexes tlo
nul tiplle | ay /%E?igsgy?%ayigﬁeggét &hei RUPP Y I*™85%kgr ound data, cont ent
data and bor d&rd re‘—’lc ntarned i1n a single | ayered visual, but are
separ atjed from ong ang i8r ~as i ndexed by a | ayer value, e.g., 0, 1 or |2,
respect|i vel y. Lay@rigceggg]'ﬂggtié}_s‘,{%rlgﬂggma{,ncl udi ng tacked onto either end,

and/ or |del eted, wiffipihepi2did ayeni Agn QdemeBry- for &fhle LRz EAGNt as shgwn)
defining an inplied &teideyr for display. Note that for security, child

// create from a source (i.e. Clone)

public Surface(Surface sourceSurface,
SurfaceFlags flags)

// Create from File or URL

public Surface (String filename,
SurfaceFlags flags)

// Create from Stream

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

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

// Create from HICON
public Surface (HICON hicon)

// read-only properties
public Int Width {get; }

public Int Height {get; }

public Int Dpi {get;}

public PixelFormat Format{get; }
public int Stride{get:; }

public IntPtr Buffer {get;}
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content and other data in a | ayered visual cannot be enunerated. O her
types of visuals include container visuals, and 25 redirected child HwWd
visuals, in which content is drawn to a - 43 bitmap, and incorporated
into a surface visual. Three- dinensional visuals enable a connection
bet ween two-di nensi onal and three dinensional worlds, e.g., a canera-like
viewis possible via a two-dinensional visual having a viewinto a 5
t hree- di nensi onal world. Many of the resource objects are inmutable once
Created_h_ihaLjfg__gngg_Lhez_arn created fhpv cannhot bhe hhannpd for
vari ous PPEASBS AsHh A dRAgES npl i fyi ng threadlng i ssues, preventlng
corruptlon by, ot.her and si nmpl t he action w.t ment s |and
APl's. Note téé&ﬁﬁﬁaéé aa%elrs% ey BL%I % I% §e?h 1t§‘ n%nf?las]h%al%ﬁ be notled,
however, tha fL ’Eé L,b to fhave a’'system where such objects are
mut abl ¢, but fori%§agp- mould requi re managi ng a dependency graph. Fqr
exanpl ¢, while |t;ﬁ§e@9§§mggeil 1PBYRa@ System where such 15 objects arle
nmut abl e, if progrqgkcggﬁsgﬁ@ﬂgé% he clip set on a Visual, the visua
woul d meed to be reykeRELT £k ﬂﬂggg)reqU|r|ng a notlflcatlon / registrdtion
mechanijsm e.g., if anewclipis assigned to a visual, the visual
regi sters itseltrw&ﬁéldlBﬁrEbb@Lié&HtHaathéé@&ﬂkﬂ&@eeefged surdaiceschanged
notific¢ation)/ AbLsth&Gurfacns mugd éneet féwncaloprepaptidd c@at i bn pur pgses,
resour¢e objédsi.argc)h mrut abl e. These resource objects can be defined|with
a consdructopublmhi$ﬂrﬁa§eéistra$@ﬂﬁdb@rw¢sdrf§ﬂaﬁéric way to create an

object, or by using a conpanion builder object, as described bel ow. Fqg
: // change the front buffer to the first-in-line back buffer

public Flip ()

-

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

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

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

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

object.

// Create a surface visual
public SurfaceDrawingVisual (Surface surface)
public SurfaceDrawingVisual (SurfacelList surfacelList)

// Create a visual manager with a surface render target
public VisualManager (Surface surface)
public VisualManager (Surfacelist surfacelList)
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- 44 instance, to create a SolidCol orBrush, (brush objects are described
bel ow), a constructor nmay be used: Brush MyBrush = new

Sol i dCol or Brush(Col ors. Red); 5 The user can al so use the static nenbers on
the Brushes class to get a set of predefined colors. Because i t abl e

obj ect s cannoFustheKangegurfaceeCrBcOrFepténdtgs &n AGSR8Er, Pﬁgﬁggér needs
to create a new 10 object and replace the old one with it. To this end,
many of thedr éssudesaokieens engodes $p3t wmifapauttiol pz&rerd tiG fdde

pattern, in which imutable objects are created with a builder _class,

whi ch i sfarwetpaniSonfecass cenaglise Fecapve/sthd dgese faoadites eff scut abl e
object to mrror the paraneters set on the 15 builder, creates _a new
bui | der fiotetfiateshj edt suafdcienicenabiez eonsitrurtem og emruPdiied disragt. The
user then changes the builder as necessary. Once done, the user can build
a nevs obrent they fohdngetgofhsubporded swdfrcesifogmat tyreseat owavsither

i nmut abl e object. Note that having imutable objects 20 with set properties
i s desi r abine, adgdstivan tismmatyalblee meljee ¢os theasperciba echarged, fowmmadn| y
replaced by firing a property change event. Thus, instead of using a

const ructoy .t 0icr eake specSdliedColiceBr iohrmas desdesisedhamove, kdts per

Sol i dCol or BrushBui | der 25 may be used: Soli dCol or BrushBuil der MyBui |l der =
new Sol pd&ell or BheahBhiel det-mpt w4 145beMpBomotterd. Col 3R biCsl @res. Redckel .

Whenever bits are requested from a surface in the original

10 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.
More particularly, legacy programs will still operate via the

15 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
the parent visual is repositioned, as represented in FIG. 10A.

20 As a result of limitations with existing Hwnds, however, when
rendered, a child Hwnd can only be on top of other windows, and
cannot be rotated or scaled like other visuals described above.
Some clipping is possible, as represented in FIG. 10B, where

the dashed lines indicate the HWnd’'s displayed rectangle being
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.Brush MyBrush = MyBuil der. ToBrush(); 5 Most objects that take static val ues
can al so take animation objects. For instance, on the Draw ngContext there
is an override on DrawCircle that takes a PointAninationBase for the

center of,tp §e8‘ﬁ8k?ng'9eﬁgkiv@aép nt) i 4 Do s %@éﬁ@'on

|nfornat|on tive lev resour jects t &1 e exists an
anlnatlog go%kectlon in addition to the base val ue. These are conposited,
wher eby 't € user wanted to animate t he above exanple, the user coul d

specify the f QW exam re_the_ brush is U|It

VyBui | Her | Col OF ARF ragPERo daeﬁaﬁ‘iéo%?mfﬁaﬁlsﬁ(% PP GRS R an
object with an par ters sti, ecau ts ani mation
paranete?geﬁ?gknagg?gt véF Hsﬁhées58n8&3P§pﬁt$§rﬁ 3@é%§ed (e.qg.
trav rse e neanln ani mati on paraneters chang over, tineg,

o i gy ke Lpped: anESroF APAEreds FOPTBERFES d £ 1ona dects AT Rbbve,
visuals can bf g agn Ey populatlng their dramﬁn contexts mth vari ous
drawi ng PtTH# ePﬁP G8i A @RBheFAyloPnHEYBIPRSANGOVFEEEBALELY

Furt hernore i there re a set of resources and classes t.hat are shared
through TAPET@ht FRE IRAEKMAFAPE ARcRu¥ESUPAnYiapiidféple @abRetiyeams,
Transforns and Effects. The IEXaMAn%Cbntext exposes . a set of draw_ng
operatloﬂgoth%ngaﬂ Eénﬁ§e€r98u585& ot 8LaconEEOlDESIRTGYRs (&1 visuals

Val i dationVi sual . | SurfaceDraw ngContext, a base interface tQ IDrawin

cont ext , NREHBea uSEAILE PBpal GEECAN- SUNPhBehataFimidast FERNHGAEL tYt ﬁ’ef
drawi ng context exposes a set of drawi ng operations; for each draw ng

operldt i oPORBEPL @RB Bet ascamPhoabedolE PR¥ENZaKEsJconshaRES &EPAF§HTeNt s,

and one
child visuals under a single parent visual, however this

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.

15 By way of example, in FIG. 11, background data, content
data and border data are contained in a single layered visual,
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

20 layering order (e.g., left-to-right as shown) defining an
implied Z-order for display. Note that for security, child
content and other data in a layered visual cannot be
enumerated.

Other types of visuals include container visuals, and

25 redirected child HWnd visuals, in which content is drawn to a
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that takes animators as argunents. The DrawLi ne nethod draws a line with-
the specified pen fromthe start point to the end point. public void
DrawLi ne(Pen pen, Point start, Point end).; public void DrawLi ne( Pen pen,
Poi nt Ani mati onBase start, PointAnimationBase end); 10 The

Dr anRoundsdRes, angle ORI AN I PUNde o0l Yighey W Hhathe. speci fied

brush and pen; "brus en can be nu ubl1 ¢ vol

Py aufounde BRSNS S e, LSRRI EOME Rl 0 g e
oL A I3 SAARE S e SN PR s MDA Ty | e
tOpLeft’poggk%aeb%%%pgR%%%Ldiﬂgﬂ¥¥bﬂgT Jyéﬁgi %%bing a view into a

5 three-dimensional world.

Many of the resource objects are immutable once created,
that is, once they are created they cannot be changed for
various reasons, including simplifying threading issues,
preventing corruption by others, and simplifying the

10 interaction with elements and APIs. Note that this generally
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

15 objects are mutable, if program code changed the clip set on a
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 c¢lip changed notification). Thus,

20 in one implementation, for simplification purposes, resource
objects are immutable.

These resource objects can be defined with a constructor,
which is a straightforward, generic way to create an object, or

by using a companion builder object, as described below. For
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.public voi d DrawRoundedRect angl e( Brush brush, Pen pen,
Poi nt Ani mati onBase topLeft, PointAni mati onBase bottonRi ght,
Nunber Ani mat i onBase radi usX, Number Ani mati onBase radi usY); - 47 The
DrawGeonetry method draws a path with the specified brush and pen; brush
and pen é&BRTBECRuI Lo FysiEite woisPldgderiusl, B MRt Parpen,
Ceonetry geonetry); 5 The DrawRectangle nethod draws a rectangle with the
speci f i edeseydbegndegeon) breustvrsatd ysdrp aeybeenwiged: public void
Dr awRect angl e( Brush brush, Pen pen, Point topLeft, Size size); public
voi d DrawRectangl e( Brush brush, Pen pen, PointAnimationBase topLeft,
Si zeAni mat i onBasishs My&yush0 =ThewDrSaiSuiCcdee Bretsihod odrcenss. Redlur f ace. public
voi d DrawSurface( Surface surface,
5
The user can also use the static members on the Brushes
class to get a set of predefined colors.
Because immutable objects cannot be changed, to
effectivély change an object, the user needs to create a new
10 object and replace the o0ld one with it. To this end, many of
the resource objects in the system may utilize the builder
pattern, in which immutable objects are created with a builder
class, which is a companion class that is mutable. The user
creates an immutable object to mirror the parameters set on the
15 Dbuilder, creates a new builder for that object, and initializes
it from the immutable object. The user then changes the
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
20 with set properties is desirable, and that immutable objects
cannot be changed, but only replaced by firing a property
change event.
Thus, instead of using a constructor to create a
SolidColorBrush as described above, a SolidColorBrushBuilder

25 may be used:

SolidColorBrushBuilder MyBuilder = new
SolidColorBrushBuilder() ;
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Point topLeft, Size size, float opacity); public void DrawSurface(
Surface i mage, Poi nt Ani mati onBase topLeft, SizeAni mationBase size,
Nunber Ani mat i onBase opacity); Geonetry is a type of class (FIG 12) that
defines a vector graphics skeleton, wi thout stroke or fill. Each geonetry

object is a sinplemsiBang des.0BRRNEL 0610k . [Hdd;pseCeonet ry,

Rect angl eGeonet r y) prast0MiPust ROMyBuRapRr To@&us&ﬂqt hCGeonetry) or a list
of such shapes CGeonetryList with a conbine operation (e.g., union,

intersection, and so forth) specified. These objects forma cl ass

hierarchy as KeRLeSRlREs ithalt! Gakk2 statAT RRNkRILRHRd d1xdltakel3, the
Pat hGeonetry is a collection of Figure objects. In turn, each of the

Figure %Bhg&ftiohs cBResed @iy, 0ne Qs Y e o%&'?r”é“br%‘%ﬁ@tc%n\%:@th cragtaal 'y

define t Igure's shape. A'Figure is a sub-section a Ceonetry that
defines g segmaiiy ?qlal ceek | %awalr%l%%@mt £ el Q‘E)tl'nQ:'?\ﬂﬁnaﬂ:l%er&ls%

connected series o di mensional -~ Segment objects. The Figure can be

gither agghosed SRARRMCEN e MR anga il kgl ApRonRAl Qg series of

Segnents 't ne a curve, but no encl ose area of the

Pat hGeomége}él'f def. h”%%%t&%@ glo]n"_’qatt*l%nc%@ Q:'hrée%é}_i'ng.l{r tRafe navedyhei r

Filled property set to true, plying a eto eermnethe
enchﬁ§edrgggﬁrce objects there exists an animation collection in

addition to the base value. These are composited, whereby if
the user wanted to animate the above example, the user could

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

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

20 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,

25 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 operations that can be used to populate a
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.Note that the Fill Mbde enunerati on specifies how the intersecting areas of
Fi gure objects contained in a Geonetry are conbined to formthe resulting
area of the Geonetry. An 20 "Alternate" rule determ nes whether a point is
“inside the canvas, by conceptually drawing a r%y fromthat point to

i nfinityPravaRgvdspadti Hﬁ,llé?ﬁ&lpﬁ’g’ﬁsélﬁém nikfy niRE Prace NI EXty Segnent

of the shape crosses the ray. By starting with a count_of zero and adding
one eachPfFfieiBtssdacnt ter dOFawinge cPRtERE f Com sf used Hymomhgte a
subtracting one each tine a path 49 segnent crosses the ray fromright to
| eft, af BerfaegHiPrglthe Incpshsnyordst tthe deawing $oadaxt MEPAIRE Poi nt
is outside the path. O herwise, it is inside. A "wi nding" rule determ nes
whet her aepopht doawing emevasiiossindiode caghd dmamidagh pr@redricepttlmyey are
drawing a ray fromthat point to infinity in any direction and counting

t he rhunbewoohephofisSegmenthatr tcakelse cogisven tshayse atrigamerivs . r @ndrasses. | f
this nunber is odd, the point is inside; if even, the point is outside. As
repr esentkdti nake& athdmanbes geomegupehesy., a 10 rectangle) is drawn, a
brush or pen can be specified, as described below Furthernore, the pen
obj ect al so h@keaDbawshneohieetibd Arbmwssh dbjnectwidéef ithes spewitfo egt g cal | y
fill a plane, and there is a class hierarchy of brush objects. This is
repr esenfedmi nhél S&tatd4 ppihhetbi thedendcpangite 1402 that 15 results when
the visual including the rectangle and brush instructions and paraneters

I S processgabliAs vdescCDraxerh helrew, psaNerdiviestaft Prushkes ehguch ag gradients
and ni ne grullsic siczéd phemselates. When used, the size for these|brushes is
obt ai ned from then bmemdi ng box, e.g., when

PointAnimationBase start,
PointAnimationBase end) ;

10 The DrawRoundedRectangle method draws a rounded rectangle

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

public void DrawRoundedRectangle (
Brush brush,
Pen pen,
Point topLeft,
Size size,
float radius);
public void DrawRoundedRectangle (
Brush brush,
Pen pen,
PointAnimationBase topleft,
SizeAnimationBase size,
NumberAnimationBase radius);
public void DrawRoundedRectangle (
Brush brush,
Pen pen,
Point topLeft,
Point bottomRight,
float rx,
float ry);
public void DrawRoundedRectangle (
Brush brush,
Pen pen,
PointAnimationBase topLeft,
PointAnimationBase bottomRight,
NumberAnimationBase radiusX,
NumberAnimationBase radiusY) ;
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20 the G adientUnits/DestinationUnits for the Brush is set to :
bj ect Boundi ngBox, the boundi ng box of the primtive that is being drawn
is used. If those properties are set to UserSpaceOnuse, then the

coordi nate space is used. - 50 A Pen object holds onto a Brush along with
properties for Wdth, LineJdoin, LineCap, MterLimt, DashArray and
DashOrfset, as represent ed in the exanple below 5 public enum

Syst em W ndows Qnet{ho%ﬂdnav}%otw%aéglrer& Jé}lep d&i e
System Wndows Medr a. PenLr neJoi n ter Round, Bevel } public class

System W, {ghC%ﬁﬁ E}éq.} l;{dlcl Pen( Col or coI or, float
wi dt h); g&%?){sc Pen( Br ush ubr us I oat W dt h) 20 // Properties public

oW

float[] sHAr 1 geloid paWBEL Rl pat Pashtffset—<—get—F—257public
Fl oat Ani mat i onCol Feé &goz)gﬁkgf se?Ar?rJrratr ons { get; } public PenLineCap

LineCap {|get; ) publheg Penli neJoin LineJoin { get; } 30 publi¢ float
MterLimt { get; ) pubhberyanri-gmti onCollection MterLimtAnmi mations {
get; }

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 topLeft,
Size size):

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

10 The DrawSurface method draws a surface.

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

public void DrawSurface(
Surface image,
PointAnimationBase topLeft,
SizeAnimationBase size,
NumberAnimationBase opacity);

Geometry is a type of class (FIG. 12) that defines a
vector graphics skeleton, without stroke or fill. Each
geometry object is a simple shape (LineGeometry,

15 EllipseGeometry, RectangleGeometry), a complex single shape
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.publiic float Opacity { get; } public FloatAni mati onCol |l ection
Opaci tyAnimations { get; } 35 public Brush Brush { get; } public float
Wdth { get; } public FloatAninmationCollection WdthAnimtions { get; } 40
} public sealed class System W ndows. Medi a. PenBui |l der : Builder { 45 //
Fi el ds CbashGeaomersy)polrl ac 1IRerBoifl dewd shaplasc GeenBuirtyddrs(tColidath @ol or) ;
50 public PenBuil der(Brush brush); - 51 public PenBuil der(Pen pen); [/
Properti esmpiihei opkkeatiph DeshAr,r apipngetinteeisecition,pulld cd [foatth)
DashOf fset { get; set; } public FloatAni mationCol | ecti onBuil der
DashCOf f sepéai fbedonsThesgebbikct@ [fokh @ Penkisn&Cap aricheCas {regetesesaied }
public PenLinedoin LineJoin { get; set; } public float MterLimt { get;
set; } pihl FTGEl pat Ani mati onCol | ecti onBuilder MterLimtAnimations { 15
get; } public float Opacity f get; set; } public
Fl oatsAni mat i on§okbpebsenBetl dar Fogacity ARheebh@hSebr@tlry is a
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
10 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
15 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
20 “Alternate” rule determines whether a point is inside the
canvas, by conceptually drawing a ray from that point to
infinity in any direction, and then examining the places where
a segment of the shape crosses the ray. By starting with a

count of zero and adding one each time a Segment crosses the

25 ray from left to right and subtracting one each time a path
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} 20 public Brush Brush { get; set; } public float Wdth { get; set; }
public Fl oat Ani mati onCol | ecti onBui |l der WdthAnimations i get; } 25 //

Met hods public Pen ToPen O; } 30 As nentioned above, the graphics object
nodel of the present invention includes a Brush object nodel, which is

gener al | yoheah! addapar dad beycaespl. sof gerl'e%a ,erarcrﬁgﬁo?*gﬁeége 15,

Exanpl es 0 pes of brushes a repres in the

d, d h I I &t h,
| mageBr ush, @s%%%l SR eh A ‘%ﬁli;tQ% 4 ereﬁ%%%a'*% e Ceasten,
Soaar T E”ll‘j'glgvebQélel‘J:%‘@’eLI 1305€ 391, an% R%q%? g?ad S’bt| c atbgﬁiacétéscl ass

descri be rush objects are | mmita

E%/g;teg\]mwrrgtg?gﬁaomlgd %t §(r)lrjl Elbamt %L}’r?agf?%lns d%et a}n}d o}rtheyfol | owi ng sets

o SRR BT U e BBk PP

TOBrUSh(éirection 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

10 rectangle) is drawn, a brush or pen can be specified, as
described below. Furthermore, the pen object also has a brush
object. A brush object defines how to graphically fill a
plane, and there is a class hierarchy of brush objects. This
is represented in FIG. 14 by the filled rectangle 1402 that

15 results when the wvisual including the rectangle and brush
instructions and parameters is processed.

