19 SEP 2006 | SYSTEM METHOD AND COMPUTER PROGRAM PRODUCT FOR GENERATI NG
A SHADER PROGRAM 5 FI ELD OF THE | NVENTI ON The present invention relates to
conput er graphics, and nore particularly to shading opt 3EP@A86wi thin a
graphi cs pipeline. 10 BACKGROUND OF THE | NVENTI ON Renderi ng and di spl ayi ng
3-D graphics typically invol ves many cal cul ati ons and conputations. For
exanple, to render a 3-D object, a set of coordinate points or vertices
that define the object to be rendeer nmust be forned. Vertices can be
joined 15to form polygons that define the surface of the object to be
rendered and di spl ayed. Once the vertices that define an object are
formed, the vertices nust be transformed froman object or nodel frane of
reference to a world frame of reference and finally to 2-D coordinates

t hat can be di nmonitor. Al ong
t he way, vert|S&gfﬁggdagﬂfgégﬁédgkgigﬁﬁhfﬁéﬁﬁﬁiﬁiﬁ@gﬂggﬁgl|pped because
they 20 fall hting schemes
and sources, Pﬁgﬁﬁ%ﬂﬁl&%3ﬁé“ ELgliﬁf?fhét§$ﬁ%g¥iﬁgSKﬁﬁébged in rendering
and dlsplaylng a 3-D object can be conputationally intensive and may
involve a | arge nunber of vertices. To create a 3-D conputer graphical
represerstation, the first stmpLperine IREeNTRIN €sent the objects to be
depicted as mat hematical nodels within the conputer. 3- D nobdels are nade
up of geonetric points within a coordinate systemconsisting of an x, y

and z axis; thepe e ifvertios s €o dotpweriirihhich @hdiRbre paichlaHRs h respectivel y.
Obj ects are defined by a series of points, called vertices. The |ocation of

a poi nt, orhedipgepagtions withipp graphiesppelites x vy and z coordinates. Wen three
or nore of these points 30 are connected a polygon is formed. The

simpl est polygon is a triangle. 19 SEP 2006 3-D shapes are created by
connectihg a nunber of 2- BASKERUNROF THEINVENTION

Rendering and displaying 3-D graphics typically involves many calculations
and computations. For example, to render a 3-D object, a set of coordinate points or
vertices that define the object to be rendered must be formed. Vertices can be joined

15  to form polygons that define the surface of the object to be rendered and displayed.
Once the vertices that define an object are formed, the vertices must be transformed
from an object or model frame of reference to a2 world fraine of reference and finally
to 2-D coordinates that can be displayed on a flat display device, such as a monitor.
Along the way, vertices may be rotated, scaled, eliminated or clipped because they

20  fall outside of a viewable area, lit by various lighting schemes and sources,
colorized, and so forth. The processes involved in rendering and displaying a 3-D

object can be computationally intensive and may involve a large number of vertices.

To create a 3-D computer graphical representation, the first step is to
25  represent the objects to be depicted as mathematical models within the computer. 3-
D models are made up of geometric points within a coordinate system consisting of
an x, y and z axis; these axes correspond to width, height, and depth respectively.
Objects are defined by a series of points, called vertices. The location of a point, or
vertex, is defined by its %, y and z coordinates. When three or more of these points
30  are connected, a polygon is formed. The simplest polygon is a triangle.




surfaces are represented by connecting many small pol ygons. The view of a
3-D shape conposed of polygon outlines is called a wire franme view. In
sum the 5 conputer creates 3-D objects by connecting ala&rbei006f 2-1)

pol ygons. Before the 3- D object is ultinmately rendered on a 2-D displ ay
screen, however, the data of sophisticated graphics objects undergoes nmany
different mathematical transformations that inplicate considerably

speci al i zed equati ons and processi ng unique to 3-D representation. 10 For
a long time now, 3-D rendering systens have been able to describe the
"appearance" of objects according to paraneters. These and | ater nethods
provide for the paraneterization of the perceived color of an object based
on the position and orientation of its surface and the |ight sources

i1 uninating it3.0 okl adeleRtd by dfmedihoARBEHLIPED Riysbliccpizect is cal cul ated
therefrom Paraneters further 7i nclude values such as diffuse color, the
specul ar r eutfeces jrp represraicfl by favpecting thany spaltpatygons Sheoview efaid-Dref | ectivity, and
the transp . NEwRPES6tA parameters are

gl obal l'y rgs?i?}% Bésgé{a}?oggaél%k%%%gil%%ﬂ%ar an‘g{%%sweg?ﬂltcﬂg’ %%j ect. 20 Early

syst ens Toudonpuiet oreages 840 dhgects by congécinyaindet of 2dhpalygegs. Befbmiitetdler s and hence
they remai . if cross the entire,sur.face of the object.
Lat er syst gﬁnsgbjgﬁquzlﬁm@%%lﬁrggqeﬁ% oﬂgg'lﬂo sp;]a RO ogvre%er’ptéer%%eotfers (transparency
for i nst aroplistiskiedraphicy bbjedtandergiet nenyatifferarmmathamoiedr di fferent parts of

the object._T rom nent. and distinct.techni gues have been used to
describe th an%ﬁ?ﬁ%nsﬁéagl EJE)@G?%SI‘#EH%L"@DW ei%lrﬁq a%??ﬁaﬁgplg??ﬁ%s on the various
parts of thaiqbjetDroraemtdiane: procedural shading and texture mapping.
Text ur €, pping is pixel based and resolution dependent. Procedural

shadi ng descri bes the appearance of a material at any point of a 1- 30 D,

2-D or 3-D spacBotwlopetinietiowg3-B rénderiiaispen{sbibietBerCadld 1€ destribe tHer ocedur al
e o b e Lo e B s na TR SRnode Pl 1 1 S

for the parameterization of the perceived color of an object based on the position and

otientation of its surface and the light sources illuminating it. In so doing, the

15  appearance of the object is calculated therefrom. Parameters further include values
such as diffuse color, the specular reflection coefficient, the specular color, the
reflectivity, and the transparency of the material of the object. Such parameters are
globally referred to as the shading parameters of the object.

20 Early systems could only ascribe a single value to shading parameters and
hence they remained constant and uniform across the entire surface of the object.
Later systems allowed for the use of non-uniform parameters (transparency for
instance) which might have different values over different parts of the object. Two
prominent and distinct techniques have been used to describe the values taken by

25  these non-uniform parameters on the various parts of the object's surface: procedural
shading and texture mapping. Texture mapping is pixel based and resolution

dependent,

Procedural shading describes the appearance of a material at any point of a 1-
30 D, 2-D or 3-D space by defining a function (often called the procedural shader) in

this space into shading parameter space. The object is "immersed” in the original 1-




3 D, 2-D or 3-D space and the values of the shading paraneters at a given
point of the surface of the object are defined as a result of the
procedural shading function at this point. For instanc&d SpPc€8ur al
shaders that approxi mate appearance of wood, marble or other natural
materi al s have been devel oped and can be found in the literature. 5 The
rendering of graphics data in a conputer systemis a collection of
resource intensive processes. The pyocess of shading i.e., the process of
perform ng conplex techni ques upon set(s) of specialized graphics data
structures, used to determne values for certain primtives, such as

color, etc. ocjated with the 10 graphics data structures, exenplifies
such a coanffi '05%%isﬂicgﬁ‘§t€%v%ﬁ°%ﬁﬁﬁ PagSEE a2 sipgPedbRitieappl i cat i on

devel oper t Qurfd@f §8 objbue 8@ dsiRg hdWreduBGNMb: fra8RhhaBRCHInctif A4am devel oped
and/or to design each programfor potentially varyi ng third party graphics
W .

har dwar e woRfRY- 9B msfanqepEqerdvst) shaderk thatarprovipiale apnsitaiesd eEwepdemarblaconsi st ency.

15 Consequegtohiéy na@id) SlalliblY hdvl SeeR dO D& i cmq‘&ﬂ@irnﬂiﬁeb&ﬁﬁ. normal i zed to
sonme degree. By passing source code designed to work wth a shader into an

applicat?on, a shader becones an object that the application may

create/utilize i { ALt i.cl i ng of conpl ex
vi deo graphics. T@%ﬁ‘%@%ﬁ%{f&r&gé %%dﬁ%?&%#u&gﬁg{g%rl%&%mg{rigfwexanpl es of such
shaders. Pricgpurce intanbiet procsepes. dhe procepd of sisding i.6.athe procesyd pérfoimingd har dwar e

chi ps, vert ATo M c) ;@g{.g I i mpl ement ed whol Iy or
nostly as scg’?ﬂtp \ll?/gre c%%g‘%lp Oﬁg%@ﬁg%?re I r?g?a?%%% dgﬁéﬁ‘twe%esa%s 2°conbi nati on of
nmore rigi d gsteeoias valdes fia celtaborpeimifivtel) s@% as oflérywie. essbadatedoatittieol | i ng t he

har dwar T, i Lons frequently.contained, a CPU or enulated the
exi st eng(?e o@%ﬁédﬁ%@gﬁ%g‘?&@ Esrﬁug%qacﬁgﬂpu ?ﬂlq%‘ﬁ‘r"ﬁ P COPRIEX har dwar e

i mpl errent at progess. Bir eshtapplicativh dgwelvperdo desigRthendshglingréchnityiee fot edBSi gn t o
performthe

e {0 M 1N, BEA% 65 8bP% B3 LN o B ooy SRS Ml p RN s Wit e @ OPU
graphics hardware would be a Herculean task, and would produce much
inconsistency.
15
Consequently, generally the process of shading has been normalized to some
degree. By passing source code designed to work with a shader into an application, a
shader becomes an object that the application may create/utilize in order to facilitate
the efficient drawing of complex video graphics. Vertex shaders and pixel shaders.

20  are examples of such shaders.

