;e3e>; 4 R6TF/ MARKUP LANGUAGE AND OBJECT MODEL FOR VECTOR GRAPHI CS
CRCSS—REFERENCE TO RELATED APPLI CATI ONS 5 The present invention is related

to the foll owi ng copending United ’mwmm H t Applications: Serial No.
10/ 184,795 entitled Multiple-Level ocessi ng System and Met hod;
Serial No. 10/184,796, entitled Generwmwﬁaraneterization for a Scene G aph;
Serial No. 10/185,775 10 entitled InteIIigent Caching Data Structure for

| medi at e Mbde,_Graphi_c ch fil June 27, 2002: and Unlted St at es
Patent Appl | cPRSTES RANGUARE God, SEEeF MAMR” &oR) FHGRAH CRBEEEA L or ney
Docket No. 3470), filed concurrently herewmth. Each related application is
assigned to the assignee of the present 15 patent application and hereby

i ncor porated by ref cERQES-REFERENCE TQ cRELATER| APPLIGAEIONSENTI ON 20 The
invention relates generally to conputer systens, and nore particularly to
t he processi nghefpgeapht cahvandiohhes véetevedntor vhti boliowidgspl ay on
conputer systens. - 1 BACKGROUND OF THE I NVENTION The limts of the
tradi ti ocapendirdi ah bt atdetavdel Patent crREpl hga gi apbt CSephalONPUt er Syst ens
are being reached, in part because nenory and bus speeds have not kept up
with theld/agyanesnent stledneudt PpDEEEEvES @NEpNicyr apbLessPhgcessoes. | n
general, the current (e.g., WM PAINT) nodel for preparing a frame requires
t 00 rTUChalﬁldtMet)]ﬁ@@esseﬂgalONcKeeDO!LlDBXM TH61 henbat Uvareetiefiesh rate when
conpl ex graphics effects are desired. As a result, when conplex graphics
ef fects pacakOcaiicapied ﬂbfhacseéﬁ@t@@aph;gsa@baESNapd@b$185p$vgad of
conpleting the changes that result in the perceived visual effects in tine

for 1ohe agxitieameIntbel changesabByngepaddede pyetudef E6Fenimbyages, MSANSI Ng
results that are visually and noticeably undesirable. 15 A new nodel for

control | tRgoRT @PhY C8a Ot PUL eliSoflegeht bed, | Mophe éﬁ@r@HEBéa0§€QtéQ'ted
States Patent Application Serial Nos. 10/ 184, 795, 10/ 184, 796, and

10/ 185, T8geedbi BpPEYVCAPSH BHOYLUES avﬂgayfraﬁa §bgﬂéfe£§§b kAP §P¥§8§Qt3 in

graphi cs processing technol ogy. For exanple, Seri al 184, 795 20
s generaAtyoﬁhm§0b89ké9wﬁedS3@7@vltfpi@a'@aﬁéugféﬂ91§shgfeﬁféﬁ'ngaéaﬁtem
and net hod a higher-Tevel conponent (e. an operating

system) peffoLgs,Gonputational! ysinLensi v @ﬁ@eggélgﬁ QUbkdtﬂgggr %sﬂédata

graph, updating ani mati on paraneterS and traversing t e scene

:f;gﬁ%?r%%tgﬁﬁ &opPi EELBLLVELY hOYLOPCIALLAGoLAEES b PLEE L 0ePRRS; s

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.

TIdYIDYT
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data structures and/or graphics conmmands to a | ow1|evel conponent. Because
the high-level processing greatly sinplifies the data, the | ow 1 evel
conponent can operate at a faster rate, (relative to the high-Ieve
conponent), such as a 5 rate that corresponds to the frane refresh rate of
t he graphi cs subsystem to rocess ta into constant out put data for

t he graphi cs subsystem WhBRACEEROU nQF THEsENVE 1ONad of havi ng to redraw
an entire scene with chan the | owlevel processing may interpolate

par amet er int@h@aﬂsmassn@geséﬁr9r@61§@06§ﬂaﬂﬁmﬁﬁs@§ﬁtﬁﬁ@@u@o@ﬁﬂu@§ t hat
when rendered provide a slightly changed scene for each frame, providing
snoot h aAFAEEFHAY Oraphies an NeMPRDEIgdy B9emeestr| besng paaah@dernﬁed
scene graph that provides nutable (ani mated) val ues and paraneterized 15
graph congafnbesavaehmenaryppogr Ruscedeedranavannett begtawegraphi ebe(e. g.,
an application program or operating system conponent) can selectively
change cadvanpemspest snohathepsecenesgraphndéscr gpebbacswhirbeebeavbng dther
aspects intact. The program code can al so reuse already-built portions of

t he scengegérgitaphhewrthrpossi(blyg.di WHePaiNTpamagelefor psepanihg a
appreciated, the ability to easily change the appearance of displayed itens
vi a par afeéeei zatibneantdbormtihk detgsepobcersshgngopkees up wishehkegraph
provi de substantial gains in overall graphics processing efficiency. - 3
U. S. SerhakdMereldtiB8EsK7bagenehahl gotlpdeki hesphicackiffigedat arstructure and
rel ated nmechanisns for storing visual information via objects and data in a
scene grdpbiréfie dastaastesalur ewhengeorpakkygasphicat edfecth aeehani sns
that 5 intelligently control how the visual information therein is

populat edtasfipyeadwi Ear cexaanteondnl ggaprpesi hbgallky Lagueatiedfby the
application program nost of the information stored in the data structure
has no exbgphatingf eneneRahgekt thubi ebsenabliasthbi perobkotyaat yoBubd be

optim zed or otherw se 10 processed. As can be appreciated, this provides
effici eneyrapdscoAseimat For eher A8QYUr €@ame€. Bhe thangakamhft bBeagaehe data
structure can be processed into a different format that is nore conpact

and/ or reggdeegitheragedriamesyibsagyenty, regneakednhpE0gessiNguasiighans a
bitmap or other post-processing result. 15 Wiile the above inprovenents

provi de ggbstanbigl yhepefik-bs1kn graphics processing technol ogy, there stil
needs to be a way for prograns to effectively use this inproved graphics

nodels and 'tSAOBQ@rmBQE§t§Qr'HBﬁQY@T?QE% ?9aﬁh§&éab9€bﬁ9r%@rQeEEBQBéd Wat
is needed is a conprehensive yet straightforward 20 way for prograns to

take adV%Htéﬁé QEok@ﬁeﬂ%ﬁ%n&@abﬂaEédaﬁgagéépbhﬁénErRﬁB%%baglsﬁpéékhh&'eS
provided by the inproved graphics node her eby out put conpl ex graphics

in an effijhgi enb,MBANGES 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



- 4 SUMVARY COF THE | NVENTION Briefly, the present invention provides an
el enrent object nodel and a vector graphics markup | anguage for accessing

t hat el enent object nodel in a manner that all ows program code 5 devel opers
to consistently interface with a scene graph data structure to produce

graphi cs. The_vector graphics markup, | anguage conprises an.interchange
Pormat faPCRxBrBUSHHE T eehof Ohr apAP LSS GOTHE dP ohint LBI ebevRbdel . When
interpreted, the nargug is p seﬂ.iﬂtg daia includina elenegts in an
el enent 39"PPRE E hat BPS2PFanEPEt BUI Nt BV EHeP BB BEP 57 8f 95°8EeKe graph data
structure, Aﬁ,%he el ement tree Ieiel, a g;o ertg syst em and Bresenter
syst em afeMBrb&i B8R dEES g?BQidEh?i Avpt8Y By ??%tfﬁaFuPEE,aFﬁc?Ed?ng
i nheritance characteristics and eventing, naking it straightforward for
scene deSRPHRF sTEbedesFFhe15VH0ERi Bl RO¥Br bRV L eREEPONRNEneFdf #Re
vect or graphics el enents correspond to shape el enents and ot her el enents
i ncl wdi nE2FRageabnacyraevcRfenent Shenbrawer FrefaeehweheseEnkhgr dpAPBbFECt s
of the scene graph object nodel. The properties and other resources of the
vect or gFaPRYeseBl ehRnPECEFSD PhecoRrEel HRECWPRSERRT| artBrbpertfesotind
resources the scene graph object nodel. The vector graphics system can thus
progr am Ebeagirepbrent spegestenn wiheh eathabionhésdhaafingishbped p§
represented as an elenment at the sane level as the rest of the programmable
25 el ereh@¥ing bopugéravrernenbirewsagnenverhceheng@st hthfelowslevel
presenter system events and properties. The vector graphics system also
provi desprogeshany smay ornpevge dahengaranateespotesvals as necessary to
10 obtain instantaneous values that when rendered provide a
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.



| evel , by which scene designers can essentially shortcut the elenent tree
and presenter systemand programdirectly to the 5 visual APl |ayer that
interfaces with the scene graph data structure. This provides a nore
efficient and |ightweight way to output t he appropriate obj ect, al though

| osi ng of song of t he ogr a f the e evel. In
i npl enent at i on; S éﬁragi ﬁ? 238?;% ¥zgsﬁﬁ?eﬁ?ggﬁ g?§ciﬁbﬁﬁoﬁrﬁﬂﬁgﬂngthe
parser can directly call the API Ia er. with resource level data.to create a
correspoﬂﬂFﬁgSGFBEéPrpa?ﬁ@ bBieEed (mﬁFEﬂnF§m§I BraSEBF+BPattBH2bet ween t he
el ement object npdel and the scene _graph object nodel). In this two-tiered
system éFtﬁﬁﬁ?ttﬁveVlﬁeEPéﬁcﬁ?aﬁﬂﬁc@a at 1pafsBASPRt 8T @PRat edhes5d@F8nent s,
which need later translation_to the objects, while resource |evel vector
gr aphi csSEEYECPAF8elS a#BREF R &LY| §5EPBFRECANWAR HEFRABAEMFARARBE. At the same
time, the resource |evel data or the objects created thereby can be
r ef efencéat 81 LUeRbAY SCARETpar howf thAeveFeabninf pemat ¥ant herehd, 18l enent s
20 including visual paint elenents may be named. The scene designer thus
has the B@PHiayedoahdl nAaed. ef FPri eneypigai wsleprogpamihbrpily usanested.
The el enent class hierarchy includes a shape class, an inmage class, a video
cl ass anbyatbanassléCaSéQnEPéﬂﬁn@m,omosheOQStEﬁapef@erQibncsudéedeénangIe,
pol yli ne, polygon, path, line - 6 and el lipse. Each el enent may incl ude
or be astbeidabd atrhcfuke hpeopereyyedntd, reteokecdata, 1tli ppinl dat a,
transformdata, filter effect data and nask data. Shapes correspond to
geonet r yefi@blebetscenénfoaphtdbnetd bedebkrimhaedi srdetbarwith 5 i nherited
and cascaded presentation properties that are used to construct the pen and
t he 18r usbroeededdt o Asawathkbeshppescidhedi migéschbassidesneféispencyi entlhan
a shape and can include nore

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.



raster graphical data, while the video class allows video (or simlar
multimedia) to be played within a displayed elenent. 10 The canvas cl ass
may act as a container for shapes, to keep shapes |ightweight. In one

i npl enentation the markup code is interpreted by a parser / translator

whi ch generally adds el enent-level elenents to an elenent tree / property
system and attaches present&Eyyaﬁzlﬁglﬂﬁgblﬁﬂgﬁgf The presenter system
then takes the elenent tree with the attached presenters and translates the
data to obj ecBsl¢{lw ath@iPaesgnntn¢al F50R PBOVE ¢8RI PR L HGRE eRAECt
interfaces with the scene graph and creates the scene graph objects. 20 The
mar kup |Te@ehgrNGraVvyeesodi SEapiei cHayarked dbargudge afoE| 2peasSingct@ing a
sinple string format or a conplex object notation (a conplex property

synt ax) . eFerpent solppeet snedaly ioraanantee phaaserllovs apsParan a@deor
presenter systemuses a type converter for converting a string to an

appr oprideeclopens 26 ¢Pnsppiently Wieberhaceéivithatarsbene gsapbodaoapl ex to
fit into a single string, conplex property syntax, which may be inline
in the natkapturs tseprodudesgrapeithe pFlopeveytartgr&plhavusentheusane
rendering nodel is shared between the el enent |evel and the APl |evel, many
of the objmgtsgareomprei sasean wincér Shamgesf pamst nfor éexanssatngnvacghty
efficient and provides other benefits. A resource instance also may be

| ocat ed gtsphhes evia (€hg. eléemehbhechpekupmmodedn. fiWe¢n omderefetedcedhdy a
nane. In this manner, a scene designer can reuse an elenent in the el enent
tree throughoptia saesed 1mcd udhbg thebedisgdesenehes 10 dy &bementpl ex
property syntax. O her benefits and advantages wi |l becone apparent from

t he 1fool | evéagriiet al & etradesTat di ONtvheet skfact® 6DHNhUBEEhONgIEDH ddea
drawi ngs, in which: 15 BRI EF DESCRI PTION OF THE DRAWNGS FIGURE 1 is a

bl ock di ggrastiepl esrdt thg aleXOPLAEY 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



conputer systeminto which the present invention nmay be incorporated; FIG

2 is a block diagramgenerally representing a 20 graphics | ayer

architecture into which the present invention may be incorporated; FIG 3

is a representation of a scene graph of visuals and associ ated conponents

for processing the scene graph such_as by traversi t he scene graph to
SpRTE e i

provi de B 8T cBRERDs BRENES g3nd PHPRRFCHGE A c¥or Hahce” C@an
aspect of the present invention; FIG 4 ig a representation of a scene
graph of SY3FFHaR 18N RYSVLFES AraGFRRYPRULPE BRO9LREBLIAt BY ArbGFAgree
primtives 5 constructed in accordance with an asgect of the present
i nvent i oheVE G PB VRIGH gpPReefent FBRT Bf CAN VPSRNt LR ALY, SRPrhrubhiREt
nodel , in_accordance with an aspect of the present invention; FIG 6 is a
r epr esenBAENPAL oF L 9&r FBUSPHERERC BB BXE 5B 2RAPUPIBRN eBE T ABHLY , tPnthe
accordance wth an aspect of the present invention; FIG 7 is a diagram
repr 8senvifigal r AR5 baViari bhabf 1Atoriaaesswibhathe acevedaneehwiehaan aspect
of the present invention; 15 FIGS. 8A and 8B are representations of
transf or pBruoberef alisuBrovidasaajmonegebhbeionscand hhdhbwadbahtnvasr m
scal e, respectively, in accordance with an aspect of the present invention;
FI GS. 9AC9Careubl ek dbpyranbabe cbitate #ithakobbjiesing20fandmet hér
visual s and conponents in accordance with an aspect of the present
i nvent i obhe PPByrapnalhdl 1PBo&r ehei agemastrépvesent Fagorwnd vi sua
implementation, when a f£ill of type “visual brush” is
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). 1In this two-tiered
system, element level vector graphics get parsed into created
15 elements, which need later translation to the objects, while
regource 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



objects in accordance with an aspect of the present invention; FIG 11 is a
diagramrepresenting a | ayered visual object 25 in accordance with an
aspect of the present invention; - 9 FIG 12 is a representation of
geonetry cl asses of the object nodel, in accordance with an aspect of the
present inyentjpn;, FIG 13 is a representation of a PathGeopnetry structure,
5 in accordafice®Fth aﬂa%.p%i?m%$ttﬂ%yp+%giﬁgeiﬂ@eﬁ?i%ﬁ?oﬁ?%fe§4wfgha
representation of a scene graph of_ visuals and drawing primtives show ng
exanpl e fFaphiBECRFHEYL et BT t FEFPFE e FResClipPHRS ofdaRcet HFERE @R aspect
of the present invention; 10 FIG 15 is a representation of brush_cl asses
of the obfeRt FbHepr ?ﬁf%€50@ﬂ5ﬁc%n@ﬁ@%S%nd%g%ectSB?P?ﬁeC%Fégéﬁ?nﬂnQ%ntion;
FIG 16 is a representation of rendered graphics resulting fromdata in a

| i near gFaemeR¥YbfaEhtdej eeene| araekoranee MPealilsthat aspedrawr vheh
present invention; FIG 17 is a representation of rendered graphics

result i ngnheshtadt andncaseadedl PyeaeneAt1pR UBHORSF BEES Fhakhcebedaped Pt h
an aspect of the present invention; FIG 18 is a representation of rendered
gr aphi csceestruchgte peanrhdvihg bursbusesdedt ep dupvethei ahapesr dahee

wi th an aspect of the present invention; FIG 19 is a representation of
render edipagaphttass essl npng fpoaihaei hganani sheprei srdvatnesncindacwoordance

wi th an aspect of the present invention; - 10
raster graphical data, while the video class allows video (or

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 wvisual API layer that
interfaces with the scene graph and creates the scene graph
objects.

20 The markup 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



FIG 20 is a flow diagramgenerally representing logic for interpreting a
visual, including a brush object, to generate graphics in accordance with
an aspect of the present invention; FIG 21 is a representation of a grid
and transforned 5 grid, resulting fromdata in a visual brush object, in
accor dance wﬁtT an asgect of the present invention;. FIG 22 %s a .,

r epr esent af+BALGf SERLGr i GOBRYSK r BRSPBF MEdSHRFE WBRCReNa¥r B8 JRLpAFCs
therein dra fronLa visual, in acaordance mﬁth an aspect of the gresent

i nvent i oh® ggepmeg YR j §5UPRPr BSeHEaEF bReoFNE PERARBFEY fAfhe gPFE2BFEsh
object in accordance with an aspect of the present invention;, FIG 24 is a
represenF%@i%ﬂm%fr?ﬁgﬁ§%69n$€@§gsé§ pRarad BBreeennbhel SlemerkcofPY8hce with
an aspect of the present_invention;, 15 FIG 25 is a representation of

el ement @Rdsths 6$Ith@velen@ﬁwogﬁeében@a@ﬁ?tsnaaecéhaaﬁe@ew vhigh aspect
of the present invention, FIG 26 is a representation of conponents for

i nt ePpr emaligs npakEPNP anghrgesEateonohighbyf aééigientt prdvpsauidap othger ,
in 20 accordance with an aspect of the present invention; and FIG 27 is a
repr esenP@Rebhtof chi ppEagrofaiasyenaet ayspanayi heateoprtafdcel@pvhesn aspect
of the present invention. - 11 DETAI LED DESCRI PTI ON EXEMPLARY OPERATI NG
ENVI RONMERTY FI GUREEe| npgkupapesaafl éghnppedorefesancad| bycanpaneng pst em
envi ronnment 100 on which the invention may be 5 inplenmented. The conputing
syst em ebiisonaener 108 ssenal gephgnexaapheretisa 8ui eabnentoaputhag
environment and is not intended to suggest any limtation as to the scope
of use oelémanti bnaki throfighbeti avenénen. ihkeltuléngshbdaimdnthedesapibedg

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 wvisuals and
associated components for processing the scene graph such as by

traversing the scene graph to provide graphics commands and



environment 100 be interpreted as having any dependency or 10 reguirenent
relating to any one or conbination of conponents illustrated in the

exenpl ary operating environnent 100. The invention is operational with
nuner ous ot her general purpose or special purpose conputing system
environments or configurations. Exanples of well known conputing systens,
15 envirBEﬁ%ﬁtg?t%naﬁoﬁceeﬁ@?@E?aWFgﬁsaPhé?pﬁﬁ§ B& SBPtBBPESPBr use with
the invention include, but are not limted to, personal conmputers, server
conput er $8VRARYORel d or | aptop devices, tablet devices, nultiprocessor
syst ens, nicroEroces$or-based systens, set top boxes, programuabl e 20
consuner el ecF#8ni ésisndt WePKePEBLakiANCcOfpat EFSNengrAPRafE ¥okpdabien

di stributed conputing environnents that include any of the above systens or
devi ces, Vaadalfe frreinghéipnedat fbf aABjoBLabedcfrpwinNgnrr huigévepal
context of conputer-executable instructions, such as program nodul es, 25
bei ng exeensbrupyed conpocerdamenevathyanppegedm abdbhespregent jncl ude
routi nes, prograns, objects, conponents, data structures, and so forth,

whi ch peifhventpanti cul ar tasks or inplenment particular abstract data types.
The invention may al so be practiced in distributed conputing environnents
where 5 tasksFage persoanedpbygsernateopr ofessivhgudévitesst haf aneobjakéed

t hrough a conmmuni cations network. In a distributed conmputing environnent,
pr ogr am model esinagcbertianatedith bot Aspechl o&ndheeppeeenbnputrentsodor age
medi a i ncluding nenory storage devices. 10 Wth reference to FIG 1, an
exenpl ary sysFethf 6r isnpl eapnesagtahéonnvéntraphouncbtdes abgenesabfpuhpose
conputing device in the formof a conputer 110. Conponents of the conputer
110 rtay ohgeddenoddl , ate aotordantedwioh anpaspessi af thet pt@Bena system
menory 130, and a system bus 121 that 15 coupl es various system conponents
i ncl udi ngntbrtsystem nenory to the processing unit 120. The system bus 121
may be any of several types of bus structures including a nmenory bus or
menory controrker, 7aipesi ghegahmbusprasen8ihgcakahysoumbhBgoanyfoh a variety
of bus architectures. By way of exanple, and not 20 limtation, such
architectusgalt Bchdde Lndustbydshandat dnAsghhkgetur ef( tHA) pbdgenM cro
Channel Architecture (MCA) bus, Enhanced | SA (EI SA) bus, Video El ectronics
St andar dgnfssechbati on (VESA) |ocal bus, Accelerated G aphics Port (AGP)
bus, and Peripheral Conponent |nterconnect (PCl) bus al so known 25 as

Mezzani ne buspigsl3sa ahlesBoHPH! @eptdQeh¥REEBhEY oENELHABE c@mYBE bREY 0 8f
conput er readabl e nmedi a. Conputer-readabl e nedia can be any avail abl e nedi a

that cangbe;acgesgedaby EHeangBﬂégky1é9a§8dahEC5UH8ﬁ—QHE@o¥9'@Ebhé,a”d
nonvol atil e nmedi a, and renovabl e and non
respectively, 1in 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 1in accordance with an aspect of the present invention;



5 renovabl e nedia. By way of exanple, and not limtation, conputer-readable
medi a nmay conpri se conputer storage nedia and conmuni cati on nedi a. Conputer
storage nedia includes both volatile and nonvol atile, renovable and
non-renovabl e nedi a i npl enmented in any nmethod or technol ogy for storage of
10 information_such_as conputer-readable ipstructjons,. data stpuctures,
programlnth%£§0rf%th§rad PR CTORPAE £ s? r%@%mﬁ%HYa¢}%%?%ﬁe§£ b€ is not
limted to, RAM FEPROM fl ash nmenpry or ot her nory technol ogy,
D ROV OPHRE5I MO at 17 6P AP SKIMEENY Lo S hEFPBpE| 25l Lor SRESE SR hge,
magneti c, casseftes, 15 magnetic tape, magnetic di sk storage or other
‘magnet i cP3YSraH devi ces, or any ot her nedi um which can be used to store
the desired informati on and which can, accessed by the conputer 110.
ConnunicationFﬁ%di%3ty%i%a??@r%%%%ﬁﬁ%%o%oﬂ%u%e?ag%%ﬂ%%?ErYn§F¥%%F?6ﬁs, dat a
structures, program nodul es or other data in 20 a nodul ated data signal
such®as 1 caFFPERANET eV HER R PR SPRERsPDr ELAeRRRPPR I HRCHhePRdes any
information delivery nedia. The term "nodul ated data signal"” means_a signal
that has one %?Gnnli b¥ txeerarertericnief aetconecHndpedof nviseala manner
as to encode information in the signal. By way of 25 exanple, and not
limitati®dnd S6AWLAY CRYIBAL HEEP ashevingesxaipbd gramhicsnprpdusednbysthe
wired network or direct-wired connection, and wireless nmedia such as
acoust i cPrRFLtiviesared apdovdaerewteheas aspeat cbnbheapreasnbf the any of
t he above should al so be included within the scope of conputer-readabl e
medi a. 5imhensygtem nenory 130 includes conputer storage nedia in the form
of volatile and/or nonvolatile nmenory such as read only nenory (ROM 131
and Illandom acce¥G. nkhoiy & RAdprdd3entadtbasi of i hpushool pasesysfennd33 (Bl OS)
containing the basic routines that help to transfer informtion between
el enent solifeait tthodet pnpmit eccdt@ansechitls shmirasgestaof - tpe psesypical |y
stored in ROM 131. RAM 132 typically contains data and/ or program nodul es
that areimveetieahel y accessible to and/or presently being operated on by
processing unit 120. By way of exanple, and not limtation, FIG 1
illustrates opetatl6égidbasyspeasdlddat appl o€atendepedgsaaphids, reshitting
program nodul es 136

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;
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and program data 137. The conputer 110 may al so i nclude other renovabl e/ non
renovabl e, volatile/nonvolatile conputer storage nedia. By way of exanple

only, FIG 1 illustrates a hard disk drive 141 that 20 reads fromor wites
to non-renovabl e, nonvol atile magnetic nmedia, a magnetic disk drive 151
that reads from or jtes a renovabl e, nonvolatile magnetic_ disk 152,
and an opti caf @i s%(gwdjr"f‘v% tWa’%g’F%%ﬁeW?B‘?’rJrgY TFPTRICH b1 B9 r EAVADLT /F

nonvol atjl e optical disk, 156 such as_a CD ROM or other optical nmedia. 25
Q her ret®d P hERE ranthabte,  VOFREEHRY R nvorsR | PRI eohputeroengsate
storage nedi a that can be_used in the exer’%)l arg operating environnment
i ncl ude, IRRRDLFR %ta‘F?%@%ﬂc?o‘c’l‘ﬁ%g‘?’%t‘?‘%P @pe Easketpresent as PV FREDbPY
cards, digital versatile disks, digital video tape, solid state RAM solid
state ROM antl¢he?lik®e. asropecrertrei QR of i 9e0uud 1At ypreafpymednnect ed
to the systembus 121 through a non-renovable nenory interface such as
i nt ePf acer1d0, rasdl whg@efremdiaka dinve YsguahdowpshcaPiersk #Rive 155 are
typically connected to the system bus 121 by a renovabl e nenory interface,
such as a¢¢erdacee 180th 1an Thepert vel &he pPresentiste¢ertbeconput er storage
medi a, di scussed above and illustrated in FIG 1, provide storage of
conput er - r eaddb¥ e 221si$ Uzt Fepseseatat 5or uef ukles, 9prdgradh toaus erned ot her
data for the conputer 110. In FIG 1, for exanple, hard disk drive 141 is
i |l ustrareddaswstiorienddsedperaphhgs sykeeainiidyaappfremt & ovi prayr ais 145,
ot her program nodul es 146 and program data 147. Note that these conponents
can eit herctredamee sahieh agn oaspéé £ ep Enthé ronesget atnngnsyehem 134,
application prograns 135, other program nodul es 136, and program data 137.
Operldt i ng sysFEm 123, i sappl reptesen paogoanst 20 ddbdeneédenipe ogr bdn bodsh es
146, and program data 147 are given

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 1s 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.
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different nunbers herein to illustrate that, at a mninum they are
different copies. A user nmay enter conmmands and information into the
conput er 110 through input devices such as a tablet (electronic digitizer)
164, a m crophone 163, a 25 keyboard 162 and pointing device 161, conmonly
referred to as - 16 nmouse, trackball or touch pad. O her input devices
(not shown) may include a joysEEEEﬁ&ﬁBnQEﬁﬁﬁlﬁﬁigﬁlite di sh, scanner, or
the like. These and ot her input devices are often connected to the

processi BEEYRLARY2QP £} PNMENGt interface 160 that 5 is coupled to
the system bus, but may be connected by other interface and bus structures,
such as a parBIGEREpbrillgaheapestanrezaupleecpfab seitablpusofiSBingA
nonitor 191 or other type of display device is also connected to the system
bus 121 syvatem énverbawentsléh as whytdebhénisvéateon9@ayThe nonitor 10 |91
may al so be integrated with a touch-screen panel 193 or the |like that can

i nput5 di gnpilementagut Thehcasphander svshegmi ahvitbemenhplOer isyshém 448 vi a
an interface, such as a touchscreen interface 192. Note that the nonitor
and/ or texshpserefnapanttabha bemphysngakhyiconperd &ndaihounstnintandbdch
15 the conputing device 110 is incorporated, such as in a tablet type

per sonal tcoapygyest aherkimitheibnueh sorekha paopk 393uessentially serves as
the tablet 164. In addition, conputers such as the conputing device | 10 nmay
al so i nckufdetobhel i pgr bphenal iputpuiodevi NestReehshBsuspeaker sohPbtand
printer 196, 20 which may be connected through an output peripheral

i nterfacentfdommnehbelbike Theeephputear adlRatiigopayaiepbNdanagt wer ked

envi ronnment using | ogical connections to one or nore renpote conputers, such

as ao enpgguepspeher rd88cingetbeahieos8Mput 86mb8ha fBY¥nberacdhppRERSBA
conputer, a server, a router, a network PC, a peer 17 devi ce or ot her

common net wegkraeds, 1ﬁn€hEYEkéﬁbh¥ryn6b598§1H§n¥n9ir§hheﬁE tbe.el ements
descri bed above relative to the conputer 110, although only a nmenory

storage deVIC@hé81nba§tpsanlslbgékaeasﬂannwfkﬁin&meIB@sleghgél eaBpgetions
depicted 5 in FIG 1 include a Tocal area network (LAN) 171 ang a W de area

network UMMM} sd 73r Qﬂécﬂgy ﬁh?ﬁob@CEHﬂﬁuQEH§ sPSLURT Kivi PURReACEWBLKI NG
environnents are conmonplace in of fices erprise-w de conputer networks,

i ntranet §oaRdotPgLE BhET NeExaMpNel Hedei D RnbAN 88&&9E5h§9599¥bﬁ9””9”t the
conputer 10 1%0 I's connected ?o the LAN 171 through a nefwork I nterface or

adapteer é391r¥ﬁ§8n8§ed 8/8r¥§%5 %ﬂﬁé%hBﬂseEM EOH 8|| EtQBTB“ESE 110

typically inc en11 nmeans

CO”““”'CQEEOQ§ V@EetﬁﬁvgﬁP $%3mn898§ Sb&QeaketﬁBEeEhmIQEd”PQe”‘172 whi ch
tern

may be |nterna or ex €' connected to the system bus 121 via

the userobpRyhainLehbACE-160 £v8£h8§m§BPé98r'ﬁéﬁd ghankam ahpea net wor ked

enV|ronn% progra eplcte atrve ' to e conpute or

portionsﬁggg gf ?B¥e@e g%gggg kﬁgégﬁpgggg%gagfgg%g onLOrage device. By way

of exanple atlon €S rénote application

br 0gr ans, 185, 85.E ggyngag@dnsggtxmgevg £ 184 pbLow! L. be aRgegiated tha

t he networ Rec |ons S re exénp ar establlshlng
a C%mmcglalgllﬂ%g% t?gnlc gwggﬂpﬂ&er Ser.r%XCOIan%erS , m%?nframe

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 Dbeing executed by a computer. Generally, program modules

- 12 -



GRAPHI CS ARCHI TECTURE One aspect of the present invention is generally
directed to allow ng program code, such as an application or operating

syst em conmponent, to conmuni cate drawi ng instructions and other 5
information (e.g., inmage bitmaps) to graphics conmponents in order to render
graphi cal output on the systen1displag“ To this end, the present invention
provi destBCHAFR PP BREERgePEPBREMS t APASSEE/ oFOCREPENEFen8AE® and ot her

el enents, a grouping and conposjting, syste and integration with a general
10 propePEyushares i AndnSebfetERnoRl choPeRhEBTE BREGEGHBEF 0L POBEI AFe a
scene graph with data structures, drawing primtives (commands), and other
gr aphi csiFelareqt dagatignéarppbeesael, dahe S¥eAE- gr BRA EBYENESONNMEY aphi cs
bei ng displayed on the screen. 15 FIG 2 represents a general, |ayered

ar chi tec@ﬁﬁ@ beorratbliapdchnt Absprébehed| a0BAYE AT nayVbEONREN EAEWhele As
represented in FIG 2, program code 202 (e.g., an application program or
oper & i ngaskst enecpapbaemedobyt hemptRepraagspbendedevoped tbabuapat graphics
data in one or nore various ways, including via 20 imging 204, via vector
gr aphi ¢ éirkedt sheogghaadtommunacétnensonetwarkhodInakl dipratkdtdfirectly to
a visual application progranmng interface (APlI) |ayer 212. Direct

i nt er act tompwithgt devAiPbnheper pPsofuamhweddéssringedbenlobatafioirnbathoned
copendi ng patent application entitled "Visual and Scene G aph 25

| nt erfacéscal-ald8 rembhegenmpateri sagrage2@ddpaovndésdihe pengram code 202
with a nmechanismfor |oading, editing and saving inages, e.g., bitmps.
These | magesapgaydbeiussd by ot her parts of the system and there is also a
way to use the primtive drawing 5 code to draw to an inage directly. In
accdridance w whthnraspeshcef tbhBIQL esenani axempilany system for

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 Peripheral Component Interconnect (PCI) bus also known

25 as Mezzanine bus.
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vect or graphics el enents 206 provi de another way to draw graphics,
consistent with the rest of the object nodel (as described below . Vector
graphic el ements 206 may be created 10 via a markup | anguage, which an

el ement / property system 208 and presenter system 210 processes to nake
appropriate ca#ls to the viigal AP Eséer 2}2. As descri bed hel ow with
reference to EN& COBPUFRTgLAEr YPLRBLVECIBFLIYFGRhPcVRFLRENL 8L 268™BIEShar sed
into objects of the _object nodel fromwhich a_scene graph is 15, drawn,

whi ch nmejepeaptBviaddct o FRBPEEBRET§RAPRLGI BedhaeFefieRE P@Ve?véﬁéagﬁé

el ement / property system 208 and presenter system 210, or may_be provided

. p

in a nor@eeifi Pkt CRBnREr agfegSpesbYr EBe| e9BPUtgs 4f8o2BEséRrFhEdeBel ow. In
one inplementation, the graphics |layer architecture 200 20 includes a
hi gh- | ev@PtbowaégF%ﬂenaa%dnamfﬁéﬁi:é cehgfhe. 232d RRTMEMAPAHEI BBESNBP i s
ot herwi se associated with a caching data structure 216, The caching data
st ruct ur EeP2BaR LAt BFALaa sEEn@agragheﬁéﬁﬁﬂﬁsiﬁ@th@FaﬂéﬁﬂéaFF9narranged
objects that are managed according to a defined object nodel, as described
25 bel owcorpugererapdabhe wpdial nap| cpmpeisel1goppurdestohage pgdia ppdgram
code 202 (and the presenter system 210) with an interface to the caching
dat a stroeryueieasionnwpdibng €hwrubeki syorager wadeaobpedudesopehhand cl ose
objects to provide data to them and so forth. In other words, the
hi gh- | eveblattoapasit honvahdtahenarenavehgenendlnonxpesesableninéded nedi a
APl | ayer 212 by which devel opers may express intentions about graphics and
medi a t oivbipmentgdaphi esyi mebhadt bonteahdopogyi derantondegel piEng pl at f orm
wi th enough information such that the platformcan optim ze the use of the
har dWar eifibormhtipnognam 46 codputforreadaple, itheruntdéphyi ndapkatform w ||
be responsible for caching, resource negotiation and nedia integration.