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

20 the GradientUnits/DestinationUnits for the Brush is set to
ObjectBoundingBox, the bounding box of the primitive that is

being drawn is used. If those properties are set to

UserSpaceOnUse, then the coordinate space is used.
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.publ'ic override seal ed object Createlnstance(); { return ToBrush(); 15 }
float Opacity { get; set; } FloatAnimationCollectionBuilder
QpacityAnimations { get; } } 20 Note that Brush objects may recogni ze how
they relate to the coordi nate system when they are used, and/or how t hey
relate to t heAbBendPRgebsx hotl dshengivage Bomshhiadionicheyl tiy enepaftigs for
general, information such as size may be inferred fromthe object on which
t he brusWifishdr Gnednbre paneCepl aMiyenidamitof DaGhtvarayr gsid Dasdifseta
coordi nate system for specifying sone of their paraneters. This coordinate
syst em caf eephesehtedefinnctie axampllat bedowo t he sinpl e boundi ng box of the
shape to which the brush is applied, or it can be relative to the
coordinate space that is active at the tinme that the brush is used. These

30 are Kkpowltc respesysveah ywindswebpedi Bawndi ngBax node and User SpaceOnUsp
node. 5B{ public enum System W ndows. Medi a. Br ushMappi ngvbde {
bj ect bpundimgBox Rouhl8erSpaceOnUse, 5 } A SolidCol orBrush object fills fhe
identifj&d plane with a solid color. If there is an al pha conponent of [he
color, jt is conbined in a nmiltiplicative way with the corresponding 10
opadi%y ?‘ﬂ]?lﬂioo@émi AY'$ tran Bigslawp alfed il -FeaLimpéo¥m| | owi ng sets
Miter, Round, Bevel
}
15 | public class System.Windows.Media.Pen
{
// Constructors
public Pen(Color color, float width);
public Pen(Brush brush, float width);
20
// Properties
public float[] DashArray { get; }
public float DashOffset { get; }
25 public FloatAnimationCollection DashOffsetAnimations { get; )}
public PenLineCap LineCap { get; }
public PenLineJoin LineJoin { get; }
30 public float MiterLimit { get; }
public FloatAnimationCollection MiterLimitAnimations { get; }
public float Opacity { get; 1}
public FloatAnimationCollection OpacityAnimations { get; )}
35
public Brush Brush { get; }
public float Width { get; }
public FloatAnimationCollection WidthAnimations { get; }
40 }
public sealed class System.Windows.Media.PenBuilder : Builder
{
45 // Fields
// Constructors
public PenBuilder{); ,
public PenBuilder (Color color);
50 public PenBuilder (Brush brush);
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forth an exanpl e SolidCol or Brush object:
Syst em W ndows. Medi a. Sol i dCol or Brush :
Sol i dCol or Brush();

col or);
20 colo
| Enunmer
System
30 publ
col or9y;
35 publ
get; }

obj ect s
specify
sor t1®f
i nterpo

15

20

25

30

35

40

public seal ed cl ass
Brush

/1l initialize to black public SolidCol orBrush(Col or

{ 15 // Constructors public

publ i ¢ SolidCol orBrush( System W ndows. Medi a. Ani mat i on. Col or Conposer

) £&®enPBEL] £ Coror Cotor {" get; | public
ator olrcAﬁF%g??%%és e EQX 25 } public class

W ndows . iegbea £ Sk i dCoI or Brushsui |l der BrushBuilder { // Construct
c SopumsiGel @nBaushBudhderay; { pudd;i eSol + dCol or Br ushBui | der ( Col or
public SolidCol or Brushsui | der (Sol i dCol or Brush scp); // Properti
c CopwrliColfdraf PeshOffset [ prfbl isetAnimati onLi st Col or Ani mati ons
/1 Netiidids Faabtieind ritngpl B?%@FPHEGBM%(@asholﬁésft%@“ﬁlmserﬁt Bru

or simplylgradients, provide a gradient fill, and are drawn by

ng a set of gradient stops, which sEecify the col ors al ong sone
pr ogPeRkiicoRenkEne¢ar Jringlean; { |%e‘:by sg by perforning |inear
at|oﬂ§bllc 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;

float Width { get; set; }
FloatAnimationCollectionBuilder WidthAnimations { get:

public
public }
// Methods

public Pen ToPen() ;

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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.- 54 Dbetween the gradient stops in a gamm 2.2 RGB col or space;
i nterpol ati on through other gammas or other col or spaces (HSB, CMYK and so
forth, is also a feasible alternative. Two types of gradi ent objects
include linear and radial gradients. 5 In general gradients are conpose
of a |isPubligrarfiténct steps SvEaenh-Binddwssdegiadbembh st ops contains a col or
(with thé included al pha value) and an offset. If there are no gradient
st ops speci f FEPE t%éc[b?&sh g&tidlawn as a solid transparent_  black, as if
t her e ot pLerFF Hetion @Pa‘flft%’i‘éf“@t?%“ﬁo{pé’ﬁlty’ éne gradi ent stop
speciTi 7 - i 1 col or
specified. Like other resource classes, the gradient stop class (exanple
in the table below) __is inmutable. public class )

Syst em W ndow&RRedPa leadde fESSoF Ot £ NP lq FHVUSHES 5% D% or
float offset); public Color Color { get; } public AninmationEnunerator
ColorAnjmations { get; } 20 public float Offset { get; } public

Ani mat i pRERLife rediser acf f sbasiniSystpon8igdapst. Meflia }BryufiiBud 1éppss Builder
Syst’dn Windows. Medi a. Gr adi ent St opBui | der Buil der 25 { public

G adi enf St opBthYige V¥ tuphitnusharaBr et StiopBui | der (Col or col or, fl oat

of f set) pl.FE'Pk?]&cCBI"ﬁFrKEEﬁ creafl egepbI ot CrraseIngAnae (Ani nat i onLi st

Col or Anj mat i nsr{et%et; é 1P"fhb|ic float offset { get; set; }

rn ToBrus

)
15 }
float Opacity { get; set; }
FloatAnimationCollectionBuilder OpacityAnimations { get; )}

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 is active at the time that the brush is used. These

30 are known, respectively, as ObjectBoundingBox mode and

UserSpaceOnUse mode.
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public AnimationList OfsetAnimations { get; } public G adientStop

ToG adientStop(; } 35 55 There is also a collection class, as set forth
in the follow ng exanple: public class

Syst em W ndows. Medi a. G adi ent St opCol | ection I Collection { 5 public
G adi ent S OPLOT LR CYBT In . # ndeiRL Yed ] 5 B RWAMEED ingMode _

G adi ent $t opCol l ection(G adi entstop[] G adientStops); public
Gradient Sto dae-Lap{h&t ection ¢); If [ Enunerable 10 public I Enunerator
CGet Enuner at ofddrspakboh@ee ) ection public void CopyTo(Array array, int

i ndexy ; | public bool [Collection.IsSynchronized { get { return false; } }
15 publ rc—int Count { get; J public object 1colTection. SyncRoot { get;
/1l Extra functions public Gadientstop this[int index] { get; } 20 public
bool Cont ai nsfGsadi gfbIbeRrYi@hueb; cRublfiq Tisnthendepeeh(Eiadi @NbslcORiv we) ;
/'l returns first one public int I'ndexOr(G adi entstop val ue, int
start|ndex)i apebhbe.i Nkl ReRXAf (& adi ANEHEORMPoHent Bl hRr dJdex, iitt
count); public int LastlndexO (G adientstop value); 25 public int

Last | ndex(¥ (Gradhent $HhoR wah¥epilikh tatRr whpdeXkh R¥Rl icerirdsponding

Last | ndexOF (G adi entstop value, int startlndex, int count); public

G adj ¢nt §HaRRL geti-9B,uERt RANgel Rl uisPd@%sel B a&RUNt Jthe following sets

forth an example SolidColorBrush object:

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

15

// Constructors

public SolidColorBrush(); // initialize to black

public SolidColorBrush(Color color);

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

// Properties

public Color Color { get:; }

public IEnumerator ColorAnimations { get; }
25 }

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

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

// Methods
public virtual Brush ToBrush();

40 |1}

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

45 The gradient is by drawn by performing linear interpolations
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.} 30 public class System W ndows. Medi a. Gr adi ent st opCol | ecti onBui | der
Bui l der, [IList { public G adientstopCollectionBuilder(); public
Gradi ent st opCol | ectionBui |l der(G adientstop [] GadientStops); 35 public
G adi ent st opCol | ecti onBuil der(1Coll ection c); public
G adi ent SEEWEEP EBEi gRBELEREr CEORG dft §t FFHIA ectd HFE GURRRPRUYS) ;
| Enunmer able 40_public | Enumerator GetEnunerator(); // 1Collection public
voi d CopyT6EAPPaATtarRahriongh wdder JeuBibsc Bodthero|ldad@y FPASSSy ndi®ni zed
{ get { return false; } 45 public int Count get; } public object
| Col | ect F¥¥KSpREREEt fpr§hy ; ip also B feasdbiliec roadHReedsi O {ERas {
return false; } } 50 public bool IsReadOnly { get { return false; } }
publ i c oBfegrafipst. phiisctisntincldele] lingear: aset radiadulgnadiants.
| Li st. Add(obj ect value); public void Cear(); public bool
| Li sto Cont ai n$Qopprerajal gepdisstsuliriec compolsiedsofl gddxiet of] emadiginte); //
returns first one public void IList.Insert(int index, object value);
publ i c vetdpsLi sEaRbnofetbbsecgradient) stewsvesonfttiaisis eneol®s (wildh dcheoi d
RenmoveAt (int index); // Extra functions

included alpha value) and an offset. If there are no gradient

stops specified, the brush is drawn as a solid transparent
black, as if there were no brush specified at all. If there is
10 only one gradient stop specified, the brush is drawn as a solid
color with the one color specified. Like other resource
classes, the gradient stop class (example in the table below)

is immutable.

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

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

}

public class System.Windows.Media.GradientStopBuilder : Builder
25 {
public GradientStopBuilder();

public GradientStopBuilder (Color color, float offset);

public Color Color { get; set; }

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

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

35
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public GadientStop this [int index] { get; set; } 5 public int
Add( G adi ent stop val ue); public bool Contains(G adientStop value); public
i nt I ndexof ((3radientStop value); // returns first one public int
| ndexof (Gradi ent Stop value, int startlndex); public int
| ndexOf (G adi ehile3teOf svally®, a rioldtemrtilondex adsnt asowett) ;forkh publthe i nt
Last | ndexOf (Gradi entstop value); public int Lastl ndexO (G adi ent St op val ue,
i nt startfbndewingdPeXanpligit Last| ndexOf (G adi ent Stop val ue, int startlndex,
int count); public void Insert(int index, GadientStop value); public void
Renove( Goash @NE SR syl bl indolvs NN S5 alil &St Ot 1 1dex pHD 110V Dédt ion
AddRange(! Col I ection c); public void InsertRange(int index, |Collection f);
publ iT yoi d BRekbv w re@ggﬁamp%hé@@mph& éo LFmP Y lisgbl jc void Set Range(i nt
1
%‘3@

i ndex, | Col IR¢gt P & dP%@éﬁ?@ﬂ‘gl ?%’c}t FEHEGT FfeSGet Range(i nt

i ndex, int doun apCOfL s a wi'l’l throw an exception if|it
I s set |ess //t hgdudeosmite. publ ic int Capacity { get; set; } 25 // Builder
overl®ads pll:hlblltc aeettdrdeooiteeEturBuatal((); public override void
Reset Bui | der () publ i C overrl de void SetBuilder(Qbject exanple); 30 publ|c
G adi ent st od glc | ent St opCoI Lect | on() } As represented in the

tabl e b<=| ow i oﬁP%& Flg& howd.0g &hadl gnt, shoul df be
dr aws gh 1 tspegglt ied vector or space. There are three

publlc object ICollection.SymcRoot { get; )}

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

30 public class System.Windows.Media.GradientStopCollectionBuilder : Builder,
IList

{
public GradientStopCollectionBuilder();

public GradientStopCollectionBuilder (GradientStop [] GradientStops);
35 public GradientStopCollectionBuilder(ICollection c);
public GradientStopCollectionBuilder (GradientStopCollection
GradientStops) ;

// IEnumerable
40 public IEnumerator GetEnumerator();

// ICollection

public void CopyTo (Array array, int index);

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

public object ICollection.SyncRoot { get; }

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

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

public int IList.Add{(object value);

public void Clear();

public bool IList.Contains(object value); '

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

public void IList.Remove(object value); // removes first one
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val ués,
to fill
reverse

are repeated in order 40 unti |

I ncluding pad, in which the edge colors (first and |ast) are used
the remai ning space, reflect, in which the stops are replayed in
order repeatedly to fill the space, and repeat, in which the stops

the space is filled: public enum

—

SySt em Yy S eaal\e alaYa D Ro a
57 FIG ' V@i%ﬁﬁ?@gaﬁﬁl ﬁé“@?ﬁhlentSpreadthhod Each shape has 4
| i near gradhentxaﬁjn@uhﬁeﬂgwhlte to grey. The solid line represents the
gradi enf vectubtic Srifeentcneartiadiientirsipetif ges: aeki near gradi ent brush
al ong® veéwéiﬂ3Fﬁé &%UFV@HGBFS@ﬁb ®h§@e0|fﬁ colors stops along t hat
vect or. An é%% ﬁ§1 hybl
ndex 1en e r f r one
System W ndq\ys; dgggf top ﬁ@ shet $ ?s up a gradient
with tw C0|;ﬂb$1cal’idtalr@léﬁdf @}hay&ﬁb@&sp vawézl flhedsttaQtfridJeL( the ebiRet the
gradi®nt i s pappld edtticastIddexof i eRzdiest Obp eetlBeundi ngBox for the
G adi ent Uni tpslblme érft#t uﬁtﬁnoé(@anleamt@tam\@ﬁv Colngr seaglcdndex)Col or col or 2
float apgl epbl B @b Jfg@ Grg;a gﬁ umt startgedex ) ipflsPRRt) /
Tr ansf of mG"@Ea uﬁ r%gg s p@ bia)e @%@é@ié@&@&dmhod
Spr egmiMet hodubl getos e
public void InsertRange(lnt 1ndex, ICollection c);
public void RemoveRange(int index, int count);
public void SetRange(int index, ICollection c¢);
20 public GradientStopCollectionBuilder GetRange({int index, int count);
// Capacity is a hint. It will throw an exception if it is set less
than Count.
public int Capacity { get; set; }
25 // Builder overloads
public override object Build();
public override void ResetBuilder();
public override void SetBuilder (Object example) ;
30 public GradientStopCollection ToGradientStopCollection();
}
As represented in the table below, the
GradientSpreadMethod specifies how the gradient should be drawn
35 outside of the specified vector or space. There are three
values, including pad, in which the edge colors (first and
last) are used to fill the remaining space, reflect, in which
the stops are replayed in reverse order repeatedly to f£ill the
space, and repeat, in which the stops are repeated in order
40 until the space is filled:
public enum System.Windows.Media.GradientSpreadMethod
{
Pad,
Reflect,
45 Repeat
}
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public Point VectorStart { get; } public PointAnimtionCollection
VectorStart Animations { get; } public Point VectorEnd { get; } public

Poi nt Ani mat i onCol | ecti on Vect orEndAnimations { get; } [// G adient Stops
public G adientStopCollection GadientStops f get; } } public class

Syst em W ndow. Medi a. Li near G adi ent Bui | der Gradi ent BrushBui |l der { public
Li near G adi ent Bui |l der(); public LinearG adi entBuil der(Col or colorl, Color
color2, float angle); public LinearG adientBuilder(LinearGadient lg); [//
G adi ent Uni t s pridef aW tsHowOd:eeidiaind malex cdadildre: SestivipiodgModeach
GadientUnits { get; set; } [// GadientTransform Default is identity
public TraR$fOhRCaadiigrlahr dArdnd @flng Satom whilde S epdVet hathie Def aul t
i s Pad public G adi ent SpreadMet hod SpreadMethod { get; set; } 58 //

G adi ent Magion ile PREAYdeMACHMe ighdd. e veddkdd. public Point
VectorStart { get; set; } public PointAni mationCol | ectionBuil der

Vect og St ar t AnipRt i1QR% g r@@iierteispde FURld & RAIHYa Vet blfln S&ng %

publ i ¢ Poi nt Ani mati onCol | ecti onBuil der Vect or EndAni nations | get; set;
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; }

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

public PointAnimationCollection VectorEndAnimations { get: }

// Gradient Stops
public GradientStopCollection GradientStops { get; }

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

// GradientUnits: Default is ObjectBoundingBox

public BrushMappingMode GradientUnits { get; set; }

// GradientTransform: Default is identity

public Transform GradientTransform { get; set; }

// SpreadMethod: Default is Pad

public GradientSpreadMethod SpreadMethod { get; set; }
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Gradient Stops public void AddSt op(Col or color, float offset}; public
G adi ent St opCol | ecti onBui | der Gradi ent St ops { get set; } } The

Radi al Gcadient is simlar in progranm ng nodel to the 5 |inear gradient.