Prior to their current implementation in specialized hardware chips, vertex
and pixel shaders were sometimes in1plemenfed wholly or mostly as software code,
and sometimes implemented as a combination of more rigid pieces of hardware with

25  software for controlling the hardware. These implementations frequently contained a
CPU or emulated the existence of one using the system's CPU. For example, the
hardware implementations directly integrated a CPU chip into their design to
perform the processing functionality required of shading tasks. While a CPU adds a
lot of flexibility to the shading process because of the range of functionality that a

30  standard processing chip offers, the incorporation of a CPU adds overhead to the




|l ot of flexibility to the shadi ng process because of the range of
functionality that a 30 standard processing chip offers, the incorporation
of a CPU adds overhead to the 19 SEP 2006 a speci alized9 SERHO8§ process.
Wthout today's hardware state of the art, however, there was little

choi ce. Today, though, existing advances in hardware technol ogy have
facilitated the 5 ability to nove functionality previously inplenented in
software into specialized hardware, As a result, today's pixel and vertex
shaders are inplenmented as specialized and programrabl e hardware chips.
Unfortunately, progranm ng such new vertex and pi xel engines necessitates
10 a neld of art and_ code resources never before required. Several digital
content criBeraligsd spagme)Progsis W ehavt oy shargwarg ipfe © gthe%ﬁ?"?%{fﬂ e job of

suppor ti ng M&eE weXiti Woic@l Xel shaders as far as they go, but it is not
obvious how to allow artists to play with various shading options w thout
havi ng t hem becone fuII-erdged shader programers. 15 19 SEP 2006 s

DI SCLOSURE OF  Tireal, VS leflblinf Hﬁ&;&@ﬂl 1RRG QRIS hF’JeQQ:‘ilﬁMB@dUCt are
provided for generating a 5 sha rogram Initi file associated
with a g¥ apﬂbih@stosiﬁffeﬁmctmsaléyye\h@@b@dpie@m@m$qﬂWere|H§0 sm@ﬂizmbad and

processed. ﬁgﬁd ener ased on the

processi ng %% g% ﬁéﬂgﬁﬁ§%6§§ﬁgﬁe grgﬁh%%gge nﬁ?dpan obj ect. Thus, a
shader pr ogecaatizniepd bogromatle hirgwapgipsed t o an object for display or other
purposes. 10 In one enbodinent, the file may be selected froma library of

files each associated with a unique graphics effect. Further, the file may
i ncl ude i nt er f aUefocadately, papatnisingahchinewnertqarotpsd eciteongesitteat e t he shader

progr aml(g 0 ra melcfi ! e A cn%ré %%Qﬂrgeg never before required. Several digital content
creation (DCC) applications have done an admirable job of supporting vertex and

pixel shaders as far as they go, but it is not obvious how to allow artists to play with
various shading options without having them become full-fledged shader
programiners.

15




application programinterfaces. In a simlar manner, the file may include

i npl ementati on data capabl e of being processed to generate the shader
program for 15 different hardware graphics pipeline platd8ER200&hus, the
file may be processed in a way to generate shader prograns for working in
conjunction with various different graphics application programinterfaces
(i.e. OpenG.@ Direct 3DTM etc.), and a variety of platfornms (i.e.

har dwar e graphi cs chi ps nanufacturgg by different conpanies). 20 In

anot her enbodi ment, the file may be witten in an extensible markup

| anguage (XM.). Moreover, the file may include a text file. Still yet, the
sel ecting, reading, processing, and generating maybe carried out utilizing
an interface [i.e. Conponent Cbject Mdel (COM], plug-in, etc. 25 As an

descr ptive obj ect Tor i derRePsruae e BRI (e o ccoei ated wi th Che
file. Further provided may be a requirenments object for identifying
(odul T Eret S, 1RSSR e BENER I PR g 20, 15 S5 2000 ©
gener at ed hslechreptarh hinitiaky) u fileesoeinsd withna graphies affoct 5 heclecedubucknent s nmay
tai 1 ored i BRI S i AL R Bnp e Ay ORI T R nack {unction. 5
The file may ifepidchRing Nt fldeo Gpplliher sdphicyeftbt ts hbsbgsct. hde 2 sederent s capabl e of
o pl et ot ERTeGREr KRy o rheBry HE e P RER ohader code: Segment s
may be organized in
10 In one embodiment, the file may be selected from a library of files each
associated with a unique graphics effect. Further, the file may include interface data
capable of being processed to generate the shader program for different graphics
application program interfaces. In a similar manner, the file may include
implementation data capable of being processed to generate the shader program for
15 . different hardware graphics pipeline platforms. Thus, the file may be processed in a
way to generate shader programs for working in conjunction with various different
graphics application program interfaces (i.e. OpenGL®, Direct 3D™, etc.), and a
variety of platforms (i.e. hardware graphics chips manufactured by different

compan;'es).
20
In another embodiment, the file may be written in an extensible markup
language (XML). Moreover, the file may include a text file. Still yet, the selecting,
reading, processing, and generating may be carried out ufilizing an interface {i.e.
Component Object Model (COM}], plug-in, etc.
25

As an option, the file may take the form of a data structure having a textual
descriptive object for identifying a graphics effect associated with the file. Further
provided may be a requirements object for identifying requirements necessary to
generate the shader program.

30




terns of the different operating environnents. Thus, the present enbodi nent
may 10 optionally be used as a reference for obtaining desired shader code
segnents. During operation of one particul ar enbodi ment9 SER€208bocessi ng
may include initializing an interface. Such processing may further include
regi stering custom types and/or custom functions. Thus, the shader program
may be generated based on 15 the registered customtypes and/ or custom
functions. By this feature, the present enbodinent allows a user to
custom ze the resulting shader program Still yet, the processing may
include setting up a plurality of objects, selecting one of the objects,
selecting one of a plurality of graphics effects, selecting 20 a render
pass, setting dEm@H@”ﬂeWﬂ%ﬁdﬁkﬁﬁwﬂ§WEde@MFﬁﬂm@%E“%BF@%@Emnth the sel ected

graphi cs etlagleq niSa 8w RighiRhent. R o Eﬂ%ﬁﬂi%er RS SmIRYmBAnchRk 2 UP by pointing to
paranmeters so that the shader progran1 ﬂé& be generated based on the

par anet er s defaiftget ofaequirerhratsowhidemayrhspptiraalicasiem ftlered + Aetiosdlect ed gr aphi cs

ef fect uti AR an application. 25 During a
renderi ng g%ﬁéﬂﬂﬁﬁéﬁg$£H&; 3?§rn1&% %ether nore render passes exist, and
anot her 5render pass seIected if nore render passes exist. Further, it may
be determ ned et 0 t selected i f
nore objects e sﬁi I e“f/lgﬂtug rtﬁurgﬁ%{/ ttSh ceofkr:n %&gﬁg\/\ﬁ @Le& nore graphics
effects exhﬂmmh@ﬂmﬁpqmamdﬁhenaghamhmﬁsmfﬁmgaﬁusammsﬁsdmmﬁmmore gr aphi cs

ef fects exi.st SEP 2006 r ste t hat, be used to
carry the 3¢ 1863? ﬁ%??8ﬁ§|$h§ mﬁ%?‘% g%ﬁﬁ W@%W?g%% and an
applicatiomxmgagmam&&aﬁom@ﬂhge@mbmmmnnﬂﬂmmﬂmpmmauxnmpmneﬁaaya file. Thus,

t he shader rate ased n th essing of the file to
appl y t]% @B%P&gﬁ@? 8fe‘?r81°‘1°’ éazﬁ Slr%i ﬁ??eg'ﬁ ‘earlier, the

processi ng includes settlng up a pIurallty of

During operation of one particular embodiment, the processing may include
initializing an interface. Such processing may further include registering custom
types and/or custom functions. Thus, the shader program may be generated based on

15  the registered custom types and/or custom functions. By this feature, the present

embodiment aflows a user fo customize the resulting shader program.

* Still yet, the processing may include setting up a plurality of objects,
selecting one of the objects, selecting one of a plurality of graphics effects, selecting
20  arender pass, setiing up the render pass, and drawing the object with the selected
graphics effect. As an option, the render pass may be set up by pointing to
parameters so that the shader program may be generated based on the parameters.
Further, the object may be drawn with the selected graphics effect utilizing atiributes
supplied by an application. |
25
During a rendering pass, it may be determined whether more render passes
exist, and another render pass selected if more render passes exist. Futher, it may
be determined whether more objects exist, and another object selected if more
objects exist. Still yet, it may be determined whether more graphics effects exist,

30  and another graphics effect selected if more graphics effects exist.




objects. Fromthe perspective of the application in the context of the
present system enbodinent, this may be acconplished by selecting a file
associated with a graphics effect, selecting a graphi c$ &ppld0€ati on
programinterface, and receiving 10 inplenentation data representing a
plurality of different hardware graphics pipeline platforns based on the
sel ection. Next, paraneters are received based on the inplenentation data.
Further, it maybe deci ded which of fhe hardware graphics pipeline
platforns to use based at least in part on the paraneters. By this design
the shader programis generated for use with the appropriate hardware
graphics pipeline 15 platform As an option, the decision as to which of
me har dwar e gronsKreElas syetpm fhat may beusesipganyshederegping fasHodlly be based on
ether th aﬂg& Pk b ith| yet, the
deci si on agmfﬂ&l E&%?ﬁgﬁggﬁgﬁm§ﬁ?glgrapﬁgggﬁplpelﬁﬁgwg%téla¥forns may be
used is basleelesemﬁlm'éltth,ehe shidsr pragranmis genesated iesedopdiepreseging fiee . able to be
correctly e ation. Once such decisions have been
made, attrhgétlgﬁ pg;ﬁ%t}g%}é) %@?ﬁg%j‘aﬁa ped to the parameters. Fromthe
per specti ve of the interface in the context of the present system 25

enbodi nment , the Qbj pet U neratin ntation data
representlng a 6?”§3F yl%ﬁt%ﬁ?$£ éx?%hgﬁﬁma$égg¢§%%§g§ pi peline
gl elt }‘ or ms. oljedta Medneths patpectivh efthe gplietiod mdhdrasied obthe preentspgdnenent at i on dat a.
deci de’ s EBPHTEh HT Hoie PRI AR et W SP 3P e 1o use
3afed on Lbﬁecﬂaﬂétﬁﬁg%@hcﬁ@pph&hﬁﬁﬁo@l@ﬂ&teﬁac@ﬁﬁdmmlﬂgy, the i mpl ement ati on
ar aphi b piBORFABIE B OFTEn e 6P R A P B T ERE o Nor cover.
Lhedl npl en?l&tf%hiseﬁediéﬂtlﬁe ﬁ&yndheNé:tﬂ,rﬁahﬁll’etegefb%&ivaﬁbabedonmrtl ng the different
araware gglglpper:m%tattgn é) ?a IF{I]I%JBFI? |1tarE1Jy rggcléeg Encgef tLe harchare graphics

pipeline platforms to use based af least in part on the parameters. By this design, the

shader program is generated for use with the appropriate hardware graphics pipeline
15 platform.

As an option, the decision as to which of the hardware graphics pipeline
platforms is to be used may be based on whether the parameters are capable of being
supplied. Still yet, the decision as to which of the hardware graphics pipeline

20  platforms may be used is based on whether the parameters are understood (i.e., able
to be correctly interpreted) by the application. Once such decisions have been made,

aftributes of an object are mapped to the parameters.