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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In one inplenentation, the high-1level conposition and ani mati on engi ne 214
passes an instruction stream and possibly other data (e. g., pointers to
bitmaps) to a fast, lowlevel 15 conpositing and ani mati on engi ne 218. As
used herein, the terns "high-level"” and "lowlevel"” are simlar to those

used in other congutin% scenarioi, m%ereigién eneral, Lhe égmer a_software
conponerfSTE2 r 8P| 98 €oVhT ghePSEBRhoNnRht 1 ERE RIbSar CPRAECEOMOn3AT is to
t he hardware, Thus, .for ex | e raphi cs_20 information_ sept fromthe
i gh | evbrFEbRIBSTEROn SHCE aRP rAPPBATEng: e 21 Py SReeP oISt ot the
| ow- | evel , conpositi and_anj mati pn engine 218, where the informatjqQn is
used to ¥&hd ?%pﬁ?ggadatSQT%l?ﬂEla?ﬁp%%th§u%§¥s?gnFFﬁc?BﬁVﬁgsga%iﬁardmare
222. - 21 The, hi gh-1evel conposition and_ani mati on engi_ne_214 in
conj unct #RCWPEhiRReUdrdgV ARt eddeRe02BRe I 9 %O@EBEErQFﬁgﬂaPﬁer@ﬁ@é@ent a
graphi cs scene provided by the &éogran1code 202. For exanple, each itemto
be dPawn may Bee| BRHEEMWIEHOBY athd RgiBCLRLEP UEPTBRECT WRFBRAFRe™EPSR etfican
cache in the scene graph data structure 216. As will be described bel ow,
there artha AenBefforolabi basandyartBOBPREFEYLIENISMARY aSYFPuURBUFR2216, and
what is drawn. Further, the high-level conposition and ani mation engi ne 214
i nt egr at @81\ PEMOTY ABOMhdl Ahi A€ BANIOMsHSERREE BOUCYY PROVI dé3decl &rative
(or other) animation control (e.g., animation intervals) and tim ng
control .bPaBte thaut{petantnaysbamsyds efPaPFonscantannengakrbesbagipe passed
essentially anywhere in the system including, for exanple, at the el enent
propert yroeyenegoghatnbede bp thenvfevainfPrmabyen bepweandeilameBtany of
the other resources. The timng systemis exposed at the el ement and vi sual
| evélls. wWhehinwebwpeterohbOsi siiay aaddaninat sbarengbneigl8ypically
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, application 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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manages the conposing, animating and rendering of the scene, which is then
provided to the graphics subsystem 222. The |low 20 | evel engine 218
conposes the renderings for the scenes of multiple applications, and with
renderi ng conponents, inplenents the actual rendering of graphics to the
screen. I\{gtea home%er, thEt at tines 't.na% be necessary and/gr

advant ag@bvs9BrIsdhe e h%a?eﬂae??ﬁg 1% HEPpSRCEY LAF haPeo8t1RFel s. For
exanple, while the Iowei %ayeés service rﬁq¥est§ - 22 frommultiple
appl i cat PORSTOTRE hi HRer PGy ePit atESi NSt antThted bR+ aperehppl FRBEI on
basi s, whereby is possible via the imging, nechani sns, 204 _to, perform

e ConCERR Lo - DDA PR AN P Y pERTEF o ERHERL ngehoa b pet Febel AP8TRe pass
references_.to a 5 bit to the lower | ayers. SCENE GRAPH OBJECT MODEL As
describéﬂl%%?oﬁﬁp?hesn@ﬁﬁe??ﬁben%ﬁ%I ?%liﬁa?Eﬁt%yR@%e fRghERe| VER;

control -based vector graphics elenments 206, and 10 the | ower-1level objects
created Byetmaryi dlsk ARIveaybt 332tvRbeRThvt fenReshed gFaphhaafEsEePuct ure
216. This provides a significant anpount of correl ation between the

hi gher - | Bve| 1 2] eFRRPUODf 2 t RenpF eBeYiel 1 AvReRPEY, 1Rker fhee| sWwek-aevel

obj ects. The follow ng describes one_inplenentation of the scene graph 15
obj ect nbdePriFTEsI48, apdd anagear eXatpse dEevie §phphsdloptiagdl 4005k
respectively, including a base object referred to as a visual. In general,
a vi sual debviprisesann eypiealivagonepeeednte bheipysbemshrsatdltbytae user
and has a visual representation on 20 the display. As represented in FIG
5, a basecnduskle|sgubryrbvtdetache dack fsntntentpceylfor ot her visual
types, that is, the visual class 500 is an abstract base class from which
vi sddl types The dgrivéeglandocihderi yesopsatrepresopuedri atér&e3nediaop- | evel
(or root) visual 302 25 is connected to a visual nanager object 304, which
al so hasdascu@8ed 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 minimum, they
are different copies. A user may enter commands and
information into the computer 110 through input devices such as
a tablet (electronic digitizer) 164, a microphone 163, a

25 keyboard 162 and pointing device 161, commonly referred to as
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relationship (e.g., via a handle) with a wi ndow (HWMd) 306 or simlar unit
in which graphic data is output for the program code. The Vi sual Manager 304
manages the drawing of the top | evel visual (and any children of that
visual) to that wndow 5 306. FIG 6 shows the Visual Manager as one of a
set of other objects 620 in the object nodel of the graphics s stem

descri beBPHeFei APyt mPrtE%uﬁ?sé%ﬁ menBgRY BBRUprOeEiceE (RS B gShown)
traverses or transnlts) t he, scene graph_as schedul ed by a dlspatcher 308,
10 and pravi H#estyraphi ¢SYPhEEFuct?BRsPaAd Bt hetldaead %% Dt hECPBRET evef
conponent_ 218 (FIG 2) for its corresponding w ndow 306, such as generally
descri bebhnlike: Fialtl%ﬁ? 2pP| PERET ok | AFVABSS abP184tensconneqRad7og,

and 10/ 185, 775. The scene gra rocessing will ordinarily be schedul ed by
t he d|sp%h%h@¥°%@%s1%gaﬁnhtrhg% ghé@“?% R eVaeT vErHUS| bk fRaR 1he FlRFesh
rate of the |ower-I|evel conponent 218 and/or graphics subsystem 222. FIG 3
show® a henpewrpbedche| Bhei sviarem3bes 31Bubrrayiged aperagefadchy| 9therow t he
top-level (root) visual 302, sonme of which are represented as havi ng been
popul at egnveaufagawnng bus cohrestyres s, S8 #shawpanal dashedrboxgameo
represent their tenporary nature) with associated instruction lists 318 and
319, respextiQel§, uerigersabnearhdhgbdsaWag) prifi mppetonndd bt perovhenal s.
The visuals nmay al so contain other property information, as shown in the

f ol | owi ngyeganpl @ispbsawnl devrass: is 24so coubectedbsor bbe siassm\bgaalll

Vi sual Conponent public Transform Transform { get; set; } public fl oat
Opacity Yigean seterfapabl secBl eaddbded8bemdbbdéadegedl . seThe}l mpobtor
Geonetry Clip { get; set; } public bool Show { get; set; } public

Hi t Tedst ReSul mati & Testb@ointepoaned; wpthl actbooh-ssbesnepdanl (1P3uat the
visual ); public static Point TransformloDescendant( Visual reference,

Vi sual deskendaat, c&oi hhppoi 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 110 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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public static Point TransfornfFronDescendant( Visual reference, Visual
descendant, Point point); public Rect Cal cul ateBounds(); // Loose bounds
public Rect Cal cul ateTi ghtBounds(); // public bool H tTestable { get; set;
} public bool HitTestlgnoreChildren { get; set; } public bool HitTestFinal
{ get; set;.} } Atransformation, set. b he transform property, .defines
! he coor e 6 OHARF of e LT Hb ot a P LTS TRELotPET AR system
before the transf gna%ion is.called pre 5,tr$nsforn1co rdinate system the
one af t FPARRECT rahsf Ot nFe RLFTEUCDHoLESET HAST oF AP BB of B AGt ¥ s§_t¢ t hat
is, avisual wwth a trapnsformation is equivalent to a_visual_ wth a
t r ansf or FAPGHEHoHED as? AERAPERT ONLEY @ HeHRREr AFPTAPR 0VP LSS ah® £xBdPl e of
transformation,_ identifying the pre-transformtion 10 and ,
post - t r ARREBr Hht BT RBIH di Raf EC syst enBhe el @91 G2 t 6OBNGFEHANS FePheEedr set
the transformation of_a_visual, the Transform property may be used. Note
t hat 3t hel@oBF@i nht B¢ Hadsf dr heCahyabea apprverki Al hni/?brw%? vade
everything, as if it were in a bitmap. Note - 25 that this does not nean
that tra®dS¢drRREVEORS AVARY slappl Hutonayt #bpe, inetudpaethfnt ngeverkander ed
is affected by transforns equally. By way of exanple, if the user draws a
circle wephanebupekped €Nl rPRNSORES | LR APHEoBpHachehnaphpfiessa scale in
the 5 X direction of two to that circle, the pen will be two inches w de at
t he | ef teRnelrPT ghe-whde ondyroher | hehworkie, aintheneop and boet dnteThes. s
sonetinmes referred to as a conpositing or bitmap transform (as opposed to a
skel et on or Jébeetwyedcaheathtll a¢tectkinheegeonenngnpnl yhe EO@UBACis a
representation 10 of scaling transfornmation, with a non-transforned i mage
800 18ppehtd ngs ovothectedt tandha LANWMNSET br vedongbge B62work himteofianeform
scal e appearing on the right. FIG 8B is a representation of scaling
transf oraddpoery WOh tWeemonsednsh oa ngaN i nageoB0inapeeai rogment t hehéeft and
a transforned

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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15 image 804 with geonetry scaling appearing on the right. Wth respect to
coordinate transformati on of a visual, TransforniToDescendant transforns a
point fromthe reference visual to a descendant visual. The point is
transfornmed fromthe post-transformati on coordi nate space of the reference
20 vi sual EE EES Egg%-iranaforn&tion coordi nate space of the descendant
vi sual . nt transforns a point fromthe descendant
visual up the parent chain to the reference visual. The point is
t ransf or med f96ﬁ1668F0Fr8ﬁsFB?nﬁF?%ﬁnEobPH?ﬂé%%nsbﬁcgeBFrPHéYdééEéﬁasﬁt
visual to post 25 transformation coordi nate space, of the reference visual.
The - 26t0 aEhPHildt REBIRER fetRodSreRupRs2RhePBbLRAFAGRbeK gPerAEiRgnt ent
of the Visual in Post-Transformation coordi nate space. Note that there may
be an al PEPREN| GETWERSNEN BP EABTAPLCAREr ErABIBISPBEFTIECSPRE ANEAPFBAT are
allowed as to how the transformon 5 a visual is interpreted during a
coor & natefpraasieorniei 8n: FBRIBxBHPIEPS] heot gEABRGEM BAMPREBEREFeiBNCe and
descendant visual may or nay not be taken into account. In this
al t er nat Py@ert her eenflert ausphonaloputpns, oa. ghe epsEenndisslann bEo
transforned frompre-transformation to pre-transformati on 10 space,
pre-tranthosmenifonthe poessentahsyenhaeinoprepades poserkunniéngwageon to
pre-transformati on space, and post transformation to post-transformation
space. Taéosanweitbneepetappl Ebspeochemenest ang, oehgr, ehemenbsti ag may be
started in pre-transformation or post-transformation transform coordi nate
15 spacegrandihfeahdt composiesuft syatght bedi inpegratansf witht aogeneral
post-transformati on coordi nate space. The clip property sets (and gets) the
cli Ag@i ngpregeohyosyatemsimal anAnpjEsonmeodyl (theegebiret pyogkams te descri bed
below with reference to FIG 12) can be used as a clipping region,
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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20 and the clipping region is applied in Post-Transformation coordi nate
space. In one inplenentation, 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(-~, -~) to (+~, +~). - 27 The Opacity property
gets/sets the_opacit alye of th i sual , .such_that the conten f th
Visual 1< bl oRGedoBRY e APAGERY SOLi BEEVEASEd bR PRESBRUCPESevAPacVAAl the

sel ected bIengln noge. IhedBIend de_grogert can be used to set (or 5
get) the?bPERBPRYSHDERYt AR 8TusERL LERF QQH%PE}nganBEEFtyecgrpha) val ue
may be set between 0.0 and 1.0, Wth |inear_ al pha blending set as the node,
e.g., CbeFmépﬁrphghesﬁoﬁ@agﬁﬁnﬂagopﬁruﬁe@lb@-8F§ﬁ5)parE§cQ6r6Uﬁd col or).
O her services, such as special effects properties, my be included in a
visual , SESEe., aBlurberBnoéEnRefAR, 2aBYs6C0oRSeThBeVRILBGS 1Y8r frawing
(i ncluding transform opacity, clip) can be pushed and popped on a draw ng
cont ext , CA8 pasArapopooper apreRsdé8RCbéYnest ed, as | ong as a pop cal
mat ches a push call. For exanple PushTransforn(...) ; PushQpacity(...) ; 15
PopTr ansf or n{ In. pecpsdpnreguf thharaaspepsf 6fethRePPEpFRANSNTERLEAN
PopOpacity needs to be called. The PushTransform nmethod pushes a
t r ansf or FBELOH. ISabbegachl caeakEng 06ppravidas anpshexewayedowdrAwr espect to
the pushed transformation. The PopTransform pops the 20 transformation
pushed bgrepbipat chPngiPaehTranshothecakbt ¢6i dhrPushTeanshodelTrassf or m
transforn); void PushTransform(Matrix matrix); void PopTransforn();. 25
Si mi | ar| descheébpdshepavwity Hethod pushbicamlepaviey20al mey Bebszgacet
drawi ng operations are rendered on a tenporary
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 below. In general, the visual API layer 212 provides the
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- 28 surface with the specified opacity value and then conposite into
the scene. PopQpacity pops the opacity pushed by the nmatching PushOpacity
call: 5 void PushOpacity(float opacity); void
PushOpaci t y( Nunmber Ani nat i onBase opacity); void PopOpacity();. The Pushdip

met hod pushes_a cli.ppi €0 . _Subsequent 10 draw.ng operations are
clipped PBO?ﬁgmg88ﬁ§t?§g %ﬁgggﬁﬁ%ppﬁasﬁgggﬁp?YEgeWnaghgtW%Eﬁng?ornation
space. Popd i ops t clipping region _pushed b he, mat chi.n shdip
o1 Vol BRERER. P CERReE PR o P e Caor HEROpRr P trb: 1BCRBRREhAtepush
operations,cap be arbitrari nested as long as the pop, operations _ are

ot ched BPERLRY phanCEPOF SoRhIRPES | RESR PP 1g°FoShAPEES Eb brovial
PushTrangforn(..,); Drawine(...); Pushdip(...); DrawLing(.,.); PopCip();
P Tr andror ntd ERempy Gidert( Forbh- pobi GhaPS: HbF ASPobRF A KEYE 00
Hit-testin% is perforned in the Post-Transfgrnation coordi nate space, and
returhs SATPABLELPY BRAeERAMAFLOPeSPABIE viSuSKPPRSE PsURtfled. §edlghen a
pen or nouse_click is detected. An alternate version of the interface may
al | ow f ofPE51AYErt 84t RY TB1ishafeval ORePFeMFY aREPERFHL FBRSEEOPRENEPEUEpace
- 29 relative to_the visual where the hit test is started. Visuals that
are hit gFePhecsraed Peipghe- d6sPépy, JgBBRACEI tafosrabion pufeBYPHEdRRY
be controlled with various flags, including HtTestable, which determ nes

i f the vPBuandpslyingt pdehbpemswithecnepghl infernagepn arghHehgesthenal |

which determnes if hit-testing stops when the visual is hit, i.e. if a
Vi sual iBlatform can optimize the use of the hardware for the program

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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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 Hit TestlgnoreChildren, which determnes if the children
of a visual should be considered when hit-testing is perfornmed on a visual
(the default is false), A ProxyVispal is a_visypal that may be_added nore
Lhan once i ntBRe o GREHEYGH apAPas HeLoRny 0! SOuhe FLPar PRaLES Bylats
ProxyVi sual ,may be reached by multiple paths fromthe root, read services
(Transfo?ﬂﬁ%%%%%éﬂ%e%%FhT?%ﬁsPB?ﬁﬁﬁ%nf%@%e%@%n?ué%ﬁsFPt#%%?? FB2RBt EQor k
through a ProxyVisual. In essence, there_is one canonical path from any

vi sual tBePFeSPRbt 2 ofTRRRLGP sHEPRE rRECHhdet haY BaehPueesaRotoffct tide any
ProxyVisuals. 20 As represented in FIG 5, various types of visuals are
defi ned Fortfs2HBi @ct @Bl el LeMNEP VAR NGr THRt BRYIePYi 0afed 501th HBAVHRYI sual s
502, ValidationVisuals 503, SurfaceVisuals 504 and HwmndVi sual s 505. The

t abl & beld9rseesienst hwakahpreendysbed efnac@rlhgi hgViBaapcene3graphpublic

class Drawi ngVisual . Visual public Draw ngVisual (); public |Draw ngContext
pen(); fabiietroeawraglbht exts Appehdps; dasex dkdghesodl tBemecaneadner for
graphical content (e. g. lines, text, imges, and so forth). Note that it

i s possihhmbey afidvarifpgsarvayat boaspeaifngvhssaflatsustinctone 516, and
i npl enentations this is not allowed. The Draw ngVi sual 502 includes an Open
met hod, whathisefuaws. anFubrher ngtoat ekght havetanobpossedonoapdpul ate t he
Drawi ngVi sual, e.g., with other visuals and drawing primtives, as
descri beanimébion | engieei Aps eneneatavas Forthvaimdng aedsansmatsondescri bed
bel ow, a 10 Draw ngVisual may be only opened once to populate its draw ng
contléxt ; systandel 2 hwotdsprsuidie adéx daragivsuéddbri sthanut ahiwat Abhecohbeol
Drawi ngVi sual has been popul ated) the Drawi ngVisual is closed using a C ose
nmet hod, ¢egg, , canihatdoawingecoal ext andlot emihat cantpen cabtenmayat!| €ae any
contents (children) of a
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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15 visual, however in one alternative inplenmentation, there is provided an
Append nethod, to open a current visual in a manner that appends to that
visual. In other words, an OpenForAppend call works |i ke Open, except the
current content of the Draw ngVisual is not cleared out on the open. 20 The
followng is an_exanple of ,how a drawi ng context is used to popul ate

U sual - EEAR AL VP bRatoByE SOt HENE CoPe e RETRF ELbRY 7S Chaki RGO ShGEe Bot =
new Dr awi ngVi sual %% - 31, g)/ _Cgen a draw ng cont egi The context [/ wll
aut omat | €2l 7 yPBE-TPBSLTRIheR PASLRi tYRGTERE USi RGSBEBCR. VR SPRi 11egiRe //
repl ace any contents that mght already // be in dvl. using .

(1 Dr awi nHEoReRkEME02 24 duP . PRRRPYY HEMEr SMRFRBIRSW PeRPRELSABSOBr ue), new
Point(...), new Point(.,.)); // Add dvl to the child collection of cvl

cvl . Chi | BPRA AHE(B9ASer1RI ARl BhgheEr Layeler arpdyPaESI TRECEGRCES to a

cvl . Children. Add(sonmeOt herVisual ); // Create another Draw ngVisual

Dr awiong\W3EBRPdve EhfehPPRAWL AGSFSual (); using (I Drawi ngContext do =
dv2.Open()) // This sets up a new coordinate system// where everything is
twice as big dv.PushTransforn(new Scale(2.0, 2.0)); // This line is drawn
in the new scaled // coordinate system dc.DrawLi ne(new Pen(Brushes. Red),
new Poi nECENE) GRABW PBVRET. MOPEL // This reverts to the original coordinate
system dv. PopTransforn(); dc.DrawLi ne(new Pen(Brushes. Green), new
Point(...), nadw @esaribed)peldw, Addedvéntlerihe wbdedl tsl bketrednbepf thel ;
cvl.Children. Add(dv2); In general, a ValidationVisual 503 is conceptually
si m | ar hibghebrbavayVi saatrobexbepedt hattar Varadhi cendlesmahtss2p6pubatied
when the systemrequests that it be filled, instead of when the 5 program
codd Onantket bopepul atreli vbjéotsexanapted hg tescribedli APU. Bay&erab No.

10/ 185, 775, the high-level conposition and ani mation engine 214 (FIG 2)
may i nvahsdat ensckaesgenaphgdaph astsesouucesrarelocededisspebvadenhan part
of a scene graph is not visible. For exanple if sonme parts are scrolled off
the - 32significant 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) wvisual 302

25 is connected to a visual manager object 304, which also has a
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di splay, 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 dationVi sual and override,the OnVali date t hod. ‘\Wen_the s emcalls
Uhe. OnvatPUAEbOREERBa [ a0 0r avi s COREake! | &L bt el PATWandERs SPBGPEm t he
uses the drawi ng context repopul ate the ValdationVisual. The exangle bel ow
shows' on®1%&ay2t o“hbl é?re‘ﬁ]fllghsgﬁfaplélﬁod%?i #at PORRPEUSPT EDE. PrEFEaRhat
draws a line with a certain color, The color of the |ine can be changed by
cal | i ng SeE€ol of e THiFopL¥aRpgetpdat edragpe tARi daeVYoRYi StiakFheseeen| or
calls Invalidate to_force the graphics sub-systemto_revalidate the

Val i dati bAVPSuELSUaE peBfi en¥| aBslidyeal PEathehWwssaprl) Val thati vhnieval
public override void OnValidate(lDraw ngContext dc) do . DrawLine (mcolor,
... P pUbLi cFYSi d° Seheds ofREoV bFuALMEBRERT AP cONBr L 2oFBE; Of nobPRAat e();
/'l Force a redraw of the ValidationVisual to // reflect the color change.
private @olefts €dPofn-the objgarsmedahpré thewsraphicd ¥eteme

Val i dationVi sual : MyVal i dati onVi sual myW = new MyVal i dationVi sual ();

cont ai negeschibadeheprddttnmyW: nyW SetColor (new Color (...) ) : FIG 4
shows an exanpl e scene graph 400 i n which Contai nerVi sual s and

Dr awi ngVi sual Boadravel bhedviaual ssanagsr gddphprandshave (asgoci bradedaes in
the formof drawing primtives, (e.g., in corresponding draw ng contexts).
The Conterneramsmats) sthecenenengrapbra¥yi soheduladdbfoat di apavikeal 308an be
nested into each other. The children of a ContainerVisual can be

manilpul ated wrovidedi guaplbtsethsbnuctions and other 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 graprh
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 component 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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10 returned froma Children property of the Visual Container. The orde
the Visuals in the Visual Collection determnes in which order the Vis
are rendered, i.e. Visuals are rendered fromthe | owest index to the
hi ghest |ndex from back to front (pa| ntlng order) For exarrple W th

woul d reuIt ;!Ub%ei'cr?% ?(ISTQS}IQQO&{% gtrg&sl a}tl ng to the right| and

r of
ual s

pr oper
bl ue

down), ajred rect en.J.e ng |nthe m ddl e and a |bl ue
rectangl e in frorﬁfﬁ\[hsgfi ac 3 gfp(%g {% Eg en, vc. Add( new

Dr awi ngVi sual ()) ‘o1 AdgL Hgwy LY @ngg IQSé{a ni yc. Ad (new Draw ngVi sual ());
for (int|i = 0; ipubive. EO&NIghdwrT) get 3 avvl ng\f isual v =

(Drawi ngVi sual )(\@Q{m]l): H!.théé_&:Re‘su@H'ﬂiJ)tT_és-Er @esi&@r;mm_t
Transform Cr eat elgunskabbdn(isDes28n8int Ni%QE)L;vi&aalw;ngCont ext do =

v. Qpen()] dc. Dr awReatiangtefi newiBeushddoaingpDéggertidnlt,( new Poi nt 2D( 0,

new Poi nt 2D( 100. O, 106udf )nyefereGbose(dc); As represented in FIG 5,
anot her fype of visudlisob} etdsdemdansurfaceVi sual 504. In general, as
represenfed in FI G ®oiat SwirddeVi sual object 315 references an in-ne
surface % (bit rramubézz shatic Feiprofram icgaEronRegn@ang) can access.
client pfogram code Fdguehrr&figssngeits own surface nmenory, or it can

request f{hat the rrerrHF—ﬁu%% 3§9684eBHE by the surface Obj ect. The program

code 202|has the optif6h n‘fop ‘a 10_Sur a e\/ ual g) é a draw ng
context 823, int @YHiLENRER gagﬁ %PL j gP 2l data 324
the like{and dirét r'face. This is

1 ng % é%ngﬁ
represenfed in FI by a}%ﬁ’%ﬁg e vvggnb %egt yrface object 322,
rep

t he draw|ng cont b1 23 présent its

0),

rror y
The

or

o T 0
tenporary natyre) an i Xe ata he program code 202 al so hds an

option to create a surface V|sual manager 330 and associ ate a vi sual
subgr aph 332

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.
Note that the coordinate transforms may be applied in a

uniform way to everything, as if it were in a bitmap. Note
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with the SurfaceVisual 315. This option is represented in FIG 3 by the
dashed |ine between the surface object 322 and the - 35 surface visual
manager 330. Note that the visual subgraph 332 can al so nest other surface
visuals, as also shown in FIG 3. The surface visual nmanager 330 (al so shown
as a type of aother_object in the set 620 of FIG ,6 ks the vjsual
Subor aprCBRD G115 ApTaCEOE HBSRhy TtV St L BT TRRbOR L YRV T HEPD Liiok® ¢ hat
this traversal is schedul ed by the dispatcher, 308, and for efficiency may
be throt?%%ﬁ??%fé%%?r%¢a%dﬂﬁ%¥t%%t%h?%n@?¥%%pl%Zfo%cE%@a?%dFr?%%fgﬁm?ace
vi sual manager 330 does not have to traverse the visual subgraph 322 each
time andP@Paatyt heBAovdunet raraphat hethopusevefravsvdl ChaRbgerl 8022 wal ks
the rest of the scene graph. Wth respect to surfaces, as further described
With refEPerdePed HrdS 19a00E, ingh g‘éh‘g? a®ndt Heenr aRiRht e r aphrese nbdete hus
all ows conpositing a set of visuals to a surface, 15 | nmedi at e-node
rendér i n?@%r%*e%@m AhdtHe t BRApERRF nEETOES, | HR® ReBUVE hEebechipostehay a
surface onto the desktop or _onto another surface, and controlling which
surface vide atrtheel¢fstand pselt tandorpbsgi eeei Heehovide @k abhenter A
surface list is defined as a collection of one or nore surfaces (i.e. 20
f rames/ butd dpetemh. phjkisals (syseetmes véfevyedehorys ugedomposi biry or
conpositions of visuals or graphical draw ngs, or both. One of the surfaces
of the shifmee tratsheymbéasetppssadcueranskdbekobudt egeamhetey dsaalag
and/ or conpositing is done, and one of the surfaces of the surface list is
set as atlkar rehfect86the gedmatryy only)ontFbH&f f 84, isha chepsessetat bon
conposite onto