However, whereas the |inear gradient has a start and end point to define

the gra

point tqg defineq i behavior. The circle defines the end point]| of
the gr dleny? b gf;iég;y% %E%ggep5[ﬁtop(?t O defines the color at 10 the
circle. [The feak cppbmt%%%kgggtgle@t{e EE@ gradient. A gradient stop{at
0.0 defijnes theisel psidiadingth 9&@&1mt%nsﬂfaerlbe%he%tﬁrimnaltlgﬁéd{ en
that frgm whitgd.0-@rey; The outside circle represents the gradient cirgle
whi | e the dotpubdesoternt Reckeeshd poigadt; fhts gxanpl e gradient has its 15
Spr eadMgt hodp@eiti ct poiPadnimathOncquubtt ionel Asier VectorEndAnimations { get; set;
Syst em W ndows! Medi a. Radi al Gadient : GradientBrush { Sets up a gradient
with two colors. This inplies ObjectBoundi ngBox for the GadientUnits 5
property along with a center at (0.5,0.5) a radius of 0.5 and a focal point
at (0.5,|0.5) pulgrdeciiRadi at&y=adi ent (Col or colorl, Color color2); public

Br ushMapgpi ngMopkebIGraadice At MRS o (Cgébr §oldy .pdBbat Jf&aedflor m

G adi ent|Tr ansfewiilc gerdidntPidrdod 16r btlprBnidgiesadied iyt SSopeadMethodel: get ;
}ol C}a?ient definition

The RadialGradient is similar in programming model to the
5 linear gradient. However, whereas the linear gradient has a
start and end point to define the gradient wvector, 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
10 the circle. The focal point defines center of the gradient. A
gradient stop at 0.0 defines the color at the focal point.
FIG. 17 shows a radial gradient that from white to grey.
The outside circle represents the gradient circle while the dot
denotes the focal point. This example gradient has its

15 SpreadMethod set to Pad:
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public Point CrcleCenter { get; } 15 public Point Ani mati onCol | ecti on ,
CircleCenterAnimations { get; } public float CrcleRadius { get; } public

Fl oat Ani mati onCol | ecti on Circl eRadi usAnimations { get; } public Point
Focus { get; } public PointAnimationColl ection FocusAnimations { get; } 20
/1l Gradient Stops public G adientStopCollection GadientStops { get; }
25 publi @ubliassl&sstsgméﬁ Vikolews Nitediia - Rald p B¢ r@daehi te nt @rAdigeyBrush
G adi ent Brusth I der g blic d| aI Gr d| ent BUI | der (); public
Radi al G| adi €} rﬁr ent g?&A&mus
Radi af GLadl /ryt c%mef OQ)a lentUnits: Default is
Qbj ect Bounding %dlﬂblb:lﬂ o Bramah&/ba@pangjmﬁlea@rammmﬂum ts { get; set; } [/
G adi ent Tr armrmltq:nRaB)eéJal;rlaﬁlers(CdJem Fo3or35 @uibkiwldrasf orm
G adi ent Tr ansf or m et; S readl\/bt hod Default is Pad public
Gradigm Spr 8 Fﬁo‘fﬁ t{ g‘} P Gradient definition B0
) orm radi )
publTC Poi nt ggl ﬁ ho% geQO p. 0.5) public
Poi nt Anif mat i onCoI | ecti onBU| eCent erAn| mations { get; set;} pubjic
float Circl eRadr@e{xtgmf;LsalonDef auI t: 0.5 public
Fl oat Ani mat |R31ﬁ€€ﬁ |Peert ¢viBe}9¢eEeCi{r 8¢'eRAdi usAni mat i ons get set; )
15 lic PointAnimationCollection CircleCenterAnimations { ge
publlc float CircleRadius { get; }
public FloatAnimationCollection CircleRadiusAnimations { get; }
public Point Focus { get; }
public PointAnimationCollection FocusAnimations { get; }
20
// Gradient Stops
public GradientStopCollection GradientStops { get; }
}
25 public class System.Windows.Media.RadialGradientBuilder :
GradientBrushBuilder
{
public RadialGradientBuilder();
public RadialGradient{Color colorl, Color color?2);
30 public RadialGradientBuilder (RadialGradient rg);
// GradientUnits: Default is ObjectBoundingBox
public BrushMappingMode GradientUnits { get; set; }
// GradientTransform: Default is identity
35 public Transform GradientTransform { get; set; }
// SpreadMethod: Default is Pad
public GradientSpreadMethod SpreadMethod { get; set; }
// Gradient definition
40 public Point CircleCenter { get; set;}//Default: (0.5, 0.5)
public PointAnimationCollectionBuilder CircleCenterAnimations { get;
set;}
public float CircleRadius { get;set; } // Default: 0.5
public FloatAnimationCollectionBuilder CircleRadiusAnimations {
45 get;set; }
public Point Focus { get;set; } // Default: (0.5, 0.5)
public PointAnimationCollectionBuilder FocusAnimations { get;set; }
// Gradient Stops
50 public void AddStop{Color color, float offset);
public GradientStopCollectionBuilder GradientStops { get; set; }
}
Another brush object represented in FIG. 15 is a
55 VisualBrush object. Conceptually, the VisualBrush provides a



.publ’ic Point Focus { get;set; Default: (0.5, 0.5) public
Poi nt Ani mati onCol | ecti onBui | der FocusAni mations { get;set; } [// G adient
St ops 50 public void AddStop(Col or color, float offset); public
G adi ent St opCol | ectionBui |l der GradientStops { get; set; } } Another brush
object represented in FIG 15 is a 55 Visual Brush object. nceptual ly, the
Vi sual Br §SH [Poiedss % VESWR It o Tha & PSA KTA R #%al?fgp%%t%d,
tiled fashign as_.a fill. Visual paint_ objects also praovide a pechani smfor
mar kup  Fdriduagd/ 5iadi ety SRISE R tq%%%@mldeaﬁﬁﬁ%ﬁh%% YR
as descri_bed bel ow. An exanple of such a fill is 5 represented in FIG 14
by the viléFUageudy [BEEEN MPE Widdhl thy ARE Y hidtd i LePEICe hat
specifies a single circular shape 1420, with that circular shape filling a
rect angl é€VA832. aphescrihed/ibafQwsr uf e lanit retdt ehdel Bl viSual to
define how that brush is to be drawn, which introduces a type of rryltifle
10 use f&epreseated iR tHiG ket the prisgrambrishuseefgrent g raryt sua
graphics "netafile" to fill an area via a brush or pen. Since this is a
conpr essd@nfopmyf ehidiboniisgediid tdiaty snadifties @ dridphie civeukar aare
graphics resource. The following sets forth an exanple Visual Brush object:
15 publ i ¢4&0as wigys ttdmtwaidowslavedibepd sidl Bmes e Bragiandleudis. Thus,
Vi sual Brush( Vi sual v); public BrushMappi ngMode DestinationUnits { get; }
20 publ i ¢her VdilsMagdBrmghb b jCartt ertyniefeferyet ;a vigudl it Tefigioriow
Transform ( get; }

that brush is to be drawn, which introduces a type of multiple

10 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 storing and using
arbitrary graphics, it serves a graphics resource. The

following sets forth an example VisualBrush object:

15 public class System.Windows.Media.VisualBrush : Brush
{

public VisualBrush(Visual v);

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

public Rect ViewBox { get; }

public Stretch Stretch { get; }

25 public HorizontalAlign HorizontalAlign { get; }
public VerticalAlign VerticalAlign { get; }

public Point Origin { get: }

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

"public SizeAnimationCollection SizeAnimations { get; }

// Visual
public Visual Visual { get; }
35 }

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

public VisualBrushBuilder();
40 public VisualBrushBuilder(Visual v);
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public

Hori zontal Align Horizontal Align { get;

Vertica
Poi nt An

public Stretch Stretch { get; } 25 public’
} public Vertical Align

public Point Oigin { get; } public

1 30 public Size Size {

Rect ViewBox f get; }

| Align { get; }
i mati onCol I ection Origi nAni mati ons { get;

get; )
public
System
Vi sual B
Vi sual B
hj ect B
5// Co
Cont_ent
Tra 0]
and ign
and ign

set ;12

20

25

UbT ipGe Sl Z O AU TR L L SHEGOL ARGV QR 1 BHZeAGhymL | ons ( get, 7/ visual

Vi sual Visual { get; 35 } public class
Wndd\/vs]?%dF%lt.l\?Pg‘EﬂdqurgﬁﬁﬁB&F | idePPIeBPUsIBIFPder  ( public

rush @P}?@Eﬁ?ﬁf@@pgﬁg %thE% tb%ﬁﬁgm{égﬁ’( Vtstal v); - 61 publ|i
r ushBuy, icieg é%%-$§§g\é te tfm t{lg@ii goniyts: Default is
pundi/ngBexs £ ¢ral| berRBnysiVapaitigibde DestinationUnits ( get; set;
Nt entplnl ics Trddeffauh tTrags Thpe CtddouneitngBox publ i ¢ BrushMappi nghbde
Uni t ¢/ {VigeBoxs@pfaylt (g ('PrlérPs'f%gm upeta@rf jgEoFreentity public

v
rmTP% oRREY Vat g‘”‘sé 9t/ | S]hiepBax: ault is (0,0,0,0) -- unset
or ed ;?1%&55%% (E%%}i i/ﬂ%@\@ée yh B&no%"cf Default is None

[—

t .

Odadx 9thorS&ls Stretch;
or ed pubEGagsestichesteewBoX gks; Bet; set  public Stretch Stretch ( ge
| HovizontaltAlagion:Deé¢mullt iss CEetrrepndidnoxgdor ed

public HorizontalAlign HorizontalAlign { get; set; }

// VerticalAlign: Default is Center and ignored

public VerticalAlign VerticalAlign { get; set; }

// Origin: Default is (0,0)
public Point Origin { get; set; 1}
public PointAnimationCollectionBuilder OriginAnimations { get; set;
// Size: Default is (1,1)

public Size Size { get; set; }

public SizeAnimationCollectionBuilder SizeAnimations { get; set;

}

)

// Visual: Default is null -- nothing drawn

30

35

40

public Visual Visual { get; set; }

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 is being
filled by the VisualBrush is the local coordinate space at the
time of application. The content space is mapped into the
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.
The ViewPort defines the location where the contents will

If

eventually be drawn, creating the base tile for this Brush.

the value of DestinationUnits is UserSpaceOnUse, the Origin and
Size properties are considered to be in local space at the time
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.15 public Hori zontal Align Horizontal Align ( get; set; } // Vertical Align:
Default is Center and ignored public Vertical Align Vertical Align ( get;
set; } // Oigin; Default is (0,0) 20 public Point Oigin ( get; set; }

publ i ¢ Poi.nt Aninmati onCol | egti.ori BuiJ der Oi.gi nAn natians (. ..set, } 1/
B e CpoPEuPPBLICEEIBR Ul 8RR te Pagdte cdebest It iUri £ s

Si zeAni nmgi,onCoI I e%t,i onBui | der Si zeAni.nati ons {S_get; set; . 25 /(4 Vi sgjal :
Def aul t PEIRGFPOUNARBERPKg Ff&hn alp ML Viddida S WS 1€ CPEHLAE®]d 89 e 30
A Vi sual Brush's contents have no intrinsic bounds, and_ effectively

descri belBn PRf FRPEE1pP&Re SPRFEse a9 &8 dhe (tPR/H&GHT SRF&Horfi nat e
space, and the space which is being filled by the Visual Brush is the | ocal
coor di naFBespauBdangt Rex FifnEher oRmcitec RELHH. heght & dpded § hRapped
into the 35 | ocal space based on_the ViewBox, ViewPort, Alignments and
StretTh PPbperY FéghtTRErVREWREX the SHEE POFd i oo MEMPSHacONSIERF tohi s

rectangle is mapped into the ViewPort (as specified via the Oigin and
Si ze pr oB@FFﬁ@gieﬁé@ﬂaﬁgVebeTﬁé Viidwesr whdehi Ass drgemy dean of Ghe
contents will 40 eventually be drawn, creating the base tile for this

Brush. 1200¢Re0val f& shchesn exemedeni id itheUbessiacddondmitshd sOrigi n and
Si ze properties are considered to be in |ocal space at the tine 62 of
appl i cat VearsSpacefstead eheOvabda of DO LA&t kodUR 1S5 zies of 100,100
bj ect Boundi ngBox, then an Origin and Size are considered to be
would describe the entire content area. If the
10 DestinationUnits is ObjectBoundingBox, an Origin of 0,0 and a
Size of 1,1 would describe the entire content area. If the
Size is empty, this Brush renders nothing.
The ViewBox is specified in content space. This rectangle
is transformed to fit within the ViewPort as determined by the
15 Alignment properties and the Stretch property. If the Stretch
is none, then no scaling is applied to the contents. If the
Stretch is Fill, then the ViewBox is scaled independently in
both X and Y to be the same size as the ViewPort. If the
Stretch is Uniform or UniformToFill, the logic is similar but
20 the X and Y dimensions are scaled uniformly, preserving the
aspect ratio of the contents. If the Stretch is Uniform, the
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

25 to the ViewPort’s size. In other words, both Uniform and
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in the coordinate space, where 0,0 is the top/left corner of the bounding
box of the object being brushed, and 1,1 is the 5 bottoniright corner of

t he sane box. For exanple, consider a RectangleGeonetry being filled which
is drawn from 100,100 to 200,200. In such an exanple, if the

Dest i nat iyen WirhdFs 1 1UsaieSpaceOddecanr a@iigi huf THIECKH0 eanhrae sSitie tof

100, 100 woul d describe the entire content area. |f the 10 DestinationUnits
is Obj ect-BURGItNGROX i BN 1@ RridhiG ArandidwdrEe @otlank (sl 1dessiIride
the entire content area. If the Size is enpty, this Brush renders nothing.

The Vi ewBextii$naPed frirRd vikuaeiite tineRAGRd BY SHLstian@dk) || sardd ansf or med
to fit wthin the ViewPort as determned by the 15 Alignnment properties

and the $hrelehTFanar thsuded a3t (@l rtS MORA Wt NG SGalld s the

applied to the contents. If the Stretch is Fill, then the ViewBox is
scal edl i RAdeR@RIeNL drit 1 1Ak HaNthgY Jo3 AR SR Siiz&ErS: the Péd ewPort .
If the Stretch is Uniformor UniformloFill, the logic is simlar but 20

the X angd, ¥ didiPR$IORE AR 1108l ed UNIHORMLBIN 83LIMIY t RherpsRECt Tatio
of the contents. If the Stretch is Uniform the ViewBox is scaled to have

t he mres%?%%k?xaw?}i %Fﬂﬁ@ﬁ' O R LAt QatiRemEeWRaNY $ 8188 oddud, hena
ni formioFi I'I",

Stretch I's the ViewBox is scaled to have the |ess

constr ai @‘Edwqilrfg%%is%%i%%;‘%l]aez?s‘pto‘ln@eV\ﬁe%%.t "s size. |In other words, both

Uni form and - oFi 'l preserve aspect ratio, but Uniform ensures
that the ent Lﬁ*& .\ﬁl%wg%\)i%e\@ gé?%e%é%t%t@@%%{/\%f( %Otsq.@l?]% !t]}’il'eei’i‘é of
portions of the ViewPort uncover y the ViewBox), an hi T ormloFi |
ensures that, e ‘?‘e%%'[d}r?‘%eéﬁ SRR ol e 189 ! & e 3 YL (RALRN al |y
causing portions o e ViewBox to be .
tile 800 when stretch is set to “none.” The tile 1802 is a
representation of when the stretch is set to “Uniform,” the
tile 1804 when stretch is set to “UniformToFill,” and the tile
1806 when stretch is set to “Fill.”
15 Once the ViewPort is determined {(based on
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 is Fill, or if it just happens to occur with one of the
20 other three Stretch values), then the ViewBox is positioned at
the Origin so as to be identical to the ViewPort. Otherwise,
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

25 left edge of the ViewBox will be positioned at the Left edge of
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.outside the ViewPort). If the ViewBox is enpty, then no Stretch will
apply. Note that alignnment will still occur, and it will position the
"point" ViewBox. FIG 18 provides representations of a single tile 1800 of

10 graphi¢s ndered w vari,ous stretch._settings, includi a_tile 800

when strgﬁgh%ielgw%é)qu‘t'o &Htorjré:. A STRENGTy 18152 i@% Cendited D%ﬁ oft BERhen

the stretch.is set to."Uniform" the tile 1804 when stretch |s. set, to

" Uni f or m"l’ﬂjgill ?’e pgﬁ&%tlﬁélefﬂi aE o HET é’tfrlé’(r)"@n ViEWEQT G Illt.s"RJi%“tmce
the ViewPort is deternm ned (based on DestinationUnits) and the ViewBox's

size i s GBEEr ﬁ?‘ﬁeal(g sEFIE5N Watlle DL - t HEVIPRASSE SheIL RFEHELDIGR i oned
wi t hin thge \P{: wPort. If the ViewBox is the sane size as the ViewPort (if

=

Stretch F IOSPSEPNt just happens to occur with one of the 20 other
three Stretch_val ues%{,, then the ViewBox is positioned at the Oigin so as
é

to be identicaf thet NéevBawpdst .(0o0ndrfilse it Her icomfidexadmnsft and
Vertical Alignment are consi dered. Based on these properties, the ViewBox is
al i gned WReBksbK KRorfentiynditseagicowensifegies -Horlz GhealCAntEREmRLtS ang t
then the 25 |left edge of the ViewBox will be positioned at the Left edge of
- 64 thEsorérperPNUBE, i 1O §cedangr ot ledif siette osEMirsn NG HédrevicamBentsy | |
be positioned at the center of the ViewPort, and if Right, then the right
edges w drendeawnThatpr besYiewPogpeatislr hor trepsiordgi-mredsi dhe 5 |f the
ViewBox is (0,0,0,0), it is considered unset, whereby ContentUnits are
consi derédntentphateonrenbihecs BanadiggBo8patdenusde wondealti oy iginofifsset
occurs, and the contents are drawn into the ViewPort with no transform |If
t he 10 aligned with the ViewPort Origin, and the contents are scale by
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
15 space is filled based on the Brush’s TileMode. Finally, if
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 is filled by its Brush. A Brush which can be tiled has a
20 tile rectangle defined, and this tile has a base location
within the space being filled. The rest of the space is filled
based on the TileMode value. FIG. 19 provides a

representation of example graphics with various TileMode

settings, including “None” 1900, “Tile” 1092, “FlipX” 1904,
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ContentUnits are bjectBoundi ngBox, then the content origin is 10 aligned
with the ViewPort Oigin, and the contents are scale by the object's
boundi ng box's width and height. Wien filling a space with a Vi sual Brush,
the contents are mapped into the ViewPort as above, and clipped to the

Vi ewPor t »r1Thive flO0ms alnde Wradexyi’l € So@r. t It iddp lafit -indves tr enidiender tdfe t he
15 space is filled based on the Brush's TileMde. Finally, if set, the

Brush's tkhanishe Mxampdeplgreghidd catgriseaf tdre &aset helleat her mappi ng,
scaling, offsetting, etc. The TileMbde enuneration is used to describe if
and how a spgae.i 20f iddpe@dantd @ Brustes sA fiirusfenstiati reanHee iidedd Has a
20 tile rectangle defined, and this tile has a base |ocation within the
space beitng of Hrieth. The teethaof dHee 1spaee dessdrildest irbasmr @v tile ckillyeMode
value. FIG 19 provides a representation of exanple graphics Wi th various

Ti | eMyde pngetolsRaHld Mehudiond mpleneentl Y30 thelilloryicl0%Ad "l ighbullP@he - 65
"FlipY" 1906 and "FlipXY" 1908. The top left- nDst tile in the various

exanpl e ghaRRis¢ SO MMES @t Hdle wedas tidcAudihg mdl o IFMETaint aiNCeste f or
generating the pixels for this brush. Note that the | ogic described in

FIG 20 irgaQ0ke.5 @8 ROSSIAIE Waero drphament, alorthe Afadiientanthid
shoul d be understood that ofher ways, including more efficient ways, are

f easi bl e, Bl sexa3Plke L A G |1 keloh M8 effd RMeMOYS RIOCESIINY the
data, e.g., Such that the content i s not drawn for each repetition, with

the tile @Eaa\@@c@lnq g%%ﬁ%qorﬁo\oﬁvc@{ thel @ i1leGardlmP 00 desrad! I siddfey war d

descrlptlon I'n gen each tine the contents of the pattern are drawn,

a neyy cogrgi N3le SYILADS S Wiealiefht FlGaYd @b tion.