From the perspective of the interface in the context of the present system
25  embodiment, the objects are set up by generating implementation data representing a
plurality of different hardware graphics pipeline platforms. Parameters are then
generated based on the implementation data. Still yet, the interface works in
conjunction with the application to decide as to which of the hardware graphics
pipeline platforms to use based on the parameters.
30




5 requirenments. Associated with the foregoing framework is a
conputer-inplenented nethod for generating a |license agreenent. Initially,
a license agreenent stored in nenory is identified. Ne%® SEFid086 associ at ed
with the license agreenent are 10 identified. It is then determned as to
whet her one or nore files are not distributable. If it is determ ned that
one or nore files are not distributable, a non-disclosure term is included
in the |icense agreenent. Another conputer inplenmented nethod is provided
for determning whether 15 a file ¥s distributable. Such method may
include identifying a file stored in nenory, determ ning whether the file
is distributable, and sinply indicating whether the file s distributable.
In order to al |Qnijorallydhs implsmpntatipnldaip max peseralad DyAs¥THBBE t he shader program

20 an opti | j £ AGE plaforkts Ak Hraitybruse, the

af orenent i %%e‘%eggﬁ@@“@i%%ﬂﬁgg‘fpﬁg‘ Bias%{j ed g’ti Iliwgib}gg such graphi cal
user i nt er freoiecmeRar Momoyerttheimgleayphtatioy data frfap gineragdpabl e of bei ng
altered by a.user .ktilizin .qr i i face. In particular,
t he graphi S%m%gftg ee%l ﬂﬁ%y“ﬁ‘é’%%@ﬁ%@%@%ﬁ@?ﬁ'ﬁtg@ éetg{eby altering

par anet &r s reqaitdnenlse shader program maybe generated based on the altered 25
paranmeters. Such paranmeters nmay altered by tweaking the aforenentioned
file. Another graphical user interface may al so be provided in which a
plurality of gkaghitgisvigfthehicgoins Bantbwed iy ednpfuer-ingldneniedg a user to sel ect

one graphics effect. Such, sel ected graphics effect is then displayed as
app! igedpt o mthod fir generatiag %E%FGP?F%‘?W%%‘“%BE %@ﬁﬁ?sef'ﬁgmfeflﬁss or%&s}n nodi 1I‘O i eé based
on user inm&nogﬂﬂidéﬂiﬁe&.iN@;t,iﬁ&s]aiseﬁaaﬁﬁd;thél'l_mdﬁspa@rhm«:nsdmder program nmay be
generated hased on.the processing of the file. 19 S%Psﬁ}%?lf 9 As a further
opt i on, 10 hadentifiedy It isthenfsiprrpiaed as toyhcther,pue srmate fles atg Rt disORERblEs  Furt her
the file mapiisGebiEiRd thabdteloptole Hilds URINBOAIIMBE, 2 Mnidispiosudtetnn content . Stil |

yet, the file maybe capable of referencing both conpiled and un-conpil ed
code. is included in the license agreement.

Another computer implemented ﬁlethod is provided for determining whether
15  afileis distributable. Such method may include identifying a file stored in memory,
determining whether the file is distributable, and simply indicating whether the file
is distributable.

In order to allow a user to visually experiment and use the shader program,
20  an optional graphical user interface is provided. In use, the aforementioned graphics
effect may be displayed utilizing such graphical user interface. Further, the graphics
effect may be capable of being altered by a user utilizing the graphical user interface.
In particular, the graphics effect may be capable of being altered by altering
parameters, and the shader program may be generated based on the altered

25  parameters. Such parameters may altered by tweaking the aforementioned file.

Another graphical user interface may also be provided in which a phurality of
graphics effects are displayed for allowing a user to select one graphics effect. Such
selected graphics effect is then displayed as applied to an object using a file.

30  Further, the file is modified based on user input and the file is processed. Thus, the

shader program may be generated based on the processing of the file.




5 These and ot her advantages of the present invention wll beconme apparent
upon reading the follow ng detail ed description and studying the various
figures of the drawi ngs. 10 19 SEP 2006 10 BRI EF DESCF@%EP@QO@: THE

DRAW NGS The foregoi ng and ot her aspects and advantages are better
understood from 5 the follow ng detailed description of a preferred

enbodi nent of the invention with reference to the draw ngs, in which:
Figure A is a block diagramof a djgital processing system in accordance
wi th one enbodinent. 10 Figure IA-1T illustrates a nore detail ed diagram
showi ng the internal structure of one exenplary enbodi ment of the hardware
graphics pipeline of Figure IA 15 Figure I1A-2 illustrates an exenpl ary
file that naybe used to generate a shader program in accordance with one
embodi nent. Fi %raﬁfﬁrthlegoﬁiﬂ% @B s betabdbiled saherd®ighpichiives. generating a
shader program in accordance with one enmbodiment. 20 Figqure 2 illustrates
an "ef f ect Fithst hedile maninduie g yynigriieaindigjadans a fpealercontspt $ll accor dance with
operati on ' : o GHHAS: igh) - ~a nethod for
generating%gﬁ%T%%%ﬁ%g%%%%kégfgggggézggﬁgﬁﬁgd§g§h§H%%ﬁ?gﬁ?ty of different
har dwar & gr aphi cs pipeline platforms, in accordance with operation 212 of

Figure 2. Fi 9Urd b LS5 b5 P SR KIS 9o atfieliphd Y De

reading the following detailed description and studying the various figures of the

drawings.

10




of the hardware graphics pipeline platforns to use, in accordance with
operation 218 30 of Figure 2. 19 SEP 2006 tt Figure 5 illustrates a

busi ness nethod associated with the present invention. 1$SE§ 200p 2006 12
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Figure 1A is a bl ock diagram of a
digital processing system in accordance with 5 one enbodinment. Wth
reference to Figure IA a conputer graphics systemis provided that naybe
i npl enented using a conputer 10. The conputer 10 includes one or nore
processors, such as processor 11, ich is connected to a comuni cati on bus
12. The bus 12 can be inplenented with one or nore integrated circuits,
and performsone logic functions; for exanple, a typical personal conputer
i ncl udes chips known as north 10 bridge and south bridge chips. The
conputer 10 al so i ncl ugdgsErFIIBLIPTIBR BPTYE Biwmné®Nt rol logic (software) and
data are stored in the™main nenory 14 which nay take the form of random
access nenory (RAM. The conputer also includes a hardware graphics

pi peline 18 an i i i he conmputer 10
may al so inclugggggggggﬁé%%gﬂs 8?%%§a§g. #%g%gggggﬁgﬁ§éé§?%rage 16

i ncl udes, ferolbwingsletiledadebrsipibnoif s krefirred anbadidientrof te invemiivadite st or age dri ve,
representing a f di sk. dr.iye, a magnetic tape drive, a conpact disk
drive, etcﬁgﬂ?ﬁgkﬁgﬁ%@%%{%Hgv%%age drive reads fromand/or wites to a
removabl e storage unit in a well known manner. Conputer prograns, or

conputer contral. |ogjc algorithns Q.are stored in the [n menory 14
and/ or the sec géi%”é? E‘t‘%l‘%g diagram °§f§ﬁltai%rﬁ%eﬁ?%sys ’c?@g%g?%%‘{,}‘@%e n execut ed,
enabl e t he witepedneoditidnd. 0 perform vari ous functions. Menory 14 and storage
16 are thus exanpl es of conputer-readable nedia. In one enbodi nent, the
techniqﬂbs to be set forth are perforned by the

Figure 1A-1 illustrates a more detailed diagram showing the internal

- structure of one exemplary embodiment of the hardware graphics pipeline of Figure
1A.

15 Figure 1A-2 illustrates an exemplary file that may be used to generate a
shader program, in accordance with one embodiment.

Figures 1B and 1C each illustrate a method for generating a shader program,
in accordance with one embodiment.
20
Figure 2 illustrates an “effect binding” method by which objects are set up in
accordance with operation 1080 of Figures 1B and 1C,

Figure 3 illustrates a method for generating implementation data representing
25  aphurality of different hardware graphics pipeline platforms, in accordance with
operation 212 of Figure 2.

Figure 4 illustrates an exemplary method by which it may be decided which
of the hardware graphics pipeline platforms to use, in accordance with operation 218

30 ofFigure 2.




25 hardware graphics pipeline 18 which may take the form of hardware. Such
hardware 1nplenentation may include a mcrocontroller or any other type of
customor application specific integrated circuit (ASI ¢y SEPRAPEt anot her
enbodi nent, the nethod of the present invention nay be carried out in part
on the processor 11 by way of a conputer programstored in the main nenory
14 and/or the secondary 19 SEP 2006 13 storage 16 of the conputer 10. One
exenplary architecture for the har yar e graphics pipeline 18 will be set
forth during reference to Figure 1A-1. Figure IA-1l illustrates a nore
detail ed di agram showi ng the internal 5 structure of one exenplary

enbodi nent of the hardware graphics pipeline 18 of Figure A As shown, a
geonetry stage Higwre § Slupragsy p Besipewinatod arsariaeby ol " into a
~screen-aligned coordinate system O her conputations maybe performed by
the geonetry stage 151 such as lighting to determ ne the visual properties
(e.g., color, surface normal, texture coordinates) of each vertex
describing the primtives. 10 The transforned vertices formthe input for
a rasterizer 152. The rasterizer 152 conputes a fragnent for each pixel
coveredsby each of the primtives. A coverage nmask stored with the
fragnment indicates which portions of the pixel the fragnent covers. 15

Al so included is a shader 153 that conputes the final fragnent, e.g. by
appl ying texture maps or shader prograns to the fragnment. Such shader
prograns may be generated in various ways. One system and nethod for
generating the shader prograns will be set forth hereinafter in greater
detail. It should be noted that in the 20 context of the present
description, shader prograns nmay refer to vertex shader prograns, pixe
shader prograns, or any other type of program capabl e of shading. An

opti onal sanple expansion stage 154 generates multiple sanples for each




fragment. 25 Wth continuing reference to Figure A1, after

mul ti-sanpling, the individual sanples are sent to a raster-processor
(ROP) 155 as if they were regular fragnents. The rastet®pEBc®980r 155
perfornms various operations on the fragnents, including z/stencil testing
and color or al pha blending. This may require the raster- processor 155 to
read a frame buffer nmenory 156 in order to retrieve the destination 19 SEP
2006 14 Z or the destination color To this end, the final pixel color and
Z are witten back to the frame bdffer menory 156. Wen all primtives in
t he scene have been rendered in this manner, the 5 contents of the frane
buffer nmenory 156 are scanned out by a video refresh unit 157 and sent to
the display 20. In one enbodinment, all of the foregoing conponents of the

graphi cs system 106 GcafnbGe A BphukhBhmehmAs 156 (and possibly ot her
Texture nmenory) nmy be situat e

menories, such as 10 € situated on a single

sem conductor pI atform O course, the various nodules may al so be

si tuat ed separ C LN Syddm, imSRehaadwat or pl atforns
per the desire lgah{sag?&g %H?I;l (ﬁg?gﬁc}g&rr%% %e used in conjunction with

the var |50usnd:@immﬂneﬁtt Withetfererdd td Fiptrei1A rm chinguierazaphiss sygfem isarqvided n one
enbodlnent suc nterface .na t d:bereOren G aphi cs
Li brary (O9% pa???%%?%%gﬁ **%gffﬁmcm$%ﬂig%ﬁawﬁgg%face? (APIs), a
prOpr'etar¥n@&9ﬁé@ﬁhh@@n@ﬁﬁﬂﬂ@ﬁhﬁﬁﬁ@@ﬁﬁﬂehnammmmmMMM&hmlh'H@e a shader
program may be generated for, use with the hader gure 1A-1
Initially, bas Ricagbeimplemgnteluifions oporgqtegral dF&‘b*FnaB Pee Soﬁl% 1(lszéla sel ect ed.

Such file 'ﬁﬁlcﬁéiﬁrrofe%&ﬂplaadypwamﬁ@domﬁu&r Inbledes ohipekabwo s Itottb present
description, a file nmay include any ]é ?“ﬁ%ﬂﬁﬁa struct st ream of
I

data, nét wﬂﬁgec?é‘i‘l%@t‘iﬂégﬁ chipg.cThe compif| maﬁlé?ﬁ“’r? nf ormation. A

shader pro oﬂﬁaﬂ:égms(m&mﬁtdm RBANRIIHM B madeary03 vibivh mmm. ng of the
file to apply the graphitcs effect to an object, PE
form of random access memory (RAM). The computer also includes a hardware

graphics pipeline 18 and a display 20, i.e. a computer monitor.