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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anot her render target. Surfaces may be used in a nunmber of ways. By way of
exanple, FIG 9A shows conpositing to a surface. In FIG 9A, a 5 surface
vi sual manager object 900 connects a surface list 902 as a render target
for a visual tree 904. During each conpositing cycle, the visuals are
conposited. into the syrface of the surface |list . that. is currently serving
2s Uhe oCEHFUTBECROBANP eoFBPct HECUTRF aghe| PRRRIYHA BOFr Gbe B RnCent
conpositeﬁ 10 to,can_include a surfgce owned bg tag client/high ] evel
conposi t PhgtRRgY heua 41 P FFes t 0T reBP L PHIBF R SSORBIPBRFEi AB2EEenalPbE, a
surface owned by the | ow | evel _conpositing engine 218 for_scenari os where
the cliehfeHoBReRBt MA¥eBSt AR BLESTBAEIVReVEBRLPBVRE EBRPBELt VRGrEnYPHE 218
needs themto conposite 15 the surface onto another render target, or a
cross- preeessfsgr rAgeifioprtseBRarrBsahheredt fe EPi BAY RBBISTABEESEMt 81t he
surface bits, but the |owlevel conpositing engine 218 al so needs the
surface fovieudérieohPbsrPragedofRr 1THea cORPESLINARY LEaRBAPFBREEENbY a
timng service that is 20 attached to the Visual Manager. One exanple of a
timng sBeyjesampies FhAuhransfermhanr mhghreberesed asdi Aesnendrkampl e
below. // create a manual timng service and attach a visual manager
Ti mi ngSeyvfeeltnayngSengy crot hewtdkanalTEai agSerntce( ¥sthi®anager); //
conposite the visual tree to the current back buffer of the surface
vi sual Vaadgern®ender (Fhefer eaehtiTsckoukrckpthoné i agSer veeeydingfes can
advance the back buffer to the next franme of the surface
surfacelbst tNexrtFoamed) from ndeahcenshermateonf tohprersuahsfoemation
ti mngService. Tick(tick); // conposite the visual tree to the current back
buf fl&r ofpsoef apeevisankbanageioRehdepOyt~Ananheéormayion speca, spokaee i s
wi th inmedi ate-node rendering to a surface, via a context. Attaching a
surface trahsformavisnato(predttanefursaalpnenpbbes andedoate- node 5
rendering to the surface of the surface list that is currently
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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serving as the active back buffer for the surface list. This rendering is
done by obtaining a drawing context fromthe surface visual and executing
drawi ng commands on that context, as described above. Note that obtaining a
drawi ng context 10 | ocks the surface so that other conpositing operations

cannot be do to.it..Each drawi ng co nd_ is executed i di at el and
vectors and ofHerORi T ECEe RaF B0 G aTn TbF endecIo et o (el Lt T ackre
However, other visuals cannot be drawn pont.o the surfac but Lnstead can be
compos (1At b TREE SUhT ace By TB GRS R atTRg T T8 1 1F P VPRLER TanadRr) as
previ ous descri be e..g.,.in FIG 9A)..// attach a _surface list_ to a

D Sl - B Sook e roiad St e GRte sty T bOF cade St ritker o9 )
enabl e i npedi at e- node render.i 0 (and | ock) back buffer _surface

BaeoDr vl TGOt - St P LovISRas pBNTS o 158 a 4SP0 e (SemelPat el y)
to the current back buffer of the surface dc.DrawLi ne (pen, startPoint,
endPgi ntJetl B blendipg fede neldbriaceSedwe’ T deF@ M Eh FimedR &t BY node
rendering surfaceVisual.C ose(dc); Another use for surfaces. is when

conposi t [#PRA 5 UF3HeR BRY oPanvthererenrrrOtGrapt . 1 1O tHish ehtRedfhicalrha
surface list is attached to a surface visual, the surface can then be 5

att achedP RN BDHARET P2 W UBPAer e®; T ande R strdbiea of fpeegtryRde |i st
that is currently serving as the primary or_ front buffer can be conposited
to anot heeleurt aib. Qraipha he* dea®k@pounhigolar) | | USEheX eBeTiiees SBCANd in
the exanple below. // attach a surface list to a visual SurfaceVisual

sur f ace\AsugPe abve Sie ¢ ae e QR { o9 f deatike ))in¢ludeld imea suk$aebVi sual to
a visual tree for compositing onto another // render target

r ootlVi suad g Addpbwr f avenvechpere, 18ndise @onposition to/froma surface is

represented in FIG
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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9C, where the above-described capabilities are conbined so that conpositing
to the back buffer surface of a surface list and conpositing fromthe front
buffer surface of a surface list (e.g. to the desktop) happen
simul taneously. Note that to 15 elimnate the undesirable video effect
known as tegring,,the urface,éis shoul d have at Igast two surfaces, a
front anB'A-BGEKVhERf ERSSTPFaLtEICA QBRAFALY VREUSaRRFntRFE CORPPELFPKel v
owned by, the |low | evel engine 218, or is cross-process, syrface to nake
the compbRFPi bRSi ACERE" | oRPPERRFLEXgPHRS 2 eZGP%%%FﬁrHPBE?aePY thyg
Surfaces are constructed as i ndependent objects, as set forth in the
exanpl esMRFCRERSt FuehePacheY oG lbeblic class Surface { // create and
all ocate a blank surface without initial data public Surface(int width, int
hei ght, int dpi, Pixel Format pixel Format, SurfaceFlags flags) // create a
surf&ce usi ngvPhé BuppPredl Renbt9apudPRELSYlface(int width, int height, int
dpi, Pixel ForwaidpPrerfpeaaty (NARPerApiReFsONBASAABGEEtWeOry for the
surface Int sYeidefopPracehyé)froma source (i.e. Clone) public
Surface(Surface sourceSurface, SurfaceFlags flags) // Create fromFile or
URL public Surface (String filename, SurfaceFlags flags) // Create from
St ream publ i cT'Sar PagkCl Sy smerhed Suskam st coaRP1SHr faeefLbys Frhgsyupnt
Create from HBI TMAP (which can't be selected into an HDC) public Surface
( HBITPVARI hawi napop eIPAL EITTE aPal elipped/ tor theegeovat Hy CORhpubliprrSagf ase
(HI CON hicon) // read-only properties public Int Wdth {get; } public Int
Hei ght {gepliddpibl pestntrapsfdégmetiopubbacePi xBbFOL npt pEpsMRhéget ; }
public int Stride{get; } public IntPtr Buffer {get;} - 40

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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public class SurfaceList // Create a list of blank surfaces (w thout
initial data). public SurfaceList (int wdth, int height, int dpi,

Pi xel Format pi xel Format, int nunSurfaces, SurfaceFlags flags) // Create a
SurfaceLi st that uses the specified surfaces // All the surfaces nust have

identical propertjes (w, h, /[ dpi, etc).,public SurfacelLjst (Syrfac
[]surfac5§¥aF$V%hgﬂgE£?thFPaitWﬁﬁ??e%h%ohgﬁeL?Fstgiﬁgﬁfhgébac lﬁﬁ?iﬁr
public Fljip. ( /| ., advance the back buffer to the next rface _public
Rext () pEBRF caFat DR o e BUF P B TROGN Pobt SEbaOr LEbT | ePEET BACRBLPPEFF ndex

et; set; ublic Surface GetFrontByffer() public rface, Get BackBuffer ()
Lobl | o S abES e PrUoBE: REPGh T AE8I HAER) vERLEUBoROrPaCt S IUCLHRT ace
and/or a surface |ist can be 5 attached to a surface, visual ob%ect or to a
visual nBhageFtabiect WhiFhciehermanesr + AcEhGi ¥uarapubfi pit-testable
Sur f aceDr awi ngVi sual (Surface surface) public , ,
Sur f &ceDf BlAP né%’ﬁ@\iéf—( Sar faeeL; sendufit ‘ég@EFEHla?-/ chReghedgtorsiaesmhfiager
with a surface render target public Visual Manager (Surface surfacei public
Vi sual MeRageEeStinacetPes Whienabbej ¥iyualgis hifyriner, 1§ suvigselcad get
data froma decoder, and/or send its data to an encoder for witing to a
speci fi chif| anfloEhat HiSlephEeBatanrapPsstyeeéi topsehaudat asf EhLt ohetfect
interfaces. A surface can _be constructed for any pixel format 5 fromthe
full sett@ﬁtsngp@b@éassenﬁaé@tﬂénﬁath@ypeéulFﬁm@@gl?cégﬁeuadfesthéﬁts may
be made to the specified pixel format, e.g., if the specified pixel format
is | ess phant32thet depenlpi xel falhehn-t hanpbhaut Lkl iBe pronoted to 32 bits
per pixel. V~henever bits are requested froma surface in the original 10
foridt, HheTestiaverafhilfeenopwbichodatbuhinesoift hber equédred piExal
format using a format conversion filter. Returning to FIG 5, yet another
vi sual ivianaHweddisdabeb506nswhieradpekeni bns-ae¥¢n8g thi pdr Fvhdednothe
scene graph.

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, SurfacevVisuals 504
and HwndVisuals 505. The table below sets forth example

methods of a DrawingVisual:

- 30 -



More particularly, |egacy prograns will still operate via the 15 WM PAI NT
nmethod (or the like) that draws to a child HWd (or the |Iike) based on
prior graphics technology. To support such prograns in the new graphics
processi ng nodel, the HwndVisual allows the Hmd to be contained in a scene
gr aph and—oved--as-the paren isual s repgsitioned —as represented in
FIG 10A 20PREILCre@fs PoAvErR 458 onsVIfYH exi sting Hawnds, howeyer, when
rendereﬂ, a thild ﬁMmchan.ony b?( n top of other wi ndows, and cannot be
rotated|or scaJeRﬁﬁfige gi%l9g f-§dal s’ descni bed above. Some clipping is

t

S
possi bl ¢, as reprgsqn é i&i)\ggggiﬁ , Sﬁﬁ%&ﬁ)the dashed lines indijcate the
HwWid" s di spl ayed rectangl e being - 42 cl'i pped during rel ative povenent
W th respe omm Jare ® i

visuatr—6rthe VPES Of Vvisua 06—are al so
feasi bl e, and the present object nodel is extensible to allow others to be

5> devel oped. 596r§%?%§$§%%§F0{§p£eé&ﬂé&ﬁnéP f%EE%%%$%fc%ﬁy86§ eyt Spal o 1100

enabl es an applicat per to separately e rnformatron in a

isual via multiple d ' | agi !
vi sua Vi?ngy,t&@x€ §$§%ééfe§H§ ?QrPX%QhPQ aNs&Qgg?gégggt9@;%§?§;bfgntr°

relative to Visoals' having a single dafa stream

granul ari{y. gf 10,c0nif ol ean, b ascomplished by, hayipgnfe. o.. three)
separ at e chi Vi sual's undef & S|ngTe par ent’ vi stual, however this requires
t hat _t he, d k.with | ti i ich is. | i cat ed
ot ot e REpShAm so0s,onks i A tpl s dhsunks, MO STLLD, TRLE Sopl T oate
I . A5 f I L Fl G, 11, back dat t ent dat d
bor der QUG KIS T B RBTF it o Hotah | BOEFERE VTS DD T BROGT R SEpar b
from one anat her as indexed by a |ayer value, e.g., 0, 1 or 2,

r espect | G yO© LASET st R ORI T NS eFechr FHEPARH G acked- ontb8] PFRFE end,

and/or deleted, with_the, L .
visuafs ané 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 visual, however in one alternative implementation, there is
provided an Append method, to open a current visual in a manner
that appends to that visual. In other words, an OpenForAppend
call works like Open, except the current content of the
DrawingVisual is not cleared out on the open.

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

used to populate a visual:

ContainerVisual cvl = new ContailnerVisual();
DrawingVisual dvl = new DrawingVisual();
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20 | ayer
Z-order

in a layered visual
cont ai ner visuals

is drawn
di nensi d
di mensi d
t wo- di mary
of the r
created |t
t hr eadi n
i nt eract
system

where sy
dependen
such 15
Vi sual ,

notificdg
vi sual ,

aclipgdg
sinplifi
obj ect s

generic
descri bsg

ing order (e.g., left-to-right as shown) defining an inplied
for display. Note that for security, child content and ot her da
cannot be enunerated. O her types of visuals includ
and 25 redlrected Chl|d Hwhd V|suals in mhlch conte

T
;

n/ql olyénsga&zsa“ggétyogtgxtcon%ctcb%xlget ween tvvo d| mensmnal and tH

nal w¥r bdSoma@i&hllyand aMBsar kh&e view is possible via a
nsi exialinyi swahsimvbngka vitew wiitloadsd t hree- di mensi onal wor | d.

g9ouelacebjrectentanes i tmtteidshe dneedcreated, that is, once they

r. vari Qus reasons, including sinplif
dsﬁg%uggrmﬁV@V%%?? cor'ﬁpr%%qu ot hers, and sinpl?fyizg thg

ion yu hhal SRS palmdaréah@s NGt (& BQ@tPOLM@ .genekdl ddinsi Mphih fi g
It should be noted, however, that it is feasible to have a SYs
ch ob ects are nutable but for exanple would require nmanagi ng
6& ?bﬁh%xﬁﬁﬁﬁémlﬁﬁﬂPénquF§1p053|bIe to have a system
ettt 5P A0{R0 e, i f program code changed the clip set on &
theayd sHatnoulh chged Ligube cbesiendered, thus requiring a
tdvancdilaegi siadaddmeoc@ebardism e.g., if a newclip i s assigned
the visual registers itself with t he clip for notifications (€.
Hdn?@ﬁ“ﬁo@ﬁﬁPEéﬂﬁé ngVEREsl 20 in one inplenentation, for
CEEF B VP ErHod8s = PEE RIPREP R ' are i mmut abl e. These resourd
qg@n@e Igggd,l@l%goﬂgegclg @& Copst. roggg @f, Which is a straightforward,
way to create an object, y using a conpani on buil der objec

d belbwWwhifFaets up a new coordlnate system
// where everything is twice as big
dv.PushTransform(new Scale(2.0, 2.0));

S
t

This line is drawn in the new scaled
coordinate system.

.DrawLine (new Pen(Brushes.Red), new Point(.. L))

.}, new Point(..
This reverts to the original coordinate system.
.PopTransform() ;

)

.DrawLine(new Pen(Brushes.Green), new Point(...}), new Point(..

)

// Add dv2 to the child collection of cvl;
cvl.Children.Add(dv2);

5

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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- 44 i nstance, to create a Soli dCol orBrush, (brush objects are descri bed
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 col ors. Because immutable

obj ects cannot_ be changed, tq effectively _change_an_.object, the user needs
Lo creat B1ABREW 1670BPEE: ARt FepPice thothPdianaLarerer, seehd FEshng.
many of the resource objects ip _the system Llize the buil der pattern,
bt chORFAEAOLBCSE, BEESSR, ChP oRF BHEAR KOBLnUP kR LAPHck s LhnPEn (o &
conpani on ass . that is table. The user creates_an i table object.to

i rFor B baRaRBERr SOLBRUbAR: RS 1BSRhE) dbhe” Spuat s8akeReRoRHE PROPET BRO hat
object, and initializes it _fromthe immutable_object. The user then changes
the bui| BEF"§sIhaBBssary. tBhEe BEne N EnEYRIER L cHR2BEI FHSR2RER OBj E8F, 3by
changing the builder and reusing if to create another i mutabl e object.

Not e%{ haPrﬂ%F‘ﬁchﬁﬁuFabFébﬁiﬁégt E%Eové\ﬁﬁﬁa’éé?n}ﬁﬁﬁéh pee pY¥egeifrabPe, and
t hat i nmut abl e obj ects_ cannot_ be changed, but only replaced hy firing a

pr oper t yORKahyeaEGeRethefus, WhRBt ER8 S¥SHSMngaAl80hser QBVBLifBtereate a

Sol i dCol or Brush as descri bed above, a Sol i dCol or BrushBuil der 25 nay be

used: SolPabefor Br 5ABLRPJdEP PRI 8cP2eSRewWIBol PEEoFBEBPESHBAM 8BE(); - 45

MyBui | der. Col or = Col ors. Red; Brush MyBrush = MyBuil der. ToBrush();
uses the drawing context repopulate the ValidationVisual.

The example below shows one way to implement a simple
10 ValidationVisual, e.g., 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 : ValidationvVisual
{
public override void OnvValidate (IDrawingContext dc)
{
dc.DrawlLine (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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5 Most objects that take static values can al so take ani mati on objects. For
i nstance, on the Drawi ngContext there is an override on DrawC rcl e that

t akes a Poi nt Ani mati onBase for the center of the circle. In this way, the
user can specify rich animation information at the primtive level. For 10

resource objects there ists an anipation collectigon in addition to the
baseuvalue.lfﬁ%§§ 3¥%m3£%%5§?vﬁ ,OVL ?e%?eiFh?hgétég?taﬁﬂ?éﬁhf “ani mte the

above e.%g?L%T_Lhe_usgL_ﬁguLd—specLLﬁ_Lhe7%g%LQMkng_eéﬁane—LLne_beioLe t he
brush ig VRt 92 e 5N TR dBY VEGT SAn¢ER Tt 1RBYE AW Col or Ani mation(. . .[));
Note thgt_ an object wih aninmti paraneters is still inmutable, because
its aninéFF%HlB%Fdﬁ%ﬁ%&?naggggﬁﬁgﬁc. However, when the scene graph is
processeqy&%.Sgteofgfw§§§@g%orgq)the meani ng of ani mati on paraneters
changes |oVer ‘{1 ne, giving the appearance of animated, not static, data.| As
descri bgd above, visuals can be drawn on by popul ating their draw ng
cont ext s—wth—vartous—drawng —prtmrtives,—nchuding—Geonetry—t+magebBata and
Vi deoData. Furthernmore, 25 there are a set of resources and cl asses that
are shared th gh,this entfire stack. This includ Pens, . Brushes,

Ceomet 1y, Tt ahet or ke BRUE £ e GE LB oo Bp S FREENE IR exBBLEl a set of

drawi ng erations.that can.be used to populate a -_46. . Draw ngVi sual

Val i dati SRUFStATE Y} U0+ oot air A CARY SRESTS BagePhRErfat® FooPTraw ng
context, can be used to popul ate urfaceVisual. In other wrds, the

G awtng' SERERxt e poaks S0Rer ChFed: ShFho BpbRa. Fre: o REBUERY dr awi ng
operation there are two net hods, one %hat akes constants gs argunents,
and one PhETLELKEE  anf ndt or $7aSChF GERENT SR THEAHHAAL FABREAEERLd dFE%s a Iine

with the_specified pen.fromthe start int to the end_point.
Cogtainervigual £s a conta?herpgor V&suals, andp

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 wvisuals 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 vec = m_cv.Children;
vc.Add (new DrawingVisual());
ve . .Add (new DrawingVisual());
ve.Add (new DrawingVisual());

for (int i = 0; i1 < vc.Count; i++)




public void DrawLi ne(Pen pen, Point start, Point end); public void
DrawLi ne( Pen pen, Point Ani nati onBase start, Point Ani mati onBase end); 10
The DrawRoundedRect angl e method draws a rounded rectangle with the

speci fied brush and pen; brush and pen can be null. public void
Dr awRoundegdRectangle(—Brush—brush—Penr—pen—Potnttoptett—Size—size—+| oat
radi us); |publ i o, \oh SRsanRoundedBectanghal (B ush, brush, Pen pen,

Poi nt Ani mat i onBasevt aphkeft), Si zeAni nat1 onBase size, Number Ani mati onBase
radi us); |public{void DrawRoundedRect angl e( Brush brush, Pen pen, Point
topLeft, |Point bott ordirghtforf| paransCorn| GrppteTppnspafslonel vorg-0f, 1*20£);

Dr awRoundedRect ang| eggDr?};’a 10 Fr‘ili%hf?c Pel{- 33 Poi nt Ani mat i onBase t opLeft,
Poi nt Ani njat i onBase bot T ONRLJBE, o hUGRES jymationBase radi usX,
Nunmber Ani [mat i onBase radi ugay;, - 47 he DrawCeonetry nmethod draws a pjath

with the |specified brush sndepen2oby.ush, and pen can be null. public void
Dr awGeonet ry( Brush brushiewPeeins@h(10Cebfetlf). ¢edmetry); 5 The DrawRect angl e
met hod drlaws a rect ah§it8s%iChi t he specified brush and pen; brush and peh
can be nuIJ. pu)ol ic void DrawRect angl e( Brush brush, Pen pen, Point
topLeft, ze st ze); pubtitvord—BrawRectangte{—Brush—brust—Pen—pem;
Poi nt Ani mati onBase topLeft, SizeAninmationBase size);

As represented in FIG. 5, another type of visual object is

a SurfacevVisual 504. In general, as represented in FIG. 3, a
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 SurfacevVisual 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 alsoc has an option to create a
surface visual manager 330 and associate a visual subgraph 332
with the Surfacevisual 315. This option is represented in FIG.

3 by the dashed line between the surface object 322 and the

- 35 -



10 The DrawSurface nmethod draws a surface. public void DrawSurface( Surface
surface, Point topLeft, Size size, float opacity); public void DrawSurface(
Surface inage, PointAnimtionBase topLeft, SizeAni mationBase si ze,
NunberAninationBase opacity); Geonetry is a type of class (FIG 12) that
defines a ve ctor ics skele wi_t hout. stroke or fi Fach ge try
obj ect i SUBE %??mv SR e rE et ra\}otﬁst%ﬁ.b]g%@bﬁ%ﬂ subGrapf 332

Rect angl eGeo , a conplex single sh hGEOUEtr r alist
of such SHApRsS ﬁ%Fr?Egg{ Wt R c%hﬁ? op%?a?%%% aﬁowﬁ iny, ¥% 3.
intersection, and so forth) specified. These objects forn1a class hlerarchy
as repr e5eft Ber fACE ¢Syl ga¢@9?€p§%g6ﬁ§%ﬁolﬁh?W@ia§3a Fweepat hekbftry is
a collection of Figure objects. In turn, each of the Figure objects_is
conposedo%ﬁe%ﬁel%rtﬂ%réeSe@%%n?foEF%ct§5mﬁ?%hSaEPEaY¥§uﬂéfFH€9¥ﬁEhf§é%re s
shape. A Figure is a sub-section of a Geonet t hat defines a segnment

col | &ct i Bp. UHAREe sklyfeRuriaceviseeti Bhtnarald %gngl Euébhﬂéct%ﬂtge\igé§ of

t wo- di nensi onal Segnent objects. The Figure can be either a closed shape
with a definedrayensabrifusehadebnfely ebhgedi eBabrhetgheht sabfatotefine a
curve, but no enclosed area. The filled area of the PathGeonetry is defined
by taki ngfisci@ecyonedi hedtFrghkbedt hat chaveoi hepy Ffteadthiapertyaret to
true, and applying a Fill Mdde to determ ne the encl osed area. Note that the
Fi | | Mode322uherapiianedpecTheesuhbacehel snebrovanaday adeadoes Fpgyuhevebjects
contained in a Ceonetry are conbined to formthe resulting area of the
Geonet r yto Anr20et @bt ehaaviesuall suderaphi B28 ehehhtima podnbri sti hkede the
canvas, by conceptually drawing a ray fromthat point to infinity in any

di r ééX i omamandathaenhakanhai hgpt hevel acesuahengnager 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 wvisuals 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 wvisuals 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 i1s set as a current
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a segnent of the shape crosses the ray. By starting with a count of zero
and addi ng one each tine a Segnent crosses the 25 ray fromleft to right
and subtracting one each tine a path - 49 segnent crosses the ray from
right to left, after counting the crossings, if the result is zero then the
point is outside the_path. C%?ermﬁse, %t,is inéide. A "mﬁnding" rule
deternin@glmﬁﬁ¥he?raf88Pﬁth Bhe WBHGBs1PsUPRgi B8, CaMBORGFRsCBYC5

concept ual | dramﬁng aray fromthat point to infinity in any direction and
countingaPﬁéhﬁﬁnB@P 8F patfcBegnents fromthe given shape that the ray
crosses. If this nunber is odd, the point is inside; if even, the point is
outsi de. As rEPFEEEREeHAY PRI BSed4innReRUGRBHePEyWERSy. , BY WoYreétangle) is
drawn, a brush or _pen can be specified, as described bel ow. Furthernore,

t he pen 95F@Eiea|EgGhagAaSBPW§hcemp@é@Flmgbtesﬁ gBréacedef LReElHonlfo @
graphically fill a plane, and there is a class hierarchy of brush objects.
Thi s 5 s pepfesenveduph mpeages phiers PPP| eanpeetangl eurdpget hast1802esul ts
when the visual including the rectangle and brush instructions and

par amet ep8 fsrpréesssedgenstdeservbedabetsfe 86Ar t Pprsngf eBelishes (such as
gradients and nine grids) size thenselves. V~hen used, the size for these
brushes temppsarhed froket hehboundiragsbaxe eogproshhed 20tphghe surface
GradientUnits/DestinationUnits for the Brush is set to Obj ect Boundi ngBox,

t he boundfnghboguofathelpstnthateishanrisnbéiyngedvanag as bbedactfivehose
properties are set to User SpaceOnUse, then the coordinate space is used. -
50 A Peakobjpéfterhbdbdstbat euafBrashiaktongThet hupfeper beesgf opmpoddt&d 20
25 30 35 40 45 50 Wdth, LineJdoin, LineCap, MterLimt, DashArray and
DasH@ f seb, can Lepiedentedurfiatheoexnadpbg bkkowlient/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
vigsualManager .Render () ;

foreach (Tick tick in timingService)
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public enum System W ndows. Medi a. PenLi neCap Butt, Round, Square } public
enum System W ndows. Medi a. PenLinedJoin Mter, Round, Bevel } public class
System Wndows. Media. Pen { // Constructors public Pen(Col or color, float
wi dth); public Pen(Brush brush, float width); // Properties public float[]

DashArraﬁg{_geLT_}_pubLLc_LLaaL_EashELLseL_%_geL; } public C&
Fl oat Anijmati on t; } u enLi neCalp
Li neCap [{ ,ﬁ%p&ﬂ%ﬁg% i&%&%lﬁeﬁfp\ [ ne%o?‘%&{ %%% tth%llﬂcf%F Foat

M terLin1t get; } public FloatAnimationColl ection M terLlnltAnlnatlons {
get; } pgubl | c /I edtanOpadiet yirfe étt;he} vipaalli trdd oat Ani mat i onCol | ecti on
Opaci t yAni natlt(}ﬁ‘énﬁ{segétce Fi f}‘&‘tﬂlFb Brush Brush { get } publi c float W dth {

get; } |cubI|C£I 01,/ iém&&agnco”?%eﬁen%tg DANORL 008 rlucB8) ol o BBLL ©

seal ed dl ass dla T'der
Const rugtiors publlc PenBU|Ider() public PenBU|Ider(CbIor color); publiic
PenBui | der (Brush brush); - 51 5 10 15 20 25 public PenBuil der (Pen pen);
/'l Properties public float[] DashArray { get; set; } public float
DashOf f set { gebth&etway poblibe &l gatfabentsopCohl eahbanBukldede
DashO f set Animations { get; } public PenLineCap LineCap { get; set; }

public P@@hﬁ@@ﬂ@gntblaeéﬁfﬂaéege@lasstcoht@ﬂblICAttaéhlh@tgrbuﬂfacé get;
set; } public FloatAnimationColl ectionBuilder MterLimtAni mations { get; }

pUb"C f1pat Epagitystabela S€tfate 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 wvisual
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.DrawlLine (pen, startPoint, endPoint);
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publ i c Fl oat Ani mati onCol | ecti onBui |l der OpacityAni mations { get; public
Brush Brush { get; set; } public float Wdth { get; set; } public

Fl oat Ani mati onCol | ecti onBui | der W dt hAni mations { get; } // Methods public
Pen ToPen(); 30 As nmentioned above, the graphics object nodel of the

pr esent invention-includes a Brush nhiprf nndpl which iggnpneLallv
directed towards the concept of coverrn ane th pi el's | es [of
types of| 4 k é nfé’ﬂa |rr‘? fiﬁﬁgh"i”e ﬁmﬁyb‘?t?l éelgengéﬁrg)gunder a
Brush ba ‘ B 6 rageB

Vi sual Brush (mhrch can reference a V'sual) and NrnecirdBrush C?adrentBrush
i ncl udes LrnearC?adrent and Radi gl Gradi ent_ obj ects. As,40 described above,
Brush obj ect s*3PEPFFMEEELFRY SUB aceSSlﬁuﬁb?E GRLPPaLFiRP a8 sSEERER

W ndows. Medi a. Brush float Opacity é‘g FIoatAnrnatroanIIectron
Opaci t yART &t RBAENET g nd?r}t?ﬁﬁeFoIIE ﬁl§eF§dfoPPﬁeaﬂ eXnApre 1ist
BrushBui | der class: 10 15 public abstract class System W ndows.

Medi a. Br 4§ h@EFpaRed. tBuPIBBFf?CEuBFFEa@rrFHQISBFG@HGTSBFUEHF¥ Bgubl i c
override seal ed object Createlnstance(); { return ToBrush(); } float
Opacidty #thaehededs @ RP8at ARi AmVisHEhl FEEE} oABEi FBEr SEpARFEY AR FBLI ons {
get; } } 20 Note_ that Brush objects may recogni ze how they relate to the
coor di na$erE§ee ki fhehhahey S aFertieBHELY aRErBiNG0ASt BBy PELAREY BTt hEOnt
boundi ng box of the shape on which they are used. In general, information
such as BpZéehrnganebntempeditedntohanobhert serfanechrt he bhasfierktapawn.