In general, eaéh time the contents of the pattern are
drawn, a new coordinate system is created. The origin and
offset of each repetition is specified by the Origin and Size
properties, as filtered through the DestinationUnits and

15 Transform properties.

A coordinate frame is set up based on the DestinationUnits
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

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

25 Dbounding box maps to (1,1). In either case, at step 2006 the
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.of fset of each repetition is specified by the origin and Size properties,
as filtered through the DestinationUnits and 15 Transform properties. A
coordinate frane is set up based on the DestinationUnits property. To this
end, if at st%p 2000, the DestinationUnits_ property, is Usgstﬁace%Usg, t he
current c¢EBPEHRATe PECRREF Bt théEPRELRS iR Wi WaF i SF e Yt €F ng
coordinate frane, via 20 step 2002, If instead at step 2004 the property is
bj ect BoGRGEAGBAL 1Yt e IIaGTdicn§ W6k of the geonetry to which this brush is
applied is used, as represented by step 2004, to A set a new coordinate
frame such thdEChelugF@rassmtssr YersusFlBrurh KUt i those mpsires (01)
and the |l ower |eft corner of the 25 bounding box maps to (1,1). In either
case, at t8€efi2@66ithe Vise@lBrughsf ofaeridpet wine kppls e SR s9rid,
coordinate frame, which essentially defines a grid. FIG 21 represents a
Vi suat Br 88R Ghed serend Siagefd dad rm et 1eeShay d ViRl BrdisTec T N £ r st
circle is a sinple grid, 5 and the second has a Transformwith a Skew in
the x di Péc#i’en of 47. At step 2008, the visual is drawn into each cell of
the grid, as represented in FIG 22, where the visual draws the
appropriate datasteb 2008t ez} suedr 65 Srawyl ewBex el ek i@, thee
Visual is fitted into the grid cell as specified by the ViewBox, Stretch,
Hor i zont g A ga samgpvestentcaidAling i IGat 122, buwthes,e vihe stismadoKxawhethe
DestinationUnits and Transform properties are used to apply the correct
t ransf or appuchribae date.vi Sifalat istep @HLon theeegrisd dokiewlBOA f there is no
Vi ewBox specified, then a new coordi nate

10 specified, the Visual is fitted into the grid cell as specified

by the ViewBox, Stretch, HorizontalAlign and VerticalAlign
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.
15 If there is no ViewBox specified, then a new coordinate
system is established for drawing the content at step 2014.
The coordinate frame is set such that its origin is at the
Origin point for that particular grid cell being drawn.
A clip is applied at step 2018 based on the Size property
20 such that this tile will not draw outside of the bounds of the
cell. The Origin and Size are modified appropriately based on
the DestinationUnits property.
The coordinate system is then modified, based on the
SourceUnits property. To this end, if at step 2020 the

25 SourceUnits property is ObjectBoundingBox, the appropriate
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systemis established for drawing the content at step 2014. The coordi nate
frame is set such that its originis at the Oligin point for that
particular grid cell being drawmn. A clip is applied at step 2018 based on
the Size property 20 such that this tile will not draw outside of the

bounds ofsdshe nC@ldansk-riPidbrnieSiaae e mdid,| estranpiions iiad ely based
on the DestinationUnits property. The coordi nate systemis then nodified,

based on ke spRRWoERIdY t S aRerel theaarddicrend ddpiated! eprid 26 4Aef i
SourceUnits property is ObjectBoundi ngBox, the appropriate - 67 scaling

transf or PricseaR) 1i8d p1StP A02KePtAEIM Shd ttHS cd@Impace@idim and no
new transformis applied. The Transform property is applied at step 2024,
and the goRienlyles drawn at step 2026. 5 Note that if any part of size is
zero, nothing is drawn, and if Stretch is "None," the transformfor the

Vi eWboX 1S Selyo b tHIGh {13l on% UNids 1Y ANE NEWNLPONH RLEy T A4 equal

to one unit in the old coordinate frame. The transform essentially becones

an of f Sefgnlaag%%d Uddd ald Ingd 1 s Al £ hdh ths Stirﬁée ﬂ{e&ﬁ& Mevhgx. As

descri be ove at steps 2010 and 2012, Stretch and the alignnment

properties anly, apaly g%e%nité‘%{a é}feoﬁueﬂ]%ﬁ% ff&ﬁ“‘ﬁ“esﬁt%tec

specifies a new coordinate system e contents, elps to

spect fy boW Lagse sGonkents ARt ddie M splox o lhe Al gamnt 15 opti ons

align the not the contents. r ‘exanp he viewbox is
3 et to” %s%e%‘%i 47 2 c%?x[éﬁst @n”%qfseﬁtdrb%"!&f‘to&f th'{e' 0300 Aldangdde Lhe
pper |eft corner, -t ha Ing W e Cl1pped out.

10 the size of the ViewBox. As described above at steps 2010 and
2012, Stretch and the alignment properties only apply when
there is a ViewBox specified. The ViewBox specifies a new
coordinate system for the contents, and Stretch helps to
specify how those contents map into the ViewBox. The alignment

15 options align the ViewBox, not the contents. Thus, for
example, if the viewbox is set to "0 0 10 10" and something 1is
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

20 special case of VisualBrush. Although a program can create a
visual, put an image into it and attach it to VisualBrush, the
API for doing so would be cumbersome. Since there is no
necessary content coordinate frame, the ViewBox and

ContentUnits property members no longer apply.

25
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. Ret urni

of Vi sual Brush. Al though a programcan create a visual,

ng to FIG 15, imge brush can be thought of as a 20 special case

put an imge into

it and attach it to Visual Brush, the APl for doing so would be cunbersone.

Since t
Cont ent
System
I mage) ;
Transf o
Hori zont
Vertica
Poi nt An
} 15

| mage
System
| mageBr
| mageBr
o]

20

25

30

35

40

45

here is no necessary content coordinate frane, the ViewBox and

Uil 15 cpe gyser $ys temnbierdown oteddagimagepplsyt. : Zrush 68 public cl ass
W ndows, Medi a. | mageBrush : Brush { public | mageBrush(l mageDat a

5 p&BPiE é?‘ﬁ%%b?ﬁ%%‘?fé DE¥9hat i onUnits { get; } public
Fm Tt r t h { get; } public

| al ﬁggiﬁﬁ% Tﬁ}ﬁﬁgimesg”%i }8{1&n6§p{1%%§;c ertical Align

Align { get; } public Point Orlgln { get } public

mat PehCH ISétethéjnS@qt hnlAgeratli ons. nng public Size Size { g
upl i ¢ P8P7EAd @gﬁ}llp c*fqréﬁ‘l’ﬁs}é tqe&ns { get; } public

t a Ir?agellﬁat s SrIGeuBPl ¢t OFhss
W ndews1 ivedb gnd @g@iﬁrl{ls@ul bder : Brusth | der { public
ushswpibder fyintaudlihd 1 ohosigeBt UshBuididen{darageddt get:mage); public
ushBeibHer €irm@eBe ushefb)); 25 // DestinationUnits: Default is

BOLH1dPHEﬂ§§X izeAnimationCollection SizeAnimations { get; }

public ImageData ImageData { get; }
}

public class System.Windows.Media.ImageBrushBuilder : BrushBuilder
{ .
public ImageBrushBuilder() ;
public ImageBrushBuilder (ImageData image) ;
public ImageBrushBuilder {ImageBrush ib);

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

public Transform Transform { get; set; }

// Stretch: Default is None

public Stretch Stretch { get; set; }

// HorizontalAlign: Default is Center

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

public VerticalAlign VerticalAlign { 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; }

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

50

NineGridBrush is very similar to ImageBrush except the
image is warped based on the size. In essence, NineGridBrush
may be thought of a custom type of Stretch, in which certain

parts of the image stretch, while others (e.g., borders) do
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publ i ¢ BrushMappi ngMbde DestinationUnits { get; set; } // Transform
Default is identity public Transform Transform{ get; set; } 30 //
Stretch: Default is None public Stretch Stretch { get; set; } [/

Hori zontal Align: Default is Center public Horizontal Align Horizontal Align {

get; setpot, 3§hﬁé V@E&U%akﬁE'QQzeD%&a%hE hﬁaﬁ%nﬁﬁrtB@b&hﬁg¥%&h%%ahﬁhﬂgn
VértlcaIAllgn get; set; } Origin: Defau is (0,0) public Point

origin {_ggk, geg%m 1é0sBHQE'CtB%/&Eﬁ%bQEHBQG QHk%Q%HhE%e% non-

C}lglnAnlnatlons St ze: Default 1) public Size Size

{ get; Sgglf} ﬁgggggafhgeggl@E%'agqugacgageBu'&ﬂ%r §1%%A%b¥BEF%”§Ok _get ;

set; faul't 1s null -- nothing drawn pub I mageDat a

'nageﬁat ch188' 5 88k akol (B2 NOBEALLIBLURACKS chEl % 3l L2 JprligageBr ush

except thée “Irnmage I's warpe on the size. I n essence, i'dBrush

nay thﬁ?gﬁtmm%n? EH%%OEB£¥8%t9E1§%r E%h§tdgxwgggg %%&t$% GQ%%%%U% the

i mage stVe ers bor der's not while t

Size of the, ﬁ”BgngQ %gﬁgg a %?E%Bgu Tﬁ%u%§a%s%lgﬂkﬁg%g%k%yégqethe

Ni neGri dBru non-""uni ornlscale u esi size. The
;Bbffeg?ﬁrﬁgﬁ Qgg_bgcggg %ect%@%l&he H%%r %ﬂ Estwge%orgerb%%s e&s
count in from the edge of the image.
By. way of example, FIG. 23 represents a nine-grid image
10 Dbeing 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
horizontally, the areas marked “b” expand veftically, the areas

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

15 marked “d” do not change in size.

public class System.Windows.Media.NineGridBrush : Brush
{
public NineGridBrush(ImageData 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; }
public int TopBorder { get; }
public int BottomBorder { get; }

public ImageData ImageData { get; }
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.5 whi ch

set to UserUnitsOnUse.

means that ContentUnits (if it existed for
The Transform property of the

Ni neG i dBrush) would be
Brush can be used

effectively. Note that the border nenbers count in fromthe edge of the
imge. By. way of exanple, FIG 23 represents a nine-grid inmage 10 being
enlarged froma first instance 2302 to a second instance 2304, w th]|four
types of| BiPeLS CLASS rysFeRaRpaey Medf dinely idpgushBatlfarne BroeHB 1088 sane,
the aregs nalg@qc"@ine%ggp@g}qsggfllégp{ ally, the areas marked "b" expand
verticallly, larmGr{@gﬂ@gﬁiqudegx(gag}Qeﬂ;Qg|lgrg@gal ly and vertically| and
the areds 15 mar kedirntdtefi®Bonodr changeghteiidae, public class
Syst em W ndows. Vedi &tNFerEerielBr ish BotBemBsiydepubl i ¢ Ni neG i dBrush( | nageDat a
i mge, i|nt LRYRIB6 WieteCT SR uRPBIHI BBF déTFneGrlﬁ?mﬁ‘i‘p%? der, int BottomnBofder);
public Br UShWFb%EFHMQg mglq%l qjaetfaﬂu%t%]écggg F_bel ic Transform
Transform ( g&diic 4t3nBt n%its éﬁ) k6t; } _
Poi nt Anifmat i om@mhhﬁ@atrmome@éugﬂ nANi daiti eys ( get public Size Sizel{ get;
} publig Si ZEMuquaoﬁwrd Bcansdnr®i ZeAni et ons ( get; } public int
Lef t Bor der O ubI i c | nt RI ght Border { get; } public int TopBprder {
get; } pubbé 1@?92%0 public I mageData | mageDatal{ get;
} } 70| pu abqlgllemt %ﬁ %M% Aad e G Ssh b defer;
Br ushBui|l der set;

// Size: Default is (1,1)

public Size Size { get; set; }

public SizeAnimationCollectionBuilder SizeAnimations { get; set; }

// *Border: default to 0

public int LeftBorder { get; set; }

public int RightBorder { get; set; }

public int TopBorder { get; set; }

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. These different
types of components that make up a transform may include
Transformlist, TranslateTransform, RotateTransform,
ScaleTransform, SkewTransform, and MatrixTransform. Individual
properties can be animated, e.g., a program developer can

10 animate the Angle property of a RotateTransform.
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{ public N neGidBrushBuilder(}; public N neGidBrushBuilder (lInageData °
image, int LeftBorder, int RightBorder, int TopBorder, int BottonBorder);
public NineGi dBrushBuil der (NineGidBrush ngb); // DestinationUnits:
Default is Ooj ect Boundi ngBox public BrushMappi ngMbde DestinationUnits {

geti seti )}l I%réssf%rogefz%efc@rﬂptueasclloqgntagev derti@nsformskans or m (

get; set; ault 1's (0 0) publlc oint Oigin { get; set; }
public P ' ma | ' el By ders %ﬂ'ﬁ%'ﬂ%l&e&et $Rleadd

Si ze: De le %Jf(}n% |d% Size |zoe ‘get; “set; } pub e ©

Si zeAni mgt | i | | TS obcelam e ls 3 s 5o

def aul t Eél 8g§%blo:%gtal %’Eﬁti fzqgorr%g?% ‘get eset a am I Canl nt Rllélht Bor der {
get; set ’fo%L ?Iléb| ic int TopBorder { get; set pubI ic int BottonBorder {
get; set I rrageDat a: Defaul t | s null -- not hi i ng dr awn publ ic

I mageDa .T’Fage%L “"‘t; sets j‘ _j’ AS getret at Y tescribed éruuvc, the
graphi cs o?ﬂoedn()l“mﬁ I of the present invention includes a Transform obj ect
nodel LEld Lpe! gdes the types of transforns represented in the hierarghy
5 of FIG m%% rﬁgdeg a Transform base class. These different

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

coordinate system:

mO0 m0Ol O

10 [X newCoordSys y newCoordSys 1]. ml0 mll O(= [X oldCoordSys y oldCoordSys 1]
m20 m21 1

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

the current transform matrix:

m00, mo0l, 0] [m00, mo0l, 0
YnewCoordSys 1]. m102 m]' 12 O hd mlol ml 11 O = [XoldCoordSys yoldCoordSys 1]
m20, m21, 1| |m20, m2l, 1

15 | [x

newCoordSys

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

instead use the Transform class, which supports animation.

20 public struct System.Windows.Media.Matrix
{
// Construction and getting
public Matrix(); // defaults to identity

25 public Matrix(
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.typés of conponents that make up a transform may include Transfornlist,
Transl ateTransform RotateTransform Scal eTransform Skewlransform and
Mat ri xTransform |Individual properties can be aninmated, e.g., a program

devel oper can 10 aninmate the Angle property of a RotateTransform

- 71

Matrices for 2D conput aibGBSe ait®,r ApuBsetheEd as a 3x3 matrix. For the
needed firansforns, onlydsukleatlfesdapblaeelded instead of a full 3x3

matri x. |These are nanmeddandlelaidhedonblefrdllons. M) nD1 0 5 nil0 mil O

20 n2l
poi nt2f

1 When a matrix is nultiplied with a point, it transfornms that
om t hé RS di nate systemto the previous coordinate system

00 nD1|0 10PEFEVMGIGEd SyEeadRnCodAdsyE Ade iYLl 0 = LXol dCoor dSys
Yol dCoor dSys® 1%&%‘?&?15:?':;?%%%(% can be nested to any | evel. Wenever
new transfoPPTE i &8LRERT % He 985! as post-multiplying it onto the
cur regt [trangform matrix: 0002 L2 0.1%, jOQL00L1, 0,15 LXLeYeoprdsys
Ynewc 0ot dSys%%i % rp} 2,0; gﬁ E Or %{ r SYS. . VA i]’
m02 ne12 1 h ]l{@nﬂlf iwﬁ%%n% cégiu‘% th’gaj B ggﬁﬁ%t RigtoP %’?ﬂsx
directly, buj, +QisiLqdntseoh NS iHiaRal 05N GlASSr r VAL Ghh SURPQLER ani mati on.
20 public stypctheSkpermeYEd dommhdYodhamMat - X {
15 public void SetTranslation(double dx, double dy);
public void SetTranslation(Size offset);
public void SetRotation(double angle); // degrees
public void SetRotation(double angle, Point center); // degrees
public void SetRotationRadians (double angle) ;
20 public void SetRotationRadians (double angle, Point center);

public void SetScaling(double sx, double sy);

public void SetSkewX(double angle); // degrees
public void SetSkewY (double angle); // degrees
25 public void SetSkewXRadians (double angle);
public void SetSkewYRadians (double angle);

// These function post-multiply the current matrix

// with the specified transform

30 public void ApplyTranslation (double dx, double dy);

public void ApplyTranslation(Size offApply);

public void ApplyRotation(double angle); // degrees

public void ApplyRotation(double angle, Point center); //
degrees )

35 public void ApplyRotationRadian(double angle);

public void ApplyScaling(double sx, double sy);

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

45 // Inversion stuff
public double Determinant { get; }
public bool IsInvertible { get; }

public void Invert(); // Throws ArgumentException if
IIsInvertable )
50 public static Matrix Invert(Matrix matrix);

// Individual members
public double MO0 { get; set; }
public double M01 { get; set; }

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

public void ApplyRotationRadian(double angle, Point center);

public void ApplyScaling(double sx, double sy, Point center);
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Construction and jetting public Matrix(); // defaults to identity 25
public Matrix( 72 double n0OO double nmd, double mM O double ml, double
n20, double nRl); 5 ldentity public static readonly Matrix ldentity;
public void Setldentity(); public bool Isldentity { get; } 10 public static
Matri x OperapQhlid VRIJID1% 18 r{ et ;VBEEI X3 Matri X2);  public static Point
oper at o *( Matibl Xc radubile, MPDI itgqaoi BeY; } These function reinitialize the
current |mat r publWi¢ Ridurd esp2ei f iozt;t sahsfbrm matri x. 15 public void
Set Tr angl at i ppbtoublcabde, Mabubleetdy pet: public voi d Set Transl ati on(Si ze
of fseb); Jpublic void SetRotation(double angle): If degrees public void
Set Rot ati on(doubl e angl e, Point center); // degrees public void
Set Rot at i onRadi ans(doubl e angl e); 20 public void SetRotationRadi ans(doubl e
angl e, PoARKUIE MZNQUAGEH WND OBRIETr 3e18iial FoR) (Woridre GraPHIDL®| e sy); public
voi d Set Scal I ng(doubl e sx, double sy, Point center); public void
Set SkewX( doublI: argiee)dardegmeash publdspeai o Stk e shonib | ievesgt )y, degr ees
25 public void Set SkewXRadi ans(doubl e angle); public void
Set SkewYRedikaups (ldoughlsgycargice el ehtmse dhyrestti o deds tanrulgr@riydedec @ usnadsite
matrix wth the specified transform

user programs and tools to interact with the scene graph data

structure 216 without requiring a specific knowledge of the
details of the API layer 212 (FIG. 2). In general, a vector
graphics markup language is provided, which comprises an

15 interchange format, along with a simple markup based authoring
format for expressing vector graphics via the element object
model. Via this language, markup (e.g., HTML or XML-type
content) may be programmed. Then, to build the scene graph,
the markup is parsed and translated into the appropriate wvisual

20 API layer objects that were as described above. At this higher
operating level, an element tree, the property system and the
presenter system are provided to handle much of the complexity,
making it straightforward for scene designers to design
possibly complex scenes.