15 The computer 10 may also include a secondary storage 16. The secondaty
storage 16 includes, for example, a hard disk drive and/or a removable storage drive,
representing a floppy disk drive, 2 magnetic tape drive, a compact disk drive, etc.
The removable storage drive reads from and/or writes to a removable storage unit in
a well known manner. Computer programs, or computer control logic algorithms,

20  are stored in the main memory 14 and/or the secondary storage 16. Such computer
programs, when executed, enable the computer 10 to perform various functions.

Memory 14 and storage 16 are thus examples of computer-readable media.

Tn one embodiment, the techniques to be set forth are performed by the
25  bardware graphics pipeline 18 which may take the form of hardware. Such hardware
jmplementation may include a microcontrofler or any other type of custom or
application specific integrated circuit (ASIC). In yet another embodiment, the
method of the present invention may be carried out in part on the processor 11 by

way of a computer program stored in the main memory 14 and/or the secondary




25 information will now be set forth regarding vari ous exenpl ary techni ques
in carrying out such functionality. Figure IA-2 illustrates an exenplary
file 160 that maybe used to generate a shader program 19 BEREO66dance with
one enbodinent. It should be noted that the 30 present file 160 may be
used to generate a shader programin the context of the foregoing
architecture of Figures I A and 1A-1, or any another architecture desired.
19 SEP 2006 15 An exenplary file % O is set forth in Appendix A The |ines
in Appendix A are nunbered for reference. 5 In one enbodinent, the file
160 maybe selected froma library of files each associated with a unique
graphics effect. Internally, such libraries may use a particul ar class.

Such class MEeHES of teicepRite h0-cape erpisy sebipapny fithhaivateo a file system

|t ey SuppefabhidsiphlBncABifl BOGE foflR Suring Merdtlch QWi dtseia-flef i ned types and
functions to override and intermx wth the pre-existing functions. O her
functions 10 may al so be involved including volatile functions that have

the same Struct gyt finelh Hord d4ALd Plleen] BUEKE e YGLfL 11 € functions are
no che

al ways execut ed. itionally, Ime I's spen CKi ng if paraneter
dependenéi esiriseef otramgreplary asbadimanhef ticdsalwefe geaphicesiptliag 1&afnct i on.  Any

function ca y,asvolatile functiqn is.alsqg.treated as volatile for the
dur ati on ofi? & 1M he I}Ogrlll’.agFﬁnelethS%%iﬁs}S%‘Q&eél“ﬁﬁthggm% SAUEE stored and 15
accessed at intamscienmalightit dobidinate bfsRmC I08iS8 compyheod wip bepdrfomied®y at any time to
facilitate debugging and,archiving., As an gption, the class may be conpiled
in order togﬁﬁ%%%%ﬂggﬁaﬁﬁﬁmﬁFﬂﬁéggﬂﬁpﬁ?ﬂWﬁﬂ%“ﬁ&ﬂPﬁmﬂpgﬂﬁgof the sane type,
and that f ucdén arfsceab@nalygdxburd @bidBeEtes) A5 eadhlveri2d dRRbigMhe gritfitieinct i on strings

may be gBrrpi led into an internal byte-code style representation. The class
may al so support just-in-tinme conpilation, so that if a function is never

called, it is nawetamid Rbiccs@ie HBMpE MFRIrdsRrisk 5% TREStShet he class as
needed to ensure links and functions are correct and fully specified.

152 computes a fragment for each pixel covered by each of the primitives. A
coverage mask stored with the fragment indicates which portions of the pixel the
fragment covers.
15
Also included is a shader 153 that computes the final fragment, e.g. by
applying texture maps or shader programs to the fragment. Such shader programs
may be generated in varions ways. One system and method for generating the shader
- programs will be set forth hereinafter in greater detail. It should be noted that in the
20 - context of the present description, shader programs may refer to vertex shader
programs, pixel shader progratmns, or any other type of program capable of shading.
An optional sample expansion stage 154 generates multiple samples for each

fragment.

25 With continuing reference to Figure 1A-1, after multi-sampling, the
individual samples are sent to a raster-processor (ROP) 155 as if they were regular
fragments. The raster-processor 155 performs various operations on the fragments,
including z/stencil testing and color or alpha blending. This may require the raster-

processor 155 to read a frame buffer memory 156 in order to retrieve the destination




25 I'n anot her enbodinent, the file 160 may be witten in an extensible

mar kup | anguage (XM.). Moreover, the file 160 may include a text file. The
exanple file 160 shown in Appendix Ais in XM.. As an tHbEBR006he file 160
may include inplenmentation data 161 capable of 30 being processed to
generate the shader programfor different hardware graphics pipeline

pl atforns. For exanple, the inplenentation data 161 nay represent a 19 SEP
2006 16 variety of platforns (i.e. hardware graphics chi ps nanufactured by
di fferent graphics conpanies for Various purposes). Still yet, the file
160 may i ncl ude interface data 162 capable of being 5 processed to generate

t he shader pro dlff raphi cs application program interfaces.
In particul gr g’teﬁ ﬁ%%coi%r ‘hrg Hgthﬁlﬁﬂﬂé’%’éﬁﬁfﬁpda?%‘yﬂﬁ@bg@n@rate shader
pr ogr ans fOﬂmWﬂﬁkhﬂﬂxhﬂm&gﬂsﬂnCtlOn wi th various different graphics

application prograntinterfaces (i.e. Open@(r), Direct 3D111, etc). In
Appendi x A, the tag "<inps>" at line 30 designates inplenentations, and

lines 31 and S78ykesigRaIfelihteinbegk BN ML PhESCLATIR, and OpenGL(1)

i npl ement ati ons, respéectively. continuing re erence 1o 1A-2, a textual
descrlptPve“ﬁﬁ?@@fﬁﬁﬁﬁmnﬁ¥ﬁb@ﬂmprbﬂhﬁeﬁmﬁedmnuenmwﬁyﬁhgramgsaphlcs ef f ect

associ ated wmggnhhﬁﬁgﬁﬁ%?i@5|ng intuitive text. For exanple, the graphics
effect may include a in characteristic, as shown in 15 Figure |A-2,

and at lines 2 and 3 in Appendlx A. O course, any other type of visual

obj oot 1641 aenyblime ot n s e o B e SRR o an
intuitive iHtﬁrmepttbaframmﬂbrmmryw@hlpeexwd‘tmﬁwﬁ&&e@h@taed with a shader
program t least one requirenents

20 Further provided is
obj ect 186 ? ﬁ%%n ggtbamm?%%ﬁﬁf@ﬁ&ﬁ?@”ﬂ@@@@? oy Plgewes BEe the shader
program Asvaslhm/mdulcamapalm bersBgtd sgpaRflyor &l RrisB bohitfdibnd @1 €ach of a

plurality of, ses identifie way of pass |dent|f|ers 168. For
exanpl e, each ren &r %§§?SW§ %ﬁ??ﬁ#@%ﬁent requi red

An interface may be used in conjunction with the various components set
15 forth in Figures 1A and 1A-1. In one embodiment, such interface may include at
least in part the Open Graphics Library (OpenGL®), Direct3D™ application program
interfaces (APIs), a proprietary application program interface, or the like.

In use, a shader program may be generated for use with the shader 153 of

20 Figure 1A-1. Initially, a single file associated with a graphics effect is a selected.
Such file is then read and processed. In the context of the present description, a file
may include any type of data structure, stream of data, network connection, etc.
capable of communicating information. A shader program is subsequently generated
based on the processing of the file to apply the graphics effect to an object. More

25  information will now be set forth regarding various exemplary techniques in carrying
out such functionality.

Figure 1A-2 illustrates an exemplary file 160 that may be used to generate a
shader program, in accordance with one embodiment. It should be noted that the
30 present file 160 may be used to generate a shader program in the context of the

foregoing architecture of Figures 1A and 1A-1, or any another architscture desired.




textures, render states, nmulti-pass effects, and sources of L-vectors, as
wel | as 25 tangent space requirenents, texture type requirenents, or any
other type of capability required to display a shader P ogP&RPeorrectl!y.
Optionally, the requirenents nmay even include a call back function. In
Appendi x A, the requirenments for the Direct X8 are potentially different 30
for the three inplenentations shown: (1) inplenentation 1, starting at |ine
32, has its requirenents described in lines 37 through 50; (2)

i npl enentation 2, starting at 19 SEP 2006 17 line 185, has its

requi rements described in Iines 190 through 199; and (3) inplenentation 3,
starting at line 282, has its requirenents described in lines 287 through
296. Note that inplenentations 2 and 3 have the sanme requirenents, but

i npl emrent ati on |Ad@&mslhL Ker Is . . khe requirenents
mp slick ERr1801s ssﬁ&ufﬂ@@ \ﬂiﬁgﬂ%ﬂm‘rﬂ%g%%xp q

may include a default set of requirene ionally custom
tailored. SHeRUmbgddraefenceequi rements, or "tweakabl es,” represent
artist-control |l able paraneters for shader-specific itens. Tweakabl es are
required by a shader program but are not necessarily exposed through

st andar d2t ool 100 prerembodiseni.den filpt @gnane salécted fomnEipradedifitie eashi ch parts of

t he shader B&g&&ﬁgﬂhgumﬁm§8&§kggﬁ%{E&%%mgggéﬁ | ati on. Tweakabl es may refer

to any requirenent rangi'n roma ttans AEEBP°E0 an al pha bl end
fact or. Tabpatictla; ¢lisgsBuchcles ney bephiamychicsl\deatiaadVesssithimir tderleont ext  of t he

111 160, Ol Bud ol b i B e B2 e S 00 T
nane = "t yphtctioggie overtideahdimterthix with the pre-existing functions. Other functions
10 may also be involved including volatile functions that have the same structure as a
regular function, however, volatile functions are always executed. Additionally, no
time is spent checking if parameter dependencies have changed, as in the case of a
regular fimction. Any function called by a volatile function is also treated as volatile
for the duration of the function. The class is where files 160 may be stored and
15 accessed at runtime. Further, the class may be dumped to text at any time to

~ facilitate debugging and archiving.

As an option, the class may be compiled in order to make sure that links
point to a valid field of the same type, and that functions are well formed. As an
20  option, the function strings may be compiled into an internal byte-code style
representation. The class may also support just-in-time compilation, so that if a
function is never called, it is never compiled. One may compile sub-trees of the

class as needed to ensure links and fimctions are correct and fulty specified.

25 In another embodiment, the file 160 may be written in an extensible markup

language (XML). Moreover, the file 160 may include a text file. The example file
160 shown in Appendix A is in XML.