More particularly, many of 25 the brush types use a coordi nate systemfor
speci fyi Agisone @1lustrated in FIG. 9B and in the example below:

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

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

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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their paraneters. This coordi nate system can either be defined as relative
to the sinple 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 tine that
the brush is used. These 30 are known, respectively, as ObjectBoundi ngBox
node and User SpaceOnUse node. - 53 5 pu?bjéic enum Syste W ndows

Medi a. Br ushMa Iﬂﬂf AW BT ¥H] SeEBEHRGFRTER%, * 5%561{55%6% S 5of'P deBt or Br ush
obj ect fi IIs t he |dent|f|ef glage with a soI%ﬂ? ?Ior If there is an al pha
conponent OB th’% E]B‘Fo?xali“? £ rﬁ)?ﬁ%ﬁr‘ilﬁt%r £ 13‘["rcat| ve way with the

corres oW ng
sets f ‘Fe? dCol or Br ush obj ect pubI iC seal ed cl ass Syst em

W ndpw;. NEdIéZE?E)% dCO@Q%I’ B;JTflocEanti I agi hrél{ s]i15r a(c):ezélébcruﬁ? 1?'19.1‘./1.411 C‘é)ar'{:%t rucyors

public|Solid 2 I"ack pu
Sol i dCpl or Br 8 Vﬁi , put1

Sol i dCopl or Brush(S ndows. Medi a Ani mat i on. Col or Conposer

col or Cpnposer) ; é f{‘gpp Hd€SiRUPkL ol or Color { get; } public
| Enunerat or Col or AQlFRLd©l ?f@@&s) } public class

Syst eml W ndows. Medi a. Sol i dCol or BrushBui | der : BrushBuilder // Constructors
public|Soli d@ol er&stishBuukdeEd )isipgbkhe Salgideal medstshBui | der (Col or
col or) ] publ pbabSot | dlZdaeeBi s hBuidnder ( Sol i dCol or Brush scp); // Propert|es
publ i c|Col or Col oinf Betghtset; } public AnimationLi st Col or Ani mati ons {
get; }|// Methodsint dpi,

PixelFormat pixelFormat,

IntPtr pixels, // managed memory for the surface
Int stride)

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

public Surface(Surface sourceSurface,
SurfaceFlags flags)

// Create from File or URL

public Surface (String filename,
SurfaceFlags flags)

// Create from Stream

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

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

// Create from HICON
public Surface (HICON hicon)

// read-only properties
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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public virtual Brush ToBrush(); } The G adientBrush objects, or sinply
gradients, provide a gradient fill, and are drawn by specifying a set of
gradi ent stops, which specify the colors along sone sort of progression. 45
The gradient is by drawn by performng |inear interpolations - 54

bet ween the gradient stops in a gamma 2.2 RGB col or space; interpolation

t hrough other gammas or other col or spaces (HSB, CWK and so forth, is also
a feasible alternative. Two types of gradient objects include |inear and
radial gradients. 5 In general, gradients are conposed of a l|ist of
gradient_stops  Fach of these gradient stops contains a color (with th

incIudPHuﬁiﬁﬁéﬂfﬁﬁuéyr%ﬁﬁFkﬁﬁtoffset If there are no gradient st ops

speci f i ed, e brush |s dra a SO|I trans ent .bl, S |f t herg
were no br us Eﬁ%&f ﬁ%’ g ga‘fess 1U98%‘1°‘§/t df"gld?%’?ﬁ ‘st op
speci fied, th8 éﬁh %gla “48Hd col or with the one col or

specified. Like o odrce 15 20 25 30 35 cl asses, the gradient stpp
class (exanple in E % i mrut abl e. publlc cl ass System

W ndows. Media. G P o égMé% zgg ?%é%iadlentStop(Cblor color, float
of fset); public C@hgfaéZﬁjgbs{fgg g) } public AnlnatlonEnunerator

Col or Animations { get; } public float Ofset { get; } public

Ani mat | onEnungr et @it Of ek Ademitdtonsal @8ds the} speblfiedclsagsaces
Syst eml W ndowg. AT theGsadif et StrapBuhbhderiderBiichlieprdpgutileisc (w, h,

G adi ent St opBuidder €x¢) publ i ¢ G adi ent St opBui | der (Col or col or, fl oat
of fset); pubbublolrrfGokdis{ (Rirfaset[]lgurfaces)

// 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 surfacelist)

// Create a visual manager with a surface render target
public VisualManager (Surface surface)
public VisualManager (Surfacelist surfacelist)
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public AnimationList ColorAnimations { get; } public float Ofset { get;
set; } public AnimationList OOfsetAnimations { get; } public G adientStop
ToG adientStop(); } - 55 There is also a collection class, as set forth
inthe 5 follow ng exanple: public class

System W ndo di a. GradletSto Col | ecti tio pu

& adt ent St opCUIT EREE bty ST TASRpRS| FEF (AR E2oR & GeeSdet, PHRa)Sr

G adi ent St o Colle tion(GadientStop[]l G adient Stops %, u c .

& adi ont SESHCHFT et Fontt CoR| SREPIRE cToT 1071 6.55 5§ 08 %ca‘élasfsbezss /

| Enuner abl e gubl i ¢ | Enunerat or Get Enurrerat? 1&‘2(153 I Cgl | ection EUbl ic void
Copy To( AFPERR &ir r ayUT FRAESF ngdR) a1 5ﬂb¥?€e58% | fakei SRR E@n@ﬁ BrFzed |
get ( return falsep )_? public int Count é Eubllc obj ect
ICDIIect%%Ee§$%%?&II % @%¥§a§e/?a%X??ac?ﬂﬁE¥F%%§ p %¥|€n¥}EH¥%%t§$B%at
this[int index] {_g publ i c bool Contains(G adientStop value); public
int PndekePPcFhgi @ﬁ%‘st %%t\/(aﬁ UBYPPPY L@t SRASAFFr SPTBRE BYBEFe | Rpwever,
Indefo(C}adlentStop val ue, int startlndex); public int
| ndexOf (EPRYi @Al 'SEBpenEs vBaY i e B2@et FadeRe specébind)pipabl fermat.
Last | ndexOf (G- adi ent Stop val ue); public int LastlndexOh(G adi entStop val ue,
int star€l@dexit puslseerhfiedspinabxtpyrmradi anissapthanua2 batsspart | ndex,
int count); gubllc G adi ent St opCol | ection Get Range(int index, int count);
public chaxe Sy§b@ﬂ1Vhﬂd@ﬂsmﬂédwalt}bﬂlEﬁ@@@@p@bt@eéﬂlthﬁlPGérplxghrIder
/'l 1 Enunerabl e

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

- 42 -



public | Enunerator GetEnunerator(); // (Collection public void CopyTo(Array
array, int index); public bool 1Collection.lsSynchronized ~ get { return
false; ) ) public int Count { get; } public object | Col | ection. SyncRoot (
gets ? // IList public bool | sFixedSize { get return false; } } public
bool IsRe é % g fturn fal se; :g g F |c ob ect ilList.this [in

i ndex] (€ u }H%UBF 2LiKE PRVEPSRAHGIOb eE?SEE heF© phBI PRT§BFd
Clear(); publlc bool I List. Cont ai ns(obj ect value)p public int

| Li st. | nA&RER{ obj ect value) /1l returns first one public void
I Li st.Insert(int index, ect value%' public_void ILiat. Rennve(object
value): // reRbies FYPSE 6%eV¥EP§%S{ BébPF€ also feasible, and th
G adi ent St opCol | ecti onBui |.der (); publi
(}adlentE%@ﬁ%ﬁFl@Eﬂ?%ﬁBﬂPﬁaér%ﬁiﬁﬂF@ﬂﬁE?bﬁ FP &tdaveAtBespsEo Bablic
G adi ent St opCol | ecti onBui | der (1 Col |l ection c); publi
C?adﬁ%nt@ﬁbﬁtﬁpﬁéctlBﬁBuPKE@Péé?aﬁﬁeﬁ?E%@EEEFP@c%FoﬁI@?aéﬂen98@6§§¥ed 56
public void RenoveAt(int index); 5 10 15 20 25 30 } // Extra functions
publ i c vhgneht 5LeP enaBlesnani appkicetyen: degelopepubpi separately
Add( Gradi ent St op val ue); public bool Contains(G adientStop value); public
int | ndegqlt@édtbﬁt&xéprmamep in/aretenas vipsnubheprpabfiptai Atreams,
| ndexOf (Gradi ent Stop value, int startlndex); public int
|ndexCI(piadiéhn@tehWanegranulsrétYInﬁegpntnolcuahayivpubbiviSnals
Last I ndexOr (Gradi ent St op val ue); public int LastlndexOr (G adi ent Stop val ue,
int starbémieg)a pubble datalasteandexRNoGeathent Sioplual geanuhbarstar bEndex,
int count); public void Insert(int index, GadientStop value); public void
Renmove( Gcadteal Step bal aeypmpliskadvby hawvshgorne.gubl threel dseparate
AddRange( | Col  ection c); public void InsertRange(int index, |Collection c);
publ i c vohill Revbsekangefidar andéxglenpaceunnt yispabl i boweirdrSehRange(i nt
i ndex, ICollection c); public G adientStopCollectionBuilder GetRange(int
i ndex, i|inéquoues)that Chpaprbyram aolentvorkt wikhl mhbeowlanvexaepsion if it
is set less than Count. public int Capacity { get; set; }

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 wvisual cannot be
enumerated.

Other types of visuals include container wvisuals, and

25 redirected child HWnd visuals, in which content is drawn to a
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/1 Builder overloads public override object Build(); public override void
Reset Bui l der(); public override void SetBuil der(Qoject exanple); public

G adi ent St opCol | ecti on ToG adi ent St opCol | ection(); As represented in the
tabl e bel ow, the G adi ent SpreadMet hod specifies how the gradi ent should be
drawn 35 outside of the specified,vector or _space, There are three val ues,
i ncl udi nBLpRaAP- i APAhLRROE 8r@H§§ ¢BF8re Prfrfe eaﬁHSPﬁit) ELEe8§ed to fil

t he remai_ni ng space, reflect, in_which the stops are replayed,in reverse
or der reﬁé@?%ﬁ%?nﬁ% YFFPa@ﬁee§ﬁQ%@,aaﬁanP@EEéPP PﬁtWﬁ?EhtWﬁéd§W85§lQP@1
repeated in order 40 until the space is filled: 45 public enum

Syst em WREoWRT RBdTANEREUPRAL SEPEABREL Aol - Pafl, CREBEFecl1kReBé8Y is57 FI G
16 shows exanpl es of the G adi ent SpreadMet hod. Each shape has a |inear
gradientpeésgglﬁrﬁhﬁmﬁiF@orélgeéy;omﬁé ¥bphdll hagingpre¥eArsinke gradi ent
vector. 5 The LinearG adient specifies a |inear gradient brush along a
vect & . FheepndivpaaapPnaloperspeci fy colors stops along that vector. An
exanple is shown in the table below public class System W ndows.

Medi a. Li near Madveff ther sekenrseushiects sScesiupubabiedprae wkeatedo
colors and a gradient vector // specified to fill the object the gradient
i s applitbatois)/omhesthapl aee CbhpateBobhdingBorofobet hbatpadi énrUnits //
property public LinearGadient(Color colorl, Color color2, float angle);
publ i c Brashdappireghbde, Gindledibgi ssmplyéyiny pbbeadifiganstoem

G adient Transform { get; } public G adi ent SpreadMet hod SpreadMet hod { get;
} } I/ (pradventiNegctorrpoblion Pgi oth¥est oaStlasimpljéying phblic

Poi nt Ani mati onCol | ecti on VectorStart Animati ons { get; } public Point
Vectldr Endin{egettipn 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 clip 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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publ i ¢ Poi nt Ani mati onCol | ecti on Vector EndAni mations { get; } // G adient
Stops public G adientStopCollection GradientStops { get; } public class
Syst em W ndow. Medi a. Li near G adi ent Bui | der . Gradi ent BrushBui | der public
Li near Gradi ent Bui I der (); public LinearG adi entBuil der(Col or colorl, Color

color2, float angle) : public Line adientBui l der(LinearGadient 1g); //
o na ont e rendBd B erBe e £ e AT AR B PR SReRehE naRRde O
G adi ent nits%ﬁﬁget; set;T% [l GadientTransform Default is identity
publ i c Tr&RSF FabPEht TR aRSRBFAIEE QB Ma¥ebe ¥SeF: g eadMet hod:  Def aul t

is Pad public G adientSpreadMet hod SpreadMet hod { get; set; } - 58 I
G adi ent Vector // Default vector is,é0,0) - (1,0% ublic Point VectorStart
{ get; set; )}Bpubli¥yBERARAN REVI BRELEFRLPFBRBER(EetovecRBRLS ar t Ani mat i ons
{ get; set; } public Point VectorEnd { get; set; } public
Poi nt2Ani mat i onCol | ect i onBui | der Vect or EndAni mations { get; set; // G adient
St ops public TeRduREBSERR(THFOruesl bRe FrahicoreskeYs gubihe Brushes
G adi ent St opCol | ecti onBui | der Gradi ent Stops_{ get; set; } The
Radi al G adpent tpsgsind| aeti af pprgrahinag #ddersto the 5 |inear gradient.
However, whereas the |linear gradient has a start and end point to define
t he gradi ent Beegwse iMQuFah%alO@ﬂ@@t%n@aha@tab@iﬁbﬁ@gaﬁongomﬁth a focal
point to define the gradient behavior. The circle defines the end point of
the gradééhectivatyicshanggradi ehjestopthe userdeeedestohereateraanew0 t he
circle. The focal point defines center of the gradient. A gradient stop at
0. 0 1def | pesetheand| nepdaceheheéocddl poenvitkl & . 17Tehbossaenddi méngradi ent
that fromwhite to grey. The outside circle represents the gradient circle
whi | e t hehdotredenotesobhiectscah pbensysThmsmaxanpi éigeatdhenbuhagerts 15
SpreadMet hod set to Pad:

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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- 59 5 public class System Wndows. Media. Radi al Gadi ent :
GradientBrush { // Sets up a gradient with two colors. // This inplies
bj ect Boundi ngBox for the GradientUnits // property along with a center at
(0.5,0.5) // aradius of 0.5 and a focal point at (0.5,0.5) public
RadiaJ(}adient(Cblg %;Rli 15 20 } 25 30 35 40 45 50

t

blic BrushNappi {%‘ggi%l’d?% orz SO POE T pubr' ¢ Tr anat
t s kg
DD S e ushiappl nglOtE SRS iﬁn@gaﬁa?éﬁ 5BRhba Spr eadhet hod { get

G adi ent Tr ansf or m
} // Gadient definition public Point CrcleCenter { get; } public
Poi nt Ani mati onCol | ecti on Circl eCent er Ani nati ons é get; i publ jc fl oat
G rclPeRadi us Yogkt ©PYephpl FRa kI baranfhati6ntdtFeEt Fonp also take
Circl eRadi usAnimations { get; } public Point Focus { get; } public
Poi nt Ani #aiPRREOT| ekl PORS FocliSAni RBEFBRS. { CPethe) DY pwERgdPBRRABX St BRST Bubl i ¢
G adi ent St opCol | ecti on (}adientStoEs { get; i public class
Syst em W B d@MsOKREr AdRaEN aPRHEL EAL BUFNAEr takeey adPehP LAN LBt DRRBAFE i s
Obj ect Boundi ngBox publ i c_BrushMappi ngMbde GradientUnits { get; set; } //
G adi ent Teansheraenberaaft the cdeatety pubrhésTrarst bR BF8EI 6ARTr ansf or m {
get; set; } // SpreadMethod:. Default is Pad public G adient SpreadMet hod
Spr eadMVeshedifygeichsepimationGafpenatdeni art tba pubniEipPei Aevelr cl BCEnt er
{ get; set;}//Default: (0.5, 0.5) public PointAni mationColl ecti onBuil der
Ci r dileCenesppntanobdasts gheresexiftpudni entimahiod celérabios {nget; set; }
[l Default: 0.5 public FloatAnimtionCollectionBuilder
Ci r cl eRadddspnomatpohbe{ bgee; velue} These are composited, whereby 1if

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

G adi ent St opCol | ecti onBui |l der Gradient Stops { get; set; }

G adi ent BrushBuj . der .{ publ.i.c_Radj al G adi ent{Bui.l der(); ,public

Rl 1 Gr JFERTEEPBRL col BEEOSERPBY LEBF br 2) LopUprreDrbiviBs8ontext, a
RadiaIC}adientBuiIgeréRadiaIC}adient rg); AnotheL brush obj ect Eegresented
in FIG 285Ps A 85LFSuLPBIHEAYSBPeEP BB hcepflalPy U SERe 0 BARIBRGENS
provides a - 60 y to have a visyal drawn in a repeated, tiled fashion
as a fil PUrtREEYIsPaint oBj BERSTal8Ysr of ' Be b WeRAaRPRATKEr SHFRPRES 2

| anguage to directly work with the APl |ayer at a resource |evel, as
descri be8ebePbWIrAN1BRafBrEabEOREEhEQr f PRFR| drawWiBgr eBBRREOPNRPES 24Chy
the visual brush referencing a visual (and any child visuals) that

speci¥ i esWa BPhBPEsci PREI BRashhpEes490nSHRRRSt At 2EPHRENRAF  sABPeORRI | ing a
rectangl e 1422. Thus, the Visual Brush object may reference a visual to
defi ne hRaEhkekBFusRiMgtpgshasdpradpMeRfibeh i ntroduces a type of multiple
10 use for visuals. In this manner, a programmay use an 15 20 25 30
arbitrary graphPcBrawkiapi methpd firpwsap aies vishatbeushesifped. pShnce
this is a conpressed formfor storing and using arbitrary graphics, it
serves afypmphhesstasbupeéentThe tbel enidngosats forth an exanpl e Vi sual Brush
object: public class System Wndows. Media.VisualBrush : Brush public

Vi sual Br ush¢¥} suatoi) Drgwibiried PBRuséiVa i ing Mo ter Destainat fo@dlni ts| { get; }
publ i ¢ Br isWhbppiviegNbBeadaimeent Units { get; } public Transform|Transform {
get; } puplic REeR BAewBox { get; } public Stretch Stretch { get; } public
Hori zont a AIignPPﬁﬁ?%ﬂﬁm%§E9P?§ﬁ3g;géﬁz } public Vertical Align Vertical Align
{ get; } publicPPHrrAnimatippBaseqnd)y

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 toplLeft,
SizeAnimationBase size,
NumberAnimationBase radius);
public void DrawRoundedRectangle(
Brush brush,
Pen pen,
Point toplLeft,
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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publ i c Poi nt Ani mati onCol | ection OiginAnimations { get; } public Size Size
{ get; } public SizeAninmationCollection SizeAnimations { get; } // Visual
public Visual Visual { get; } 35 40 public class

Syst em W ndows. Medi a. Vi sual BrushBui | der : BrushBuil der public

Vi sual BrushBui | der (); public Visual BrushBuil der(Visual v); - 61 public
Vi sual BrushBui | der (Vi sual Brush vb); 5 10 15 20 25 // DestinationUnits:
Default is ObjectBoundi ngBox public_ BrushMappi ngMode Desti nati on%lni ts {
get; set; } /FReoRfareerfiesry DReRuPE #%aWh| @cPBblnt HyBbRe pBBereiied

Br ushMappi ngMbde _ContentUnits { get; set; } //_Transform Default is

| dent i t yoBEBR | 2NFrafRf PRV TR aRRE OPRR {CHRt PesBELILY // ViewBox: Default is
(0,0,0,0) -- unset and ignored public Rect ViewBox { get; set: } //
Stretch: Def aul Pubkiongréd-Drayeamghsyéd // because the Vi ewBox |i s not set
public Stfetch Stret®Wgh f&tshset; } // Horizontal Align: Defaulft is Center
and ignoried public HOP% ral Al ign Hori zontal Align { get; set; |} //

Verti cal AHign: omet i ' i Hgn
Vertical Align { get; set; } // Oigin: Default is (0,0) public Point Oigin
{ get,; set; } 1[:1)ubl i ¢ Poi nt Animati 0ﬂc§l |.ecti onBui |l der fi‘%i, n@ni tions {

get: set: } /TheDEawReeLanglesmeiney JEAVEcasreetapgie Witk th&t: 1 public
Si zeAni mat i opCol | ecti onBui | der SizeAnjmations { get; set;_} // Visual:

Def aul t FRERuFLed-PRBSR; AGdPahn PEBFRCEWAshER SFBURE PUddt: set; } } 30 A
Vi sual Brush's contents have no intrinsic bounds, and effectively describe
an infinite plane. These contents exist in their own coordinate space, and
t he space| whi ch i sPPelify VPiLF| BeprReatdeole sual Brush is the | ocal| coordinate

space at {he 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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time of application. The content space is mapped into the 35 | ocal space
based on the ViewBox, ViewPort, Alignnents and Stretch properties. The

Vi ewBox is specified in content space, and this rectangle is napped into
the ViewPort (as specified via the Origin and Size properties) rectangle.
The ViewPort defines the location fhere the contents will 40 eventually be
dr awn, F%%E?ﬂ%o?ﬁ%r%hs%rt?l 155r Ot hFUChr ERPSF f CEARe FhY ks brwith
DestinationUnits is UserSpaceOnUse, ,t he C)lgln and Size properties are
consi der 8P BHeCP R R bR éﬁa%e' APDLPR t $RESTS@Etion of and P LPF bR)

instead the value of DestinationUnits is Obj ectBoundlngBox then an Origin
and Si zeSReeIEBAS; deTRBSE oOBeeT RSt RRTR0dr 8f PEF N EBERECINAF et BDHEFENERE
top/left corner of the bounding box of the object being brushed, and 1,1 is
the 5 botRofEfi gh?-corner of the same box. For exanpl e, consi der a
RectangleGEonetry being filled which is drawn from 100, 100 to 200, 200. In
suchban exanphe, TePrefsenpedt inaFTonUhdt sthe PRERGRABEERSES @n Origin of
100, 100 and a Size of 100, 100 woul d describe the entire content area. |If
the 10 D@@llﬁ@timmftEiglsrgbﬁaléée%andih@B@wnane@ahg@ﬁ BheoFdoand a Size
of 1,1 would describe the entire content area. If the Size is enpty, this
Brush reddeestaol fi pgnrThed \HEwBok ¢5 Bpeei Fearenh ebneehs whack. This
rectangle is transfornmed to fit within the ViewPort as determ ned by the 15
Al i gnmenacpraptytfefinadthhef Byveeth phapert yA Figuhe Ssratehbiseabhen t hen

no scaling is applied to the contents. If the Stretch is Fill, then the
Vi ewBox ¢§ sc@temdeindepkadedefines doshgenndcy¥liechbeonhe Thie segwens t he
ViewPort. If the Stretch is Uniformor UniformloFill, the logic is simlar

but 120 tdelXeantoy dsnensivgicarenseated sarfesndf, tpoedemenagohad aspect
ratio of the contents. If the Stretch is Uniform the ViewBox is scaled to
have t heSapmentoonlsfiecatned Theehsgoneeqanl béoei hbeVi ewPbosed shape withhe
Stretch is UniformloFill, the ViewBox is scaled to have the | ess
const r ai sededineasavsaequal 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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25 to the ViewPort's size. In other words, both Uniformand - 63

Uni fornifoFi I | preserve aspect ratio, but Uniformensures that the entire
ViewBox is within the ViewPort (potentially |eaving portions of the

Vi ewPort uncovered by the ViewBox), and UniformfloFill ensures that the
entire ViewPort is filled by the 5 ViewBox (potentially causing portions of
the Vi eWBGFME HEQRGIENh& Y Eisat 9Nk ttonée\ﬁteV\B‘dqurs EWSTHE RS i no
Stretch will apply. Note that alignment will still occur, and it wll

posi ti on RS SLIEGSt 'L AitERBHES UG S1E Frovitds T Reddtt dtS G sdrden tiengl e
tile 1800 of 10 graphics rendered with various stretch settjings, ncluding
atile 86&%hen Ogttheertwas idetl & dsidife. " ATheriidida's ot liss detesprdssnt at i on
of when the stretch is set to "Uniform" the tile 1804 when stretch is set
to "Uni f 3F1RESEM 12 'Poamt e 18 €20806 wiferd "stide c s weakks Y Fill . " 15
Once the ViewPort is determ ned (based on DestinationUnits) and the

Vi ewBox' §ogicartusldat lnaview @ased feerstihate e inthdoviiaBeK tedds any be
positioned within the ViewPort. If the ViewBox is the sane size as the

Vi ewPor t diirfecstiicst émg samntingthe numbarstothaspénSaommasdcurf nam thene of
the 20 other three Stretch values), then the ViewBox is positioned at the
i gi n s@iven chewds déwmtti ddle eyt lrerogs@sRor tLE Ohiey wivgdber is odd, the

Hori zontal Al i gnnent and Vertical Alignnment are consi dered. Based on these
properti epinthe sviiesBode i s falsvpmed the motimtX iandutsdidensi ons. | f the

Hori zontal Alignment is Left, then the 25 |left edge of the ViewBox wll be
posi tioned at Ashedpefasegdgsl din FIB4 14t hihevi gsaratryl f(d.tg.i,s e&Center, then
the center of the ViewBox will be positioned at the center of the ViewPort,
and 19 Rirgduttaridien titse driagint, eddesisd |dr mest .cathderapeesistiiesd,r eqpeat ed for
the Y dinension. 5 If the ViewBox is (0,0,0,0), it is considered unset,
wher eby Carsoarifddni telawe cohxitderrechrd,f tihee peantodnitddd teslsar hhas a brush
User SpaceOnUse, no scaling or offset occurs, and the contents are drawn

i nt o the oWijewRart aidrusto dujansf eledinds ey Gentenidiiidss 1ar €111 a

bj ect Boundi ngBox, then the content origin is 10 aligned with the Vi ewPort
Origin, andrde tenteRire are Al Phildrardjedf ShemMdBiedex’ s mid h and

hei ght. When filling a space with a Visual Brush, the contents are napped
into the iy ewaldsaag aabdve rand 1a imppathd & itlhedVirewRergl eThis S e t he
base tile for the fill, and the remainder of the 15 space is filled based

on the BraeshitsTiweMdde Ritaldly indlw8ing e Brdssthingitd ansf gradrs appl i ed
- it occurs after all the other mapping, scaling, offsetting, etc. The
Ti | eMode jeruemRIcHIRNE ishdISRE-dne tdasCHid@ridcerddiow a
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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space is filled by its Brush. A Brush which can be tiled has a 20 tile
rectangl e defined, and this tile has a base | ocation within the space being
filled. The rest of the space is filled based on the Til eMde value. FIG
19 provides a representation of exanple graphics with various TiIerde
settings, including ”Non 3% "Til e" 109% "Fli pX! "FlipY
1906 and "Fl i 6X’?’en198960’?h8° 5 PEFP- AoSEYE |81Pﬁgt et aPFBE’?réiéﬁplfé’r
graphi cs_caonprises the base tile. FIG 20 represents a process for

gener at i Hgd¢ nﬁe Bﬁ?épglporLﬁﬁﬁgaﬁrugﬁteNBE@thaPaﬁﬁérFéylénéegéﬁpﬁéésﬁﬁ 'FI G
20 is only 5 one possible way to inplenent of the logic, and it should be
under st 08¢ FﬁQFeﬁﬁﬁéﬁdwéFstthEFG nﬁ& REL8Yef fi ci ent ways, are feasible.
For exanple, there are likely nore efficient ways processing the data,

e.g., such that the content is not drawn for each repetition, with the tile
dr awP apgubhihedumHsyevem  WihGlors Me@ir FeplideSam strai ght f orward
descriptifon. In general, each time the contents of the pattern are drawn, a
new coof dlna@€”§y§PBﬁ¢t§kﬂﬁéﬁted The origin and offset of each repetitilon
IS spec fied by the Origin and Size properties, as filtered through the
Dest | nits an Tr form rtie A coordinate frame is set |up
based” oh pPﬁ DS h YFSWUHF °ﬁ?0%§$¥§%) él?ﬁq%”bnd if at step 2000, tHe
Desti na |ongh S pPRQ gétxﬁkgluserSpaceChUBe the current coordinate frane
at the r%]e usﬁ was used is the starting coordinate frane, via 20
step 20p2. If instead at step 2004 the property is ObjectBoundi ngBox, the
bOUQﬂ!”Jpﬁﬁrléﬁcﬂé@% ggé%@ﬁ'WﬁnhgwﬁhMéﬁhé|ﬁb§ brush is applied is used, as
represepted by step 2 to set a new coordinate frame such that the upper
| eft corner pof ddmetboupstisrg box maps to (0,0) and the | ower |eft corner |of
the 25 boundpuigl iROXeABPS1dO dolot) . fldutehiiBen) case, at step 2006 the - 66
public Pen(Brush brush, float width);
20
// Properties
public float[] DashArray { get; }
public float DashOffset { get; }
25 public FlecatAnimationCollection DashOffsetAnimations { get; }
public PenLineCap LineCap { get; }
public PenlLineJoin LineJoin { get; }
30 public float MiterLimit { get; }
public FloatAnimationCollection MiterLimitAnimations { get; }
public float Opacity { get; }
public FloatAnimationCollection OpacityAnimations { get; 1}
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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Transform property is applied to this coordinate franme, which essentially

defi nes

agrid. FIG 21 represents a Visual Brush Gid that

is defined for
the tiles in a Visual Brush. The first circle is a sinple grid, 5 and the

second has a Transformw th a Skew in the x direction of 47 At step 2008,

the vi sy
where t
Vi ewBox
by the

step 20[L2
the cor
there i
for dra
its ori
dr aw

that th
and Siz
The coo
To this
bj €léx B
step 20p
The Tra
step 20p

20

25

30

35

40

he vﬁ§G&PCdP§W§”Hﬁ€réBB?d&ﬁ}ate data T at step 2010 there is a

F%Jf'edg the Vi sual |s fltted into the grid cell as specifi
V‘e ' qn ertical Align attributes,

lﬁes%?ﬁgtpo@%ﬁF§§P hs?%?nﬁhropertles are used to apq
[ ect ﬁdﬂ@_%f eimsushblratt h@ gxgtsuggtl iyjes up in the grid box. 15

5 Nno M}ﬁ\t@ozﬂ@mmaeqonéhﬁtrb&leﬁmgp&éxdImeh@feyétﬂmaeleﬁt apl i sh
W ng tgeccontent at step 2014. The coordinate frame is set such t

ginis at the Origin point for that particular grid cell being

A cl igudls capphlftkGip stiepcad 1l deasesdeton t he Size property 20 such
s tigwwldicl Penineadrcdw Dihsiaien df gehe dmunds of the cell. The Oig
e are nodified appropriately based on the DestinationUnits proper
[ di natwpldygsteént SMitheanimodi §igsdt; baSed on the SourceUnits propert
end,pyfligt F%@e@@%@lph@olzlfﬁcsgenéeuﬁers Mjtepbimjtirsimations (
oundlngf%x }the appropriate - 67 scaling transformis applied

othermnse |t(%§ Lberg paceOnUse, and no new transformis appli
l’le Or%ﬁi %?gtinlrﬂéghcgg?ectlonguli) 4r Oabgglgchenlctt?anttl%rr]lts I{Sgg’g;avm

public Brush Brush { get; set; )}

public float Width { get; set; }

public FloatAnimationCollectionBuilder WidthAnimations { get; }

// Methods
public Pen ToPen();

i

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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5 Not e that
"None,
the new coordinate frame is equa

is

if any part of size is zero, nothing is drawn, and if Stretc
the transformfor the viewbox is set up such that one unit in
to one unit

h

The transforn1essentia||y beconmes an of fset based on the align attributes

and 10

2010 and 2

Sl 70 o \/ n\nDnv I\c rlner-ru hnrl ahnun a2t ot nna
A w gu = w4 “UATTO U1

Stretch
specifip
and Str

i}l.lafﬁébétraﬁhe%a%r SYRFET JLNGRIS - Ueht3, BREER there is a Vi ewBox

et ch ; JTRp

I e con

alig

exanpl e
-10, -10
out .
case of
into it

cunbersw

Vie
pubr
InageBr
Br ushiva
get; }

Hor izpnt
Point Q

Ret urni n

5%:5¥'8WB0X Sp C|f|e a neM/coordlnate systen1for t he content
eq 1lma #
oﬁt I oNs

|nto the Vi ewBox. Th
Oltﬁgg aC1 R%lT%I teﬂ?s lThus for
and aligned to the upper |eft corner,

t hat thing will
h_can_be

AR BafpLa BBl IRt Gl

ng_l
’ be cli pped
eci al

"I mag

Vi cualaboeRt SRt RgLBR e EPBOR

and attach it to Visual Brush, the APl for d0|ng so woul d be

J(i)r‘?tbéﬁff‘}ﬁ?t%la&rsoﬁé’?‘f?“ ERGOWE - %%dmﬁgfélrshsbbwer 25 Buigder
ass stem. VV N? eBrush : Brush public
. ?a

h 0 vart Ik bl i
us (I bt '3£ ?b40rgﬁspu iC
get

rus
ppln Fhatd oRont Crfa form Transform {
public SE%%E?Q publlc Hori zontal Ali gn

al Alj gn get ﬁfﬁgﬁ] ic Vertical Align Vertical Align { get;
[i gl Nefoa@Cbpatity { get; set; )

FloatAnimationCollectionBuilder OpacityAnimations { get;

} pub

}

}

20

25

30

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
the brush types use a coordinate system for specifying some of
their parameters. This coordinate system can either be defined
as relative to the simple bounding box of the shape to which
the brush is applied, or it can be relative to the coordinate
space that is active at the time that the brush is used. These

are known, respectively, as ObjectBoundingBox mode and

UserSpaceOnUse mode.
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public
{ get,
| mageDa
Medi a. |
| mageBr
ib); }
Br ushVh,
identit
None
CEntéf
Vertica
set; }
Poi nt An
Def aul t
Si zeAni
Def aul t
50 Ni ne
based o

Poi nt Ani mati onCol | ection OriginAnimations { get; } public Size S

} public

} public SizeAnimationCollection SizeAnimations { get;
ta I mageData { get;
nageBrushBU|Ider

} public class System W ndows.