25 In general, the vector graphics system generally provides
a set‘of shape and other elements, integration with a general
property system, a grouping and compositing system, and a two-
tiered (element level and resource level) approach so that the

user can program in a way that matches flexibility and
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.30 public void ApplyTransl ati on(doubl e dx, double dy); public void
Appl yTransl ati on(Si ze of f Apply); public void Appl yRotation(double angle);
/'l degrees public void ApplyRotation(double angle, Point center); degrees
35 public void Appl yRot ati onRadi an(doubl e angle); public void
Appl yRot REFSARAGNSH d6@iSe addl Keqmiingt widdt éme aspaft ©Ofdie present
Appl yScal i ng(doubl e sx, double sy); public void pl yScal i ng(doubl e sx,
doubl e synRVP8itArTcekber elemamny jabirsitd mgsisly Jesnvdafoliie gjectigr ees 40
public voi d Appl ySkewY(doubl e angle); degrees public void
Appl y Ske@XRediLESs cogwisilatasgi)th theblsasneoiat adplofsiesiyReatieins (doubl e
angle); public void ApplyMatrix(Matrix matrix); 45 // Inversion stuff
publ i ¢ dotbes Berdsni fdet Viecgelr, draphilsls sywsddm |sgidhvéare i\blsugl GRI )
public void Invert(); Throws ArgunentException if !lIslnvertable 50 public
statiT Miarvex kheget @Vsert o hatasourced fat ridieyiedieaiente misrer pubddel doubl e
MOO { get; set; } public double MO { get; set; } 73 public double MO (
get; setleyvelpulel.ioc . dehel 8riMsh hgetct sSet used plidn cdmouble M2cHe get ; set;
) public double M21 { get; set; ) 5
Visual API and it is also the type of the fill property on
Shape. Thus, in addition to having elements that correlate
with the scene graph objects, the markup language shares a
10 number of primitive resources (e.g., brushes, transforms, and
so forth) with the Visual API layer. The vector graphics
system also exposes and extends the animation capabilities of
the Visual API layer, which is largely shared between the
levels.
15 Further, as described below, the vector graphics system
can program to different profiles, or levels, including an
element level and a resource level. In the element level, each
of the drawing shapes is represented as an element at the same
level as the rest of the programmable elements in a
20 page/screen. This means that the shapes interact in a full way
with the presenter system, events and properties. In the
resource level, the vector graphics systems operates in a pure
resource format, similar to a traditional graphics metafile.

The resource level is efficient, but has somewhat limited

25 support for cascaded properties, eventing and fine-grained
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MARKUP LANGUAGE AND OBJECT MODEL FOR VECTOR GRAPHI CS In accordance with an
aspect of the present invention, a 10 markup | anguage and el enent obj ect
nmodel are provided to enable user prograns and tools to interact with the
scene graph data structure 216 without requiring a specific know edge of
the det yidogrehmialta 1AR)y .| ayRie Zerdldesidned repanéread the \dritldrty graphi cs
mar kup | anguage i s provided, which conprises an 15 interchange fornmat,

al ong W tfa 1andidTRIfE iMaIdaay hased mddieninkdi fiarymais fravedsdr essi ng vect or
graphics via the elenment object nodel. Via this |anguage, markup (e.g.,
HTML or XM.-t e k eNrRNti tRbrkRe dy@iaredhel iasdr hdehtin soane
graph, the narkup is parsed and translated into the appropriate visual 20

APl | ay ek, e@RjRClgs dtalc SVehA 1as GRS UHIed AR 1Rlvdihias 8 Pisire RRRIALIA

| evel, an elenent tree, the property systemand the presenter systemare

provi ﬁed e handla muah 19 dhe ieormAXidne rdBkir® itevdlr M dor wai dfor

scene deS|gners to design p055|bly conpl ex scenes. 25 In general, the

vector gnaplicaRnautliem, QQ@VeéJJdﬂés}yéa“a‘le% & stel gfusthapgang tq;é"ner
elements, integration wWith a general property system a groupi ng and

COMPOS| 1,08 YL Har A 3 WarddeP! & iR Up el A defsour canevel )

approach so that t user Can programin a way that natches erX|b|I|ty

and - 74 l%%hlor@%%% needs.c Lo deepipg it YR o Vecgf ﬁéﬂ%s%

i nvention ment obj ect nodel for dealing w grap
correl at ih th rf t I e vector
gr aphi csgzly terh an glt?%gr}\/a% {%QR%I@ %ﬁleg{/gg&eéshare a se% rgLsou% ces at the

el enpgt obj ect idols eUelrert dhenddi I U3 B Werch AL AN Y A

2500. The classes of the markup language object model of the
present invention are represented via shadowed boxes, and
include a shape class 2502, an image class 2504, a video class
2506 and a canvas class 2508. Elements of the shape class

15 include rectangle 2510, polyline 2512, polygon 2514, path 2516,
line 2518 and ellipse 2520. Note that in some implementations,
a circle element may not be present as indicated by the dashed
box 2522 in FIG. 25, however for purposes of the wvarious
examples herein, the circle element 2522 will be described.

20 Each element may include or be associated with fill (property)
data, stroke data, clipping data, transform data, filter effect
data and mask data.

As described below, shapes correspond to geometry that is
drawn with inherited and cascaded presentation properties. The

25 presentation properties are used to construct the pen and the
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.Visual APl and it is also the type of the fill property on Shape. Thus, in
addition to having elenents that correlate wth the scene graph objects,

t he markup | anguage shares a 10 nunber of primtive resources (e.g.,
brushes, transfornms, and so forth) with the Visual APl |ayer, The vector
gr aphi csPrygst afesleso tox geses thed sharafds te i ia ANl on + | SaRgS
the Visual APl |ayer, which is largely shared between the |evels. 15

Furt her, 258 dudér Pregebdleaw, tlike edther graaphicds sshemestis carlpreiam 1o
different profiles, or levels, including an elenent |evel and a resource

| evel . | athee éMprementerdlonseach cagivashe ldrsenidt & e e Lreprddmed as
an elenent at the sane level as the rest of the programmable elenents in a
20 page/ songsnneThiformsampeshatnchehsirgsesamtagylattoe Mzawmlwhemyin vt h t he
presenter system events and properties. In the resource |evel, the vector
gr aphi csceypvtenelepenat.es For @xampde,r ésokesp fshapsts lsightweighe: a
traditional graphics netafile. The resource level is efficient, but has
sonewhat shapesena25nstipper & lilowedasca ded epraaperdhiess preasenttians and
fine-grained 75 programmbility. The scene designer thus has the ability
to bal amostettl citecyanvils asyeamaaiadied asaseerted: dmd kespianghve t h one
aspect of the present invention, the vector graphics systemat the

resour ceshapek .al gantagr ellahestiso are idesadibeal iAPmdrayeletdil theltov he
resource |l evel markup, in one inplenentation, is expressed as a

Vi sual Brush. Xsealtbedeesetibed Mlku) ithepanked dadsual myedpddsific
created. The visual object is set into a Visual Brush which may be used by
shapgs, chahral shape,obhar felreRBip1al cahe il Jovdr data, which
may be complex. For example, a border can be specified as one
color on the top, a different color on the sides, with possibly
various thicknesses specified and other properties set.
Position, size rotation and scale may be set for an image or

15 similar boxed element, such as text or video. Note that the
image and video elements can exist and be shown outside of a
canvas element, and also inherit from BoxedElement, e.g., to
get the background, borders and padding support from that
element.

20 The video element allows video (or similar multimedia) to
be played within a displayed element. In this manner, the
vector graphics system provides a markup interface to the API
layer that is seamlessly consistent across multimedia,
including text, 2D graphics, 3D graphics, animation, wvideo,

25 still images and audio. This allows designers to that learn to

- 77 -



10 FIG 25 is a representation of the element class hierarchy 2500. The’
cl asses of the markup | anguage object nodel of the present invention are
represented via shadowed boxes, and include a shape class 2502, an image
cl ass 2504, a video class 2506 and a canvas class 2508. Elenents of the
shape cl @sgkl@iithcbude Megdlang @a2ily, ipdlegriate 25har peldigonntml4, path
2516, |line 2518 and el lipse 2520. Note that in sone inplenentations, a
circle ebﬁﬁ&ﬂba@bnﬁohn@edbrc@mttsas ITh@ Gaicedrbyrim idashyttdanxal2m2 in
FI G 25, however for purposes of the various exanples herein, the circle

el ement 25221Wis! hube idesek Redbe 2R iRAGRElI@MRHMHe Bahd _ww@% @t
associated with fill (property) data, stroke data, clipping data,

transfor amdatacsl i hiahinehhachs drla e sMsle G@liadiths tdesed hfd digla

shapes correspond to geonmetry that is drawn with inherited and cascaded

presentahiia BLeRer bi@thenthe g%@ RiiesRiala@y iR itee R dISetdidisic
construct the pen and the - 7 brush needed to draw t he shapes. In one

i mpl emeng,gt ;fRne$8apes ealie il k183 e e S tlyFJée Olaer LAY, ¢ ements.
However, 1 n~ other inplenentations, a canvas cClass 2508 may be ‘provi ded as

a cont aaee&ghe& agﬁp%§e %@ %@ﬂl@e%a%aago@oﬁe% %%wo%%qrfgn %c%ﬁwas

el enent . For “exanple, to keep shapes |ightweight, shapes may not be

al | owed L, Payengt{ AhRd i eSERLELS « i o1SheAtenhe 20KAS has an at tached

presenter an hapes. &anvas enents are descri in nore

det ai | d | 10

han , JAfEe R g ety (SRS Fhyred i e

Co”pldex Sﬁ% t%tl%ngorg‘%r w%?g ae %E%Fsbqflh%d £3% %“%er‘g}o'e%rfl%’letn*&e top, a
ferent coI hé “si des poss

rendering and compositing implementation to be built
underneath.
FIG. 26 represents one implementation in which the markup
code 2602 is interpreted by a parser / translator 2604. In
15 general, the parser / translator 2604 adds elements to an
element tree / property system 208‘(also represented in FIG. 2)
and attaches presenters to those elements. The presenter
system 210 then takes the element tree 210 with the attached
presenters and translates the data to objects and calls to the
20 visual API layer 212. Note that not all elements need to be
translated, only those with attached presenters.
In general, an element is an object in the element layer
that participates in the property system, eventing and
layout/presentation system. The parser finds tags and decides

25 if those tags help to define an element or a resource object.
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.various thicknesses specified and other properties set. Position, size
rotation and scale may be set for an inmage or 15 simlar boxed el enent,
such as text or video. Note that the imge and video el ements can exi st
and be shown outside of a canvas elenment, and also inherit from

BoxedEl efdentheespecind cgeste ife ab¥dlsgradBraishbortder samed beaidingy fippor t
fromthat elenent. 20 The video elenent allows video (or simlar

mul t i mediiafrerprebedplhsy ed ewenliisn car dilsgl dyedreremsat as wresduwamnner, the
vect or graphics system provides a markup interface to the APl | ayer that

i s seanl ebskytesonsiepeadt ngc oos $heulcontectita o f  whelnediting steexttag? Bapresphi cs,
3D graphics, animation, video, 25 still imges and audio. This allows

desi gner s.go.t lebehdang ba whetherwappeairtingona medipd ex0 peagidnty rayegraat e
other nmedia into applications and docunents. The vector graphics system
al so 5 enabl sstnultinedia to be aninmated in the sanme way as other elenents,
again allows designers the ability to use multinedia 5 |i ke other elenents,
yet without sa&aratceirfdgntleewdahe onet hispeicé ofnittde peescoft dastern tidiry,i dual
medi a type. For exanple, a designer can use the sane nam ng schene for
rotatingth&cmbirRgp lafbiBbengrothideisndi s¢ampees whhag tandetidignheefd ect s
across different nedia types, whereby designers nay easily create very 10
ri ch appkesatiress, inslwaihgas akhmpwengthohga reetatebld @ eimp e dgyjidrd and
conpositing inplenmentation to be built wunderneath. FIG 26 represents one
i npl emenhatheNohn Webehat BempREKERri6gd€o26@82 ,i $heNpakidcet od tharks 1Raisser /
transl ator 2604. In 15 general, the parser / translator 2604 adds el enents

to am 2604 uses a type converter 2608 for converting a string to an
appropriate visual API object. By way of example, in the

following line of markup, the Fill property value can be

converted to a brush object, wvia the type converter 2608:

<Circle CenterX="10” Center¥Y="10” Radius=“5" Fill="Red” />

15
As can be readily appreciated, the conversion of such an inline
line of tag-based markup with simple strings of parameters is
to a brush object is straightforward, and provides a simple way
for a scene designer to add a shape and its attributes to a

20 scene.

However there are times when the fill attribute is too

complex to fit into a single string. In such a situation,
complex property syntax, which may be inline in the markup, is

used to set this property. For example, the following complex
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el enent tree / property system 208 (also represented in FIG 2) and
attaches presenters to those elenents. The presenter system 210 then t akes
the elenment tree 210 with the attached presenters and translates the data

to objects and calls to the 20 visual APl |ayer 212. Note that not al
el ement s peed 49 bendhanshated Qd hase W dratilathedhiiasatel s In
general, "an"elenent is an object in the elenent layer that participates in

the properhy $
finds tags and

56-341%@

eci d

resource %@ can.%add%
may be |nterpreted as e
dependi ng
whet her a
one aspec
ways to de
object n
2604 uses
vi sual AP
Fill prop
converter
15 As can

RNLIAG NG hd WAWA/DIRS AN gt iRt Bedar ser

es 25 1 f those tags help to define an el enent or a
thesREGLlrcase of a Visual Brush, the sane tags
enents or 1lso interpreted as resource objects,
ot L"IIU context—of—where LIIUbE‘“tolgs dppEd.[ e g, UEpEIIUiIg on
bgn%%r Ie{opre%% AR nat., I'n accordande with
|nvent|on the 5@ Fanguage provi des di stinct
|nclud|ng a S|nple string format or a |[conpl ex

trlngRe%png% Q ”%ar ser / translatqgr 10
gz&OF_Q%ﬂV%mtb@Q %tSL gg”tg an apprdgpriate

€ the n% e of mar Qup, the
£ 955 6
ACREEE @R§

iShre
Jreke ko
fsgaéeézt e
gt cFated

ﬂfla the typge
/Gs="5" Fill="|Red" />

&d, the converS|on of such an inline |line of

prty
2608:
be re

tag-based
straightfp

m&ﬁag

ﬁﬂ?hgggﬁﬁle

strings of paraneters is

to a brush obhject

is

18Rd provi des a sinple way

In addition to being present inline in the markup, a

resource instance may be located elsewhere (e.g., in the markup

or in a file, which can be local or on a remote network and

appropriately downloaded), and referenced by a name, (e.g., a

text name, reference or other suitable identifier). 1In this

10 manner, a scene designer can reuse an element in the element

tree throughout a scene, including elements described by the
complex property syntax.

The parser handles markup in the complex property syntax
and also

by accessing the type converter 2608 as necessary,

15 matching specified parameters to the object properties, thereby

handling the complexity for the scene designer. Thus, the

parser does not just set up the objects, but also sets

attributes on the objects. Note that the parser actually
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.for 'a scene designer to add a shape and its attributes to a 20 scene.
However there are tinmes when the fill attribute is too conplex to fit
a single string. In such a situation, conplex property syntax, which may
be inline in the markup, is used to set this property. For exanple, the
fol |l ow ngreoitebates/® pridpdedt ytSyatextd i the dbtectcs p sinde aclhjadtentre
rather than a solid color, specifying the colors at various gradi ent stops
(whi ch cammeargeadromO to 1): <Circle Center X="10" CenterY="10"

Radi us="5"> <Circle.Fill> <LinearG adi ent> <G adientStop Col or="Red"
O fset="0"/> pedaaieendis oo werrddt irey fddspti R éd bekHagh ephsSt op
Color="Green" Ofset="0.66"/> <G adientStop Color="Red" Ofset="1.0"/>
</ Li near @lagtieeitt 1 </l raalc®. tHd |1&2pT J&Id ] arardy | atlel toloNed ©s berag present
inline in the markup, a resource instance may be | ocated el sewhere (e.
in the mMygiedmtiQn 1y thd idatne Whiggly £amibes | QCAE 1 9F Ot Pak STBE EoReh ghky and
appropriately downl oaded), and referenced by a nane, (e.g., a text nane,

r ef er ence r cQldhey, Sid abldd iAentid i@9seddht Nypdd FRNPESgr anBLRge
designer can reuse an elenent in the elenent tree throughout a scene,

i ncl udi ng .8l RIRALS @e3Ler Qﬁﬂ 1B d Nen AR EX tHOR L Vi By 'k GXea d By PAT SET

handl es marKkup i n the conpl ex property syntax

10

15

20

25

convert from the markup to its own syntax, and vice-versa.
Note that as represented in FIG. 26, another such programming
language 2610 can add elements to the element tree 208, or can
directly interface with the visual API layer 212.

As also represented in FIG. 26 and in accordance with an
aspect of the present invention, the same markup 2602 may be
used to program at an element level and a resource level. As
described above, the element level gives the scene designer
full programmability, usage of the property system that
provides inheritance (e.g., style-sheet like features), and
eventing (e.g., whereby an element may have attached code to
change its appearance, position and so forth in response to a
user input event). However, the present invention also
provides a resource-level mechanism by which scene designers
can essentially shortcut the element tree and presenter system
and program directly to the visual API layer. For many types
of static shapes, imaées and the like where element-level

features are not needed, this provides a more efficient and
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by accessing the type converter 2608 as necessary, and also 15 matching '
specified paraneters to the object properties, thereby handling the
conplexity for the scene designer. Thus, the parser does not just set up
the objects, but also sets attributes on the objects. Note that the parser

actual ly ;- I nii. At | t : R 8Ct s, 7iveies AUECt s
are imT&tlg%lQ&él%ZlétZlﬁafttﬁi cgla\%gjér Cetg{cfera%ﬁgo%tdl:ﬁé??@%ar ed t;ret ween t he

el enent | evel _and _the APl .l evel f At ject.s, s 5 tially the
same. Thi erré’l?gss(%ﬁarrseld%gdnilﬁeersgr‘fzs}}é;?ir%/)nﬂhlllghefy%eef i iﬁ%ﬁ%l and al solasl’al | ows

di fferent teysp%%,ofanxg %qrrarg]%l&gn%a{lﬁﬂg eu%gflf'l%yer%'llﬂ %&éﬁwe t he

ability 5 e y —conver e mar O I'ts own synta .
10" anguagy o 6 4ak A 1 GHSAE 19t KT8 Crent™ 1ag Bod A e 5 i roct Ty
0 actor GEREEARTI T FESEaR o STy AETR IO o HE b s dae
15 desct BE8 S56vScY o Siedihen TOUH TRvee e CoBR S OhaE TR
e g, o BIE e P e SRR S VA VARSI IS U S ePE i oot
may have attached code to change | tmpearance, position and so forth in

response ALY FArSshgR v &mdic V& N&%e present invention al so
provi des a resource-|evel nmechanismb ﬁgi ch scene designers an
essential |y sHdr & Otfh§’@|“5ﬁ€nt ’%‘eeeé/ %I@sé‘}’ﬁrg?‘lps éfhreé'réyprogram
directly to the visual APl |ayer. For. many .types , i
10 derived from the object model for thHe LinearGradient object,
and fills an outer circle with a VisualBrush. The contents of
that VisualBrush are defined by the inner markup. Note that

this syntax is commonly used for expressing various brushes,

transforms and animations:

<Circle CenterX="10" Center¥Y="10" Radius="5">
<Circle.Fill>
<VisualBrush xmlns="..">
<Circle CenterX="0.5" Center¥="0.5" Radius="0.25”" Fill="Blue”/>
<Circle CenterXx="0.6" Center¥="0.6" Radius="0.25" Fill="Green”/>
<Circle Centerx="0.7“ Center¥="0.7" Radius=“0.25" Fill="Red”/>
<Circle CenterX="0.8" Centery="0.8" Radius="0.25" Fill="LemonChiffon”/>
</VisualBrush>
</Circle.Fill>
</Circle>

15
Note that while these visual brush-filled objects are
efficiently stored, the resource level data (or the objects
created thereby) can be referenced by elements and part of the
element tree 208, as generally represented in FIG. 26. To this

20 end, these visual brush resources may be named (e.g., with a

- 82 -



.of static shapes, images and the |ike where elenent-level 25 features are
not needed, this provides a nore efficient and - 81 |ightweight way to
out put the appropriate object. To this end, the parser recognizes when a
fill of type "visual brush” is present, and directly calls the APl |ayer
212 W t hnaeeourederieavel odaioa 26l 2diaatylentieldntd fdlgrectand refidinomad ds, as
5 represented in FIG 22, elenent |evel vector graphics get parsed into
created éli&eentherwricsbuneed lGaiserr itheasliat ithie tordiex grjouiy Widtax.
resource | evel vector graphics get parsed and directly stored in an
efficient mnmretniBy way adf espdaplationh ff efHeoWamgra®mr ki rehtdiorred |y 10
derived fromthe object nodel for the LinearGadient object, and fills an
outer ciabbeewihhofeValtahrBatske Thelearn@als oof, sHaglesVingaldy usdprar e
defined by the inner markup. Note that this syntax is comonly used for
expr essi Dgghaive@yghtbaughesus WadNHeOHBnARGRARITHE RetaI@dL]i® a
Cent er X="10" CenterY="10" Radius="5"> <Circle.Fill> <Visual Brush x

nS=". . aneEbL ol enCeRLST ¥TtArHa cRR! ShET MRt aRALS WP orfidle="4l ue"/ >

<Circle CenterX="0.6" Center¥Y="0.6" Radius="0.25" Fill="Geen"/> <Circle
Cent er X=r@nderE@Nt € YT 50 &naBREUS TS AP 1'1;1'f|1|n'i tRed'desy it r1‘Hc'1‘:‘ependent
Center X="0. 8" Center Y="0. 8" Radi us="0. 25" I'T="LenmonChi f f on"/

</ Vi sual BeHsh3 whEbhChgsFhhl 3ss8cakelke co&d&l%%et hatscwhi.l e ‘ItﬂéQ%%n\Ua%Jal

brush-filled objects are
element may thus position content according to absolute

10 coordinates. The canvas element can optionally define a
viewport, which specifies clipping, a transform, a preferred
aspect ratio and a way of mapping the viewport into a parent
space. If there is no viewport established, the canvas element
only specifies a grouping of drawing primitives and can set up

15 a transform, opacity and other compositing attributes.