As an option, the file 160 may include implementation data 161 capable of
30 being processed to generate the shader program for different hardware graphics

pipeline platforms, For example, the implementation data 161 may represent a




content = "float" /> <string name = "field" type = "value" 25 content =

' ity" ' = "gui" = "val ue" content =
"..l../settings/opacity" /> <string nane = "gui" type va )
"slider" /> gflogt name = "min" type = "value" content? SEP@0g6 {> <fLoat
nane = "max" type = "value" 30 content = "1.0 "/> <float nane = "step
type = "value" content = "0.1 "/> </shininess> </tweakables> 35 In

Appendi x A, the tweakables are designated at lines 14 through 29. The

t weakabl es are general |y outside t?g desi gnation of any of the _

i npl ement ations because they generally apply to all the |nplenentat|ors.
In this exanple, a mninumvalue (lines 22 and 23), a maxi num val ue (lines

()I !' ' i ncl uded. 19 SEP 2006
24 and 25), ep .40 sjze (lines.26 and 27) are incluc

18 Furt her BrosTﬁgg&%ﬁfﬁﬁt MakEa ®§W§n5mHFGF ?ﬁ@ﬁfﬁﬁfﬁ§M@{u?gﬁft of
segnment s 17CGmpsipait eriofs paweasl i ng the graphics effect i p y

i i 170 include a
operating environments. As shown, such shader code segnents _
ssntax igcluding a nane, a type 5 and a content. Still yet, the file nmay be

capabl o of ref eruIgkNGe ol 68T HaN: i Yes AR G4l ahader pr ooram code.

in Figure 1A-2, the shader code segnen _ ybe organized in
f\z r ?rg 0\3? > It RB"" I fef by sprate e shater mepzem/for Gifferent srephicEkprdicatioh eroprms ent  enbodi nent

may interfaces. In particular, the file 160 may be processed in a way to generate shader
programs for working in conjunction with various different graphics application
program interfaces (i.e. OpenGL®, Direct 3D™, etc), In Appendix A, the tag
*<imps>" at line 30 designates implementations, and lines 31 and 378 designate the
10 beginning of DirectX™8§ and OpenGL® implementations, respectively.

With continuing reference to 1A-2, a textual descriptive object 164 may be
provided for identifying a graphics effect associated with the file using intuitive text.
For example, the graphics effect may include a “shiny” characteristic, as shown in
15 Figure 1A-2, and at lines 2 and 3 in Appendix A. Of course, any other type of visual
effect (i.e. mc-,tion bluz, etc.) may be described by the textual descriptive object 164.
Ideally, such textual descriptive object 164 allows an intuitive identification of the
graphics effect associated with a shader program to be generated.

20 Further provided is at least one requirements object 166 for identifying
requirements necessary to generate the shader program. As shown, various
requirements are set forth for each ofa plurality of render passes identified by way of
pass identifiers 168. For example, each render pass may have different required
textures, render states, multi-pass effects, and sources of L-vectors, as well as

25  tangent space requirements, texture type requirements, or any other type of capability
required to display a shader program correctly. Optionally, the requirements may

even include a call back function.

In Appendix A, the requirements for the DirectX8 are potentially different
30 for the three implementations shown: (1) implementation 1, starting at line 32, has
its requirements described in lines 37 through 50; (2) implementation 2, starting at




10 optionally be used as a reference for obtaining desired shader code

segnents 170. In Appendix A, an exanple of shader code is shown at |ines 60

through 88. Table 2 illustrates a summary of various el®RER{Z§08f an

exenpl ary shader 15 inplenentation in Direct3D(r) 8. Table 2 1.

Preanbl e/ decl arati on: These el ements provide a priority for a 20

particul ar inplenentation/interface, and a string description of the

i npl enentation/interface. 2. Requirgnents: These specify the various

requi renents for the |nplenentat|&ﬁ/interface to run correctly. In

particular they 25 include the EM8 caps that are required for the shader.
reqU|reﬂeg§$ valuate to type ! Texture handl es: These refer

to texture WY ltsﬁﬁmrﬁﬁl@ts"(?fcélﬁtdéalléqstl%hoflgfbwpcﬁﬁﬂ@l n texture files

(i.e. pug, Bigsemech@fons3, a&uﬁ‘ézﬁhheﬁﬁ 1S e eﬂt@afeta%sémwaa #s normal i zation

cube nmaps. %&F handles can be referenced in subsequent sections of the
file, and altEPuphehonDRE&NE inpplemeniations A gud 3 hyeie the gamerequiremantsuinitt . 4. Vert ex

shader & Pi xgflenZh@siarn tiamabes redii&sfiar € the dx8 35 provided handl es that
are created either conpiled shader 19 . SEP 2006 19 strings or from
preconplﬁed shader files. The handl es can be referenced in subsequent

sections of theyfidga A0 he render or texture
unit. If a user d%es noﬁq@%ﬁwm&ﬂgg ex E% S& f%qW%%mmﬁﬁﬁfﬁandle may be
set to the @ﬂﬁvmw@@déﬂwgmmgﬂhsﬂdSmmmmuhweuamnmdmasmﬁm@ﬂﬂm&gtfy a pixe
shader for ﬁpr@@ﬁtsmtst EOBH&YﬁbE%&I%I%EtGI% Pork ader-spec% 1tem5v»J r’P agabgas €[e pi xel shading.

required by 2 shader program, but are not necessarily exposed through standard tool

10 paths. Shader program authors may decide which parts of the shader program to
expose to artist manipulation. Tweakables may refer to any requirement ranging
from a transparency factor to an alpha blend factor. Table 1 illustrates exemplary
tweakables in the context of the file 160 of Figure 1A-1.

15 Table 1
<tweakables>
<shininesg>
<string name = “description” type = "value”
20 content = “Relative Opacity" />
<string name = “type” type = “value"
: content = "float" />
<gtring name = ‘fleld" type = “value"
95 _ content = ./../settings/opacity" />
<gtring name = gul' type = “value”
content = “glidex” />
<float name = “min” type = “value”
conkent = "0.0 />
<float name = “max” type = “value"
30 content = “1L.0 "/>
<float name = “step” type = “value"
content = "p.1 />
</shininegss
</tweakables>
35

In Appendix A, the tweakables are designated at lines 14 through 29. The
tweakables are generally outside the designation of any of the implementations
because they generally apply to all the implementations. In this example, a
minimum value (lines 22 and 23), a maximum value (lines 24 and 25), and a step

40 size (lines 26 and 27) are included.




S. Vertex Mapping: This section is highly recomended and 10 encour aged,

but optional. This is where one may specify the neaning of the various
vertex attributes, (such as vO vl, v5) in a shader pr®yPEM208§ specifying
t he mappi ng and exposing the shader programin string form an application
with a different geonetry |ayout nmay have the shader programre 15 witten
with the new geonetry format. 6. A shader inplenentation can conprise
mul ti pl e render passes, '.. each w,th unique render states, texture stage
states, vertex mapping, pixel and vertex shaders. 20 7. There may be a
file that represents the default render and texture stage states for the
system if one does not specify '.. a renderstate or texture stage state
in a pass of a shader program it is reset to the default state in the
file. By 25u r%;f&?idfed\k mQHﬁlﬁt?ﬁéagﬁ&aﬂpﬂo@‘Bfa@éfégde'sgémﬁﬁt@ﬁ% ability with
shader prograns that use the sanme file. I one does not wish to nake
changes, heapahle sfesecoting thogramhics bfitct iata phusdityoad peradifg enviroigist dsupdat e shaders
to reflect ;the render state c es, . -1 s a summary of
vari ous elgﬁ%n %wd%ﬁ%%ﬂggg%grﬁgyﬂgﬁggggﬁxﬁ%ﬁﬁ%ﬁgﬁﬁéﬁﬁ%%ﬁ%ﬁ QpenG.(r). Table
3 35 15 PemslandohtedtdBiill gt dlid fiiemayieasmblelofrfenmsingbailvéodwpiled gpdi ority for the

i npl enentation/interface, and.a string description of the
| pl enrent at SRR SPAEEEEROAER 20080 20

As shown in Figure 1A-2, the shader code segments 170 may be organized in
terms of the different operating environments. Thus, the present embodiment may

10 optionally be used as a reference for obtaining desired shader code segments 170.
In Appendix A, an example of shader code is shown at lines 60 through 88.

Table 2 illustrates a summary of various elements of an exemplary shader

15  implementation in Direct3D® 8.

Table 2

1. Preamble/declaration: These elements provide a priority for a

20 particular implementation/interface, and a string description

of the implementation/interface.

2. Requirements: These specify the various requirements for the
implementation/interface to run correctly. In particular, they
25 include the Dx8 caps that are required for the shader. All

reguirements evaluate to type ‘bool’.

3. Texture handles: These refer to texture handles that are

created either from data in texture files (i.e. png, dds, tga,
30 etc.) or generated textures such as normalization cube maps.
The handles can be referenced in subseguent sections of the

file, and are independent of the render pass or texture unit.

4. Vertex ghader & Pixel Shader Handles: These are the dx8-
35 provided handles that are created either compiled shader




2. Requirenents: These specify the various requirenents for the
i npl ementation/interface to run correctly. In particular, they include the
openGL extensions that are required for the shader. |f1?REE08Fe not
avai l abl e, the open@ inplenentation 5 may not | oad the shader program 3.
Texture handl es: These refer to texture handles that are created either
fromdata in texture files (i.e. pug, dds, tga, etc.) or generated
textures such as nornmalization cubelgmaps. 10 The handl es can be referenced
i n subsequent sections of the file; and are independent of the render pass
or texture unit. 4. A shader inplenentation can conprise nultiple render
passes, each with, a unique verte #)rg%rarp.lgse%gr% ds_thder gnd register 15
conbi ner def i ni TFHIE. R GUPESPIRPT PREET At e a hethod- 1000°for generating a
shader progr am *SERFensilclt SRee=ni fFFEoME SnBdiitene™® #Ri s met hod 1000 is
general |y done imekspdeng(pickhst yenfergfasp erapphirearionproranftthat renders an
i mge with one @t wbt @ tdirecsididar asiloshl thebjaedtesmay\We Fet tdiebepr esent net hod
1000 nmaybe inpl spebedeidy idae. COBELASer0foct ROt fspauTepvardexafl the foregoing
figures, it may,Lgadily,Re.d n grent ed Lo zedhOnGORL ALy GFr any desired
architecture and data structure. As an option, the various operations may
be carried out UtT1{Zl ngg'an interface [i.e. Conponent (bject Mdel 25
(COM], plug-in, etc. Mreover, various steps may be optionally excluded
and/ or reor derEate¥apRENg: h ErtrpersEnofs BB prEcERE Y that is required to
gener at¥ t he sherdeyraggsh; Oupt coptiongl -t | Wi s wbareoprer vayi eRecii2de t he processi ng
may i ncl ude i niddagingzdmehearar3si veresd ceibuber, alsperebernvpediendodi nent, the
interface i s anARlsnbhfertf8gdahbr 8¥ Yot syahd @64 Sappiandnd afbobingi Npl enented as a
plug-in. Next, aRYsRWDEHgR GHUSLOM EYRE a1 deiamich UNCtions are
registered in operation lég} .13¥Q&sm?tga%asgﬂg ggdegrpqgélgmlggy be generated

t n

erent” gedm

based ofL the registere LGyustom t ype /tor customfunctions. By this

itten wit e new ge try forma

6. A shader implementation can comprise multiple render passes,
each with unique render states, texture stage states, vertex
mapping, pixel and vertex shaders.