BrushBui | der public InageBrushBU|Ider() publ

e

c

‘%dﬁéééEBf%Mﬁﬂ?i@éHéﬁﬁBox publlc ------

p na i onUni t s { get; set; } // Transform Default iS5
y U%Effc? 1 # 4%°fransforn1{ get: set: } // Stretch: Default id
ubl i c Pcﬁ ré?ch { get; set; } // Horizontal Align: Default ig

hl i o nori 20Nt A1 Al L~ Llnrl-)nnf'\lAlJ_m [ Aot oot - 1 [/
| Align: Default is anter public Vérﬁlcgleién Ve}t{caIAIign { get;
Il Oi : ault _is (0,0 bLic.Pojnt Ori public
|t GRCIPHORCE bERFRae, OBF PR A Fﬁﬁsl?eﬁgﬁf%@tPlfm?/%?é

is (1,1 ublic_Size Size ge set
nﬁ?%b%cﬁ%%gftloﬁéuF 8E? SFzéﬁn?%ﬁF?oﬁgm% gﬁ?t gft the FPlPﬁagéEata
is nul] --_no thlng drawn, public | mageDat a Ina eDataHé a set;
GFdsPuehred YRr§ PHFHFlFBtFHﬁg@BYu‘%tExEEEt PRESPREY PG war ped
n the size. In essence, NineGjdBrush may be thought of a custom

type-Cof FPRELEX, aFEr%FPEﬁ EErFQFnBEHFPSbéﬁetﬁéaﬁﬁageTE?r PLROWHAF| ESBEher s

(e.qg., borders) do - not. Thus, while the Size of the image in the
InageBrugﬁrRPIPncﬁﬁ%@P&es?ﬁ%%@cgéarﬁruﬁheopwﬁ@E?|dBrush will produce a
nonuni form scale up to the desired size. The units for the nonscal ed areas
are the ' '
Cont ent UpHRldc (9alpd BRP3t¥Et RN INIWRSG PR S3h)ICRBbRHEGuBR ‘sBFuthp
UseﬁgnitECnUBe. The Transform property of the Brush can be used
effectiyely. Nolgcthat,.Lhe border nenbers count in fromthe edge of the
i mage. By wayonfc exaiebesrdrlish (123/F aREesants @ Bisg-grid i mage 10 bei ng
enl arged fr onbacf BekitdChbhstranse(C3302 cdodow) ;second i nstance 2304, with four
types. of ar @aklicA§o}igfpbadmal( SyAtd Gingys. M@H@eéfpmtahemb@él@ﬁcmh@segarre t he
areds’ nar ked G%ﬂ"’rg%‘f%’ﬁﬂr"rror|zontalIy t he areas nmarked "b" expand
vertical Iy,/yng:%g9g§ Jmarked "c" expand horizontally and vertically, and
t he areps 15upBrkesiod ﬂg—mo@mﬁhange in size. is class System W ndows.
Medi a. N nerublBroumnumeBau&hcplmiAnmd\luneﬁ{l d&ush(l mageDat a i mage, int
Lef t4Bor der, int Ri ght Border, int TopBorder i nt BottonBorder) public
Br ushMap e tlnat uni Sq nsf o ransf orm {
get; } g‘btiqq oa’lsﬁtéér V\llln?wés { % dC}OIE’{)erFﬁ\ ni I%'g?l onEBﬁ ecf‘lf%n
CXiginAnlnapvqn&s£ngﬂ%rs} publlc Slze Size { get; }
30 public SolidColorBrushBuilder();
public SolidColorBrushBuilder (Color color);
public SolidColorBrushBuilder{SolidColorBrush scp);
// Properties
35 public Color Color { get; set; }
public AnimationList ColorAnimations { get; }
// Methods
public virtual Brush ToBrush();
40 }

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

45 The gradient is by drawn by performing linear interpolations
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public SizeAni mationCol |l ection SizeAninmations { get; } public int
LeftBorder { get; ) public int RightBorder { get; } public int TopBorder {
get; } public int BottonBorder { get; } public |ImgeData | nageData { get; -
70 public class System W ndow. Medi a. Nl neG i dBrushBui | der : BrushBui | der
public N neG i dBrushBuil der(); public N neGidBrushBuil der (I nmageData

i mage, i%?tﬂ%?¥86?%e9¥a¢h?nF&ﬁﬁg@%rﬁ%r? IHMF oHBor HEF, CPnPL BEPEoRBor der ) ;
public N neGidBrushBuilder (N neGidBrush ngb); // DestinationUnits:

Def aul t +BteFPRE? BHRRJFRAEBEI pRbreE PRIBAREPHI AEVBHCCPEST | FREFBR USSR  {
get; set; [l Transform Default is identity public Transform Transform {
get; set¢MYK,/andysgi horthf auftaigo (@, byapiblecabbrrrabtvei n TWgekyrsst; }
publ i ¢ Poi nt Ani mati onCol | ectionBuilder OiginAnimations { get; set; } //

Si ze: DePhud¥adsent abieebsi ensivdesireeargand sadial gypfients.

Si zeAni mat i onCol | ecti onBui | der Si zeAni nmations é get; set; } // *Border:
defa®t to O pabgeecral. Lefa@bedes argetomgesed}opudl Lestnef REGREBBREEr {
get; set; } public int TopBorder { get; set; } public int BottonBorder

get; setstdpg/ |HageDafatheetagrediennustops aonhakgsdeadplepublwethnbleDat a
| mrmgeData { get; set; } } As generally described above, the graphics object
nmodel of inbetugedsehphénvehtebnandchndefaeTr ansfortheodj ece noderadibanth

i ncludes the types of transfornms represented in the hierarchy 5 of FIG 24,
under a Frapsfspearbisedc| aks. bifhekeidi ifawvenast gpeslofl coapspenestt hat nmake
up a transformmay include TransfornList, Transl ateTransform

Rot at eTrlahsékr nas StAl eHeaastreren nSkevdshnspecifiaddatbatlxTr afistbene is

I ndi vi dual properties can be animated, e.g., a program devel oper can 10

ani et e dphey Angtegpadpent ysodbpaspPetaf eddansherbhrush7is drdatrases sotid@D
conputations are represented as a 3x3 5 matri x. For the needed transforns,
only siXcyabuegishetheedrd 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, float offset);

public Color Color { get; }

public AnimationEnumerator ColorAnimations { get; }
20 public flocat 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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instead of a full 3x3 matrix. These are naned and defined as foll ows.
nMOOND1 OmlOnmll OnROnRl 1 When a matrix is nultiplied wwth a point, it
transforns 10 that point fromthe new coordi nate systemto the previous
coordi nate system nDO nD1 O LX newCoordSys y newCoordSys 1 ~~ ml10 m1l 1

0 = [X oldCo Svys Coor dS 1J nR0 1 T f ted t
oy | ovel ConehEtE, La Rlp I B LnER s tanh, a8 ReY BortR gl o O

post - nul i‘s?!"él ng it onto the current transformmatrix: n002n0120n00ND1, OLX
newCaord§9 WheHcoEFByS 1 J ~m 102m 1 120~m 10 ~m 1 1~ 0= [ X o~dCoor dSys

y ol dCo;Ld.Sys_LJuQOZnﬁ_Lzl_nﬁo_nﬂ_Lr__l_NbsL_gLa@es_m—Lhe APl _dg npot take a
Matri x pPTRICEI Eas5utYSS6™ 5 naAes 450 ardEagirat F?ﬁ%]&b?crﬁl@?as§C°WCEh°rbupports

ani meg i DN, publ i€ oSLGEsSyeh e Yndows, Media Matrix // Construction land
set ti ng| publyihs1 MatEAd(eht stdpcleful 6:5(chaaidRBEddy QedlibeedbE) X( - 72
doubl e pDO, pdolid eradikntstouwobelartOon doubleetidd c)doubl e N0, double nRl);|l 5
10 // I dentlty bI | clstatlc readonly Matrix Identlty public void

Set | |ty% Bool 1.s] entlt get } public static Matrix
operiat of Hllcx%rré ERYCT I@ﬁ% dio et i ﬂi( public static Point operator
*(Matrik matpi xo1Peéditonpoi nt) ;

public void CopyTo(Array array, int index);

public bool ICollection.IsSynchronized { get { return false; } }

15 public int Count { get; }

public object ICollection.SyncRoot { get; 1}

// 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 wvalue);
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) ;

// TIEnumerable
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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/! These function reinitialize the current matrix with 15 20 25 30 35 //

the specified transform matri x.

public void SetTransl ati on(doubl e dx,

doubl e dy); public void SetTranslation(Size offset); public void

Set Rot ati on(doubl e angle); // degrees pubI ic void Set Rot ation(doubl e angl e,
Point center): // degree Rot at i onRe oL ,

public Voi dpS@cJﬁof’a’t‘f(ﬁiﬁT-ﬁ\‘é‘fﬁAéhé’(tdéﬁﬁ?"é angl e, Point cent er): public void
Set Scal | ng( doubleaS¥incdostd e sy); public void SetScaling(double sx, double
sy, Point cenbeid pridikhiStopotsiSetSkanwkédoubye ;angle); // degrees publig
voi d Bet Ske\mf(lblmjbhe P@dgtFlea)dleMStde aeles ubI iC v0| d Set SkewXRadi ans(doubl e
angl e) ; uah /1 These functi

post - mu t| plpgbi e ﬁ@ ﬁ”é@i gg&% &}Egle répégﬁﬁrllég i’?sén%‘f orm pubI ic
voi d Appl yTrp@Bﬁ c,aJ.hQ ben 11I9:Ul§ A& THOEE, int count);

AppldTr ans| atboiy Shz&a@EimﬂbybGraﬂu&{useop/@laduéxppI yRot ati on(doubl e ‘angl e)|;
/'l degrees public ivoildsApplexRbt@bion(tdoublvelaengliet Rerhlndeshter); //

degr ees| publPiglifo ggtgqu t( a¥ ‘%@W?ﬁ?g‘ﬁegﬁ?%% an ISé)artWBM cinpofepnt) ;

Appl yRot atl id

AppI%Sc Al i n%ﬁ k,g%@)g\dg leh E%Of@ Bi < ?/ (f)vle3§Sc S:%ngr( doubl e sx,
doubl e biic ¢6id ehpér nék5(159 Mdlk| CIC‘«S@l@EtAp@I@)SkeWX(doubI e angl e) /1
degr ees publpubliﬁowdldﬁ\ptpiny&(%emg’e( doubireleanglne)gtodnfc) degrees public void

Appl ySk DWXRéeIPhﬁfPsgélbfhtﬂeéR et ﬁgw i ECeAdiedt WFpF Yy SkewYRadi ans( doubl e

angl pubPPE oy é‘Z(E’(C PR LR CRRGERIP IV RIST ot S EAFE S publ i |c
doubi'e pet er/m (E‘a?d% {(y Q%t ninRUblgicCy, Doty R} QP{eerxchpél%n{nQ%tt id Subjdg void
I nvert( o1 rpwsup&rgumant Exception if !Islnvertable public static Matjrix
| nvert (Matr |pmbhm ihi)Caph¢itdyndi gatduset ;menbers public double M)O { get; set;

b pupif

30

C doubl e M1 get; set; 5

} - 73
Builder ‘overldads
publlc override object Build();
public override void ResetBuilder();
public override void SetBuilder (Object example):

public GradientStopCollection ToGradientStopCollection();

35

40

45

As represented in the table below, the

GradientSpreadMethod specifies how the gradient should be drawn
outside of the specified vector or space. There are three

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

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

the stops are replayed in reverse order repeatedly to fill the
in which the stops are repeated in order

space, and repeat,

until the space is filled:

public enum System.Windows.Media.GradientSpreadMethod
{

Pad,

Reflect,

Repeat
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public double MO { get; set; } public double M1 { get; set; } public
double M20 { get; set; } public double M21 { get; set; } }; MARKUP LANGUAGE
AND OBJECT MODEL FOR VECTOR GRAPHICS In accordance with an aspect of the
present invention, a 10 markup | anguage and el enent object nodel are

provi ded to enabl e user prograns and tools to interact with the scene graph
data structure 216 without requiring a specific know edge of the details of
the APl layer 212 (FIG 2). In general, a vector graphics nmarkup | anguage

i s provided, WhFchlBofPPVses=anrissi At eFifargeterkapPreadaghaft n Bashnpl e
mar kup based authoring format for expressing vector graphics via the

el enent Shpeethapdel linpart aradi anguageng nbrrupwhetegto oMy - or TREL- t ype
content) nmay be programmed. Then, to build the scene graph, the markup is
parsed apdlidahsnateeprasentacthppevpdiane vesuar-20 APl | ayer objects that
were as descri bed above. At this higher operating level, an elenment tree,
the pProperty ThetbhnaauGradipneseneei figst eml aneapr gvadednt obhasdl @lemgh of
the conplexity, making it straightforward for scene designers to design
possi bl yaceeptex. scEhesindsvidugénetabs shecvéyt oplgraphtesssgsorem that
general ly provides a set of shape and other elenents, integration with a
general peoperty Aysewappaegisuphognand theposbléngesgwtem and a two
tiered (elenent |evel and resource |evel) approach so that the user can

pr ogr am|ipuba i waylddmtsysaen esnddwex Mbil 4 I1yi e Graddent :perboismimaisheeds] I n
keepi ng |wi t h one aspect of the present invention, the elenent object nodel
for dealli ng Wt detvectpor gragients wiohr ebates onist And he cseehengragpdtoab) ect
model . Iin ot Hérsmerids.edt he ¥ECE dhegphpée T sty stedi amd itshephi sedltcAPl 5
| ayer share &/sEpimfimpddear@eieciBouhdinyRareforobheciradigatUheyel, e.g., (the

Brush obj ect /¥ sP¥eRartahen drawing at the Visual APl and it is also the {ype
of the flill Bp@b%gt%}qgﬁrGradlent(Color coloxrl, 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 (LinearGCGradient lg);

// GradientUnits: Default is ObjectBoundingBox

public BrushMappingMode GradientUnits { get; set; 1}

// GradientTransform: Default is identity

public Transform GradientTransform { get; set; }

// SpreadMethod: Default is Pad

public GradientSpreadMethod SpreadMethod { get; set; )}
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Shape. Thus, in addition to having elenents that correlate wth the scene
graph objects, the markup | anguage shares a 10 nunber of primtive
resources (e.g., brushes, transfornms, and so forth) with the Visual API

| ayer. The vector graphlcs systenlalso exposes and extends the anination
capabi | i = . g A
| evel s. |15 Furt escrlbed belom/ the vector graphlcs systen1can

program/to d ffé%?ﬁﬁﬁn Eor 9% bfvel , |nclud|ng an el ement level anfl a
resource Iev bl J] Ri 52 gve gf%} 1 Qf She drawi ng shapes is
represent ed A oS AT & 11éértvheec £k a0l ad ita QG gD €
elements in a creen I'S means he shapes imteract in a ful
way mﬁtw t he 95§§§Qgghtsy§é@ggEnqun&gtaqgﬂprqpert|es In the resource

| evel , the V;Qﬁ)tl@df E@ﬁﬂﬁﬂl&&tfdﬁsbﬁlr&:tﬁl&ﬁiual@& V8c o rPHiAh i@ S A C e gfe@r n&dt,;
simlar|to a traditional graphics netafile. The resource level is
efficient, but has sonewhat |imted 25 support for cascaded properti es,
eventing and fine-grained - 75 programmability. The scene designer thus
has the[abiTiiy GeaBat@hoxopki1 Clency wth programmabiTity as needed. Th
keepi ng (Wi t h gdlaspesid alddsheppcesantcolbyenfiadt, diffieevect or graphi cs
system at t he gudddur GeadigrglStabsol bartriehatédddn raphenviisatad (ABeth ayetr;, | i n
that the ¥esource |level markup, in one inplenentation, is expressed as 5
Vi sual Brlush. When the resource markup is parsed, a visual object is
created. The visual object is set into a Visual Brush which may be used by
shapes, controls and other elenents at the elenent level. 10 FIG 25 is a
representation of the elenment class hierarchy 2500. The cl asses of the
mar kup | anguage obj ect nodel of the present invention are represented via
shadowed boxeBhe araldiattuadianshapes thassr 2502pragr ammieg chadsl 26604tha

vi deo cl ass 2506 and a canvas class 2508. Elenents of the shape class 15
i ncl Bde Ienéanghea@bdft . polighener 25dRer pot yooa Pbiddar patdd2&ib, has a

start and end point to define the gradient vector, the radial
gradient has a circle along with a focal point to define the
gradient behavior. The circle defines the end point of the
gradient, that is, a gradient stop at 1.0 defines the color at
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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i ne 2518 and el lipse 2520. Note that in some inplenentations, a circle

el ement may not be present as indicated by the dashed box 2522 in FIG 25,

however for purposes of the various exanples herein, the circle el ement
2522 will be described. 20 Each el enent nay include or be associated with

fill (pr

ef f ect

geonetry that, kstdrgwn g\%g{bﬂtnbﬁﬂ}j tes @@Qrgascaded presentation propertig

The 25 presem ahioOnmpripeohjespardingest t6r caastdadcéntduiecpen and the - 76
n

br ushd ngeded / eerreraYeanoubIWJaw & lvensérapes(0.ther5)im presenters |ike oth x
one i npl emer(t/ 9 ‘3@2 a‘]tsG §5 e?'rndc"t‘)lrﬁoFB]r Fé’lln"aﬁtorﬁo %Hag)es eme cntainer ~r
shapes CIRVES RO AR I S P L 1 $P 18T iPl8hf\ias el enent, Fo ' an(

(7]

shapes ‘- NBhbYi O &R b@%e%@?&t%ﬁhé“{ & r yexanpl e, t kee Y be drpun

whenld®n|a i nsiead rrhher Gamattsanect trahamemal peshapes | i ght wei ght a shapes.
fan anvas h&Slbé.nC mamtspmwdtlmdesmaéhsthom{aietvas el enents are de ed
Present ¢ a sh s descrl bed belw scribed in nre deta, aws

the may|be aﬁ‘ J@{t ]Ef % 17%; he ippge,Cd ass xs ~I below) color Conple
For gampl dom. inge wﬁé eomc%lap%ﬁéie%eg@ermmaﬂowe{ te:, g differe
a bordej Carputbelé aat WireherRaatudly §éd;Cknesses speC~ nt clr on the sld

pecifled on@uaélqﬁ“lsatﬁtdlmﬂac&cgblercmm |C@nc1f@ed1mdlmehﬂbnspr(0ges, Wi th
pssi bl y | m | AWPbexediet éivent amdtisdale may be s perties set. inmmge and vid
el ',such asPPext FO Rt PR SR Pintge Ot F@ﬁuseAr?éﬂTtl\?Faeb 9ehyds el enent, and
s Can exist and-he.scNgsthat the get the backgrund' s inherit from $o h
ut si de of a@lben@r@tradmrﬂet@pc@m1md51mate&@tdp@adgwg}SUpport f' eg-—
be pla alv~ ae el ement all romthat Yed ws video sl vectr gr w~th~n a
das %gYe ~r mlar mul | ayer t aphzcs s]}/stem prow |enment~ xn this m

1 pPBlﬁcr&éigfrz%& ﬂ;@bgtfﬁOE?%sbfe)?le@l FEFKF Bt ¥ anner, the 25 st)
udI ng text, 2b gra 515 across mface t the APr 111 imma phzcs, 3D
ul t ~medil gesouande &agk ARbgSer@Bulidier (Thi s allws d ~ ani matl n~ vi deo esi gnge
to that |f earpuelic mmé(lambﬁiemmeomdb@ldrm,&aabkycdltE)gr ate other nedia int
appl 3€af i onspuéhi-:lc @Qéméienfﬁeikﬂéétmdigl%we@t ggstem al so enabl es
mul ti medi a tp/ qa eéd |1§1ef f ) ot her elenments, again allows
desi gnet's. t Hdbf Tyl %pﬂ?ﬁoﬁy B o4 TR B e, g lements, yet wi thop
sacrifi¢ing A/her£0e8etdinkEnsd cDmhqgel@eggerglt§ach I nd| vi dual nedia type.
For &xampl e,pudl tdegirghefortatirads entenSEirR Naekngek¢henme for rotating,

scal i ng, ani/rfaﬁplrﬁ%dMeltrM MegfagpbpesPad ng and ot her effects across
public radlentSpreadMethod SpreadMethod { get; set; }

X

// 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
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different nedia types, whereby designers may easily create very 10 rich
applications, as well as allowing for a very efficient rendering and
conpositing inplementation to be built underneath. FIG 26 represents one
i npl enentation in which the markup code 2602 is interpreted by a parser /
translator 2604. In 15%%ner al par ser .adds el enents

t he / transl ator 0

to an el &t HeYS Frorerdy AP LG8 (ERSST Sk prdssitt 55(%91 ¥ E° 5 and
attaches presenters to those elenents.. The presenter system 210 then.takes
Che ol ot od LEHE irdH Al S BAECICh &t 551 SUBESIE it P SFA s FIRE {1 o
to objects and calls to the 20 visual APl |ayer 212. Note that not all
el enent s 1RESHASE 1 FahfQtHYe O W Hhdde Wifth LaMSTciidd Hpri&St&Ss. In
general, .an elenment_is an object in the elenent |ayer that_ participates in
the propef%fisySfeessrdnah Py | ayBbutsriimidentdt irsystfdm! e parser
finds tags and decides 25 if those tags help to define an elenent or a
r esou? ce IsrE&sentedrgn FIG.n lidhdvs idg 311 stkse Rifush Vel emqidly & e SSide
tags may be interpreted as elenments or also interpreted as resource
obj ects, (@@gemdivhglond e seertaxtthstt WiRad filfss @ i@ lgppadiculary shape
dependi ng on whet her appearing in conplex property syntax 5 or not. In
accor dande a4t twidde tdspre @tinstulire gheesefil lilnventd oiectane imrldd? | afduvdge
provi des distinct ways to describe a resource, including a sinple string
format orthe dorgpladBrotsihe cbnsttamieon ref@renas wplve sl g fdafigte hdwe parser
/ translator 10 2604 uses a type converter 2608 for converting a string to
an appr opthadt énrstudls ARl hsbjderwn Bywhianh dintescalysias d vt dolmwtiingld i ne
of markup, the Fill property value can be 15

10 use for visuals. In this manner, a program may use an

arbitrary graphics “metafile” to f£ill an area via a brush or
pen. Since this is a compressed form for 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 HorizontalaAlign { get; }
public VerticalAlign VerticalAlign { get; }

public Point Origin { get; }

public PointAnimationCollection OriginAnimations { get; }
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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converted to a brush object,
Cent er X="10"
appr eci at ed,
sinmple strings of paraneters IS to a brush object
provi des—a

via the type converter 2608: <Circle

Center Y="10" Radi us="5" Fill="Red" /> As can be readily

t he conversion of such an inline line of tag-based markup with
is strai ghtforward, and

attribufes t%% l%d”? %ngs attributp
i's too ¢onplexpké ikt iddthor @bﬂghe ﬁr%@QstBbﬁn&lﬂl%bos_a si tuation, conplex
property synfuaXjc irushMapayndede mdsnendtiohirei tear kiep; $es;used to set this
prope?Pty. Fot/ EgatmpitinitshePdigll pviisngbiaonpdundingBoy property syntax fills
a circle wtf é i or@?‘i"gpig%ﬁ”’r?éﬁ HER NS 6F i 9801 6FT speci fying the col ors
at vari ous ggyu% Eeht oSt Sgh { gnggté’nggt fromO to 1): <Grcle
Cent er X" 10"/ ConéeioX=' ﬂ&aumqlsusyo 6>0)<CL nglset Ridal xgridsienear G adi ent >
<G atd ent St aubCot crect RE@WBEK fiseéts" 8ef > 1<G adi ent St op Col or =" Bl ue”
O fset =0. 33" St@cam%ﬂag’e‘bpsmﬂ@r- @ndefemogkf set =" 0. 66"/ > <G adi ent St op
Col or =" Red" /d‘ fset="17% CF%??FE?Q@%WE?}& Seft>S&l Circle. Fil 1> </Circle> 5 gn
addi ti on to /éngMBﬁE§QH gﬁﬁEE LGN KUR: 1 E&§ource i nstance may pe
| ocated |el sguhere }(o@lz&}talmgtn orTREKURAOTG 1 ged;l k& ; Which can be | ocal | or
on a rennte M@Uﬂﬂﬁkaandgappkﬁﬁﬁlﬁhe|@ﬂﬁ@ﬂﬂhﬁﬁd@ﬂﬁpdand referenced by a
nane, (e.qg. p@ltfe%iterhiasmé}\li@f ¥eericelbrigot haretsuidtable identifier). In thjs
10 mannegr, ene degl r can_reuse an elenent in the elenent tree
throy@hout %) % A Qgiﬁﬁ éi@ pts ,described by the conplex property
syntax. |The ;msli@@rpo iRat 1Be mcwoﬁmlmk%nﬁﬁmaga{s SygLaxsby;
acce55|ng t he sype cemartey (2608 as necessary, and also 15 matching
speci fi ¢d pan@ﬁetéﬁseﬂbzpheembgeﬁﬁ iproperties, thereby handling the
conp%g |ty fRPHASiIgeERE2HEYICE §¥¢1TWH§1d%hé1B§¥§@PtH%@s{nﬁﬁ FjeR$t Bet up
t he =cts,/bggmﬂhsoD§£&§tattguPpte cggl he, obj ects. Note that the parsgr
actual | ) blic Visual Visual { get; set; )}
}
30 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
35 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
40 eventually be drawn, creating the base tile for this Brush. If

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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instantiates a builder to create the objects, since objects are inmutable.
Because the sane rendering nodel is shared between the elenent |evel and

the APl |evel, many of the objects are 5 essentially the sanme. This makes
parsing / translation highly efficient, and also allows different types of

progranm ng _| anguages_(e. _@. .. -lLike. |l angyages he  abi | i.t Q.easily
convert PEoﬁppﬁigcﬁgﬁQﬂ‘p tcﬁi tlglgg\ﬁﬁ‘dssﬁteaygiél doéi ijg-s\tfépgg.l Pa'thaf as
represented in_FTG_,26, another such progranmm 10 | anguage 261 an.add
el emsntstogéetcﬁgoélpéir’rélﬁpof‘r‘eg%f%?nogrégﬁ d P C%ﬁ)%ei A& é’@%‘l\ﬁiefﬁ’ tcfré’ Yesual
APl | ayer, 212. As also represented.in FIG 26 and in cqrdance with an
aspect of™t ﬁéeplcggéﬁlmiaﬁ\?eﬁﬂa&ﬁ,' PherSale On&rskﬁgezgﬁfa}ﬁﬁ%tbgoﬁé@J o
program at ap el enent | evel and a_resource |leyel. As 15 descri hed above,
the el emEﬁ?? gé’\‘félfilé’lgv?@‘t R §g’€n8bé§§itg &lnﬁuhruﬁ?“@ésr'aﬁﬁgbil'i]‘[ ¢S &2’§ge of
the pr opert§ system that provides inheritance (e.g., style-sheet, |ike
f eat Ut esPOLEREY &d@hti FETRETgOL Wher SBYCaRON-enERE PER SOPSENEF Code to
change its appearance, position and_so forth in response to _a 20 user i nput
event). BerEesgleGrongteyemelngyditlileqd #hdshpisyidgésma fredodilfe -0y &
mechani sm by whi ch scene designers can essentially shortcut the el enent
tree and2ffeddft-er I8y sush Fad Spedglam difr &b Pesdings igndindltsaARiS | ayer. For
many types of static shapes, images and the |like where el enment-|evel 25
f eat ur es Use& Spercepadiged, arhioF igidyicded 08 - ndile a@Kk iaciSdme grfd 1.00g100
| i ghtwei ght way to output the appropriate object. To this end, the parser
r ecogni z@ouldedlegcirilbe ghet e ing soalteptusires.s pgifedd® , and directly
calls the APl layer 212 with resource |evel data 2612 to create the object.
| n other Destdsataon¥idpsr dse PbdedtBornGizgBox, ementOrligniel ofedt dr agdaghi cs
get parsed into created el enents, which need |ater translation to the
obj ect s, Sikiel @fr s dumoa lide iels credreoithgr apltiice genteamtsedeand difr édid y
stored in an efficient nmanner. By way of exanple, the follow ng markup is
directlySize 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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10 derived fromthe object nodel for the LinearG adient object, and fills
an outer circle wwth a Visual Brush. The contents of that Visual Brush are
defined by the inner markup. Note that this syntax is conmonly used for
expressing various brushes, transforns and animations: 15 <GCircle

Center X—" 10" CenterY="10" Radl us="5"> <Circle Fil 1> <Visual Brush

xm ns=" UnifLoaTofjid Ioatasisrve) aspasinréiono It Radifipgay gngpres that

Fill=" BI ue"/> <Circle CenterX="0.6" CenterY="0.6" Radi us="0.25" _
Fi || =" G &9 RS dievBon dxyifhin chn sitpvipre (Rediqpdeg. losleaving
Fill="Red"/> <Circle Center Xx="0.8" CenterY="0.8" Radi us="0. 25"

Fi | | =" Le®orEHioNFo Rt Shey Vilewdiopitushs avegiac ky, mihel Viewgoo| et e t hat
whil e these visual brush-filled objects are efficiently stored, the
r esour ce UnéfairmdiaFa Lloensive eshijtdetts thee sindd nen dti@wpPordan e irldiast & ddieby
el ements and part of the el ement tree 208, as generally represented in FIG
26. To t NiewWEDXerl®o temdsa Mivs walusings pordsomsc @ e B evilieed Heekp , with a
- 82 name, reference or other suitable identifier) and referenced |ike
other resursdgs ddec MisaPorita thé&fcomsl X quiEoperitsy egyrityax. .tk mong to an
expl anation of the canvas, as mentioned above in one alternative
i mpl emrentS&triedich skialrie@pm;y.bel\loe:m thalti ghitigmirgnt and It kst Iitayodweimr, e guid ed
to be contained in a canvas. In this alternative inplenentation, when
content iis meddempeditiiton $hreengeriedt "omiewdoxi.nfi nite, devi ce-i ndependent
canvas whi ch has an associ ated coordi nate system The canvas el enent may
t hus positi onFdont &t pacedrdisng epr esesdlattient) ocfoer diimatles .t ilke 1EDVas
el enent can optionally define a viewport, which specifies clipping, a
t r ank® or mraphprcef erened raspedtthr ataird cared sa ey rofsatappigesg tile Ivideweorst i nt o
a parent space. If there is no viewport established, the canvas el enent
only speciiflee80d ghempistgetfchdriawisig pfd NMndrnees amthecai 1setlae 1% a
transform opacity and other conpositing attributes.