The following is a markup example for a sample canvas:

<Canvas Background="black" Top="100" Left="100"Height="600" Width="800">
<Rectangle Top="600" Left="100" Width="100" Height="50" Fill="red”
Stroke="blue” StrokeWidth="10"/>
<Line x1="100" y1="300" x2="300" y2="100" Stroke="green” StrokeWidth="5"
/>
</Canvas>

Note that in one implementation, when coordinates are
specified without units then they are considered as “logical
20 pixels" of 96ths of an inch, and in the above example, the line
will be 200 pixels long. In addition to coordinates, other

properties include width, height horizontal and vertical
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efficiently stored, the resource |level data (or the objects created

t hereby) can be referenced by elenents and part of the elenent tree 208,
as generally represented in FIG 26. To this 20 end, these visual brush
resources may be naned (e.g., with a - 82 nanme, reference or other

Sui t abl @ JhGERHCHCr LoaNG:LEMEAENER ¢ ek Rlheldras Gas iRy idred via the

conpl ex pr rty syntax. Turning to an explanation of the canvas, as

ment i oned o 3OOV ®) 1N A i S AUV BRI CTRN AN et ANRS JBetke, bRt S

| i ght wei ght ‘and thus may be required to be contained in a canvas. In this

al ternat !a\iggjngglr ?%?ft%%isor&e&m%o%)qm AsS gdr@dansd ddderibdEgRyrd onto

an infinite, Vi ependent”™ canvas whi ¢h has an associ ated coordi nate

System THeCONAY oSl RNty (i S d0Yikan LOpnt; a0l L0 absol ut &

t
10 coordi'natesS.” The canvas el enent can optionally define a viewort, which

SPect{ i o9 GlLlBRl N2t LA ID BRIFIR Gle IR drAliaANL G N, 0f
or n

mappi hg £ Viewp into a pare Space. If there is no viewport

establ i shegl, &éh%gcﬁ%g\ﬁ/s aelf% nt; Wi'lli hsp&%céi faisglseth_' gragﬂr%i ng ¢fo¢dr awi ng

primtivé§ia Gp 15 atransform opaclty and otheér conpositing
Backor oURAZSBEAER “Top P06 Lo i TO0 Farah e A0 WA RO o
St 7 okon” B SE PSR WALRE: 1003 E HE ATLORIG Y| 29308522 A0 8 100"
when cooftifid SE24RE. SSEc T TS OHE i TS FHATS 1oy SAric GOTaRt ed ac.
"logigal 20 %% Sa o BT 12 AN St ne Algve examgl e, the Tine

UniformToFill, which scales size uniformly to f£ill the bounds

established by top/left/width/height, and clips as necessary.

To further correlate with the lower-level object model,

the transform property establishes a new coordinate frame for

15 the children of the element, while the clip property restricts
the region to which content can be drawn on the canvas, with
the default clipping path defined as the bounding box. The
ZIndex property can be used to specify rendering order for
nested canvas elements within a panel.

20 The Viewbox specifies a new coordinate system for the
contents, e.g., by redefining the extent and origin of the
viewport. Stretch helps to specify how those contents map into
the viewport. The value of the viewBox attribute is a list of

four “unitless” numbers <min-x>, <min-y>, <width> and <height>,

25 e.g., separated by whitespace and/or a comma, and is of type
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W |l be 200 pixels long. In addition to coordinates, other properties

i nclude wi dth, height horizontal and vertical - 83 alignnent, and Vi ewBox
(of type rect; default is unset or (0,0,0,0), neaning no adjustnent is
made, and the stretch and align properties get ignored). As generally
descri be@ealove Thai Vi emisicer et tspaddiGS.esl &0 resttirerglw operuses sprtaide 5
stretch, which when not specified preserves original size, or can 1)

speci fy &hgitl naps Wi ¢chet ouasieac boat.i 0 Tits wiotks pries evanesl ashdintser ttiong ent
is scaled to fill the bounds established by the top/left/w dth/height, 2)
speci fy anstedieX whidclscsdalYes Sihee smidtainipropetridy thien iceesge the sopthieon
bounds 10 established by the top/left/w dth/height, or 3) specify

Uni f or niTaBi bthewhitbhns caney proeridies addiyt itomdli |dortthe Ibdind presémhinghed
by top/left/w dth/ height, and clips as necessary. To further correlate with
t he |Dwekhkewebeely) eatt iDadeE! thet ke aphdrss.or M raaiaErtiorest sy drssBsrnda tiem
coordinate frane for 15 the children of the elenent, while the clip
propertyiseappilaes the det@ictidan® sWdifct eoRfieRn eArents td rsdva dil dhe tanvas,
with the default clipping path defined as the boundi ng box. The ZI ndex
propertyspanibeedsedrietrspeci fy rendering order for nested canvas el enments
within a panel. 20 The Vi ewbox specifies a new coordinate systemfor the
contents, e.gin Byer esaplienapote exnte red taridine sl tf Ref pHeewport .
Stretch helps to specify how those contents map into the viewport. The

val ue of rbBeaMbewBex ahkr MBwkep ath 1Ie$tab@fve fu(?l‘Jer WRidH et etunThe e
<m n-x>, <mn-y> <w dth> and <hei ght separ ated by whitespace

and/\qy ayeQiRBpeand is of type - 84

None - from (100,600) to (200,650)

Fill - from (100,100) to (900,700)

Uniform - from (100,?) to (900,?) - the new height will be
400, and it will centered based on HorizontalAlign and
VerticalAlign.

UniformToFill - from (?,100) to (?,700) The new width is
1200, and will again be centered based on HorizontalAlign and
VerticalAlign.

If there is a transform on the canvas, it is essentially
applied above (e.g., in the tree) the mapping to ViewBox. Note
that this mapping will stretch any of the elements in a canvas,

15 e.g., boxes, text, and so forth, not just shapes. Further,
note that if a viewbox is specified, the canvas no longer sizes
to its contents, but rather has a specified size. If y-width

and y-height are also specified, then the stretch/align
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Rect. The Vi ewbox rect specifies the rectangle in user space that maps to
the bounding box. It works the sane as inserting a scaleX and scal eY. The
stretch property (in case the option is other than none) provides
additional control for preserving 5 the aspect ratio of the graphics. An
addi ti P”%r&%&f@ég MAtd Qlsed ScAPPLd echd o H8asSNdaNE S Bhe thSedi FEAG el EaEmt
to achieve the specified effect. In the exanple above, the effective
resul t ofabﬁ&qleiréarpg.angl e in the markup sanpl e above under each stretch rule
e:

10 woul d ~None - from (100, 600) to (200,650) Fill - from (100, 100) to
(900, 700) Uni fygfdne1 I d 10, (e 18 {0 nidde1 tdkh NeyeIeAHhe v 1d1fe 400,
and it will centered based on Horizontal Align and Vertical Align.

Uni 01 IO 1 4 OB 00 810 dnd WD)erfife SOWAN ATy | 0od200. 1ol 34

again be centered based on Horizontal Align and Vertical Align. If there is

a {1 agst QB NELANES ad ta | Sl d Al dge AR itk ANSeA &y 0 ynife the

tree) th pping to Vi 0X. e that I'S mappl ng stretch any of

the el enments i canvas, 15 .e. S, t ﬁpg r of | ust
shapes. I—Dglr t(%ﬂe}{r]e,'Ias n 'ec'?'t’ha Slf cgor\lﬁée)é\zg%)x t|1'!.lsl€gsf ecTT e%? ]{%eé%l%n‘?/la%s Aho | onger

sizes tq.its cant ent Sfiyf but rather has a specified size. If y-width and
c

y- hei ght A& %o osppeer ied, then the stretch/align 85 properties are used

E ﬁef IOID] tez,? \r/r:) é} og{:xeéni.nerlz;teag.c,':1 e\slgc%allgéfrlg%%ﬁ}b rea‘srs:drihczeégr%he leeegf'\clbrgmt?c?t sin

which content can be drawn, as generally represented in FIG. 27

10 wherein a button is shown in an unclipped form 2702 and a form
2704 in which a clipping path is specified (where the dashed
line represents the clipping path). Conceptually, any parts of
the drawing that lie outside of the region bounded by the
currently active clipping path are not drawn. A clipping path

15 can be thought of as a mask wherein those pixels outside the
clipping path are black with an alpha value of zero and those
pixels inside the clipping path are whiﬁe with an alpha value
of one (with the possible exception of anti-aliasing along the
edge of the silhouette).

20 A clipping path is defined by a Geometry object, either
inline or more typically in a resource section. A clipping

path is used and/or referenced using the “Clip” property on an

element, as shown in the following example:
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,attribute applied. On sone el enents, notably shapes, this is 5 exposed
directly as a common | anguage runtine property, while on others (e.g., nost
controls) this property is set via a Dynamc Property. In general, the
clipping path restricts the region to which content can be drawn, as
generally|represented in FIG 27 10 wherein a button is shown in an
uncl i pped| kdem: Rzguaegsa f orm 2704 in which a clipping path is specifie
(where the daskEgonmetmy defrdPertiMyQlhie"el | ppi ng path). Conceptual ly, any
parts of |the drawkRgthhdatlki=¢ .out"si/de of the regi on bounded by the
currently| acti ve ckRppitaggpat h. ar/e not drawn. A clipping path 15 can be
t hought of as a rdSkowkérg>n t hose pixels outside the «clipping path are
bl ack w t h<dadeél: Braovuakes>0f zero and those pixels inside the clipping
path are white wEflkmantalCphip=valkuwesocofrcane Mltilp"t he .pos/si bl e excepti on pf
anti-aliasing along the edge of the silhouette). 20 A clipping path is
defined by a CGeonetry object, either inline or nore typically in a
resource section. A clipping path is used and/or referenced using the
"Clip" properiptentaat elrgiitinds AW i dihe o M diginexaiig e: - 86
<def: Resources> <Geonetry def:ID="Mydip"> <Path Data="..." /> <Rectangle

/> <€kGaeweimg> </ def: Resources> <Elenent Cip=""% esource; Mdip"

/> Note that animating a Clip is simlar to animting

L

<Element>
<Element.Clip>
<Circle .../>
<Rectangle ... >
<FloatAnimation ... />
</Rectangle>
</Element.Clip>
children
</Element>

5 A path is drawn by specifying the ‘Geometry’ data and the
rendering properties, such as Fill, Stroke, and StrokeWidth on
the Path element. An example markup for a path is specified as

follows;

<Path Data="M 100 100 L 300 100 L 200 300 =z"
Fill="red" Stroke="blue" StrokeWidth="3" />

10 The path ‘Data’ string is of type Geometry. A more
verbose and complete way to specify a drawn path is wvia the

complex property syntax, as described above. The markup (such
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transforms: <Element> <Elenent.dip> <Circle ..../> <Rectangle .... >

<Float Animation ... /> </Rectangle> </Elenent.Cip> ... children ...
</Elenment> 5 A path is drawn by specifying the Geonetry' data and the
rendering properties, such as Fill, Stroke, and StrokewWdth on the Path

el ement . 0 f I

it 6 SR P S RIS O B oty

Strokewq)gg & 28 ddhey é’?éﬂb%@bo@ ring is of type Geometry. A nore
an corrpl

ver bose ete way to spe rawn path IS V|a the conpl ex

property gyate—as—descrtbed—above—Themarkup—(such—87—as—+ntte

follow ng| e a.ggjcgl is fed directly into the Geonetry builder classes

descri bed| abo a]5h€ <Path.Data> <CircleCeonetry ... />

<Rect angl eGeorreF?g( 2 Eat hGe9rret ry ... > </Path.Data> <Path.Fill
1rcle eome ey

val ue="r
al ue ed” /> <RectangleGeometry .. />

<PathGeometry .. />
</Path.Data>
<Path.Fill value=“red” />
<Path.Stroke value="blue”/>
< /Path>

The path data string is also described, using the
5 following notation to describe the grammar for a path data

string:

*: 0 or more

+: 1 or more

?: 0 or 1

() : grouping

| : separates alternatives
double quotes surround literals

The following shows the path data string information
described with this notation (note that in one implementation,
10 FillMode may be specified here, instead of a property at the

element level):

wvg-path:
wsp* moveto-drawto-command-groups? wsp*

moveto-drawto~command-groups:
moveto-drawto-~command-group
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.<Pat'h. Stroke val ue="blue"/> </Path> The path data string is also
descri bed, using the 5 follow ng notation to describe the grammar for a
path data string: *: O or nore +: 1 or nore ?: O0or 1 (): grouping 1:
separates_alternatives double quotes surround literals The foll ow ng shows
the path datg stovientg -dfantmaidommardiesnradre dvams 1 hindihe o Nt &t t @rcgmrmred £ hdt
I n one | gploament ation, 10 Fill Mbde nay be specified here, instead of a
property at the elenent |evel): wg-path: wsp*

novet 0- ¢ mawet-ocamBind-goausid Wxfup :novet o- dr awmt o- conmrand- gr oups:

movet o- dr awt erovetantpd Giawid - doniri> dr awt o- conmand- gr oup wsp*

novet o- gr awt o- command- groups novet o- dr awt o- command- gr oup: noveto wsp*
dr awt o- ¢ araRitds donthaaddisa- conmands: dr awt o- command  dr awt o- conmrand wsp*
dr awt 0- comMmuadgs wtd-awhame@mand: cl osepat h

| drawto-command wsp* drawto-commands

drawto-command:

closepath
lineto
horizontal-lineto
vertical-lineto
curveto
smooth-curveto
quadratic-bezier-curveto
smooth-quadratic-bezier-curveto
elliptical-arc

moveto:
( "M | "m" ) wsp* moveto-argument-sequence

moveto-argument-sequence:
coordinate-pair
| coordinate-pair comma-wsp? lineto-argument-sequence

closepath:
(nzn | "Z")

lineto:
( "L" | "1" ) wsp* lineto-argument-sequence

lineto-argument-sequence:
coordinate-pair
| coordinate-pair comma-wsp? lineto-argument-sequence

horizontal-lineto:
( "H" | "h" ) wsp* horizontal-lineto-argument-sequence

horizontal-lineto-argument-sequence:

coordinate

| coordinate comma-wsp? horizontal-lineto-argument-
sequence

vertical-lineto:
{ "v" | "v' ) wsp* vertical-lineto-argument-segquence

vertical-lineto-argument-sequence:
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lineto horizontal-lineto | vertical-lineto curveto snooth-curveto
quadr ati c- bezier-curveto snooth-quadratic-bezier-curveto elliptical-arc

noveto: ( "M "in" ) wsp* noveto-argunment-seqguence

novet o- ar gunent - sequence: coordi nate-pair coordi nate-pair comma-wsp?

|'i net o- AryUMERGSRAEEECE  closepatr ( PrZ—, z1I) ftinetor ( L7 "17)
wspr 11 et o- 4T GURERL n3eqU eRhfa_kigpe! Qe RN SRR NC G el WAl BrRal |
coordi nat e-pai r coma-wsp? [ineto-argurnent-sequence horizontal-lineto;
“HY "h" | L,wsREhori zontal -1ineto-argument - sequence

hori zon{ al - Ilne Q- jrg%neth% qu%%%%etcﬁ%&b@h%%% ed&@ﬂ&@ nate conmma- msp’

horizon1aI-I|neto rgunment - Sequence vertical-lineto: ( "V' "v" ) wsp*

vertica CU%VQE% %&%ﬁg@%&_g@gﬁ%&%% vertical -1ineto- ar gunent - sequence

curveto-argument
| curveto-argument comma-wsp? curveto-argument-sequence

curveto-argument:
coordinate-pair comma-wsp? coordinate-pair comma-wsp?
coordinate-pair

smooth-curveto:
( "S" | "s" ) wsp* smooth-curveto-argument-sequence

smooth-curveto-argument-sequence:
smooth-curveto-argument
| smooth-curveto-argument comma-wsp? smooth-curveto-
argument-sequence

smooth~curveto-argument:
coordinate-pair comma-wsp? coordinate-pair

quadratic-bezier-curveto:
( "Qo" | "q" ) wsp* quadratic-bezier-curveto-argument-
sequence

quadratic-bezier-curveto-argument-sequence:
quadratic-bezier-curveto-argument
| quadratic-bezier-curveto-argument comma-wsp?
guadratic-bezier-curveto-argument-sequence

quadratic-bezier-curveto-argument:
coordinate-pair comma-wsp? coordinate-pair

smooth-quadratic-bezier-curveto:
( "T* | "t" ) wsp* smooth-quadratic-bezier-curveto-
argument-~sequence

smooth-quadratic-bezier-curveto-argument-sequence:
coordinate-pair
| coordinate-pair comma-wsp? smooth-quadratic-bezier-
curveto-argument-sequence

elliptical-arc:
( "Aa" | "a" ) wsp* elliptical-arc-argument-sequence

elliptical-arc-argument-sequence:




.- 89 coordinate coordinate comma-wsp? vertical-1ineto-argunent-sequenc

curveto
curveto
curveto
coordin

wsp* snpot h- dueldtiptdcgirentc-seguaRry:  comue -wsni vt i rtrigtaemreequence:

snoot h-
snoot h-

comma- Ws p2 lapohdiadabe-cpangunemadr at i c- bezi er-curveto: ( "Q "qg" ) wsp*

quadr at
guadr at
guadr at

comma- Wws pdogdadnaki-paliezi er - cur vet o- ar gunent - sequence

quadr at
coordin

- ( "C" "c" ) wsp* curveto-argunent-sequence
-argunent - sequence: curveto-argunent curveto-argunent comma-wsp?
-argunent - sequence curveto-argunent: coordinate-pair conma-wsp?