20

7. There may be a file that represents the default render and
texture stage states for the system. If one does not specify
a renderstate or texture stage state in a pass of a shader
program, it is reset to the default state in the file. By

25 using the file, one may gain improved interoperability with
shader programs that use the same file. If one does not wish
to make changes, he or she can do so, but at the cost of
having to update shaders to reflect the render state changes.

30 Table 3 illustrates a summary of various elements of an exemplary shader

implementation in OpenGL®.
Table 3

35

1. Preamble/declaration: Thege elements provide a prioxity for

the implementation/interface, and a string description of the

implementation/interface.




19 SEP 2006 21 feature, the present enbodi nent allows a user to custom ze
the resulting shader program Next, one of the objects to be rendered is
sel ected in operation 1060 after 5 which such object is1$8EPEH0Pn operation
1080. This set up process is carried out for each of a plurality of
objects to be rendered, as indicated by decision 1090. Thus, a plurality
of objects is set up. This preparation facilitates the generation of the
shader program by taking various izglformati on relating to the

i npl enentation and interface associated with the environnment in which the
shader programis to be used. More 10 information relating to an exenplary
enbodi nent of such, set up operation will be set fortt hfoirqﬂ1 reater detail
during ref er encREREPEET 88555 PRPGUJHT 427\ FECORTT hui ng T 6f erence to
Figure 1B, one HPleigatsbimddtreriage sp e ceireadnd™ Rt e W% a plurality of
graphi cs effect nclulsdite ¢rertrexpasions et gperaduiisrsiorl®6- 15 1140. The

sel ect ed renderspass isStidienrsabt Wpailiblepehatopael LipRnaftetdor whi ch t he

sel ect eds obj ect pdySadir 838 20k t-Radbers@lgct ed graphics effect. See operation
1180. As an option, the render pass nay be set up by pointing to

parameters. The, shadef.  program imy. Lhen,be. genatated based on the
par aneters. Fur Dj ect may be drawn Wit the dssel ected graphics

effect utilizingreattl PHites BuBht FBFBYart 55 appl P&%t 76n."Par aneter s t hat
are not passed PYF-HFiIrHeTRETdETxtirEs Ul pEFOTESEF A ENBPAI"FEP-use def aul t

val ues $uppl i edThenhanhizesf ¢dnebe] SFerchhel pasarmeteErs segriotrecspl ied in any
order, and the gse, ghapoé Ahdpendett bhehpararetpess oprextueesnia. nechani sm f or
paranmeters to be shared anongst a plurality of objects. 25 During a

rendering pasg, 5ld,.408Y; B 0GLel A DedMALDGE IDIL 4800 s paSSes  exist, and
anot her render Qaiziswi%glae&&'ede {rirtgzpr 3(?0 L aemn d@e&tﬁgsﬁl§§ereéﬁsgegis§gle' deci si on
1200. Further, Tt nay be. dg% el m ned whet her nore graphi cS effects exist,
and andt her gr SRS EfBEI™8el ected if nore graphics effects exist. Note
deci sion 1220. - Still yet, it may be determ ned whether nore objects exist,
and anot her obj ect
Figure 1B illustrates a method 1000 for generating a shader program, in
accordance with one embodiment. This method 1000 is generally done under
20  control of an application program that renders an image with one or more three-
dimensional objects. While the present method 1000 may be implemented in the
context of the framework of the foregoing figures, it may readily be implemented in
the context of any desired architecture and data structure. As an option, the various
operations may be carried out utilizing an interface [i.e. Component Object Model
25 (COM)], plug-in, etc. Moreover, various sieps may be optionally excluded and/or
reordered during the course of the processing that is required to generate the shader

program.

Initially, in operation 1020, the processing may include initializing an
" 30 interface. Ina preferred embodiment, the interface is an AP to the library of effects,
and can be implemented as a plug-in. Next, any number of custom types and custom
fimctions are registered in operation 1040. Thus, the shader program may be

geperated based on the registered custom types and/or custom functions. By this




30 selected if nore objects exist, as indicated by decision 1240. 19 SEP
2006 22 It should be noted that the various operations included in the box
1300 may be carried out in any order. See, for exanpl el PEFAO861C. O
course, any feasible pernutation of the operations may be enpl oyed. 5
Figure 2 illustrates an "effect binding" nmethod 200 by which objects are
set up in accordance with operation 1080 of Figures 1B and 1C. Such net hod
200 is carried out in the context 2?f an exenplary system i ncl uding an
interface 204 and an application program 202 for working in conjunction to
process the file. Thus, the shader programis generated based on the
processi ng h ile t l.y..the graphics.10 effect to the object. O
cour se, the%%?%églﬁ%ﬁe‘lﬁc% eﬁ“%ﬁ‘%%%ﬁgﬂ%w&?r fustomire 8y Tespttipgbader ont ext of any
desi red syspmpmamAs nentioned earlier, the processing includes setting up a
plurality of objects. Fromthe perspective of the application program 202
in the context of the 15 present system enbodi nent, this nmay be

acconpl i shed by Negl, Gi6tof B9 oBjedtd th Be AAEPRLH iRl ea\intgger%joqqﬁiora%gr gr aphi cs ef f ect
in operaglon 06. |In one enbodinent, a .dll file may e used by a tool or
gr aphi cs> engPiRRsUch o echis s¢t R infapprationN889. Thisseloiparaeess sreaBiéBout &rgr aphi cs

appl i cat i onesgk SO ARHLNS i { er the interface
204 is called. See Q52[%?{e%ﬁﬁgf%ﬁ%f%@%&aﬁegégtdg&zo&?@%:IIthS,’a i npl enent ati on
dat a repr esIFRith gt abigstsds sst upt [Fhis preparftios fasiiitatds alrechaaraion pixinhhadkr pi pel i ne
platfornms igg ' (=To W TaNgA ion of the r.ticul ar graphics
applicati on1§r %Eﬁggir’%ﬁ?lggﬁrfacg@npﬁr%ﬁégéﬁ%o Pf?%‘ﬁ‘%"%ﬁ%%@"ﬁ formthat
supports t h#sasisfed gith ghe egrizppinent & wipeH thedibdeoprogenndy tabe ised. eviérace nay be

repr eseny edinR¥m j | 25 dat a. t araneters are requested
and recg}j ved ba%ggrééaﬁ\m%ﬁ;ﬁig{ﬁ%&’gﬁ&rﬁbao .8%"?8‘5{}%“%%&%8‘} %Bd by operation
214. Furt heset forth inemeptendetailaiviinforefershéent Figfires Dibroubiad.dwar e gr aphi cs pi pel i ne
platforns to use based on the paraneters in operation

With continuing reference to Figure 1B, one of the objects is selected along

with one of a plurality of graphics effects, and a render pass. See operations 1100~

15 1140. The selected render pass is then set up in operation 1160 after which the
selected object is drawn with the selected graphics effect. See operation 1180. As
an option, the render pass may be set up by pointing to parameters. The shader
program may then be generated based on the parameters. Further, the object may be
drawn with the selected graphics effect utilizing attributes supplied by an

20  application. Parameters that are not passed in during render pass setup 1160
generally use default vatues supplied in the file 160. The parameters can be supplied
in any order, and the use of pointers to the parameters provides a mechanism for

parameters to be shared amongst a plurality of objects.

25 During a rendering pass, it may be determined whether more render passes
exist, and another render pass selected if more render passes exist. See.decision
1200. Further, it may be determined whether more graphics effects exist, and
another graphics effect selected if more graphics effects exist. Note decision 1220.
Still yet, it may be determined whether more objects exist, and another object

30 selected if more objects exist, as indicated by decision 1240.




30 218. As wll soon becone apparent, this decision may be made using the
application 19 SEP 2006 23 program 202 in conjunction with the interface
204. More information relating to such decisions will B2SEB2006rth in
greater detail during reference to Figure 4. Fromthe perspective of the
interface 204 in the context of the present system 5 enbodi nent, the

obj ects are set up by generating inplenentation data representing a
plurality of different hardware graphics pipeline platforms, in response to
the call of operation 210. Note opéeration 212. Mre infornmation as how
this may be acconplished in accordance with one enbodiment will be set
forth with reference to Figure 3. Paraneters are then generated based on

the i npl ement atl pulgibe epted ot e gpinaencfopieidpgnhehox @& ar 1 i er, the

i nterface 89&&&%&%%3{_& ) $HACH! QB tFikurd 10€ HRBUC AyiFQGHR02 i N operati on
218 to decide as to ich of the hardware graphics pipeline platforms to

use based oumutondihgeptretions magbegmployed on, the interface 204 nmay be capabl e
of generating primtives. For 15 exanple, a sphere may be generated from a
poi nt and radius, etc. This can be done by defining a geonetry generator
(for exanple, \iigue Rilliagted stgefioe hindiag onettiod 20Qby Elich dbgeclaamlsgous to t he

pi xel shader. (as shown w th.t " <pixel r=>"), 0 e vertex shader
(as shown \IIWWc?%%“%eﬁmﬁgﬁ?ogggﬁé%g@m?{lﬁﬂﬁ?gsfufl}nm%tm/dgﬂg%ner ation

t echni que paNed Rt SRS ddhtektidf baxympiay E@icitinchiding s XaaPbe204atd amny be used when
20 generating grass or er sim.l ar.objects. Fi e illustrates a nethod
300 for geﬂ@%&%"ﬂﬁmg‘i‘fﬁlzﬁrgﬁf’va ' ﬁnﬁPéf{“ﬁCdoPéop‘?r%?ﬁsﬁquﬁ]& ﬁ“’fﬂlﬂtﬁ ality of ,

di fferent Banewaetnit a@itia6a biked6l théiroftksitgl T haTile th BpplypBegihivtace with
operation 212 of Figure 2. This nethod 300 is dane V\ntetygjg the 25 interface

204. | t10shsffgchtone gbisele PLcemte, Lrpresriadind 28 avte melsmenteddnthes o ¢ 1y f or

Pl Tustrati yeuddebMasesir@¥ystemand shoul d not be construed as limting in any
manner. As shown 1n Figure 3, inplenentation data is retrieved in
operation 302, which, for exanple, finds all the inplenentations (inside

the desi gnati onag'§ild¥BRA earlier, the processing includes setting up a plurality of
objects. From the perspective of the application program 202 in the context of the

15  present system embodiment, this may be accomplished by selecting a file associated
with a desired graphics effect in operation 206. In one embodiment, a .dl1 file may
be used by a tool or graphics engine to read the file.

Next, in operation 208, a graphics application program interface is selected.
20  Thereafter, the interface 204 is called. See operation 210. In response to such call,
implementation data representing a plurality of different hardware graphics pipeline
platforms is received based on the selection of the particular graphics application
. program interface. In one embodiment, any platform that supports the selected
graphics application program interface may be represented by the implementation
25  data.