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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The followng is a markup exanple for a sanple canvas: <Canvas

Backgr ound="bl ack” Top="100" Left="100"Hei ght="600" W dth="800"> <Rectangl e
Top="600" Left="100" Wdth="100" Hei ght="50" Fill="red" Stroke="blue"
StrokeW dt h="10"1> <Li ne x1="100" y1="300" x2="300" y2="100" Stroke="green"

StrokeW dt h="5" /> </ Canvas> Note, that in.,one inplenentation, n

coor di na'?:glse XrSl WESES f i gcfavhtt H(?ug: et ttﬁ’gj)c egoﬁglp&&e\ggﬁ%‘mox

"l ogi cal 2Q.pixels" ,of, 96ths of _an inch, and . in the above ex l e, the line
w11 bo 360 DiBERDR S nah R G S TRt Ben e b AT

i ncl ude wi dth, height horjzontal _and vertical - 83 .alignnment, and

Vi ewBox V(‘\:A&ent)}:ﬁ]@ rrg§§1,t wild mesdt: orT%(eO,R?,o(S:,q?)S, TedTRFG TR d@tust ment
is made, and _the stretch and align properties get ignored). As generally

descri bedPSodvE M 1O -erence to FIGS. 18-20, other properties include 5
stretch, which when not specified preserves original size, or can 1)
specify a filI*§ &%N&Wﬁ%@ dSpd& 0 &i04 i 4 thdts srasedredands&te cont ent
is scaled to fill the bounds established by the top/left/w dth/height, 2)
speci fy UHSEERY CREitER tEEtss agie €ommiiferady udifi IthenEankegeUniitts @xe
bounds 10 established by the top/left/w dth/height, or 3) specify
Uni f or mrISEISPagieCel¥ ssoalies s§idd nghioroafifip atto Agaur . h&niso s c@stt@mitisshed
by top/left/w dth/height, and clips as necessary. To further correlate with
t he | oweRXice@alawshjlado rbgelViemRont aidhome prepeformest 84 itdiges a new
coordinate frame for 15 the children of the elenment, while the clip
pr oper t y Goadtenitding tish @ nee @hore at@onmidimoBoent, e tithegiart Hee agmdvam torertilgg e drsvas,
with the default clipping path defined as the boundi ng box. The ZI ndex
propk®t y adawnies wsedr trdues pecivBpntefdadimg emderthfeorcomesingss earey ascadleeimnt s
wi thin a panel. 20 The Vi ewbox specifies a new coordi nate systemfor the
cont ent s the @bjdnr ‘rsedefingiimy tdves ' ex wartthamthdohiegightof t he vi ewport.
Stretch helps to specify how those contents nmap into the viewport. The
val ue of the WhenBdd ldtitg lutspaice aviltista Ofi sualBriash,t [tées comnudngrss are
<m n- x>, <m n-y>, <w dth> and <hei ght >,

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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25 e.g., separated by whitespace and/or a comma, and is of type - 84

Rect. The Vi ewbox rest specifies the rectangle in user space that maps to

t he bounding box. It works the same as inserting a scal eX and scal eY. The
stretch property (in case the option is other than none) provides

addi tiongl_.contral_ for gserving S the aspect ratiag of the graphics. An
addi ti onalf 1&Pans roréatair’(%] %?Ll?ﬁgﬁl 3r?ot o] dé[g]@eﬁc?é’ntlsef&f"“’t% &8\}\?‘; &t to
achieve the specified effect. In the exanpl e above, the effective result of
the rect dAFE€%n THREDHE IBFFREMS &GS Shdde g’f@r‘? &rl&-ch rule 10 woul d

be: None - from(1Q0,600) to (200,650) Fill - from (100,100) to (900, 700)
Uni form - fromiCro@ ) sy SEead s PRAFESFew HeidgMmeim iin D o ®@I 2 ot | |
centered based on _Horizontal Align and Vertical ALign. UniformloFill - from

(?,100) (&1E? ProEh ThaG&y Whiadt s 1osgs daseniaad dgaifd e Certe®d Yoased
on Horizontal Align _and Vertical Align. Tf there is a transformon the
canva3, 0§ POSSLET HaAYy tepprrdenessy @ f £hey logis + mad ride)shavd hdispi ng to
Vi ewBox. Note that_this mapping will stretch any of the elenents in a
canvas, Medergtodshdat adbher aRysso ingludingomongseidigient mamshedrenot e
that if a viewobox is specified, the canvas no |l onger sizes to its contents,
but rat hdeagadle .spderf iexgmyile. thene wirgt 1 iked vy Mesiegaf fHcd eglts gray's
specified, then the stretch/align - 85 properties are used to fit the

vi ewbox pos asise ngpddief idedani dt-ly .andusdi gitat The elcarbemts isn ndie dolsjwact
nodel can each have a "dip' attribute applied. On sone el enents, notably
shapes, tfoirs gashs repedddd odi r ecttly the & idemdrewnargeage ahatt.i nélgueoser.t y,
while on others (e.g., nost controls) this property is set via a

Dynah cPEGGer 0. preowjeiser & s tirlee oiilti fiopiweg o atds ardgitriiagt.s the region to

In general, each 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 i1s 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 (1,1l). 1In either case, at step 2006 the
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whi ch 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 |ine represents the clipping
pat h). Conceptually, any parts of the drawing that |ie outside of the

regi on bounded by the currently act,ive clippin ath are t drawn., A

G ¥ bt g TR LT Y GRE Yo e L o b SRS s & AR STHT T de

the clipping path .are q%gck with, al pha val ue of zero and those pixels

i nsi de t FESEIHH 5 Qﬁ§34Mﬂﬁi§kwth an al pha value of one (with the

possi bl e excepti on of anti-alias%gg{alon t he edge of the silhquettgg. 20 A

cli ppi ng pat h 518 defl FEPIRP Lt Stisprads et @ihdathiiselafinmst &or

typically in a _resource section. A cIi}Pigg path is used and/or referenced
Sh

usi ng t héhegtigesrigper (4t Bie 18T vdhene oWt 4G & He ol iR iRy Bxighpl e:

- 86 <def: Resources> <Geonetry def:ID="WCdip"> <Path Data="..." />
<Rect angla@d theg segasshhds > THaReFE s stirtde &> ﬁﬁvériéhtt@ i%pinecfGitte;
MdCip" ... /> Note that animating a Clip is simlar to animating
transfor e 4El enent> <Elenent.Cip> <Circle .... /> <Rectangle .... >

<Fl oat Animation ... /> </Rectangle> </Elenent.Cip> .., children ...

</ El ement > 5 Atpated £ Wwkhsy wisaElf ish@nave “igdene@adh aiitla ahdhche
rendering properties, such as Fill, Stroke, and StrokeWdth on the Path

el enent . gAnidex@plrennedantddrim §idt h 4% spmyid itdee asl fusl] saws<PdtehDat a=" M
100 100 L300 100 L 200300 z"Fill="red" Stroke="blue"Strokewdth="3" /> 10

The pat h afpatepristyd mptss of I yyie sGeaR0W0 thensw 6 sver BoswBorl conpl et e way
to specify a drawn path is via the
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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conpl ex property syntax, as described above. The markup (such _ 87 _  as

inthe follow ng exanple) is fed directly into the Geonetry buil der cl asses

descri bed above: <Path> <Pat h. Data> <Circl eGeonetry ... />

<Rect angl eCeonetry ... /> <PathGeonetry ... /> </Path.Data> <Path. Fill

val ue="red" /> <Pat h. Stroke val ue="hJ ue"/> </ Path> Th at,h data ,string is
U aeehe

al so des&FPHed9 GLiemg RS 35t GPPIST Aot &SPort 448 1 d e She Sgrtdnmar f or
a path data string: *: 0 or. nore +: 1 or nore . ?: O ar, (): . grouping I:
Separ at e JSEHEBAREONISS dGES) &% Bove STERSEORAY 45 PERAHShe T MHARHT ZHows
the path data string infaormation described with this notati,on (note that in
one i npl EFEREXYortS PEPRILSMGde SHEP B 2pedPG éden&PRteifsidadrgfra at
property at the elenent |evel): wg-path: wsp*
novet o- df&RPo20@Pmand- gr oups? wsp* novet o- dr awt o- conmand- gr oups:
novet o- dr awt o- command-group _ 88 _  ~nobvet 0- dr awt o- command- gr oup wsp*
novet »- dr awt o Ne&emERdGr ddpsiyowerd- Gfawtidec dimaedyr @Fhimsy étso .
dr awt o- commands? dr awt o- commands dr awt o- command dr awt o- command wsp*
dr awt o- c@mdands Strakchc iso-"demearid theodapastf drimdior de 2oemdley ilfetset
vertical-lineto curveto snooth-curveto quadratic-bezier-curveto
snoot h- quged sachc thek enec yinidt ¢ neldhiepmiepalcoprd impiet drame’ Mis equgl Jtonsp*
novet o- ar gunent - sequence novet o- ar gunent - sequence: coordi nate-pair
one unit in the o0ld coordinate frame. The transform
essentially becomes an offset based on the align attributes and
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 is
drawn at -10,-10 and aligned to the upper left corner, that
thing will be clipped out.
Returning to FIG. 15, image brush can be thought of as a
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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coordi nate-pair comma-wsp? |ineto-argunent-sequence cl osepat h:

VAR

)

| i net o- ar gunent - sequence:
| i net o- ar gunent - sequence horizontal -1ineto:
al -l ineto-argument-sequence 'hnLi7nnnt-Iinpfn-nrnnnenL;sequengg;

hori zon

(..2Z..
"1" ) wsp* |ineto-argunent-sequence
coordi nat e-pai r coordi nate-pair conma-wsp?
( n Hl —~ n hll ) \I\Bp*

lineto: ( "L" |

coordin
vertica
vertica
vertikta
curveto
curveto
coordin
snootd-
snoot h-
smnoot h-
smnoot h-
quaglrgalt
guadr at
guadr at
guadr at
co - W
gua t
coordin
smnoot h-
smnoot h-
coor4f n
el lipti
ellipti

30
35
40

45

50

2 %?léﬁo?ﬁsﬁafétéﬁm%i@eﬂb? PBATEISR | 8t oS tar gument sequence
-l nghoic Cna graﬂxMQEQQﬁQQ*H%gg;;caI-I|neto-argunenp-sequence

-l i neto-argunent - sequence: - 89 coordi nate coordi nate conmma- W
- | i mebdiaBgustabe BefUen Ces Odakeddnifs "{Cqet; "IC" ) wsp*

- ar girehic Seepadoce Tranvetre- &ragineht - sequence: curvet o- ar gunent

- ar gunent ma- ? curyvet o- ar gunent - sequence curvet o-ar gunent:
e G ORS00 1 el 1 comme, v coordinate pal
Cur vehBiid vesX'icalaBign) vi¥eRca BBEHE N GUE Vet 0- ar gunent - sequence

cur vet o- ar gunent - sequence: snoot h- cur vet o- ar gunent

cur verbl ar goenOreoimmi-y&8p?} snoot h- cur vet oar gunent - sequence

cur vé’PElJa;r gahﬁ?f}:lz%‘ﬂggﬁ? SEELPalPFiCofmEARE ™ doB?di Rat e- pai r

c- bELEC CUESE ] -

1 n *
ationC lectiéh SXZQKHQmations { get; }
-be2|er-curveto-argunentsequence

C- bezbEic auiymkoa amgyamitia- Segdence:
¢- bezi er-curvet o-argunent quadrati c-bezier-curveto-argunent
? quadrati c-bezi er-curvet o-ar gunent - sequence _

E‘-l Zi SYASEur R Es: Hrgane et £ da %l‘?‘?féﬁf’]é‘?‘ﬁgfl?r coftheEi g pFer

at e- pabi: SR auads abd.cobezi er-curveto: ( "T" ~ "t" ) wsp*

Huadipabl £ heddarustin et oargayaat a Sie@yence

uadmabi o> DezgaRruchhwiélio- @ngurPentk séfuence:

-~

)

coordi nate-pair

ate-paigegpgna&ﬂggszngoth-guadratkg-bgziegcurveto-argunent-seque
N pRo T1 : 1 g _

:al-dégli Brzgh ap %% M%de _estle:LISI ﬁ@%ﬁﬂggg %ﬂ;gt?ﬂggng{n Sequence

Cal - §1)CrALGUIERNT DSEHHENGE | dan Oy

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; }
Default is null -- nothing drawn

}

// ImageData:
public ImageData ImageData { get; set;

ISp?

nce

NineGridBrush is very similar to ImageBrush except the

image i1s 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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elliptical-arc-argunent elliptical-arc-argunent comma-wsp?

el liptical-arcargunent-sequence elliptical-arc-argunent: nonnegati ve- nunber
coma-Wsp? nonnegati ve- nunber commawsp? nunber conma-wsp flag conmma-wsp
flag comma-wsp coordi nat e-pair coordi nate-pair: coordinate conma-wsp?
coordi nat e coor i nate unber naonnegatiye-nunber:, integer-const ant

f1 oati ngP&i-nt X st&ﬁﬂq ﬁ%€r51§ﬁg%% tﬁ@édgpgfbﬁg% §W§ﬁ¢ Brush will
floating-point-constant flag: comma-wsp (wsp+ comm? wsp* ~ (comma wsp* )
conma | NCEYEL- CoRfRIE S&aglnet st@&ué‘ﬁ@@Gfrllé%Ii%& Waildt Péé’t‘?éltcéznta* non-
fractional -constant _exponent? _digit-sequence exponent fractional-constant:
di gi t - segfiekeE™ oAl §Pt Ledien S@l@ccl# S§@@Jené"éle' unidg,deentthe nog- ~ g
) sign? digit-sequence sign: ~~ + ~~ ~ - it-sequence: digit digit

di gi t- se§eedee girgas: ang' the pser upits "«vhﬁslp th(e# sh #eg appdigds #xA) "5"
The i mage elenment (FIG 25) indicates that the contents of a conplete file
are t9 behiehdewedsi vhata Conrentiadtandid witt Iebv sttiesl dorr dmeggddBrush)
coordi nate system The image 5 (indicated by the imge tag) can refer to
raster i weged Peesetudle FsePNBigsONUBG. ofhep Tirianes owint PIVIOVE tvy o ¢ihe

"i mage/ wg", as set forth in the follow ng exanple: <lnage Top="200"

Lef t =" 20Brughdicks’ b@omeedHeiffiecEivelpyx" Sotec ¢hatmpheadorpiey” members

count in from the edge of the image.
By way of example, FIG. 23 represents a nine-grid image
10 being enlarged from a first instance 2302 to a second instance
2304, with four types of areas. As represented in FIG. 23, to
keep the border the same, the areas marked “a” expand
horizontally, the areas marked “b” expand vertically, 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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</1mage> 10 The followi ng table provides information on sone exanple
properties for inmages: Nane Type R/ RWDefault Description

val ueTopBoxUni t Coordi nate for the top side of the

| mageLeft BoxUni t Coordi nate for the left side of the |InmageW dt hBoxUnitW dth
of the | mage({Heigh Box Uni Hoi ah ha aa=Ya 0

SQU!’ cel '=,e.' E31{51%\?5Cé?ys@femt@ﬁdé&%ﬁ%'ﬁ%%&%@ﬁ@hﬁﬂﬂﬁ& P%ruEQBLH§.861f or
Si zi ngHofrt zont a I gnenum {CenterLeft (7?),Center

(?), Ri ght (?) Yebliiccal e gemmeneiMadd(eTop ( ? ) ,Mddle

(?), Bot tjon( ?pStFist BheatuhdBusbBeiiNen eNoagePaPr elseoee ori gi nal Si ze{Nong, Fil | :
Aspect rfatio is not ?3 ﬁg%ﬁééiﬁﬁgn%ﬁgﬁgﬁiﬁ%%ég@%em isUniformscaled tp fill
t he boundsUni f or.mr. - S - Qr cal e size uniforn yuntil
the i mage fi %Isﬂgltlhrpe oAurcl%g eljs%t a%ﬁlgéred()ﬁﬁy thet%msk%. %klgf'or mroFi || : Scal e

si zeuni flor M y/tmestihdtibhenibeunosasi ahki chiedtbyuntil fgox
andcl i pped. Rerklist g_txe;@ﬁgpningModg De_astina}tionUnits { get; set; }
{ Met aDat Readg,qffé‘aaf : | RfdEdt dRd E95E EvadCount er | nt ReadNul | Count er | hat
i ncrements wh Wﬁéaaﬁ/%%%m &P TLAP Ny NEFESSF ngAl t ernate text for the| mage.
As descrj bed,abguginshapgsicosr@sppnd to geonmetry drawn with inherited and
cascaded| pr egestiat POMPOORARL [ &%t ; Tded ;51 fol |l ow ng tables set forth exanple
shape proper pigkicf Beirtheingad peCehape caBerigiet SOesciribedi aisovearetRect angl e,
Ellipse,| Line,s¥dl yline, Polygon). Note that these basic shapes may have
stroke propertigs, . fild ptrqgewi s, and used as clip paths, - 93 have

i nheritahce ¢hgriactesd gh&s{, g&Nd apply to both the el enent and Resoufce

| evel s: Nane%ylpﬂlal RWahamd dibessiniept 1 onVal dée Fii deBr usdtRMu | | €oor denatye| f or
the top side ofthe rectFi 110pacityFl oat R\. 0Coordi nate for the left side
of t he regct StV okEBrasRAREAYLW B2 ® of t he rect StrokeOpacit yFl oat RAM. OHei ght
of the rstSPE@@A?H’i IBOXHITE Bﬁg/g_(ft;ﬁé_df the stroke. 1px = 1/960f @n
i nchFi | I Rul eggylnﬂc{ E&@E\&%E Eﬁj Eg ge@& pa{t es the al gorithnEvenQdd, which is
to be usged tgueaterni me rawhat gg8r ksc,0ff the canvas are}incl uded | nside
t he shapge. StrokeLi neCapenum { RMBut t St r okeLi neCap specifies the shapeButt,to
be used at tHé BrdebitagpeiRolndssobpblat-hsravieng tdieyn ar e
st r oked. [SquaPEP DicafBifE8e tDKERFTRETBI edGHT {SRM t er St r okeLi neJoi n speci fi es
thent M ter, shape to be used at the cornersRound, of paths (or other vector
shapes) Bevel t hat are stroked when they

ar est r oketk- okeM-tert-H-oatRM—OThe—+Hrt+—or—the—+at+oe—-o
themtMterLength to the StrokeWdth. Value to be >=

e Py SO e PR S
and gaps STRISEE AT RIS b AB IS D FA RO A DEE ORI
Thus. st 1 QLG4SR TRy LIBoF 29 CHARTATER TSRS ity HETRTETY 3
o BB R e e R AT
a newnctoordinate frane for the childrenof the elementd i pGeonetryRwWull dip

restrict SYRRS OdgiOHROEH T&h 4 thimadish Wk dafpiansd G (1R diradideThe def aul t

clippingpath is defined as the boundi ngbox. - 94 The following is an
exanpl e MEPRFT LPRESE f e 3R sl@teIrgne £ me c Rt TR fe5@™ Lef t =" 100"
W dt h="100" Hei ght="50" Fill="red" Stroke="blue" StrokeWdth="10"/> A

rect angl & RdETRE AW HFETrGFETIEy iand Ae tehpeaas fnrdel  Grstieidva!

rectangles are read/wite, have default val ues equal to zero, support
i nher i t aREEPHIF 1&5FDIGAR PDHH HE%®| Emdht: #h PIRSEAR GeVehrae) .can

10 animate the Angle property of a RotateTransform.
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NaneTypeDascri pti oaTopBoxUnit Coordi nate for the top side of the
rect Lef t BoxUni t Coordi nate for the left side of the rect WdthBoxUnitWdth of
t he rect Hei ght BoxUni t Hei ght of the rectRadi usXBoxUnit For rounded
rectangl es, the X-axis radius of theellipse used to round off the corners
of therect angl e. If anegatr ve X-axis radius is specified, the abs | ut eval ue
of the radi us RFEES F98d 2RaFCTSVESEUPEEGT S STRASH STECCaR§ &s3%the Y- axi s
radius of theellipse used to round off the corners of therect angl e. If
anegat i vEEREAN-s FRd (S gespled firegs fog@sab SHlat Sl e lorest Re e REEGEi | |
be used. The fol |l ow n% i.s an _exanpl e markup syntax for_a circle: <Grcle
Cent er X="L66¢eaCe Rfe pYFULG0 3P| Fefriad" Sheseavs gemes: rekeWefimed @s > -
95 A circle has the follow ng properties in the object nodel (note that
circles &odlowgd/ wite, have default values equal to zero, support
i nheritance and apply to both the el enent and Resource 5 |evels):
NanmeTypéeDagor iqd] opTent er XBoxUni t X coordi nate of the center of the
circleCe terYBoxiJ b X coordi nate of the center of the circlelLadius
TBothit e circle The following is an exanpl e markup syntax flor
¢ Oent er X=" 600" Oent er Y=" 100" Fill —"red" Stroke—"bl ue'

St r okeW-e e

nodel 10 (note that el I i pses are read/vvrr te have def auIt vaI ues equal to

zero, support nheritance and a oth the el e . nd Resaqurce

ovel s) . Nane Td0as oA ﬁ%&eeﬂﬁlﬁﬁeé&re%t KB SR mat s o TREOCTR er of

the elli CenterY ordr n eX coordl ate of the center of t he

el li pseR§ a&s?@é TR % W SRCFSIGR o SYEHTHLE. e BYEYAOWe X- axi s

radius i s spegi fr ed, theabsol ute value of the radius wll be

used. RadrCGQVI‘_jéﬁ’ﬁ’t F¥SEERi s radius of the el pse. |f anegative Y-axis

radius is—specified, theabsolute value of the radius willbe used - 96

The foI I oW ng is an exarrpl e rraO(kupq(HyrtI ax for a line: <Line x1="100"

43&2 " 300" ="100", ?(? \ﬁlgt /> A Irne has the fol |l owi ng
e oS e OUF‘efeStS derlrl that )ﬁ"idqﬂeiéys aredGesst/ Wite, have

val ues equal to zero,m30 sopdorlt| i nheritance and apply to both th

pr op@ ti
def aul t
el enent
coordi nat eoft hestart of the I | ne Thedefault val ue is"0". YlBoxUni tTheY— axi s

di f I I X- axi
ggg;d: EZE 28f E %%%%rftofr thgél I ne e-gg%‘éﬁ:u%“a JIIELeeq’r%sll 8 %?féo?ex ni t he axia)s(I >
coor di nal g fn[tsft% dof o gel&' I T IRIRAANLAE o Orn T 1 RO o

rai ght‘%trne seg Fents

defi nes onne prc

'PonIrn fines.an 0P ha The followng is an exanpl e markup syntax
urr ' n n n 1

for a poI |ne eﬁ&lfl Bﬁﬁo St roke="Bl ue" StrokeW dth="1I0cni

Pornts-'uu 35156375 150 °25 250.-325—250:3+5—356,-375-356-250456250

450, 375|550, 375 550, 175 650| m96, 65191;879 5&0037511(71500 00 850, 100 850, 375
950, 855 qﬁmkmmwlo§o 22 10ﬂ0 §J621%ﬁ@136 "'ﬁﬁh mll, O —[memm&s Y oldcoordsys ﬂ

newCoordSys
m20, m2l, 1| [m20; m2l, 1

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 setting
public Matrix(); // defaults to identity

25 public Matrix/(

- 72 -



_ 97 A polyline has the follow ng properties in the object nodel (note
that lines are read/wite, have default values equal to null, support
i nheritance and apply to both the elenent and 5 Resource |evels):
NarreTypeDascrl pt i oaPoi nt sPoi nt Col | ect | onThe poi nt S that make up the
Pol yl i ne- S s
el ement defl nes a cI osegf’%grﬁp ?@ ngf?‘t ]il 10 15 set of connect ed stral ght
. ocuble
| i ne segnments. The foII {ﬂﬂ%bh rkup synt ax for a pol ygon:
<Pol ygon Fill="red" Stro ue" %érok ="10" points="350,75 379, 161
469, 61| 397, 215 423,891 350, 250 277, 301 303 215 231, 161 321,161" /> A
pol ygoni has the ifokkQWi 89 JyLpe tmgtsrllxn Thhgc oy ect nodel (note that |ings
are rea:i/vvr|Lglg311t@av,glge§@¢maenvgatye)s equal to null, support inheritance gnd
apply tp botgudiie sberendzandiBespouges level s):
NaneTypeDescri pti onPoi nt sPoi nt Col | ecti onThe points that make up the
Pol yigbn| Coorgliblatce st at e Maatre xi Bpétwetars er(aor tk natte isy st et r i manr 0xiz)) ;
nunber pf coopuwhlnat esatie Rriowti deelrattd&ert (Maerik emsmrttbcs Poimy nmerinty ; 98 The
gramar | for points specifications in 'polyline' and 'polygon' elenents is
descri bed wi th tHesef Shhowiay reénatiohizer the orrrmyematrixorithore ?: 0 or| 1
]?MOJpl ng/ 5 epeer aresibledrmansiesm dRiiiE - quot es surround literal s The
foI I ng de%ltlﬂlﬁ’eyotlﬁes?)‘b’[frwlé E%TFTC"I%lé’tlieo |¢P‘§°1'GP§Y§/I i ne' and ' Pol ygon'
el ement § usiPPYHeVab v%e%taélts BhiontSige. g WSp* coor di nat e- pai rs?
wsp* coprdi 1|§a|VPé éf’ﬁ( ]?lecé‘ g ?h rgFe?:%rma
coor di nat e- p‘%}i‘k\z 88?@ e{t |an @ ®to 6n’é%]6rd|/\r?§gggrees
1onRa 1ans duble angl
20 publlc void SetRotatlonRadlans(double angle, P01nt center) ;
public void SetScaling(double sx, double sy);
public void SetScaling(double sx, double sy, Point center);
public void SetSkewX{double angle); // degrees
public void SetSkewY (double angle); // degrees
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 ApplyRotationRadian(double angle, Point center);
public void ApplyScaling(double sx, double svy);
public void ApplyScaling(double sx, double sy, Point center);
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
ITsInvertable
50 public static Matrix Invert (Matrix matrix);
// Individual members
public double MO0 { get; set; }
public double MQ1 { get; set; }
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coordi nate: nunber nunber: sign? integer-constant sign?

fl oati ng- poi nt-constant comma-wsp (wsp+ comma? wsp* ) ~ (comma wsp* ) ¢
onma " " integer-constant: digit-sequence floating-point-constant:
fractional -constant exponent? digit-sequence exponent fractional-constant:

d' i t- aguepnce?2 " " Ay ru t aqllianca QQ diaoit-—caomianca " " avnnnant -
I gl S UOoTTO O L AT 3' Lﬁ\r\du\rllv\r 0 \rl\r.l\.lll\rlll. . \

"e" ~ "F' ug@{@ﬁ? #ﬁa ng&Lsi @?7%~ + ~~ digit-sequence: digit digjt

#xD ~ #xA)+ CONCLUSION As can b

digit anuen t
seen fromth ﬂﬂpg@hgg 2id de gg] t|on S there is provided a system
met hog and el ement ject no at prOV|de program code vari ous

nodel are straightforward to use, yet pomerful flexi ble and extensible.
0

Wi | e th%mhﬂ%ﬁﬁEf

al t er nat = ereof are
shown in the %a‘éﬂc’&%o%%eh%‘i%hb%%” a%%%%rt' %%d t?ltéozéﬁés%nq,etl%l\)entltonsh%.”' d be
under st ood, however here is nointention tolim he 1 nvention to

the f@ecﬁf\%'r%&%?ﬁcggllgﬂgﬁ%l %%]%? el en%” oo FOHIRNY 1o gjo@l'd%tde s %Qla;b:llel "ng

cover al er na Ive constr UCtI ons, equi val ent S

Wi thin th%es Pk AR 380PE RN h";% LNELIN e %%e scHaT g3 H-ANED | S
1. In a co g'enV|ronnent m conmprisin

structure 216 without requiring a spec1f1c 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 visual

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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a mechanismthat interprets markup to construct an el enent tree of

el ements, at |east sone of the elenents in the elenent 5 tree having

associ ated property data and corresponding to an el enent object nodel; a

scene graph interface |layer, conprising a set of at |east one interface

t hat popul ates a scene graph_wth objects in response to re uests to create
g KESRaRd: 13 tPo ;i

the obj ePELICERANGH] BEEES10 &Br FESBOAEi 1Y o RS BERECGr ph COfj BEFSHblel :
and a translator that translates, at | east, so of, the el enents and property
Gt in CHYCBEGRENt ChPes PRED : ShlBStaToaeing ot o Re o H LE SECREE | aner
to create objects in the scene gragh. 15 2. The sygten1of clﬁin11 wher ei n
the el enSREBRGFSt RRTEPLAERE WB{FBcERRoGEFNEUTERRAt PRIFG tcBPF8tat e IRi th t he
obj ects of the scene graph obj ect nodel. 20 3. The Séstenyof claim1l
wher ei n PRESHRIREFSI nERGI¥SCILRK HEPBLCS| FYFGEMNENE $PE NgSURat AF&f i nes an
el enment ropertﬁ, and the translator communicates with a type converter to
convert tLR¥SEt FRAget 8 &RtoBfe&esprapest p& fheoplement phdesisiefEdf claim 1
wherein the markup includes inline text conprising conplex property syntax.
5. The sy&vVeh of-8l-ai & RHEFE ALORELI AR Heedewhens dxawdag: pti é8ewith a
reference that is referred to at another location in the markup. 6. The
syst em oVishailmARInkafeils fRealsbi fbet éxPei ofj §ost iffiildd Pwcrerg&yr €ker ence
that refers to a file. 10 7. The systemof claim4 wherein the inline text
i s ident Shepe.-wi Thug. r éhepddd&ivhatocbavasgordements fthiag claredaye
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 layver. 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 i1s 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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be downl oaded froma renote location in a network. 15 8. The system of
claim1 wherein the markup includes inline text conprising conplex property
syntax corresponding to a graphical resource. 9. The systemof claim38
wherein the graphical resource 20 describes a visual brush object, the

translator roviding.resource level data for rec ing with
the scent”§PEBIMARL Al FRce MasePCPBCcRERrenE Y bas|58§.ﬁ5 BRaiEE
correspo e elenment .described b e _co perty syntax. 25 -
0o P B ge s Rt aRCy! Wi oD RRET ErrEPhASFEonar echbda) duta’l's
identified with reference that is referred to at another Iocatlon in the
mar kup. 5 11.I?hge§9éPgnWthcPﬁﬁn?gpﬁﬁér8FntpﬁepF§§88FcénV89§F°Hat5 Fs
identified with a reference that refers to a file. 12. _The systemof claim
9 wher ei KChBTr §58RPLES| sYEFHafh £85I HERPPFFEdLRVER élﬁeféPéHEéaFﬁétto
refers to a file that may 10 be downl oaded froma renote | ocation,in a

net woy k. t28. VTﬁBa%yépénﬁéye€PaFﬁ1E hGheFBRNTEREUEF St hEVELeRBRESPof 1FhaNe

el ement object nodel conprises an image el enent., 15 14. The system of claim
1 mhere.hmaﬁemeatﬁﬁéO@peﬁﬁn?§p6ﬁ3ﬁﬁé éﬁeﬁeﬁﬂsaaﬂéépShmdeWhea FEses a vi deo
el ement. 15. The system of claim1 wherein _one of the elenents of the

el ement BBpevrcaodarkepnppi passgdeanvyd sepéneht echat s20reahedi-ns Theshape

el ement. 16. The systemof claim 1l wherein one of the elenments of the

el enent whpuel abdertcémpsesesnsoshafésepéfensh whigd mayibe whedspytem of

claim 16 wherein the shape el enent conprises a rectangle elenment. 18. The
syst em ofhabgem tentkhedsi anthetbkapelementat at the element level.