t e- p&ild iperealwep -agrgumdintat e- pai r smoot h-curveto:  ( "S' "s" )

C argenendr-g@ewende snoot h- cur vet o- ar gunent conma- wsp?
Curvet o- argumnent - sequence snoot h-curveto-argunent: coordi nat e-

C- be noenegartJetes-namdpare Rfomnee eI IC onnegative-number comma-
@sbeézi er - curvet o- ar gunent - sequence:

C- bezi er nambeet eoat@gHs f 1Gita doatmac-wagy | Hract Wonedso-vas g unent

c-bezi er-curveto-argunent: coordi nate-pair conma-wsp?
hteopdi hasep@kirquadr at i c- bezi er- curvet o:
coordinate comma-wsp? coordinate

coordinate:
number

nonnegative-number:
integer-constant
| floating-point-constant

number:
sign? integer-constant
| sign? floating-point-constant

flag:

uOu | nqw
comma-wsp:

(wsp+ comma? wsp*) | (comma wsp*)
comma :

" n
’

integer-constant:
digit-sequence

floating-point-constant:
fractional-constant exponent?
| digit-sequence exponent

fractional-constant:
digit-sequence? "." digit-sequence
| digit-sequence "."

exponent :
( "e" | "E" ) sign? digit-sequence

sign:
nyw I n__n

e

air



( "T 1 "t" ) wsp* snoot h-quadratic-bezier-curveto- argunent-sequence
snoot h- quadr ati c- bezi er - curvet o- ar gunent - sequence: coordi nate-pair |
coordi nate-pair comma-wsp? snoot h- quadrati c-bezi er -
curveto-argunent-sequence elliptical-arc: ( "A" "a" ) wsp*

el l'ipticgl . :
eIIiptl‘aI agg rgunenf el liptical-arc-argunent comma-wsp? elllptlcal rc-
argunen1-seqﬂe@g%lglb}@&kc%gqgkgxﬁggunent nonnegat i ve- nunber conmma-wsp?
nonnegati ve- nunbér coma- wsp? nunber comma-wsp flag conma-wsp fl ag
conna_MAelggQQrdlnate pair coordinate-pair: coordinate conma-wsp?

coordi nate ngrglnaue RYrb r" noqne atH shunberg. i ntag Qpnqta@m

fl oati ng- poi nt-constant nu si'gn~ t eger - const nt S|gn°

floatingwg%Lnt const ant flag.
(#x20 | #x9 | #xD | #xA)

The image element (FIG. 25) indicates that the contents of
a complete file are to be rendered into a given rectangle
within the current user coordinate system. The image
5 (indicated by the image tag) can refer to raster image files
such as PNG or JPEG, or to files with MIME type of “image/wvg"”,

as set forth in the following example:

<Image Top="200" Left="200" Width="100px" Height="100px"
Source ="myimage.png">
</ Image>

10

The following table provides information on some example

properties for images:

Name Type R/RW Default Description
Value

Top BoxUnit Coordinate for the top side
of the Image

Left BoxUnit Coordinate for the left side
of the Image

width BoxUnit Width of the Image

Height BoxUnit Height of the Image




n Oll T

| nt eger - const ant :
fractional - constant exponent?

1.
di

conma- wsp:

gi t-sequence

(wsp+ comma? wsp*)

| (comma wsp*) comma

fl oati ng- poi nt-constant:

di gi t- sequence exponent

fractional -constant: digit-sequence? diqgit-sequence digit-sequence
exponent [Soufce'e" | " ElImpgedagn? di gi t - sequencesSosiagnof Ithe+Indgel 11 - 1]
digit-semopence: digifrlohtdigit difgit-sequenceardditgbb tollse fod sizihg'
1311 Xi4 SrldRtal M ign|@ndmSe - LT[ WSPcddtE #X9 #XD #XA) The Trmage
element (FI G 25) indjieates)that tthe contents of a conplete file are
rendered| into a given|Ceet¢rarigbe W thin the current user coordinate s\
The image 5 (indicate@iByt e i mage tag) can|refer to raster inmage fi
such as PNGor JPEG r—to files with | ME_t ype of "igngp/mug",
VerticalAlign |enum { Middle
Top (?),
Middle (?),
Bottom(?)
}
Stretch enum Stretch None None: Preserve original size
{
None, Fill: Aspect ratio is not
Fill, preserved and the content is
Uniform, scaled to £ill the bounds
UniformToFill established by tlbh
}
Uniform Scale size uniformly
until the image fits the
bounds established by the
tlwh.
UniformToFill: Scale size
uniformly to £ill the bounds
established by tlbh, and
clipped.
ReadyState enum {
MetaDataReady,
Loading,
Loaded
LoadError
}
LoadCounter Int Read |Null Counter that increments when
ReadyState is Loading
Name String Alternate text for the
Image.
As described above, shapes correspond to geometry drawn
with inherited and cascaded presentation properties. The
5 following tables set forth example shape properties for the

basic shape elements described above

Polyline,

stroke properties,

Polygon) .

£ill properties,

93

(Rectangle, Ellipse,

Note that these basic shapes may have

and used as clip paths,

91
211

to be
stem
es

Line,



as set forth in the follow ng exanple: <lnmage Top="200" Left="200"

W dt h="100px" Hei ght ="100px" Source ="nyi mage.png"> </l nmage> 10 The
following table provides information on sonme exanple properties for

i mages: Nanme Type R'RWDefault Description Value Top BoxUnit Coordinate

for the 40P Si;ge Rl difed MBAE dealdr Bsln | Lroraligia) ecd Wodhenefdlamdte:  of
the Image Wdth BoxUnit Wdth of the Inage Height BoxUnit Height of the

| mage - 92 3 SUUSLE Jdmageata Source of the Image Dpi Float 96(7?) Target DPI

to use for sizing Horizontal Align enum{ Center Left (?), Center (?),
Ri ght (?) rggidcat AT et TH/8R [ SeedPIt (Bdscripeifdn® (7)), BOLTOM(?) f
Stretch enum Stretch |None None: Prasqive ofiginal size {
Fill Brush RW null Coordinate for the top side of
the rect
FillOpacity Float RW 1.0 Coordinate for the left side of
the rect
Stroke Brush RW null Width of the rect
StrokeOpacity | Float RW 1.0 Height of the rect
StrokeWidth BoxUnit RW 1px Width of the stroke. 1px = 1/96
of an inch
FillRule enum { RW EvenOdd | FillRule indicates the algorithm
Even0Odd, which is to be used to determine
NonZero what parts of the canvas are
} included inside the shape.
StrokeLineCap | enum { RW Butt StrokeLineCap specifies the shape
Butt, to be used at the end of open
Round, subpaths when they are stroked.
Square,
Diamond
}
StrokeLineJoi | enum { RW Miter StrokeLineJoin specifies the
nt Miter, shape to be used at the corners
Round, of paths (or other vector shapes)
Bevel that are stroked when they are
} stroked.
StrokeMiterLi | Float RW 4.0 The limit on the ratio of the
mit MiterLength to the StrokeWidth.
Value to be >= 1
StrokeDashArr | PointLis | RW null StrokeDashArray controls the
ay t pattern of dashes and gaps used
to stroke paths. <dasharray>
contains a list of space- or
comma-separated <number>s that
specify the lengths of
alternating dashes and gaps in
user units. If an odd number of
values is provided, then the list
of values is repeated to yield an
even number of values. Thus,
stroke-dasharray: 5 3 2 is
equivalent to
stroke-dasharray: 5 3 2 5 3 2.
StrokeDashOff | Point RW StrokeDashoffset specifies the
set distance into the dash pattern to
start the dash.
Transform Transfor | RW null Transform establishes a new
m coordinate frame for the children
of the element
Clip Geometry | RW null Clip restricts the region to
which paint can be applied on the
canvas. The default clipping
path is defined as the bounding
box.




.None, Fill; Aspect ratiois not Fill, preserved and the content is

Uniform scaled to fill the bounds UniforniToFill established by tlbh
Uni form Scal e size uniformy wuntil the image fits the bounds established
by the tlwh. UniformloFill: Scale size wuniformy to fill the bounds

established by tlbh, and clipped. ReadyState enum { MetaDat aReady,
Loadi ng, Loaded LoadError } LoadCounter Int Read Null Counter that

i ncrements when ReadyState is Loading Nanme String Alternate text for the

| mage. As de38fi bed 1ewdng, ishape $xcales pavduro yeveest ripraawieatangle:

I nherited and cascaded presentation properties. The 5 follow ng tables set
forth eqanpl e shape propertires Tor the Dbasic shape elenents describgd
above (Rectedtwgpegl&El Topses0ht neeftPolybr nwidPakyuo0) . HBlogRtERaD“t hesg basic
shapes neyileveredt rokeolpeopiel téesstfokéwpaoperioeg> and used as clip
pat hs, -| 93

A rectangle has the following properties in the object
5 model (note that rectangles are read/write, have default values
equal to zero, support inheritance and apply to both the

element and Resource levels):

Name Type Description
Top BoxUnit Coordinate for the top side of the rect
Left BoxUnit Coordinate for the left side of the rect
wWidth BoxUnit Width of the rect
Height BoxUnit Height of the rect
RadiusX- BoxUnit For rounded rectangles, the X-axis radius of the

ellipse used to round off the corners of the
rectangle. If a

negative X-axis radius is specified, the absolute
value of the radius will be used.

Radiusy BoxUnit For rounded rectangles, the Y-axis radius of the
ellipse used to round off the corners of the
rectangle. If a

negative X-axis radius is specified, the absolute
value of the radius will be used.

The following is an example markup syntax for a circle:

<Circle CenterX="600" CenterY=7100" Fill="red”
Stroke="blue” StrokeWidth="10"/>
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have i nheritance characteristics, and apply to both the element and
Resource | evel s: Nanme Type R'RWDefault Description Value Fill Brush RW
null Coordinate for the top side of the rect FillOpacity Float RW1.0
Coordinate for the left side of the rect Stroke Brush RWnull w dth of the
rect StrokeOpacity Float RW1.0 Height of the rect Strokewdth BoxUnit RW
lpx Wdth of the stroke. Ipx = 1/96 of an inch FillRule enum{ RW EvenCdd
Fill Rul e indicates t it e W ch i d I ne
Nonzero hat e S0 e Tk i FPAE IR Y e SR SR

kel IGRE U P ookl e L Sl Sl Bt b

used at thHhé e open ~ Round, subpa Squar €,

D anond St rokeLi.neJqi__enu | | §1 nt
Vtor. SRABDTS B Teat Y M ot Yo i el Hild adiice |
shapeg) Bevell t hat are stroked when they are } stroked. StrokeM terLi
Fl oat R\le.v(?'ﬁ%e‘ limt on the ratio of the mt MterLength to the

St rokeW dt h.

Name Type Description

CenterX BoxUnit X coordinate of the center of the circle
CenterY BoxUnit X coordinate of the center of the circle
Radius BoxUnit Radius of the circle

The following is an example markup syntax for an ellipse:

<Ellipse CenterX="600" Center¥Y="100” Fill="red”
Stroke="blue” StrokeWidth="10"/>

An ellipse hds the following properties in the object model
10 (note that ellipses are read/write, have default values equal
to zero, support inheritance and apply to both the element and

Resource levels):

Name Type Description

CenterX Coordinate X coordinate of the center of the ellipse
CenteryY ' Coordinate X coordinate of the center of the ellipse
RadiusX Length The X-axis radius of the ellipse. If a

negative X-axis radius is specified, the
absolute value of the radius will
be used.

RadiusY Length The Y-axis radius of the ellipse. If a

' negative Y-axis radius is specified, the
absolute value of the radius will

be used.
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.Val ue to be >= 1 StrokeDashArr PointLis RWnull StrokeDashArray controls
the ay t pattern of dashes and gaps used to stroke paths. <dasharray>
contains a list of space- or conma-separated <number>s that specify the

| engths of alternating dashes and gaps in wuser units. If an odd nunber of
val ues is proviedollmrindeld iant exdmuld uvesrkep reypetaedfon §itidean even
nunber of val ues. Thus, stroke-dasharray: 5 3 2 is equivalent to :
stroke-dgsSharray: 5 3 Z 5 3 2. StrokeDashOFf Point RW St rokeDashof f3et
speci fi es<thge get-dpgtapee-hgpo Lhe.dash pathgpp«to start the dash.
Transf or iy draRsfoac RV gul |, . Transf orm est abl'i shes a new m coordi nate firane
for the children of the elenment dip Geonetry RWnull dip restrictg the
regi on to Wi ch paimt—canm be apptied o the ctanvas. The defautt——TiT ppi ng
path is defined as the bounding box. 94 The following is an exanple

mar kup syntax for a rectangle: <Rectangle Top="600" Left="100" W dth="100"

Hei ght = apline has the following properties in the object model (note

that lines are read/write, have default values equal to zero,

5 support inheritance and apply to both the element and Resource

levels) :

Name Type Description

X1 BoxUnit The X-axis coordinate of the start of the line.
The default value is "0".

Y1 BoxUnit The Y-axis coordinate of the start of the line.
The default value is "0".

X2 BoxUnit The X-axis coordinate of the end of the line.
The default value is "0".

Y2 BoxUnit The Y-axis coordinate of the end of the line.
The default value is "0".

The 'Polyline' defines a set of connected straight line

10 segments. Typically, a 'Polyline' defines an open shape.

The following is an example markup syntax for a polyline:

<Polyline Fill="None” Stroke="Blue” StrokeWidth="10cm”
Points="50,375

150,375 150,325 250,325 250,375

350,375 350,250 450,250 450,375

550,375 550,175 650,175 650,375

750,375 750,100 850,100 850,375

950,375 950,25 1050,25 1050,375

1150,375" />
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Fill="red" Stroke="blue" StrokeWdth="10"/> A rectangle has the follow ng
properties in the object 5 nodel (note that rectangles are read/wite, have
default values equal to zero, support inheritance and apply to both the

el ement and Resource | evels): Nane Type Description Top BoxUnit Coordinate
for the top side of the rect Left BoxUnit Coordinate for the left side of
the rect Wdth BoxUnit Wdth of -the rect Height BoxUnit Height of the rect

Radi usX BoxUni_t, .Far .rounded t an: - aXi:s, r.adi i pse
used to gbé)r?gyolfjfne[ he Scorkglneeréoqgfoa‘l'{}%lege sprregt ang éég.( 315? %géne%gﬁaﬁcvéeh‘%%% s
radi us is, _speci

fied, .th bsol ut I I 14 :
Radi usY B tthllfgtr lrl&ﬁ%dgadfsq?ergﬁa:dr@/%st?ee't %a@:%%@lﬁi&l%?éf%ﬁfgﬁ? pse
dt d off th S 0of th : t - axi
Cadi us i SRR REVRBROTTIE G G (s b (A L e

follow ng is an exanpl.e markup syntax for a circle: <Grcle CenterX="600"
Cent e Y:%fﬁﬁuﬁﬁﬁfigyiﬁfJ' Stroke="bl ue" StrokeWdth="10"/> - 95 A circle
has the followi ng properties in the object nndel (note that circles are
read/ wri f¥amehgyve |[d&Paul t val ues| R§EEIPHB™ zer 0o, support inheritance and
apply tol both thg el enent and Resource 5 levels): Nane Type Description

Points PointCollection | The points that make up the Polyline.
Coordinate values are in the user coordinate
system.

The Polygon element defines a closed shape comprising a
set of connected straight line segments. The following is an

example markup syntax for a polygon:

<Polygon Fill="red” Stroke="blue” StrokeWidth="10"
points="350,75 379,161 469,161 397,215
423,301 350,250 277,301 303,215
231,161 321,161" />

10
A polygon has the following properties in the object model
(note that lines are read/write, have default values equal to
null, support inheritance and apply to both the element and
Resource levels):
Name Type Description
Points PointCollection|The points that make up the Polygon.
Coordinate values are in the user
coordinate system. If an odd number of
coordinates are provided, then the element
is in error.
15
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.Cent'er X BoxUnit X coordinate of the center of the circle CenterY BoxUnit X
coordinate of the center of the circle Radius BoxUnit Radius of the circle
The following is an exanple markup syntax for an ellipse: <Ellipse

Cent er X="600" Center Y="100" Fill="red" Stroke="blue" StrokeWdth="10"/> An
el li pse has thaHeoldrewnzy Faperdirass i gpddief by teicdnsrode| ' pdDy 1ok e dhat
ellipses are read/ wite, have default values equal to zero, support

i nherit ange lg@@dnappilerden tiotis tdwes et arehtwiartd +HRe st tevi sty ehsgatNae Type
Description CenterX Coordinate X coordinate of the center of the ellipse
Cent er Y€oordimate X coordimateof—the—center—of—the el lipse RadiusX
Length The )6 axl §,d.adi us of the ellipse. If a negative X-axis radius is
speci fi (=q, % ute value of the radius will pe used. Radi usY Length
The Y-axi,s @ %lusl 0 e ellipse. If a negative Yjaxis radius is

specifie ,' theOu ute value of the radius wll be used. 96 The

follow n el éa%pl 8 /1 kt{:n nt ax for a line: [<Line x|="100" yl="300"
x2="300 sefaga SR RN | ine has thg followi ng properties in
the obj ¢ u%&elqu() (?tse Sutrﬁaﬁ)tur’idl Sead/wite, | have default val ues

equal t-;—-ze#o—s—yﬁpen—l—nhau-t-a-nc%-a-nd—a-ppl—y-t-g both the el enent and

Resource |evels):

The following describes the points specifications in

5 'Polyline' and 'Polygon' elements using the above notation:

list-of-points:
wsp* coordinate-pairs? wsp*

coordinate-pairs:
coordinate-pair
| coordinate-pair comma-wsp coordinate-pairs

coordinate-pair:
coordinate comma-wsp coordinate

coordinate:
number

number :
sign? integer-constant
| sign? floating-point-constant

comma-wsp :
(wsp+ comma? wsp*) | (comma wsp*)

comma :

[ "
7

integer-constant:
digit-sequence

floating-point-constant:
fractional-constant exponent?
| digit-sequence exponent

fractional-constant:
digit-sequence? "." digit-sequence
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Nane Type Description XI BoxUnit The X-axis coordinate of the start of t
line. The default value is "0". Y1 BoxUnit The Y-axis coordi nate of the
start of the line. The default value is "0". X2 BoxUnit The X-axis
coordinate of the end of the line. The default value is "0". Y2 BoxUnit
The Y- axrs—cooggypat s ficce~emdof the Time.— The defaulT value is "0,
The 'Pollyline' defines a set of connected straight line 10 segnents.
Typi cal | YexgdneRBeL Yyl i ne' defines an open shape. The followi ng is an exanp

mar kup s
St rokeW
350, 250
850, 100
pol yl i ng
are read
apply to
Poi nts R
val ues &

yntax frar f pol W isngnh? &RaltHsienaehdd | =" None" St roke="Bl ue"

dt h="10cm' Poi nts="50, 375 150, 375 150, 325 250, 325 250, 375 350,

45250 450, 375 550, 375 550,175 650, 175 650, 375 750, 375 750, 10

850, 3#3 |9%€% 375 950, 25 1050, 25 1050, 375 1150,375" /> - 97 A
has the follow ng properties in the object nodel (note that |

/ drditte selrageceief aul t val ues equal to null, support inheritance
bot H1EAE el ement and 5 Resource |evels): Name Type Description

oi nt CoPfE8et | Y HESHBERTS t hat make up the Polyline. Coordinat ¢
réagfl‘the user coordinate system

«Qu l wqm l now l n3n | ugnm | ngn l ngm l ngu I ngmn I ngn

wsp:

C(#x20 | #x9 | #xD | #xa)+

10

15

CONCLUSION

As can be seen from the foregoing detailed description,
there is provided a system, method and element / object model
that provide program code various mechanisms to interface with
The system,

a scene graph. method and object model are

straightforward to use, yet powerful, flexible and extensible.
While the invention i1s susceptible to various

modifications and alternative constructions, certain

illustrated embodiments thereof are shown in the drawings and
have been described above in detail. It should be understood,
however, that there is no intention to limit the invention to
the specific forms disclosed, but on the contrary, the
intention is to cover all modifications, alternative
constructions, and equivalents falling within the spirit and

scope of the invention.
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.The "Pol ygon el enent defines a closed shape conprising a set of connected
straight line segnents. The following is an exanple markup syntax for a
pol ygon: <Polygon Fill="red" Stroke="blue" StrokeWdth="10" points="350, 75
379, 161 469, 161 397,215 423,301 350, 250 277,301 303, 215 231, 161 321, 161"
/> 10 AVHRT dén GRRIMHRe TSl | owi ng properties in the object nodel (note
that lines are read/wite, have default values equal to null, support
i nheritance afd apghy a cdygitirie elvwnEmmentd Repmrere devefsyindane Type
Descri ption Points PointCollection The points that make up the Pol ygon.
Coor di nat e valuesclaaiism tthe tusiert ergoortd neEtrkugy stcemori St arnctodoh neidyesn of
coordi nates are provided, then the elenent is in error. 15 - 98 The
granmar ftoeepoitntd espedist,i cat ilaest someEolofl ithe! areheritmol iygartie edlsmearits | s
described with the followi ng notation: *: 0 or nore +: 1 or nore ?: 0 or
1 ()5 gtoep havingsepaocaties el toaropairtye sla tdouide aquateapauiimannd lart eral s
The foll ow ng describes the points specifications in

element object model;

a scene graph interface layer, comprising a set of at
least one interface that populates a scene graph with objects
in response to requests to create the objects, the objects

10 corresponding to a scene graph object model; and

a translator that translates at least some of the elements

and property data in the element tree into requests to the

scene graph interface layer to create objects in the scene

graph.
15
2. The system of claim 1 wherein the elements of the
element object model substantially correlate with the objects
of the scene graph object model.
20 3. The system of claim 1 wherein the markup includes

inline text including a string that defines an element
property, and the translator communicates with a type converter

to convert the string to an object property.
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5 '"Polyline' and 'Pol ygon' el enents using the above notation:

| i st-of -points: wsp* coordi nate-pairs? wsp* coordinate-pairs:
coordinate-pair | coordinate-pair comma-wsp coordi nate-pairs

coordi nate-pair: coordi nate comra-wsp coordi nate coordi nate: nunber

nunber: sign? 4 nt egefe ctato B51ANA K | DalHd1gEpoitHe GeNStENtinclondes Wsp -
(wsp+ comma? wsp*) | (comma wsp*) conma: integer-constant: digit-sequence

f1 oati ng-jpai;He GRASE AlrnpIAGd UMD Yrse@XPaiaiiak . | di git-sequence

exponent racti onal -constant:” digit-sequence? " digit-sequence - 99
di git-sequence ". exponent: ( "e" |I "E'" ) sign? digit-sequence sign: +I
5. The system of claim 4 wherein the inline text is

5 identified with a reference that is referred to at another

location in the markup.

6. The system of claim 4 wherein the inline text is

identified with a reference that refers to a file.

10
7. The system of claim 4 wherein the inline text is
identified with a reference that corresponds to a file that may
be downloaded from a remote location in a network.
15 8. The system of claim 1 wherein the markup includes

inline text comprising complex property syntax corresponding to

a graphical resource.

9. The system of claim 8 wherein the graphical resource
20 describes a visual brush object, the translator providing
resource level data for directly communicating with the scene
graph interface layer to create a visual paint object
corresponding to the element described by the complex property
syntax.

25
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.digit-sequence: digit digit digit-sequence digit: O.. "I," ,12" | 113"
X14" ,.5" 1611 "7" "811 ,19, wsp: (#x20 #x9 #xD #xA)+ CONCLUSI ON As can
be seen fromthe foregoing detailed description, 5 there is provided a
system nethod and el enment / object nodel that provide program code

vari ous nechandibns Tthe isysrdracef wildim O scdemesin aphe Adsosysée ehevakt Aadaand
obj ect nodel are straightforward to use, yet powerful, flexible and

ext ensi blis iWerte fliked iwiventd arefier euse effia bl s treferredisto 18t nedotheat i ons
and alternative constructions, certain illustrated enbodi ments thereof are
shown i n lidva tdreaming isndnadiaye. been descri bed above in detail. It should
be understood, however, that there is no intention to limt the invention
to the specific fornms disclosed, but on the contrary, the 15 intention is
to cover all nodifications, alternative constructions, and equival ents
fallifig w thinit.he 8 rdyts taid oS IREI M9 titetdiMe i Nresodffe VEHAL | &ta
CLAIMED I'S: 1. In a conputing environnent, a system conprising: a nechanism

that intespriclehulmikd WialcnStdfterdie allti®efdreecdfa ef£T@Nts, at | east
sone of the elenents in the element 5 tree having associ ated property data

and corresponding to an elenent object nodel;

12. The system of claim 9 wherein the resource level data
is identified with a reference that refers to a file that may

10 be downloaded from a remote location in a network.

13. The system of claim 1 wherein one of the elements of

the element object model comprises an image element.

15 14. The system of claim 1 wherein one of the elements of

the element object model comprises a video element.
15. The system of claim 1 wherein one of the elements of
the element object model comprises a canvas element that

20 contains a shape element.

16. The system of claim 1 wherein one of the elements of

the element object model comprises a shape element.
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a scene graph interface layer, conprising a set of at |east one interface
t hat popul ates a scene graph with objects in response to requests to
create the objects, the objects 10 corresponding to a scene graph object
nodel ; and a translator that translates at |east sone of the elenents and
property dataiipn thgeekeuRl bfee1hiko 16egHests nt @hlehghapeeRa eticaith
interface | ayer to create objects in the scene graph. 15 2. The system of
claiml whgpbehBethg ekempabicokitbh@entel ement object nodel substantially
correlate wth the objects™ of the scene graph object nodel. 20 3. The
systemof claim1l wherein the markup includes inline text including a
string that defines an elenent property, and the translator comuni cates
with a type cegverbgh SLQreaN%er b1khg Sk Whe reqnaR HebistbeP ARl - 101
4. The system of claim 1 wherein the markup includes inline text

conprd si ; X AP Rty .S 5. The system of claim4 wherein the
inliﬁ% tggFgggBEE ngﬁgg?%é é?%ﬁégtfeference that is referred to at
another location in the markup. 6. The system of claim4 wherein the
inline text is identified with a reference that refers to a file. 10 7.
The system of . gl ai iLn the.inli I denti fie ' a
reference thaggéor?éép%Q%E%%bOE ?ﬁﬁgh%2§tbﬁ%§e1§etg%“% g%ﬁé%%%@%%&irennte

| ocation _in a.netmork.115 8. [he s¥sten1of claiml1l wherein the markup
i ncl udesComprises a polygon element.

10 20. ' The system of claim 16 wherein the shape element

comprises a path element.

21. The system of claim 16 wherein the shape element
comprises a line element.
15
22. The system of claim 16 wherein the shape element

comprises an ellipse element.

23. The system of claim 16 wherein the shape element

20 comprises a circle element.

24. The system of claim 16 wherein the shape element

includes fill property data.
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.inli'ne text conprising conplex property syntax corresponding to a

graphi cal resource. 9. The system of claim8 wherein the graphical resource
20 describes a visual brush object, the translator providing resource

| evel data for_ directly conmmunicating with the scene raph interface |ayer
to create a vidual T8 MYSEe@t ddiesioridisrin e w’%?%ﬁ’r%n‘?l%fé%%?i bed by
the conplex property syntax. 25 102 10. The systemof claim9 wherein the
r esour ce iPefdidegatst rake iRraneFhedatiah a reference that is referred to at
another location in the markup. 5 11. The system of claim9 wherein the
resource level data is identified with a reference that refers to a file.
12. The systemof claim9 wherein the resource level data is identified
with a referer®e tfite rofsdram taf acldire thathemgin lithe elhhmml obefeent rom a
renmote location in a network. 13. The system of claim 1 wherein one of the
el emet s iocludes alempinobreaentmdalateonpri ses an i nage el enent. 15 14.
The systemof claim1l wherein one of the elenents of the el enent object
nodel conprises a video elenent. 15. The system of claim 1l wherein one of
the el enents of the elenent object nodel conprises a canvas el enent that
20 cont ai ns aZ28hapfhel evettem I Clleeins yidt evhexfeia] dilm Ishemer e ermaret of t he
el enents of the el enent object nodel conprises a shape elenent. - 103 17.
The syst emcdfudelsaitmabt fwhrer ginoddreys ks el enent

10 28. The system of claim 16 wherein the shape element

includes effect data.

29. The system of claim 16 wherein the shape element
includes opacity data.
15
30. The system of claim 16 wherein the shape element

includes blend mode data.

31. The system of claim 1 further comprising an engine
20 that processes the scene graph data structure and provides

commands to at least one lower level graphics component.

32. The system of claim 31 wherein the engine traverses
the scene graph data structure.

25
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conprises a rectangle elenent. 18. The system of claim 16 wherein the shape
element 5 conprises a polyline elenent. 19. The system of claim 16 wherein
t he shape el enent conprises a polygon elenment. 10 20. The system of claim
16 wherein the shape el enent conprises a path elenment. 21. The system of

cl ai m 16 wher 8Bn t Reeslsapeesl efentlaigoRpr whesedrn ithe engiee trefs2d tsThe
system of claim 16 wherein the shape el enent conprises an ellipse el enent.
23. The siet eneak glrapm 86 tweheteuetilre.shape el ement 20 conprises a circle
el ement. 24. The systemof claim 16 wherein the shape elenent includes
fill property data. - 104 25. The systemof claim 16 wherein the shape

el ement includes stroke property data. 26. The system of claim 16 wherein
the shape el epant Thei Bglsteas ofl icppiing Iphbpekiy dalea trahs1Biers raemsts
claim 16 wherein the shape elenent includes transformproperty data. 10
28. Te sustamcobtébal mflatwhesesitn onke bshagereltemerta tienthedes jeidtect dat a.

29. The systemof claim 16 wherein the shape el enent includes opacity
data. 15 30. The system of claim 16 wherein the shape el enent
35. A computer-implemented method, comprising:
parsing markup, the markup including tags and associated
property data according to an object model;
10 interpreting a tag in the markup to determine whether the
tag is directed to an element level or to a resource level;
and
a) 1f the tag is directed to the element level,
creating an element based on the tag and property data
15 associated with the tag and adding the element to an
element tree for later translation into a scene graph
object in a scene graph data structure; and
b) if the tag is directed to the resource level,
providing data to directly create a scene graph object in

20 the scene graph data structure via an interface to the

scene graph data structure.

36. The method of claim 35 wherein objects of the element
object model substantially correlate with objects in the scene

25 graph data structure.
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.incl'udes bl end node data. 31. The. systemof claim1 further conprising an
engine 20 that processes the scene graph data structure and provides
commands to at |east one | ower |evel graphics conponent. 32. The system of
claim 31 wherein the engine traverses the scene graph data structure. 25 -
105 33. The systemof claim31 wherein the engine transmts the scene
graph data structure. 34. The systemof claim1l wherein the translator
requests 5 i A3tanfhat methold #if Icdadm Gi%e vingdedey tthe areediuwp tincbijest s.
35. A conputer-inplenented nethod, conprising: parsing markup, the markup
i ncl udi ngnilage &pdtadeocirated ppopeertly vedie @ccoridintiero commbjssigtg model ;
10 interpreting a tag in the markup to determ ne whether the tag is
di r ect edcbomaniehtnpgt wiehel ¢ypeo convesterced evalvertanthen)inlfinehecdxag i s
directed to the elenent level, <creating an elenment based on the tag and
propértytdata ob5easspeciopeetdywith the tag and adding the elenent to an
elenment tree for later translation into a scene graph object in a scene
graph data structure; and b) if the tag is directed to the resource |evel,
providing data to directly create a scene graph object in 20 the scene
graph data stBact urkevinatand bifecflade 36 wheredenehg aphkiat arsilruddsur e.
36. The nethod of claim35 wherein objects of the el enent object nodel
subst ant ialliMeceekel abe wi thgobjregksthnvhN@eSt@Reng a reference to

other text in the markup, and wherein interpreting the tag

10 property value comprises interpreting the other text.

39. The method of claim 35 wherein the markup includes
tags comprising complex property syntax for an element, and
wherein interpreting the tags comprises interpreting the

15 complex property syntax to determine that the tags are directed

to the element level.

40. The method of claim 35 wherein the markup includes

tags specifying complex property syntax for an element, and
20 wherein interpreting the tags comprises interpreting the
complex property syntax to determine that the element is

directed to the resource level.

41. The method of claim 40 wherein interpreting the

25 complex property syntax comprises detecting that the complex
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25 graph data structure. - 106 37. The nethod of claim 35 wherein the

mar kup includes inline text for a tag property value and further
conprising, communicating with a type converter to convert the inline text
5 to an object property. 38. The nmethod of claim 35 wherein the markup

i ncl udesprbpkrrhy sgxtakodescradpesr ep@roperilyucoraeispynaingf éroerkc & itsmalot her
text in the markup, and wherein interpreting the tag 10 property val ue
conpri sebriashepprjecitng t he other text. 39. The nethod of claim 35 wherein
the markup includes tags conprising conplex property syntax for an

el ement, and wherein interpreting the tags conprises interpreting the 15
conpl ex property syntax to determne that the tags are directed to the

el ement | evel 4240. Theemerhbdd off cQlamm4d5 wihleekeenn thle @etkud none wdesialt ags
speci fying conplex property syntax for an elenent, and 20 wherein '
i nt erpr ebright bejbtags acenpeifeeeniceide by @anl kJ eidatCcamplcére prlepenity tsert.ax to
determne that the elenent is directed to the resource |level. 41. The

met hod of claim40 wherein interpreting the 25 conpl ex property syntax
conprises detecting that the conplex - 107 property syntax describes a

property corraspondi egmpOtarvirsudabller weldiohl @ekind?2 cofpe trei-ka@@ftatf1ai m
40 wherein tags defining a visual 5 brush object are referenced by an

el ement iAsthaceleABNECL gerfoddingd €BRPHkehoteadakhairedisum havi ng
conput er - executable instructions for performng the nmethod of claim 35.
10 44. A computer-readable medium having stored thereon a
data structure, comprising:

a first set of data comprising a first set of tags and
property data, in which the context in which the first set of
tags 1s interpreted indicates that the first set of tags is

15 directed to an element level;

a second set of data comprising a second set of tags and
second property data, in which the context in which the second
set of tags is interpreted corresponds to complex property
syntax and indicates that the second set of tags is directed to

20 a resource level; and

when the data structure is interpreted, the first set of
data results in data corresponding to the first set of tags
being created and inserted into an element-level tree based on
the first information in the first set of text, and the second

25 set of data results in data corresponding to the second set of
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.10 44. A conputer-readabl e nedi um having stored thereon a data structure,
conprising: a first set of data conprising a first set of tags and

property data, in which the context in which the first set of tags is
interpreted indicates that the first set of tags is 15 directed to an

el enent [té@s Pednge@oinyiskd dfo dhitzeatdprargafis & el Frarhiobiget aiwl
second property data, in which the context in which the second set ‘of tags
i's interpr sceecgrEapindsr ts-wuplex g dgee tnesayrnaxi evell | Wk cait es t hat
the second set of tags is directed to 20 a resource |level; and when the
dat a strdoterdaics itnt ey etamhe tdhadh rdtsett mictulz a based ten i phelat a
corresponding to the first set of tags being created and inserted into an
el enent - bevend ried dyased con it hhd isestorichfamtmatf drextn. the first set of

text, and the second 25 set of data results in data corresponding to the
secorld set of 108 tags being provided to directly create a scene graph
object in a scene graph data structure at the resource |evel via an
interface to #bhe sdére dgrtaplstdatc e Wit Wls inbaskedwrtidre cagmoiking a
information in the second set of text. 5 45. The data structure of claim44
further thipd sietgodf data doseiricfirdatea stonplg Sidxyesindingg cos respondi ng
to a property value. 10 46. The data structure of claim44 wherein the
first sebropertggvaimeci fy an identifier, and further conprising a third
set of data that references the identifier. 47. The data structure of claim
46 wherei n when

10 46. The data structure of claim 44 wherein the first set
of tags specify an identifier, and further comprising a third

set of data that references the identifier.

47. The data structure of claim 46 wherein when
15 interpreted, the third set of data results in data
corresponding to the first set of tags being added to the
element-level tree in a tree location for the third set of

data.
20 48. The data structure of claim 44 wherein the second set

of tags includes an identifier, and further comprising a third

set of data that references the identifier.
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15 interpreted, the third set of data results in data corresponding to the
first set of tags being added to the elenent-level tree in a tree |location
for the third set of data. 20 48. The data structure of claim44 wherein
the second set of tags includes an identifier, and further conprising a
third set of 48at aTheatdatef ettencesirtehefi ddatin iddr wherki® t4® sSHwordhtset
structure of claim44 wherein the second set of tags includes data

f ormat t edfi nagscampllexigs dadeat \f ogymritdned iiml ianeomp ey buepes th0 . syfttaxdat a
structure of claim49 wherein the conplex property syntax describes a
resourceihéveke eéhemankupaving a fill property corresponding to a visual
pai nt object. 51. The data structure of claim49 wherein the conplex 10
property syntax describes properties of an inage elenent. 52. The data
structure of claim49 wherein the conplex property syntax descri bes
propesties of 5a3.vi dee daereritruth B2 ofhelddin 49t mikdrerier afhecloainp 14k
wherein the first set of tags describes properties of a shape elenent. 54.

The dat apgsbpeety’ eyoitai @83 Hdy ehatesoamud dicv@l ddlemdnt theridrf a
structure that describes a canvas elenent that 20 contains the shape

el ement. £831 pheopdaty sbirueswondiheC/tal @ %3 suaar gpainthegkepearties of the
shape el enent conprise fill property data. - 110 56. The data structure of
cl aim53 wherein the properties of the shape el enent conprise stroke
property data. 57. The data structure of claim44 wherein the properties

51. The data structure of claim 49 wherein the complex

10 property syntax describes properties of an image element.

52. The data structure of claim 49 wherein the complex

property syntax describes properties of a video element.

15 53. The data structure of claim 44 wherein the first set

of tags describes properties of a shape element.
54. The data structure of claim 53 further comprising
data in the data structure that describes a canvas element that

20 contains the shape element.

55. The data structure of claim 53 wherein the properties

of the shape element comprise fill property data.
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.5 of the first element include clipping data. 58. The data structure of
claim 44 wherein the properties of the first elenent include transform
data 10 59. The data structure of claim44 wherein the properties of the
first elenment _include opacity data. 60. The data structure of claim44

wher ei n the pPéper Thes dagp e uatigte aiferd@in il et iehdhipdrrpetias -

111
. of the shape element comprise stroke property data.

57. The data structure of claim 44 wherein the properties

5 of the first element include clipping data.

58. The data structure of claim 44 wherein the properties

of theufirst element include transform data

10 59. The data structure of claim 44 wherein the properties

of the first element include opacity data.
60. The data structure of claim 44 wherein the properties

of the first element include blend mode data.

15
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