Next, parameters are requested and received based on the implementation
data, as indicated by operation 214. Further, it may be decided which of the
hardware graphics pipeline platforms to use based on the parameters in operation

30  218. Aswill soon become apparent, this decision may be made using the application




30 shown at |ine30 in Appendix A) in the file 160. Next, it is determ ned
whet her the inplenentation data neets the requirenents outlined under the
appropriate graphics 19 SEP 2006 24 application prograh? SEPe008ce in the
current file. If it is determned in decision 304 that the requirenents
are net, the inplenentation data is sorted in a list in operation 306.
This may be acconplished using a floating point priority provided by a
user. This process is continued f all inplenmentation data associ at ed
with the selected 5 graphics application programinterface. Note decision
308. Figure 4 illustrates an exenplary nethod 400 by which it may be

deci ded which of the hardware graphics pipeline platforns to use, in
accor dance pwigtam 208 fregoaiupesion witB the fnterfaga #04- More axdoraptignrelatingiy s net hod 400 i s
per f or med the. . .F@}ﬂ& gﬁh'-ﬁ‘% ' J e noted that the
pr esent ne?%cgéigﬁ%%]gr@ﬁ)géegte orfta%re%@%%miﬁl | 'us r?fae{ein%g@%g%ggses only, and shoul d
not be construed as limting in any manner. Initially, in operation 402,
t he paraneters assqciated..w t rt4 i i re identified.
This i s done byﬁS%ﬁ‘i‘euPﬁ‘gSP‘i‘:H‘\ég ‘ifﬁt‘@%‘ aéée*‘%ﬁ%ﬁ? 86&333@‘%%&%2”3’%%%@ list of

par anet &r s efnbsdiment, thqpdbfeonteattiup by gohgaiing impkmbntitiop Heaepiesetiingr may
correspond wth ecific platform(i.e. .hardware gr i chi ps

nmanuf act ur é’ﬁfwgﬁy C?f(ﬁlfsf%feé'}’lgﬁ(ﬁager%%hcﬁglp%%ﬁg%ﬁ%g’)@ refptonlgstgﬁggaﬁlsoget ermned, in
deci si on 4Qeratihael b ENoté @ radad Z1TE MoksinStiion excholbithit hey be20 i nterface are
under stood by t plication (i.e., whether th ar ter names can be
correctly |aFﬁ°8’PE§’@$ C‘E’ffﬁf‘?‘?@@%ﬁ‘? srehioimsy Vf”ﬁli—’ﬁfelt ﬁ’étg,mtﬁ?&?r%m%{ét erm ned

whet her t herjgupas, FaRbRIS afeARenponcididdbaica dn By itiflenappibi &&ithon. See deci sion
406. Both of these decisjons nust render._a posjtive r.es _%gse if the

pr esent 10 mpanrionRds. drmprdioneg epplier, the inferiaes 0B yorka B COUPIPELYbn program As an
option, theyLihk@idin M8 Gl sHeRfich 28 R6idEa 16 Which SGhkdwatt glapBikaice ot her than
the application program 'Next, in operation 408, it is determn ned whether
data is natrislirgplatormsfefise baspd on e aaraRieiF-ng data is corrected in operation
407. The correction operation 407 can

As an option, the interface 204 may be capable of generating primitives. For
15  example, a sphere may be generated from 2 point and radius, etc. This can be done
by defining a geometry generator (for example, with a tag “<geogenerator>"), which
is analogous to the pixel shader (as shown with the tag “<pixelshader>") or the
vertex shader (as shown with the tag <vertexshader>"). This primitive generation
technique may be useful in many contexts. For example, it may be used when

20  generating grass or other similar objects.

Figure 3 illustrates a method 300 for generating implementation data
representing a plurality of different hardware graphics pipeline platforms, in
accordance with operation 212 of Figure 2. This method 300 is done within the

25  interface 204. It should be noted that the present method 300 is set forth for
illustrative purposes only, and should not be construed as limiting in any manner.

As shown in Figure 3, implementation data is retrieved in operation 302,
which, for example, finds afl the implementations (inside the designation “<imps>”,
30  shown af line30 in Appendix A) in the file 160. Next, it is determined whether the

implementation data meets the requirements outlined under the appropriate graphics




i nclude, for exanple, swapping the order of the data and/or naking the
needed data 30 fromexisting data. Unli ke the previous decisions, the
present decision 408 may optionally be carried out by fiBEEFRAEf ace. 19
SEP 2006 25 The foregoing decisions are nmade for each of the

i npl ementations that are available. See decision 410. Next, graphic
effects are assigned to the object in operation 412. Cenerally, the
application selects fromthe inplengntations kept in 5 operation 402. In
order to allow a user to visually eXperinment and use a shader program an
optional graphical user interface is provided. In use, the aforenentioned-
graphics effect may be displayed utilizing a graphical. user interface.
Furt her, tH@%?@Bﬁﬁé@mﬂ@e@@@é{e%‘H?B@lecé%}é’éﬁgerg’f“egéﬂﬂsﬁlﬁogr ed by a user
utilizing ngd?ﬂag{- BinGAk M SRE teRhBlEhaffion ddthis BHell ibitlsih opdriin 91 aphi cs ef f ect
may be capable of being altered by altering paraneters (i.e. tweakables),
and the sh&@@rThiyoayrbaavormylished ysng @ flgtting phinkmsigriyy pravided VYA W8 ed par amet er s.
This may b i shi =Ye (M tc. The

par amet or o REFESE I SR #innah e Sors Al it A e pnot hr
graphi cadl geaphics apprfiageogray inghae. bletepleasiond®8. i n which a plurality of
graphics effects are displayed for allow ng a user to select one graphics
effect. Such selected graphics effect is then displayed as applied to an
obj ect using a Figlre4 illusrdtd afi exetnplaryfmdiedi400 bowhith ibuaydesleddedn user i nput and

the file is processeqd. Thus, the. 2 hader program be generated based
on the proé’@’é‘é’i‘ﬁ%g‘eg?rg‘f’ﬁ‘égrlaﬁq“é.plpﬁ"&@?agﬁgﬂsg?Psﬁ’slfllaa?rggmg%ﬂﬁsi ness nethod 500
associ at ed ggkrhtibnt21 ofF QBEN Genbralg fifis Bethod|400 lsperforinbibyfthd € (i.e. see Figure
1A-1) may be sold or otherw se distributed b f. a |lLicense agreenent.
The varl usaPE]’r?éféi@rz%r%%almaﬁéh%ﬁi%GPtﬁl@ﬁ et*ﬂ’@?‘&%‘}ev'q\%e(“@és feﬁt?ﬂﬁi te may or nay
not be di Stﬁﬂiﬁwﬁwegmgaseamy,aﬁmwdﬁarnemeuﬂeeaﬂmwmmmﬂ. The present
conput er -i npl enent ed busi ness nethod 500 al |l ows the autonated

Initially, in operation 402, the parameters associated with a particular
implementation are identified. This is done by calling the interface and requesting
15  the list of parameters for an implementation. Again, each implementation may
correspond with a specific platform (i.e. hardware graphics chips manufactured by

different graphics companies).

Tt is then determined, in decision 404, whether the parameters supplied by the
20  interface are understood by the application (i.e., whether the parameter names can be
correctly interpreted by the application). Further, it is determined whether the
_ parameters can be supplied by the application. See decision 406. Both of these
decisions must render a positive response if the present implementation is to be
utilized by the application program. As an option, the current decisions can be

25  carried out in a place other than the application program.

Next, in operation 408, it is determined whether data is matching. If not, any
mismatching data is corrected in operation 407. The correction operation 407 can
include, for example, swapping the order of the data and/or making the needed data

30  from existing data. Unlike the previous decisions, the present decision 408 may

optionally be carried out by the interface.



generation of a license agreenent that takes into consideration whether
non- di stributable shader prograns exist in a particular file to be
licensed. 30 Initially, in operation 502, a |license agr&®fERt2086ored in
menory is identified. Further, files associated with the |icense agr eement
are identified. 19 SEP 2006 26 It is then determ ned as to whether one or
nore of the files are not distributable at |Ieast in part. See decision
506. This maybe acconpli shed by Qﬁleically taggi ng non-di stri but abl e
code, or conparing the contents of The file 5 with a database of known
non-di stributable code. If it is determned that one or nore files are not
di stributable in decision 506, a non-disclosure termis included in the

l'i cense agreenent. This non-disclosure term may be of a boilerplate nature

and i ncor porat eﬁmeif&%%lﬁé@clhb&%fbﬁﬁadﬁﬁr@mﬂﬂmﬂaQJl@iéh@ﬁ@isﬂﬁﬁdréy in any other
manner that is well known to those of ordinary skill. See operation 508.

In a S|nplﬁwmbﬂba%@d@@%mhﬁ005ﬁﬁd¥§$”ﬁﬁﬁ$§ﬁ%ﬁﬁgﬁdHﬂ?ﬁ@&m15 techni que is
provided f %Eyergt?ont : ?ﬂ @én@ﬂll tE}ﬂ{ca@ns bibs fhodn @b RpidnRiiaAddk Rept AUCh met hod may

i ncl ude yrng a store In menory, deternlnlng whet her the
file is di spematfomtddbl e, and S|nply i ndi cating whether the file is

di stributable. While various enbodi nents have been descri bed above, it
shoul d be wunderstood that they have been presented by way of exanple only,
and not 20 |i m Inairdeptv. alld¥na sser tohdsubityeaptrimeatradd se o geaderfpregrapn eif er r ed

o et g ol B Bl e LB PHE. PR o0 i
cl ai ns andfﬂ@&mmyBq&mﬂa&@mﬂamglhﬂmmmﬂdermmﬁhmlEmﬂnLQEWWNMWn cl ai ms does not
| ndi cat ?0 anyffegt?nragr k)g galpaale ofr bceigé al%redsbgr%[asser gtghzmg %%rgtaefph'gﬁ Tiser %?erf%r%. SEP 2006
Tn particular, the graphics effect may be capable of being altered by altering
parameters (i.c. tweakables), and the shader program may be generated based on the
altered parameters. This may be accomplished by way of a sliders, edit boxes, etc.
The parameters may be altered by tweaking the associated file.
15
Another graphical user interface may also be provided in which a plurality of
graphics effects are displayed for allowing a user to select one graphics effect. Such
selected graphics effect is then displayed as applied to an object using a file.
Further, the file is modified based on user input and the file is processed. Thus, the
20  shader program may be generated based on the processing of the file.

Figure 5 illustrates a business method 500 associated with the present
invention. In use, the file (i.e. see Figure 1A-1) may be sold or otherwise distributed
by way of a license agreement. The various shader programs or portions thereof in

25 the file may or may not be distributable to the public for one reason or another. The
present computer-implemented business method 500 allows the automated
generation of a license agreement that takes into consideration whether non-

distributable shader programs exist in a particular file to be licensed.

30 Initially, in operation 502, a license agreement stored in memory is

identified, Further, files associated with the license agreement are identified.