10 FIG. 25 is a representation of the element class hierarchy
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 various
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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5 conprises a polyline elenment. 19. The system of claim 16 wherein the
shape el enent conﬁKM%gsna pol ygon el ement. 10 20. The system of claim 16
wherei n the shape elenenﬁeégdpﬁgs s a path elenent. 21. The system of claim
16 wherein the shapg_gL ment conprf%%stbelémg el enent. 15 22. The system of
claim16 wherein the s @p@r@s@mrg conpri ses B85 el Izinp%e el ement. 23. The
system of clai m dénuherein the shéﬁe éﬁﬁgegé 20 conpri?@élapggégle el enent .
24. The system of claiﬁmﬂﬁemﬁﬁ%§%|1 t he shap h@rem@@%rigcludes |PFabio@gr£g
data. - 104 ment'QQe system o ’c‘?fw,mal(‘% wherei n t he kﬁ;\me@qtesrrent Apeg
i ncl udes stroke propeFFV‘da&as 26. The syf?%ﬁﬁoblgg im16 wherei'n ﬁb@egggpe,
el ement 5 iﬁ%lud@ﬁv%lip ing properey gaga., 27. The SysPem gf géain116 » in
wherein the shape e ? macl udes transf%ﬁ?@@gqgﬁ{géldata. { %SDrGWEH
system of cl ai @R} ewherein t he §K&p@xgh§g§nt i ncl ud lef&@phrdata. 29.€¥R@S a
systemof claiml ﬁh@ﬁeiﬂogh shape e nttbngggdes opacityaﬁﬁtahQAS.SO.

The system of xigim 16 wher e € t bl e el ement rActhaess b) end node dafad

31. The system of 1%i muk furt her conpri%ﬂlﬁyuyﬁa%ngine 20 t N weacpsses

the scene graph,data structupﬁaénﬁagrgvides conmand$§hed g}eleast one T ower

| evel graphi cs coffoneddn,32. The syst@nfofachaim 31 wher el i°Rherengi ne
traverses the scene graph t%#emgﬂgglJre. 25 - G%F@Seﬁﬁgr'The syst em of
claim 31 wherein @ﬁea&@gige transnitsaFWEd&@%QQ graph dataQQﬁwdﬁb%%e. 34.

The sysﬂéh1o£?%%%;n1l mher@?ﬁrib@dtggfslator rea sia §o£n8tantiat|oﬁh8f at

| east one pw r t&ha%;egata%dt he obje v, ¥he Aim%%réput er |?rp‘ﬁ%t’aem qgle rret.hod,

conpri si ng: Or c ,
m g May he Comp] example o lagg is Moze
ex [ D

a ¢ th
eaml marku , e
lncluding . es5s]y, Cong; gy D lnterfaCe
25 st “XE. 2p gra SRt acrogg ° the ap;
111 imageg Phicg 3D 4 Ultimeg a
and augds raphlC
10 ¢ anj
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par si ng mar kup, the markup including tags and associ ated property data
according to an object nodel; 10 interpreting a tag in the markup to
determ ne whether the tag is directed to an el enent |level or to a resource
level; and a) if the tag is directed to the elenent |evel, creating an

| enent based on.the t d ty data 15 iated with the t d
i ng t AEI St 5 ARCBretntot dy Fol RN LIl SO IS a scent

h object .i h data structure; and b) .if the tag is directed
Do the r EHBHLCE Te8 26k ORMIIG Gat a 16 ATSCE FrORRICE AYae GRoh

object in 20.the scene graph data structure via an interface to.the scene
graph daf?d relfcf‘]hlﬁg’.m%mTﬁé) ﬁ@d‘”@f%elér dﬂn%’? WD Yo 55 ADDT 1 he

el enent ohj ect nodel substanti al correlate wi.t.h .objects in the scene 25
G aph e SR PEaLR. 200 OVS S5 B Ry (G B I o3 i e 2
mar kup includes_ inline text for a tag property value and further o
corrprg si g XS SRET SRRt ek Wp‘}g“%’c‘}n\?é‘rctréfflt%n@oﬁ\]i@r CMfe Ihnines itcext
5 to an object property. 38. The method of claim 35 wherein the markup

i ncl udes YWHAueE oSS O Grch g ipiopert Weddicud YR ndox reefedidifoe & o ot her
text in the markup, and wherein interpreting the tag 10 property val ue
conpr i seSESACESE SN SEhéhG Fee @amingg s adioo & o teingl msPR hifgerei n
the markup includes tags conprising conplex property syntax for an el enent,
and wher &MATRREEGpr Sy Nohe CCFRSAdnpd S8l ovherpredifiess s WerPHsconpl ex

property syntax to determne that the tags are directed to the el ement
| evel . different media types, whereby designers may easily create very

10 rich applications, as well as allowing for a very efficient
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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40. The nethod of claim 35 wherein the markup includes tags specifying
conpl ex property syntax for an elenent, and 20 wherein interpreting the
tags conprises interpreting the conplex property syntax to determ ne that
the element is directed to the resource level. 41. The nethod of claim40

wher ein 'nt retin he 25 ¢ I ropert t ax _conprises de ecting
that -t he TBofbPesPecias caserS"Bt§X§§ﬁ3§%uaésc¥58e§a&eg?885r B
correspondln V|suaa brush ob met_hod of cIa|n140 wherein
C2gs dut FHERGPESFRGLAE BL6PGUN SoRFeGL 8y A0 6T BEENEEA Ty TEROEREReNt |t he
el ement tree. 43. A conp uter-re%QabIe medi um hav |ng %anuter execut abl e

i nstruct PBASCESr PEPEBAMAG OPhENReCRBGSSE Ofal sg,Lags appear,
conput er -r eadabl e nedi um havi ng_stored thereon a data structure,
conpri si fg9-a FPPSRIIBE 6P WACANESNBPPSPRG ﬂPr§Pm§é@XoPrP§&§tXnéYBFéﬁerty
data, in which the context in which the first set of tags is interpreted
|nd|d%te§rtﬁ3$ the first set of tags is 15 directed to an elenent level; a
second set of data conprising a second set of tags and second property
data, in whi cBt BECesApERE Wathhial BREesSEcoAd tist PsPsSeads Iy en§ierpr et ed
corresponds to conplex property syntax and indicates that the second set of
tags i s #heeBBsluPo laposagespipyad desy disting twhast ke dessgrdbeudt ure is
interpreted, the first set of data results in data corresponding to the
first setresburgags baicAgdingatesinpde ssaringd fiomme tawre ke gompliexy ebitcse
based on the first information in the first set of text, and the second 25
set of daba&atesul.t sFom datsampder espondi dgrimatt héheepamdeget/ Giransle@gor

10 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, via the type converter 2608:

<Circle CenterX=710" CenteryY="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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tags bein
graph dat
gr aph dat
text.
of data c
data stri

identifier, and fu
i dentifig&pit 7¢°%ﬂ

the third

tags bei A h8He82Eor#RECe

set of d

g provided to directly create a scene graph object in a scene
a structure at the resource level via an interface to the scene
a structure, based on the second infornmation in the second set of

5 45. The data structure of claim44 further conprising a third set

onpri sin

striin
EPRFELHBY

g%%ﬁ?ﬁ1£ﬁ

rther co
B d8P5CS
ts in

set. of data resEI dai )
EABNY-FBvel ‘tree in a tree location for the third
ta 20 48 The data structure of claimd44 wherein the second set

correspondi n 0o a prqperty vaj ue. 10 46. The
ViRererirene PErFe e aaragPenty i et ppauna

rising a third set of ,data that references the
2V ieg uP e oFOLPES nAk6VARLPEF nIRAGHSRE FHOBF pr et od,

Heguk
a corresponding to the first set of

of tags
that refe
wherein t
property
wherein t
havi ng a
structureg
properti ¢
t he conpl

ncludes an identifier, and further conprising a third set pf data
revicesl e HeenteyX+ f1@f . CengeoY="1Q9 Rapeugata“3tructure of ¢l ai m 44
he s@tombes®tilbt tags includes data formatted in a conpl ex
synt aslingederadiemekup. 5 50. The data structure of cIaimL49
he conpt@sagpiepedtyp sypten=tRedt i eSsatre8birce | evel el enent
fill properdiendstesponterng Bbua’ Vosimetpadnd3bbyect. 51. The data
of cl atGradiehesedm Ehkorohpresn100pfopert§. 8§hiax descri bes

s of an<GrageertpemtCober="Thedta@bLsetatl ube/of clai m 49 ypherein
ex proferngasmnerdikentescri bes properties of a video el enent

</Circle.Fill>
</Circle>

r

O

appropriately downloaded),

t

10

t

C

by accessing the type converter 2608 as necessary,

15

h

P

a

manner,

matching specified parameters to the object properties,

In addition to being present inline in the markup, a

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

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

and referenced by a name, (e.g., a

ext name, reference or other suitable identifier). In this
a scene designer can reuse an element in the element
ree throughout a scene, including elements described by the
omplex property syntax.

The parser handles markup in the complex property syntax
and also
thereby
the

andling the complexity for the scene designer. Thus,

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

ttributes on the objects. Note that the parser actually
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15 53. The data structure of claim44 wherein the first set of tags

descri bes properties of a shape elenent. 54. The data structure of claimb53
further conprising data in the data structure that describes a canvas

el enent that 20 contains the shape elenment. 55. The data structure of claim

53 wherei,n the properties .qf. the shape el nt _conprise.fill property data.
210" B g e ats 2 PIALe T CHRRR SE RIS S hé B SR S0P e
shape el enent npri se stroke property data. 57. The data structure of
claim 44%@%&%‘% properties 5 of the first elenent include clipping
data. 58. The _data structure of claim44 wherein the properties of the
first el ement BETEN§Ge S R s i S AL S‘@.dei"hésdég’é‘rpﬁq' E’@tt&’te@nofth@l ai m 44
wherein the properties of_ the first elenent include opacity data. 60. The
dat a str GO tof Vet AP4Y Shige AiIn LEWe Lpr 838t iods thre Ohd aStSs@rE enment

i ncl ude bl end node data. 15 - 111 , . .

A A A ASRSRUAIALAVALREASAME -A ANASAMRKESAPATRIROA /A tKERSABKIANANIARAYA A A
AUAAA. AAAAAAALAAAAAAAAALAYAAAAAAAAAAAAAA
(A LA A REAICASREA. ANANSASR ARIACNSARLATRFSREAGYRERO OAl PACAKANRIAG A . A A A
A A A A A A A A6"NDEv3qQO? @ zupkfa\W ca]ca] ca]ca]ca]ca]calca

Ul c”a] calpgglesesal(@aPoa Uicldkealealbwales] c e&d]lddlve dlec esd]loa) ca
U c”al] ca] cRa

. gp<=STNsPnrertx Sricth Zhe] a@fr&alec &loc dltajora] salndal<c apead vdlceajveaisea] ca] cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! *R8r*d "N>{vql gb] X]] ca] ca]

ca] ca] caNodkc &hed] o] capealscalted) da) ¢dcaPéa) ealocher such programming

Ul c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! >wB| =z3pQ J

; 1v110 "} Xemioaiagle] Réd[0c gpralecd] edleranta] ¢a| cdijec &llemlerd] cajesa]2dd], c ajrc @lata] ca
ca] ca] ca]ca] ca] ca]ca] ca] ca]calca]ca]calcal "C k"I """ " #A###$?3$} $$$

UIBORE @iz'ectly interface with the visual API layer 212.
(?2(WM(x(}(((}xsnid_Z]]]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca

] ca] ca] ca] ca] as| edjsoarepiresketdledalicaFad).c &lec and?)itn) pl)cprdahtetrwith an
+B+x++++1, F, X, y,,,,-=-H----- {vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] capepkcal of] the present invention, the same markup 2602 may be
used to program at an element level and a resource level. As
15 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
20 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, images and the like where element-level

25 features are not needed, this provides a more efficient and
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Ul c”a] ca] ca]ca]ca] ca]calca]ca]calcalca]calcal---.=.{....3/6/7/mx///]],070p
00000001B1| 111102} xsni d_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 02;

2a2b2t 22222%3] 3h33334_4445% 555576(6[ 66671 777} xsni d_Z]]] ca] ca] ca] ca] ca] ca]
el ool ool ok aheakeoi 2l cakgateaheclealealeatentedhetl cahealeghealgal cal

A ths s Tetobaiyed Snbil S7beThogkeal g2l eskgilialealedl galcalcal e
cMa] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] calca]ca!} >>>"?a???@CaaadBFF
‘LIJ]FFFG]CCI]Sﬁ]FIPPIEI%]PEfi} fiF%IES’ }}’1(§ﬁ' d E]ZFE‘]ﬁ] S‘%]Icg]aé’]&}fcé]lgza]“’ééi"c§F€8P65Fca] cal ca
] ca] ca] ca] ca] ca] ca] ca]lcal:ca] cal ca] ca] caLc_a] cal ca] cakca] ca] ca] ca! JKLLOLLLMM
xMVMVIENI N gappp261l2 to create the object.” In other words, as
Q YRRRSM5S} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]
ca] c% carerreapeapealeaFéq] €8] c gl eaprs] éayea] ¥aFERr SSSAPRTTTUIBOUNRYSRRAINKYD
YYYYo[ [[\ _\\\\)]d]]}xsnid_Z] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] cap&a] €xpeapdapéshentea] vhleh] @&Fda}léé]ega]c@apééra]t]l@ac)t@?é%cc5dpddd$
e eeef
f ~f Vgggh9khikhEEQO WhiileqkgepXEFeallespdayesteos] oapphlics] g&fkc apespdaped] cal cal
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
V] c*a] capeapeslvabicbrefj fkYkkk QLR ki 8mnmasnenj.nnnoUooopPpppg?g~q} xsni d_2Z] ]
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] &x] walycafceakannd8r sthed4$pddewd hgomatrkugudsy BivreaBhyvwd X XXy} Xs
nid _Z]]]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalc
a] cdl&a] dekdcapdafcajncaheabbdpca! ywiekz forz rhe{ pihe&Grbiiehd} pyect+~F} xsni
d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]calca
V] cMa] cfand fills an outer circle with a VisualBrush. The contents of
V] cMa] ca] ca] ca] ca] ca] ca] ca! <sA9y, gXj | \E} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cainalkcalieaktalcahcafeale&liaalcalcahealiaakeaheakad].caNoakcahaa] ca] ca!l
NXR JY K8B
y} xsni d_#h¢a] eghtakcakcabaabeal,caked] ¢alcakopakealaal ¢akialecabeakbakcal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!)fWx1n: v2m
G xsni d_Zleak€alas] aajcahcahéapaal:ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ?2dC cYS;
rZ] E} xsnid_ZJcaJcaJcaJcaJcaJcaJcajcajcajcajcajcajcajcajcajcajcajcajcalcal da
| ca] ca] daj@atbalceajwxlca] capuadrval vd] Badius="5">
| @) H8t *[* g ¥FkEHiedF Alea] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]|c
a] ca] cajica] cAITHEC ”@é};te éai‘%rﬂ calieal oal ¢l R i Bl se3nyhar e ] oalle
a] ca] ca]lca] ca] calead cahcahca) Gal falialcal ¢al Calealcal calical alealcal cal cq
ca] ca] cd] ca] calmattalceater¥Bed {7# centerv=0.7" Radius="0.25" Fill="Red”/>
Ct #SL@L}|xsni d_AicalcTabeajxea) ] cajealed|-6a]kealiced ®aptalFea] cakoajtaftal ¢al|c
a] ca] callca] ca ‘éié“ri}léiaﬁergﬁ]lta] ca] ca] ca] ca] ca] ca! SGO} *gSS

el
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a] ca] ca] ca] cajgalc %}'\%g} gzg&}i‘i%] ‘E%]la%%% Q/i%%g.?]c %%glgfx%]gﬁgg]%ﬁak%%]e%@]sga gal &2v*i 8u

+i - 7KZd* Q[ vql gb] X] ] calJ ca] ca] ca calca]ca calca]ca]c

LA N L *hadl i I\
Tta] ca] 6o 47 oa ChY o8 CAF ok AT CAT ER1 AT car (o oAl ea] QST oAl EaF T EAFch] cal oa
]cajca]cg

A ! "ER
JM x} xsni %%ﬁ%}aﬁa%:g%ﬁ?g%a]cgg] (l:je% ca ceg]egg]egafoga]eég]mgg]tcsa]agg] gg]ré:a]oczfa]tglae] cajc
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Ep>s$ } xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] cakca] ca] ca] c”a] ca] c”a] ca] c”a] ca] ca
] ca] c*a] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] CalP¢aru

H aM:=z. kG xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca]ca]ca] ca]ca]ca] ca]ca]calca]calcalcajcal6 - VB D

ZzG | wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
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1

| vql gb] X]]]ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca

] ca] ca] cal ca]ca]calcalca]ca]ca]caJca!l 8t hr @j } x* DO

Nl voje [V]]ca]ca] ca]ca]ca

Mo el ealeal cal cal calnal el sal gtledleal oRed) calepl el g ealoal cal

Uttc4q| wmhc”™Y] ] c] ca] ca] ca] ca] ca] cal.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc

a] ca] ca] ddfCaPEap&aFEEPEAEFEaLESLEaPEs] YaPthE BRFPAg¥OProperty syn
-Hfrrrrro*}xsnid_Z]]c]]cal ca) cal cal cal cal ca cal ca] ca] ca] ca] cal.calca]ca]calc

a] c a] ca] ca] caff8&PaaRc &Pc &F'c §FP4PEATFERTC Sic ARCacariues: " ey TS SHPSS $$ 988/
et 3( PPOVPC)Fx Sfied 21 PEFpEAVafied] capOsPEaPEa) CEPPSFCaPTaPCale®tcal ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]D a] ca] ca] ca] ca]b calQ))))) " * X ***) +E+++++, V

! 5 lightweight and thus may be required to be contained in a

[ .@.../H//}xsnid_Z]]c]]ca]ca]ca]ca]ca]ca]cal ca] ca] ca] ca] ca] ca]ca]calc
a] ca] ca] capvalsca] da) chlicapddlecapddvea iowlenerdpddloral mhen content is
0_0nD00"1V1111! 2] 2~22213093333>4} 4445C5} 55556} xsni d Z] ]c]]ca]ca] ca] ca]ca]cal
ca] ca] cajealeakda) d4] c& cahcajres] @al]toa]a@a]l@ﬂl@a]tm] deviglecdncaEpealdiealtca) cay
ca] ca! 6. 6j 6667: 7t 777718] 8h8888*999: G :

; 3<g<<eXsISi dth]c]hc]l]a(sa]aca]azsa]oca]antae]dca:]om]daan]a(t@] c¥jstarca) Gdlec @lacajesa) cal

a] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! <=5=r===>>>18] 8h8888*999: G :
..C, element may thus position content according to absolute
;1 ,3<g<<<}xsnid_Z]]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] cal ¢a] capedlaalteal.callte canvalsc @lemendal canc aptiiotad 1y define a
109 ()-, %d0%a& ()-9n' 10%@& ()-Y S 10%a& ()- 109%@& ()-LT10%&& ()- , m
10%&' () - Iq@wisoYt$H 1 OUER N JslelciFUEE (1-1PPATOE (raHsYUOV/OR Or I3 rkQWaE () -
, " 109%@ () - LOTH#10%@& () - O si KY+$10%@&' ()-1:10% u& ()-10@QL0@0@3;
10%@ () a3RRLRY@B ()o AUl QY@ of&mapAU@X thle viewdwirKY tHYddelit ) - ~
WO ()- Y09 ()- %40%& ()- |Z2940% u& ()- |1Z29%40983& ()-.' gmopZ cBY+$10%
p YUO0% hace’d0%E (hel WOl Oredkd@%i& al)l1 she®l 0%n2& daivas element
3. &10%uué& ()-{\=2B 10@&&910%@& ()-L-!10%x& ()- #&10%Q@ & ()-!#&10%+& ()-!I
% 0%@QB. Ohrly~ sPHRIE i(s NNV RBLOY W& GraWing primitives and can set up
#10% u& ()-L 10% u& ()-L!10% u& () - Lml0% u& () 10% u& ()- 10@

10@1 5 | dBMY 3L reh, f HHR%IUE Ghral JeHaYe lé% %iaQ.%gU&t(t:)rl%lﬁéﬁéJ& ()-
10% u&' ()-LZ"10% u& ()-! dEmMV 9#10% uL' 2" 10% u& ()-L%

10% u&' () - #! 0 n{ahﬂéa% @d& 10% 0-u
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10% u&' ()= C 8 v g ’ R = ROLL0 -
O(V?@L OF &Eajne}a/@a@cgrohea’@l@:k T])B@O()hef]:@ L[rd)’*leLg(ht~ 600" Width=" 800 >
10- u99z" 10(V@C(C}m@e1®©@ - Vo OY@RD (W&t h-10DER, I{e)lg@G "PO%E@R 1L ¥ “1g81 0% ()- N
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109 () </%iagv/@ ()-9& 10%& ()-|=zbC
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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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10 established by the top/left/width/height, or 3) specify
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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10 would be:

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

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

Uniform - from (100,7?) 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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10- u99: 10% QENEYS6NB19% URCES- CRNGUPLS) ( FIYRRRENBSSEEhES set via a

10-u! 9! 10%@& ()-L'! 109%@& ()- 910%a& ()-Y

#10%@%' ( PYOBRIOOEROPProy#10%@ () - SS4Tr TTTUJELC

10- u! 9s10%@&' () - 9! 10%@&' () - 910%@& () - 9G' 10%@&' () - $10%@&' () - 910%@&’ () - U_UUWV
TVWAEbC In general, the clipping path restricts the region to
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' () - VWK YD ConBenkY cahO U@R/df pwaz # 269 @&nerall@@epresented 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 white 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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<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

- 87 -



10!y

# "10% u& ()-910% u& () -
g8rsrrrdenbC 10!y # )f#10% u& () -
10% u& () -
10- u&9: 10% y&
% u&' ()- 8§16t

#10%@& (

%92
10- u9Lg#

"F10% u&' () -
' y#10% u& () -
THY#10% u& () -!#10% u& () - & 10% u& ()-r4spsssssssdE:/ 10- u

theudalvoniny gorrsden op yed diredt -9110% ug&

dlrectﬂ& g%to the Geome
109 L! 109 G' 109 109
YIERE) <3 a(f)@@@dteFC@&%@@aPPVE 105%)@ (-9 v

109 () - MWM%M O)-3 &

109 () - L$1OCV@L ()- 19$10% & ()-9 100/@ ()-9" 109%@& () -!x" xxyyyyyydYNC
10@ 10@ 10 @FABHR' () - 6510%@&' () -

10%@& () -|, #109%@R {H) -BREEPL0%@ () - yszzzzszYNC 10-u 9 10%@ ()-Y

10%@ () -|LG' 10%EE {3c aBoage tyv Lg#/me/@ ()-L"10%@& ()-z2{p{{{& f| dEYNC
L@10%&'|()-L <RectangleGeometry ..

10%@& () -|9! 10%@8 K3t HAwm@: (Y --on' /mty@ ()-10%@& ()-f|]|]])}d}}dEYNC 10-
9*" 1098 |() - L'</Path.Data>

109%@% () -|L% 10%@t N )EHU0H@l (=" X ) - LZ" 10%@&' () -} } ~\ ~~~~dEYNC 10- 4
6510%@8 (|) - 4 1OPa@ (IO M@ (§="LI01A1€'004, () - 9-! 10%@& () -, #10%@&' () -
10- uLZ" 1QU@Pa Rt ! 10%@&' () - L! 10%@& ()- LG 10%&& ()- 10@ 10@

10@9: 10%@&’ () - <SAJEbC 10- u9$10%@&' () - L@10%a& () -

1096 () -

L 109%@& () - Lt L0V ()-V : $10%@& () - A9ydERC

%40% u& () - Lnt 10% u& ()-L! 10% u& () -~

+nMiO

10- uduuqu\\(/vvdE. /

10-u

10-u

~KFbC

10- uL#! 10%@& () - ! 9510%@ () - 92" 10%@& () - 9 10%@& () - LG' 10%@& () - L" 10%@& () -

, gdEbC 10-u O

10%E&. () -
5

}%%&§?F%)§@fgoé§7 (As FUUE L dbeq, using the

L' G

following notation to describe the grammar for a path data

string:

*
+
')
(
K
d

0 or more
1l or more
: 0 or 1
) ¢ grouping
separates alternatives
ouble quotes surround literals

described with this notation

10

FillMode may be specified here,

The following shows the path data string information
(note that in one implementation,

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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curveto

smooth-curveto

quadratic-bezier-curveto

smooth-quadratic-bezier-curveto

elliptical-arc

GILUES()

moveto:

( e |
moveto-argument-sequence:

coordinate-pair

| coordinate-pair comma-wsp? lineto-argument-sequence

"m" ) wsp* moveto-argument-sequence

closepath:
(IIZII | "Z")
lineto:
( w,m | nw
lineto-argument-sequence:
coordinate-pair

| coordinate-pair comma-wsp? lineto-argument-sequence

)

wsp* lineto-argument-seguence

horizontal-lineto:
( "H" | |lhu )

horizontal-lineto-argument-sequence:

coordinate

| coordinate comma-wsp? horizontal-lineto-argument-
sequence

wsp* horizontal-lineto-argument-seguence

vertical-lineto:

( ny7n l Tl )

wsp* vertical-lineto-argument-sequence
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g ()

10%

vertical-lineto-argument-sequence:
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smooth-curveto-argument
| smooth-curveto-argument comma-wsp? smooth-curveto-
argument-sequence

smooth-curveto-argument:
coordinate-pair comma-wsp? coordinate-pair

quadratic-bezier-curveto:
( "Q" | "g" ) wsp* quadratic-bezier-curveto-argument-
sequence

quadratic-bezier-curveto-argument-sequence:
quadratic-bezier-curveto-argument
| quadratic-bezier-curveto-argument comma-wsp?
quadratic-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:

( "A" | "a" ) wsp* elliptical-arc-argument-sequence

elliptical-arc-argument-sequence:
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10%@&' () wE0%@ ()- L10%@& () - L10%@& () - 10%@& ()- 10b 10b#SLAEnMN YS 10%@
1093 () - | Y4 0%@npbEl# LOYER-FrPr9I L1 20YERMIR-9$0%Eha () COMMROWER' () - LALAEMN Y
S coordinate-pailr
10%@ 23] 10%@&’ () - L* g#10%@& () - (s! 10%@&' () -s& 10%@& () - L$G' 10%@& () - 9" #1pY%@
'()-o0_>lSo¢r8inaoegba)r: 10%u& ()- 10% @& ()- 10@ 10@
10@®9: 1@:3/@' CroEd3hade@@onaSaBp2Y8odrdinate
Y*'10% uf' ()-Ly10% u& ()-LsZ"10% u& ()-1 10% u& ()-

coordinate:

number

nonnegative-number:
integer-constant
| floating-point-constant

number:
sign? integer-constant
| sign? floating-point-constant

flag:

mQn I wm
comma-wsp :

(wsp+ comma? wsp*)

| )

(comma wsp*

comma :

n AL
7

integer-constant:
digit-sequence

floating-point-constant:
fractional-constant exponent?
| digit-sequence exponent

fractional-constant:
digit-sequence? "." diglt-seqguence
| digit-sequence "."

exponent:

( Ilell I|EI|

| )

sign? digit-sequence
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10- u&9: 10% u&'

S4& 10% u& ()-s2

e contents of

) -$610% u& ()-3g[ dELCYS 1 LF"10% u& ()-L@

gP-S?@%B3bCYS 1

d
10% u& ( B- compie®eu&ile- ¥Felt% 59)&' trrdered0dgt @) 93Ve% F&CERNIAEELCYS 1
LY( 10% u& ()-LS& 10% u& ()-L $"10% u& ()-9Y"3"10% u& ()-S $10% u& ()-LL

10% u&' (yiehkgEsBeScurrent user coordinate system.

The image

*31Y10% m& () - 31Y10% u& ()-'Y.10% u& ()-'Y.10% H& ()-f,F

10% U&' ( )intgrewed&by) thevbh@ugel tagl 0%nlreferl % A&stpr Ldagel@ides
10- uL9: 10% u& ()-"4S 10% & ()-"4S 10% u& ()-v*i dEbCYS 1

LZ10% u&s(hoas0BNG& o) JPEG) %ou&'tlo) £Y14509its MIMEL @Yoes'of) i @ateYswe” () - D8
dEbCYS 1 "I f#10% u& ()-

39%4.0% u&ak) set0Tot&h( jin- 'thRVFH&1owanGledadiplle-:- " 10% & ()--8u+i dEbCYS 1
L.110% u& ()-", F"10% u& ()-*Mb10% u&' ()-(f

10% u& () - && 10% u& ()-L$!10% u& ()--4567xmb@S 1 !'L!10%t & () -

10- uL9: 10% u& ()- 4 10% u& ()- 28& 10% u& ()- 01 10% u& () - K{\; mb@

&10% J°

0! 109&’ (

&10% : &

10

10-u 10-u

)-CF &L0%T& ()-@ T10%8 18 & ()-m
) <Thd g 1088 (200t 1086 8= (2001 whdd=t I dP¥eeke (Jh@F&108HE" () - Gt
($ouFHEd 0N By {had¥! 84§% } } & () - @ 0&10% \ & ()- @g>ZabcdE: /

</Image>

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
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None: Preserve original size

10 10L10@6u&f() 10 u 10

gresggézgf e content qlo

scaled to flll the bounds
established by tlbh
D% u& () - LT10% u& ()-LZ10

Uniform Scale size uniformly
%%#10@FU&W Fios GB6 u&
bounds estabi?:hed by the (
tlwh.

UniformToFill: Scale size
uniformly to £ill the bounds
established by tlbh, and
clipped.

ReadyState

enum {
MetaDataReady,
Loading,
Loaded
LoadExrror

}

LoadCounter

Int

Read

Null

Counter that increments when
ReadyState is Loading

Name

String

Alternate text for the
Image.

5

As described above,

with inherited and cascaded presentation properties.

shapes correspond to geometry drawn

The

following tables set forth example shape properties for the

basic shape elements described above

Polyline,

stroke properties,

Polygon) .

fill properties,
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(Rectangle, Ellipse,

Note that these basic shapes may have

and used as clip paths,

10% & ()-@0

Line,



10-u

10- u99: 10% u& ()-L4Z"10% u& ()-L2z#10% u& ()-010% u& ()-L.:10% u& () -
-u& ()-DE@Y:/ 10-uLGL0% u& ()-

10% u& ()-L10% u& ()-L 10% u& ()

10% u& () -Ys10% u& () -

10-u@(gdE: /

10- uLL! 0% U&I/(‘% 9" }%
10% u&' (FoES0MNE  §oRFS0S0RRSEF o5 1854 68 (§24raRPY to both the element
10- uLL' G' 1 % u& ég L%.0% &' ()-L$
10% u&' (¢! BB9PYECE) - %Gﬁu&' ()-Lz#10% u& () - NdE: /
10-ulL41 @hu&'(% L2111 Jbﬂggf\- 010% ug&' (\_I 1n@hn&'(\_l,
10% u&' ()¥*™8$10% u&' ( F¥RR ]~ ~b®/ ™ol @ﬁ 56| PREFLRGEIR 06 UL () --10% } & () -
10- u 10- {3999 0N & A)~—6" 1“%-- “‘an R .
- . Brus Mﬁ J rdinate for the top side of
10- ULG 10%.0& () -1 1046 08() - LiR10% 0& () - | 18%a8 ) =T
1'10% u&' [(PHLEpaa%y UL F)lody QAdEDPRW LOF ULGH Coordinate for the left side of
"10% u&'|()-"110% u& ()- 10% ug& ()-['10% u&'|(the réct0% u& ()-"110% u& () -G
10-u0 " arRe () - -f | BO9sNQ () BW 1D08hi&' ()|WEEEH ofh HEE ((PCt’
10% u& (m%&aﬁkty FafhC 1 1} FaQos E@)}ghE‘l Qfythpprect
10- u99: 0% GEF ("6 1895&"() | T 109 e ()| 21 QU ¥ € Afcastibe™ */°°
10- u&10%ai&T% lﬁﬂTegIU’G @nﬁﬂr(' RW EvenQdd FlllRule indicates the algorithm
#10% u&' |() - f#10% u&| EyenddalOpPe u& [ ) - LZ" 10%hué&h (k- n4gb@dxCto determine
10-u! 10U ] & ()-&L!'1 E%nu&r()) -PA0% u&' () - |¥Wh8%mHarts of the canvas are
-& ()-YN0%KE ()-"&10% u&' () -1 [{Y7 10-1 GMZE)%@@&J% gl Fel ghanes’ () - &
0° 10%A& |(F&ketnssor| €7u 10" 109 &f Fyta 0 @g’&’ ﬁﬁgles the Shape
10-110° 10%c& ()-& 0] J0%As ()} & 0" LOUSSS: ()Su N )Cfl fg@@e
T10%R& () -&y ? 10-11 | QRIDYM& () - &F10%h &'|( 10% u&' () - 10% u&'
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.
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10-u 10-u&9:10% u& ()-)_"="? 10-!'! W0% & ()-:-
OWLO%& ()-:-!LWLO%&' ()-:L10% u& ()-Ys!10% u& ()- F10% & ()-Ep{Y8 ? 10-! 0
% 10%& ()-9(!F % 10%& ()-9, #10% u& ()-! 0W0%ss& ()-:
OWLO%A&' ()-:!O0W0%& ()-:>s!"aB7? 10-
10-u99: 10% u& () - 6#10% u&' ()-L410% u& ()-Ly2 10% u& ()-&s0@0% u& ()-!0
% 10%s& ()-9"#$ UrN/ L 10%a& ()-Y
10%@& () - L10%@& () - Lg#10%@& ()-9! 10%@& ()-s! 10%@& ()- 10-u 10-uU HIEMNV L

0, | 0, ! - " 0, ! - 0, ! - " 0, ! - g" 0, ! - 0 ! -1
Lo 10U ) L 10U () HLONGE () LT I0NEE () 90109 () 91096 () LadEn
"109%@8 ()-!L$10%@& () - 10%@& () -L10%@& () - MezdEnV L
10%@. 4! 10%a& ()-L2: ! 10%a& () - LO" 10%@& ()-L- 109%@& ()-+" 10%@& () - L*! 1o () -
z. bCL 1(QuRRCHRR! € ) Tom$ 100K, 19 £ TIACR WAt HO@A0@Height="50"
10@9: 1Q%aR {5 “16#1'0%a (Re= KEAEHCLS thokewidth="10"/>
10%0%' ()|-s" 10908 ()-! 10908 ()-L10%O8 ()-SS10%0& ()-sY"10%08 ()-6 ° | dEbCL
109 f #1098 () - L& 1OV () - SI0Y% () - 109K () - & 109 ()-SY 109X () -
QE:/ 100 100.9910%08 ()-s2
10%0%' () - sOS10%08' ()-s. ! 10%0& () -, #10%08' () - *f #10%0& () - 9VuS4/

(1)010"/?5}'_ O ~A0YRBR& LY 1AYRE LY s IBMRE( bbb BAYES( ) s 2nl0YBE - 1008 D

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
width BoxUnit wWidth 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" CenteryY="100" Fill="red”
Stroke="blue” StrokeWidth=710"/>
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10% =& (B- S{redee baswhsyfgé)@/@&iw PEOREEYNES10B theyokfegt model (note

10-u99: 10% ué&' () - 2310% u& ()-6 10% u& ()-s010% u& ()-"

10% u& (Fhay gir@¥me aop10eadewt)telobaue (Rpfapli1vedues(pqual to zero,

1L#109% A& () - L#10% 3& () -1t10% u& ()-O0P~] >YNC 10bff10% & () -

#f f 10% - 8upport 1088} takte0eBs eprlI0%WulLER- LheYelenEnt +ahdERRSOUrCe

10b> @tf #10% u& ()-s9! F'10% u& () - F@10% u& ()-°

10% W& (}e9616% u& ()-&10% u& ()-"d] dEYNC 10bS/

10% u&' () - sL-f#10% u&' ()-sF+F"10% u& ()- @' 10% u& ()-"9' y#10% u& () - F¥%d.0

% U&' () {enel 00 LEFINVOOE () - [p L P0AiR () - YSI0%@K () - 10-U I0-U

10- u99: 18%u& - —¥1B% u& {—J—ge—2—16h ,

1t 10%@&' nte ouR BPX 0 Srdipgges@t, ¢h £ §he AN

10b , F1Q96@t8"Y) - S, FFosi@it

& ()-9!,|Srios09& () BoSitiyay &Rad)ius Sfil OB4aR1€3LeY10%@E () -

10b, , ) 109%@-& () - T! DS#! 10983& ()- DSH! 109%& ()- DS#! 10%

& ()-)! XS#! 109%&' () -, FL0%@& () - SzOdE ? 10b& 1 10%@& () -

. 10%@& ()-,Yy, gl0%@& ()-,Yy, gl0%@& ()-,,)10%@& ()-T,,)10%@& ()- TOm2xnbC

10b9z 10%&&’ () -
The following is an example markup syntax for an ellipse:

3 109& ()-!3 109KK& ()-f10%& ()-!yl0%ba& ()-
yZ10%&' () - 0yZ10%/& () -0yZ10%&' ()-0yZ10%

B ?

X coordinate of the center of the circle

g8lz| 7, " ?

<Ellipse CenterX=7600" CenterY="100" Fill="red”
Stroke="blue” Strokewidth=710"/>

An ellipse has 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.

RadiusyY 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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10% & ()--, @0%[& ()-, @0% u& ()-, @0%i & ()-, @0% & ()-,Z10% u& ()-&
‘' *(((dEbC 10b[ @"10% u& ()- @ 10% u& ()--@ 10% & ()-- @ 10% h& ()-- @
10% & () A- @nd0¥ad& Che- Epilsyhny) gEbEeihes” 18%NE Obec&” HOMHU& (hbte
, & 10%i & ()- ,& 10% & ()- @F10% u& ()- @ F10% 58& ()-))***a++dEbC
10b, OGLO¥nHE () ne8GhO% ¥&al) wrdCb0%mé&ve) de@h0% ¥&1(ks, Bgha% U8 gkry,/ 10% u
& ()-+++H ,,,,,z[PE 10b 10-u 10-u
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109 & () I Q0000163145 DI: 10b

T Y OUTTOTOUOTO

Name Type Description

X1 BoxUnit The X-axis coordinate of the start of the line.
The default value is "0".

Y1l 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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109&' ()-& 10% & ()-'4,9 *109%& ()-$10%&' ()-$10% & () -8$9u9999999xnbC 10b

11 f 10%@8ul) . Zsuppdot 10hbetdv@nce- andosBbly- te0b@th) theoekenend: and: : ; =nbC
10b 11" SHI09XX& ()- 0" S#10%p& ()-f 10%@k ()-Zf 10%@ & ()-Z! 7f
1099G08REéFoZFcE0V@LlLF) Z; M ; ; <@{ <aBnbC 10b

119! :110%@& ()-9! 10%@& () - L4" 10%a&&' () - F#10%a& () -

10%@8 ()| Nam&# L0V Fpd ) - { <<<6=0F BedbzAPEicHID
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
ig in error.
15
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D& 10%"& ()-& 10%& ()-s10%& ()- 10@10@
10@OMLOYE: () -/ 10%@& () - z>>D?M?O?R?U?z[ <bA 10b 10%& ()- 10%& ()-!'3
10%b& ()-y3 10%3&f()-y!l&flO%KK&f()-!D&f109@“&1%)-U?X?[?A?a??@mEbA 10b
Sy109& () - Ss10%Re(JremmayoépR PPIRES 18DBRIEFCREABDH L) - PO1HIHRE( ) 21 aan
A2AgAdEDA 10b SYMLOY®&' () - SYMIO%& () - Sy10%& ()- Syl0%& ()- Sy1l0%& () - Sy10%
& () - gAA BY BBBeR Ebal ehsn ty&éty@e%yrz@émw( %bz@@é%‘&lw - et on:

& ()-@F10%&' ()-nl0%& () - CRCCCDPDbD} *?bA 10b
@10% & ()-z@Y%0%& () - ZA+94d0%
&'()-Z!@F%ﬂ@@@i(moZ@F%iO%&'()-Z!@F%iO%&b&b&'()-Zb$DDD EnEE] >bA 10b
9&310%bR:+¢) 1! o 0ABEE () - ; 10%JUE ()- 410% & ()-
?7: Qor 1l

() : grouping

| : separates alternatives

double quotes surround literals

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 :

A} "
!

integer-constant:
digit-sequence

floating-point-constant:
fractional-constant exponent?
| digit-sequence exponent

fractional-constant:
digit-sequence? "." digit-sequence
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109%<& ()
f, 10%& |(
& F10%

10%<&' () 1078 () 09 f,109%& ()- K LLLLL?LALDLAE 101
10968/ ()-5100@& () s ??‘(’ 1‘%29 jf égﬂ(ﬁ 2RO 10068 () -

N&34109EBB& ). DUBL JLM LOMDAVIERD 10b

SYF109%& ()-wsxm?m& () - MBYF1090% () - MLOYOE! () - L10%0K: () -, L0%0& () - bVM |
OOdEaB 10b S@ 10%& () - S@ 10%08 () - S@

109 () -| MREAUBE(IndMSYFL0%& () - MSYFL0%O%' () - MOOCPEPPPPAEaB 10b

#& 10908

109%& () -

10b99: 10%& () -, 5$10%& () - FFGYGGGHIELC 10b

) -1 10%& () - - #10%&' ()-" 10%& () -

() - m0%e& () - HLHOHRHURXH, | EDC 10b s! 10%<& () -1 .
0,

f(lO%?&f() fI%iO%K&T() TT@

'(\_ L1 IJR1JIJKaBhC 10b
()-:f, 5?69 3eq”fe(*f60/«&' ()-
492% %KVK K~KKKKJBbC 10b ! N &34109B<B<& () -

() - E510%08 () - #10%08" () - &L0%08! () - Sf - 10%0&! () - S@
P7 QqQQt&ZRAEaR tt8bquence
digit:
won | nqm , nomn | n3w | ngqn | ngm | ngm , ngu | ngn l ngu
wsp:

\N2O

(#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
a scene graph.

The system, method and object model are

straightforward to use, yet powerful, flexible and extensible.
While the invention is susceptible to various

modifications and alternative constructions, certain

illustrated embodiments thereof are shown in the drawings and
have been described above in detail. 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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7f #10%08 () - 5z#10%08 () - 3940%08% ()-L 1 10%0& () - SVITTUFUUUJEYNC 10b
Cy109B& ()-" 109%& () - smlO%& ()- Y'10%& ()-|

MBLO%&! ()= ~y#109p& ()= UUIIWVWWWAEYNC 10b | Z940%& () -s" 10%& () -9

10%&' () & ()-$10%& () - VWONWKBXJEYNC 10b
s-Y" 10%¢& () +#1o%)&'é F" 10%

109%& () - s9 10%& #FRPBELPY- %&%@X@‘?‘@E\?BY@YWREQTOSOH‘%ESiBB
10b&9910% &' ( 6"10%b& &) s3"10%& ()-1F" 109 S/"lO%b&fg) CYBZ[e\]LBAmM
6YNC 10! . &109 T?C@é (yhgt| J"@LEGK reys&ma{: TECV o0 construc an elemen

& ()- &"&10%&'%) & 1 &10%& ( gb&IBAA ~ @10!" S#lO%b&'%g-"lO%b&
10b 10b HBBEQ° 0@%8mﬁ¥ts&16 &?F?tISQTGWﬁBEtFF elempntsqyEn e elemen

10!'s” 10%& ()-sF'10%& () - 10%& () -
| 1098 (F¥820IBELTY- aﬁe%&at:?d pvaﬁaaaméeta@mél SO¥TESHRNEIRYSEP09B& () - 9
10%b&'() s 10%& ()- %iO%b&'g) s"10%& () -' bebbbcGeccdE~_ @
10! +" 1098&ePPRE) 91696 &MPYe
10%&' () - s%r10%& () - s#y#10%& () -!#10%& () -ccc, dhdodpdqgdr ddYNC
a scene graph interface layer, compr1s1ng 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 reguests 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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10! 10b 10b
10b99MLO%&' () - s3! 10%& () -s210%& ()-" 010%& ()- -#10%& () -rdddeZeeedEYNC
10! s"10%& ()- #10%& ()-F'10%& ()-L
109%H&' ()-ss10%& ()-"10%& ()-ef Rifff3gdEYNC 10! s 5

' - ' -10% & -"10%H &' - "10% &' -110%&' - :
SORGEVNE Tor B\ heasrsthmrotonnail lauherein the markup 1n0034
10%& ()-!10%& %%—slo%)&',%),-s\f' 109%& () -{hhhi)jOj1j2j3jdYNC 10! 10b 10b
10b&99109B&* 1F- 68T60ENPY 181181 608PLPX+BIOPFELY) SYPLRHD&' () - 3j qj j j KFKMKAEY
NC 10! &10%& ()- Mb10%& ()- @10%& ()-L
109%<& () -109%<& ()-sY"10%& ()-Mkkk9ltlldEYNC 10! "10%& () -
109%<& ()-%0%& ()-109%<& Q -& 10%<& () - L109%<& () -1 1 mOmmmdEYNC 10!
(10%& ()- & 5. The system of claim 4 wherein the inline text is
10%<& ()-g! 109%<& ()-!:$10%& ()-10%& ()-!10%& ()-nmBnznnnoCodEYNC 10!
410%8 ( }- 912@560'/&%' Wiib1soEgLeyenceosRat( ), iefevEed( o at another
109%<& () - CooooooopCpbC 10! " Y" 10%&' () - #10%& ()-s 10%0& ()- 10< 10<
10<&L9: 1698&CEPnein1bbesampykapMNpppg: qzqdEbC
10! sy#10%0&' () -sS10%0& () - " Y"'10%0& ()-s"10%& () -
$10%0& () -sf10%08& ()-zqqrr!s]sxsdEbC
10! f10%0&' () -s9®! 10%0&' () - s#" 10%0& () -!s! 10%0& () - sy#10%#& () - mPA0%& () - X
sssOt httt dEbCS - The system of claim 4 wherein the inline text is
10! s310%&' () -s110%0% ()-s/ 10%0& ()-s-"10%0& () - +$10%& ()-L) 10908 ()-ttttt
t 3u; u>u~Veenpifde@owirhl a0vFE&rénce @hOWZbEL&YE) £b 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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10! 5L! 16%&& l?tlél%@%&t%)a % THERES( Q‘?Elb%?&r@é to at another
+109%& () - @ 10% {{ i 1~~{Y: 10I 040% & ()-!1 %0%008& ()-!p
94,09 O%ﬁltlﬁ%m ‘}égﬂbﬁ 10b 10b99910%¢& () -~V aB{Y:
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F10%P& ()- &3 FrovRILF- RESFenek ¢ a&m@?@ﬂmem Ehe: yggource level data

is identified with a reference that refers to a file.

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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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 £f£ill property data.
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4+ X#1099&' ()-__"f) 1098& ()- "' "1098& ()- | %1098& ()- Lf#: ! 10%& ()-
1) 47 _geGrad+x¥109n/ERe) MethRga9X#e 6IR' %§- WHEXB1BOMRS ( Té%\i&#i@%‘i?%

' DWFA+X#1090/& (g-wgr eE+44+X#10%& () - 4+X#10980& %) - A+XH10%& () - .
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38. The method of claim 35 wherein the markup includes
inline text for a tag property value having 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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C109R& () - ! A0YRAA (yodp9Bet 08841 e SmaOVER hiviEG0SREL €)- theBebh; 84& $10

0dOp#10%R&' ()- LF.t109%8& ()- L@M 10%&R& ()-& 9* "10%&R& ()- L3( 10%&& ()- L

Z10%14&' dateE9dfusilre, comprising:

00d0p#10%&&' () - 0dOp#10%&S& () - 0dOp#109%8&' () - ' 40#0d0p#10%&& () - 0dOp#10%R&' () -

| P440d0p#10%R&' £)r8td0pét 08R 4 a' 4oHPHDPH#AOYRES {¥=s0dBpE10%ER8AEG - AHAP#10YRE,

()-" 4o#() * +VWKi K/ 40d0p#109%&&' () - (' 40#0d0p#10%R&' () - 0d0p#10%&&' () - 0dOp#10%R&

"() - (' doppdPe#iPIYR&L 4) - XYf ghopnr th@COORPELOYREINRIOR1OKe first set of

LOMLOY&&' () - 0dOp#10%&S& () - ' 40#0d0p#10%R&' () - 0d0p#10%&& () -r Q[ : ] PCOdOp#10

Y#10% Yz€ads - i SARVeEReted #0A09E428&hat GRNSTEZ& 6} - sas! 30%RYES (-

10% % & ()-9j}|[:]PCOdOp#10 QLf & 10%& ()- CL#109%4& ()- G ~10%& ()- TOL

10906 () dikbcdf80 86 (dn ELONENE&LEyell [ - Cl0z%0 99: 10% % & ()- LL9*10%& () -
L9*10% & ()- L9*10%z& ()- L9*10%$z& ()- YLf& 10%&' ()-*bACl0z%0

C109& () - >P 4 sd00%@ X& (dfzdath cIMIWVEihY-2Z SedBHE it of tags and

8&10%&& ()-10z%10z%*DJ | [: ACL0z%0 ~!"10%& ()- !"1098"& ()-

| $10%8&" §ecoh@lPPB8etty HAPYRSEIf) whschOMEe (dontékt AGAO%HEZON28A%EEEdnA

“0°10%R&' ()- L.Z"109%&& ()- L,"109%&& ()- *Y'10%R&' ()- '10%R& ()- hijkvUu4l0

& 10%8& §ot 8ﬁ0%§§é(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

- 108 -



10%&& ()-10&108&10& L910%&R& ()- 4! 109%&& ()--11|[:vU4l0 ° 10%&R& ()-
CFU109R& () - &L0YR& ()- T109&R& ()- | #10%&& ()- "109%&& ()-1le |[:vU410

1 1098& ()- " &IOYR& ()- ° 10%&& ()- ° 1098& ()- & 109%&& ()- 10%R& ()-

Utic| [1vUA10 " Oy#109&& ()- - 109&& ()- +#10%&& ()- "' 10%R& ()-

%" 109&& 9# 109&& 4 u4 910% E&' & - .
LMLO9% E&F ag%) TB@&O@&@&%@% b feCE Xo%aa% 2q%ﬁnﬁtﬁfépg&%fﬂ/$ﬁ& &2() -

10% E& & (% *10% E&U % 910% E& & é}. $10% E& & ()
109% E& & PYERG(IFPPILAIES BfT16OER &S ( FROLIRBIER &1(3Y?1L¥§;ﬁ16% E& & ()-

| #10% E& & ()- L10% E& & ()- " f#10% E& & ()-

' PX[ cdef P RA%EDEE" ER: EbeE&%GeEgrayégq}e%E&taueyure 1B95eE &n( fhe

L410% E&' & ()- 90"10%!" & ()- [Vgg 0%8& () -f2h | [: NA41010 S109&& ()-
f#1owa&seyondlem@grmythnnw@o EFCORFOIRE OF- CEXRI10%R& ()- O

-1f1]]:NA41010 "*109%R& ()- 9' 10%&& ()- ~$10%&R& ()- ! YOO ()- ~10%&& ()-

91098 ()-f!li1ririo" |obU410 910%&& ()-10&10810& 99109&&' ()- " 2109%&& ()- 90

109&& () - , mMOY&&' ( H#| [ bU410 _}#10%&y& () - S109R& () -

L109&R& ()- | 4@0/&&‘1‘ )a dgme%ﬁ&rwturﬁo%&r:@?lm#ﬁﬁ###m $F[ chURI@sing a

90100/&&'(%- f)#109R&' ()- s# 10%R& ()- ! 109&& ()- s 10%&R&' ()-

9109%&& (Fhisds888$9 @Jnmocommw&&ng)a stx@w&&ceyresmw&&g( F016&10810&

89109&& () - S210%R&' ()-9h &>&&' ;' |[:vU410 i *Mp10%t& ()- p*Mb10%R& ()- " $

109&& () ProRever’ vrlue. 10%R&' ()- VI#109R& ()-;''' "' """ vU410 s@O0%&&' () -

LnLO%&S&’ () - 108108108 LIL10YRE’ ()- 6109%&& ()- s23"10%&& ()-' 3(r((()O)|[: vUsl0

nA0YRS ()- ~109%&& ()- 910%&& ()- L@O0YR& ()- y#10%&& ()- 9

109&& ()-C)))))"*X*|[: vU410 L$10%R&' ()- !"109%&& ()- 9 ~109&& () -

QLO%ER' () - 9106&& The ShLOVR&r(rtMre*dF+Elafijn ¢Witberb2nlOVR&ELYst set

L. 109&&' ()- ,#109%8& ()- 9* 109&& ()- (109%8& ()- L& 109&& () - +++++++, V, vU410

110988 OF- t&EGBYEReE) 30400886 8L 981 0YR8AAN- Fr tRGRECONPrs41bOVA&LRLLY, | |,

S[--][:vU410 - 109%R& ()- ° 109%&& ()- ° 109%R& ()- 910%&& ()- Y -109R& () -

L" 109R&' bpt- of @lata| fhutd18fe@eh0eBIthp- 13800YRREE). - " YA 0%R&' ()- L

109&& ()- "9 109&& ()- 9109&& ()-./H///0|[:vU4l0 6MBLOYR&E ()- 9

AQO%R& ()- “0@0Y%R& ()- s.mMOYR&E ()- ,!10%R& ()- s*& 109%&& ()- 0000

0_OnDOOVU410 Y $10%&8& ()- 10%&&% ()- 9 109%&& ()- 9"10%&& ()-10&10&10&

L9109&& () -0"aY111the| Bayb4i0ru8Ziute%d&&c(hims180%4R&re)in WhEML &L () -

L$109%4&& ()- L10%&&' ()- 10%4&& ()-!2]2~22213q3|[:vU410 L*g#10%&&' ()- L'

10%h&8 (Intb¥p10¥R&& the BHOYH&ESE) of! HEYR&EeEhits in data

L' 1 1094&&' ()-q3333>4}44|[:vU410 6l %40%&& ()- L4"10%&& ()- 92"10%8&& ()-

LO' | 109488 ¢ rspoh@YhESLh) thelf FQUEB&SE) - 444445651554 40ddl@¥RENE) -

109&& ()- L 10% & ()- ~"10%&& ()-101&101&101& 9910%&& () - 5556. 6j 66| [ : vU410

Y 10%8&e( pmeAVA 08E&] (L rebT1A%E& ke 180%EE&OH) FoRMEAMREN )} ket of

t 109&& ()-667: 7t 777|[: vU410 "' 109R& ()- "% 109&& ()- " # 109%&& () -

1 1098& (Rat9109%8& ()- ~10%&& () - 7718] 8e8f 8g8h88| obU410 9 10%&& () - 10&10&10&

8O109&& () - </ 109%8& ()- -"109%8& ()- +&10%&& ()-888+999: | [: bUA10

nt 10%&& () - 910% (): LM 109%& ()- | #10%R& ()-  109%& () -

110088 ()-: G 1[:bUA10  +2109@& ()- ' y#109%8& ()- " #10%&& ()-

| ZYRE () - glOW@ﬁe( Batglg%{@&calr'e; of: ¢ :1359\“4@%&&:&@?@%@ sefond set
1095 () - 108108108 4510968 () - 0%R& ()= O/ 109&& ()-g<<<=ber==| [ vU410

Lz10%&& - tgé}%(y@igfcﬁ.hdes&;ﬂ(y@éeﬁ):lfgelocy@igfd( )fu Xhég/@&mﬁv 1s§‘ng a third
10%R&' () - ==>>> 0%&&' () 109%&& () -
109&R& () % ) r 1 i ng 23] c "Headi ng 33]c"
" Headi ngséelg] 39 %@gdpﬁg@ E‘erre i Ege %%ﬂgntlﬁ%gl ng 73] c" "Heading 83]c"
"Headi ng 93] c"A "Default Paragr aph Font 0>% . Z38=Cl NTZ( " ei kpv| WA&h<I A6ci D' #

&\1)1}106; Bl _PBW qa2gl gx@%bbU[ c[ kV35qj e! $(- 1g58;

@DFHILNPRTVXZ\ A bdf hj I nprtvxz| ~ >"(-027}>JS]i ~qyT: 3" h) pl@FPXel t 5g&1

Ag0" C)/ 6<>0. >d>| zJ ! "$Q4D ?() ++-. 3/ 70| 1; 2h34567L9X: %

f<="?2@FCGcl JLMO QYRSUVYo[\] cc” eVghi j Q mp~qgr sduv! xyzf |} ~AW

V\228gM”|} Vf LSSonmu3?kv8cOoTp  F M D@Gy" Uz. | ' "qgz02

"#30OR() +, f-/ 612t 3Y46i 789 { <=z>U? @ACbDEFH,

I KKDLbMOPZR SUUVBXCYB"_" ' bcr de3g{ h3j Ml nCoCiqust >uuvr Xz{ ~z~] $H+ 1 . v4#{] >"<

~AQY\ KB1%MW Uh&[ % L[ z<c: S Xf| 8D5 . 9l Wn([ ] 11\2 Hb#Jq. UM gU5| * %<g9CsLWel rW

Xr*1l c4' " f f10"H#EvE% ' ' C) X*+V, -. 00! 29345678: ; g<=>

" #$UR' ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~

I"#B9& ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ _"abcdef ghi j kI mopqgr st uvwxyz{|}~6Ti nes

New RomanAri al Courier New'h Root EntryWrdDocunent



" #$UR' ()*+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
" #$9& () *+,-./0123456789: ;
<=>7?@A\BCDEFGHI JKLI\/NODQ?STUVV\XYZ[ \]~_"abcdef ghij kl mopgr st uvwxyz{| } ~

B G SR OB AR B AKVIPETFS: Q6 GLRAM: A1 WAGEGHE: ExpsrPRa set

L;fggécé#@ﬁ/ﬁ%%’/%@%R%T@@WY?FFW“SSCaﬁf GhFPRPISpRF SPGY Iy F¥ 2%

inline in markup.

5 50. The data structure of claim 49 wherein the complex
property syntax describes a resource level element having a

fill property corresponding to a visual paint object.

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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56. The data structure of claim 53 wherein the properties

the shape element comprise stroke property data.

57. The data structure

the first element include

58. The data structure

the first element include

59. The data structure

the first element include

60. The data structure

the first element include

of claim 44 wherein

clipping data.

of claim 44 wherein

transform data

of claim 44 wherein

opacity data.

of claim 44 wherein

blend mode data.
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