27 CLAIM5 1. A nethod for generating a shader program conprising:
selecting a file associated with a graphics effect; s reading the file;
processing the file; and generating the shader program bBASER 2586t he
processing of the file to apply the graphics effect to an object; wherein
t he shader programis capable of being altered by tweaking the file. 10 2.
The nethod as recited in claim1, wherein the file is selected froma
library of files each associated wth a unique graphics effect. 3. A

nmet hod for generating a shader program conprising: 15 selecting a file
associated wth a graphics effect; reading the file; processing the file;
and generating the shader program based on the processing of the file to
apply the graphics effect to an object; 20 wherein the file includes a

plurality of intigifeA8ferBidicadfBRABLE ofif ol tiRMMGeRIVE t0 generate the
shader program for different graphics %%glication prg%ran1interfaces. 4. A
met hod f or dig@hertie ot degstdn adwa Pes despien PUm Thissmmsps aepigplisheddlecting a file

associ at ed b L APRN Burhh B od 5 oind freoliirkd drtic DT OCESSI NG the
file; and generafing the shader program baséd on the processing of the file

to apply t withadataherd of nerfrepdisiibugble etdeect ; wherein the file includes a
plurality of inplenentation data capable of being 30 processed to generate

t he shader program for different hardware graphics pipeline
If it is determined that one or more files are not distributable in decision 506,

a non-disclosure term is included in the license agreement. This non-disclosure term
may be of a boilerplate nature and incorporated into the license agreement

10  automatically in any other manner that is well known to those of ordinary skill. See
operation 508.

In a simplified associated computer-implemented method, a technique is
provided for determining whether a file is distributable. Such method may include
15  identifying a file stored in memory, determining whether the file is distributable, and
simply indicating whether the file is distributable.

While various embodiments have been described above, it should be
understood that they have been presented by way of example only, and not
20  limitation. Thus, the breadth and scope of a preferred embodiment should not be
limited by any of the above described exemplary embodiments, but should be
defined only in accordance with the following claims and their equivalents. The
order of elements within claims does not indicate any particular order of steps or
operations.

25




platfornms. 19 SEP 2006 28 5. The nethod as recited in claim1, wherein the
fileis witten in an extensible markup | anguage (XM.). 6. The nethod as
recited in claim1, wherein the file includes a text fil@SEPZ0P6 A net hod
for generating a shader program conprising: selecting a file associated
with a graphics effect; reading the file; processing the file; and 10
generating the shader program based on2¥he processing of the file to apply
the graphics effect to an object; wherein the selecting, reading,
processiqg generating are carried out utilizing a plug-in. 15 8. The
met hod astHedMSed in claim1l, wherein the selecting, reading, processing,
and generating are carried out utilizing an interface. 9. The nethod as
recited in claim8, wherein the interface includes a Conponent bject

Model (CAV) i nh arcthasdfor 2anetding Arsbadar pheglamscangwisived i n cl aim 8, wherein the

ing ing {pitializing.the int . 11. The met hod ited
oot m 2, wistsine ¢ e SRR W BaEEREG icr i ng at 25 1 east one o

custom types assliggifled;f unctions, the shader program bei ng generated based
on the at |east one of registered customtypes and custom functions. 12.
The method as Hreesstisgthefilejamdm 1, wherein the processing includes setting

up a plurality,ob:0bh@GhSder Pogram based on the processing of the file to apply the
graphics effect to an object;
wherein the shader program is capable of being altered by tweaking the file.
10
2. The method as recited in claim 1, wherein the file is selected from a library of files

each associated with a unique graphics effect.

3. A method for generating a shader program, comprising:
15 selecting a file associated with a graphics effect;
reading the file;
processing the file; and
generating the shader program based on the processing of the file to apply the
graphics effect to an object;
20 wherein the file includes a plurality of interface data capable of being processed to

generate the shader program for different graphics application program interfaces.

4, A method for generating a shader program, comprising:
selecting a file associated with a graphics effect;
25 reading the file;
processing the file; and
generating the shader program based on the processing of the file to apply the
graphics effect to an object;
wherein the file includes a plurality of implementation data capable of being
30 processed to generate the shader program for different hardware graphics pipeline

platforms.




13. The nmethod as recited in claim 12, wherein the processing includes

sel ecting one of the objects. 19 SEP 2006 29 14. The nethod as recited in
claim 13, wherein the processing includes sel ecting onel®8EP20gbural ity of
graphics effects. s 15. The nmethod as recited in claim 14, wherein the
processing includes selecting a render pass. 16. The nethod as recited in
clai m 15, wherein the processing includ&s setting up the render pass. 10
17. The method as recited in claim 16, wherein the render pass is set up by

pointing to raneters, the shader, program bei ng generated based on the
par anet ery. 13&%@;’%@? G1YCSin T o TR, Tl BEYIHEHR 8P FXEAEbISr ocessi ng
i ncl udes @h@up mgg@é (M)@bj ect wwth the selected graphics effect. 19. The

met hod as recited in claim 18, wherein the object is drawn with the
sel ected graphics effect utilizing attributes supplied by an application.

20 20. The method ecit in.claim18, ei n, the progcessing includes
det er mi nihéraig éetlﬁgtﬁo%ﬁ'r C& géfat leé"é’ﬁfeé&&ggle le‘fli’dg%’f‘gaéf ﬁf‘?g anot her render
pass if nore render passes exist. 21. A nethod for generating a shader
program conprising: 25 selecting a file associated with a graphics
effect; *eadihgethod for gencratingasbadan gragiems qamprisingd generating the shader
pr ogram based . 0 I the. file-to apply the graphics effect
to an object; S%%C{\kﬁg?g[ena%g‘@*g‘?‘é‘@éé ‘[%uésﬁgeﬁtdes setting up a plurality of
obj ects; wherreading the fil¢;ocessi ng i ncl udes sel ecting one of the objects;

processing the file; and
10 generating the shader program based on the processing of the file to apply the
graphics effect to an object;

wherein the selecting, reading, processing, and generating are carried out utilizing

a plug-in,

15 8. The method as recited in claim 1, wherein the selecting, reading, processing, and

generating are carried out utilizing an interface.

9. The method as recited in claim 8, wherein the interface includes a Component
Object Model (COM) interface,

20
10.  The method as recited in claim 8, wherein the processing includes initializing the

interface.

11.  The method as recited in claim 1, wherein the processing includes registering at
25 least one of custom types and custom functions, the shader program being generated based

on the at least one of registered custom types and custom functions.

12, The method as recited in claim 1, wherein the processing includes setting up a
plurality of objects.

30
13. The method as recited in claim 12, wherein the processing includes selecting one

of the objects.




wherein the processing includes selecting one of a plurality of graphics
effects; 19 SEP 2006 30 wherein the processing includes selecting a render
pass; wherein the processing includes setting up the rth8EP 3988s; wherein
the processing includes drawing the object with the sel ected graphics
effect; 5 wherein the processing includes determ ning whether nore objects
exi st, and selecting another object i2%nore objects exist. 22. A nethod
for generating a shader program conprising: selecting a file associated
with a graphics effect; 10 reading the file; processing the file; and
generating the shader program based on the processing of the file to apply
the grapfycs f e o7 - i S i ] etting
Up a Bl aray ity ianed B RB e b B R g
one of t hf agihyrelitysof gnipbrsiefifectse processing i ncl udes sel ecting one of a
plurality of graphics effects; wherein the processing includes selecting a
render pass; wherein the processing includes setting up the render pass;
whes ei n t1% Proeessthédad Rek A8l Mhmad Melefine piRedsily thBulibakeliges ed
graphics 20 effect; wherein the processing includes determ ni ng  whet her
nore grapBRdEpassf ects exi st, and sel ecting another graphics effect if nore
graphics effects exist. 23. The nethod as recited in claiml1, wherein the
file includes requirenents, the 25 shader program bei ng generated based on
t he requiltenernttie.malod 4 reeitdioe claim 13eRaERtH the Pﬁm&é&ﬂ%ﬁhclﬁﬂ&@eﬁﬁig uwpanPr i si ng:

selectin%ﬂ%kgggg.associated with a graphics effect;

10
17. The method as recited in claim 16, wherein the render pass is set up by pointing to
parameters, the shader program being generated based on the parameters.

18.  The method as recited in claim 16, wherein the processing includes drawing the

15 object with the selected graphics effect. '

19.  The method as recited in claim 18, wherein the object is drawn with the selected
graphics effect utilizing attributes supplied by an application.

20 20.  The method as recited in claim 18, wherein the processing includes determining
whether more render passes exist, and selecting another render pass if more render passes
exist.

21. A method for generating a shader program, comprising:
25 selecting a file associated with a graphics effect;
reading the file;
processing the file; and
generating the shader program based on the processing of the file to apply the
graphics effect to an object;
30 wherein the processing includes setting up a plurality of objects;

wherein the processing includes sclecting one of the objects;

wherein the processing includes selecting one of a plurality of graphics effects;




reading the file; 30 processing the file; and generating the shader program
based on the processing of the file to apply the graphics effect to an

obj ect; 19 SEP 2006 31 wherein the file includes requi ¥efERt2906t he shader
program bei ng generated based on the requirenents; wherein the

requi renents include a default set of requirenents. 5 25. The nethod as
recited in claim1, wherein the graphid¢ effect is displayed utilizing a
graphi cal user interface. 26. The nethod as recited in claim25, wherein
the graphics effect is capable of being altered by a user utilizing the

gr aphi cal useﬂ“Fﬁ?%ﬂFﬁH@quﬁg2¥$“¥ﬁéd' gdenderPa¥t t ed in clai m 26, wherein

Lhe graphi cs_afifefh ticproan@ilh Syl sk nplHeqe sy Bidl tering par anet ers.

28. The nethod as recited in claim 27, shader programis
gener at ed basevherdis thmproéessiap imbwtes deavdng therobjecR &ith Theeseheeteld elapisécsr eci ted i n
claim 8§, ggggein the interface is capable of generating primtives. 20 30.

The met hdd“ds recited in claim1, wherein the file includes a synt ax

incd uding a RetiBRein thd PrBCesTNE il &RE HeRiminth wHH TR RE ohREIs $RRERAY I NO A
shader program conprisin selecting a file associated with a graphics

effect; Eseﬁfélﬁj@w@ie@ﬁbieﬁiigél,orepbjwé%iﬁhg the file; and generating the
shader program based on the processing of the file to apply the graphics
effect to an object;

22. A method for generating a shader program, comprising:
selecting a file associated with a graphics effect;
10 reading the file;
processing the file; and
generating the shader program based on the processing of the file to apply the
graphics effect to an object;
wherein the processing includes setting up a plurality of objects;
15 wherein the processing includes selecting one of the objects;
wherein the processing includes selecting one of a plurality of graphics effects;
wherein the processing includes selecting a render pass;
wherein the processing includes setting up the render pass;
wherein the processing includes drawing the object with the selected graphics
20 effect;
wherein the processing includes determining whether more graphics effects exist,

and selecting another graphics effect if more graphics effects exist.

23. The method as recited in claim 1, wherein the file includes requirements, the

25 shader program being generated based on the requirements.

24. A method for generating a shader program, comprising:
selecting a file associated with a graphics effect;
reading the file;
30 processing the file; and
generating the shader program based on the processing of the file to apply the
graphics effect to an object;




wherein the file is capable of referencing both conpiled and un-conpiled
code. 30 32. A systemfor generating a shader program conprising: an
interface; 19 SEP 2006 32 an application program for wh? REREZA0R
conjunction with the interface to process a file; and wherein the shader
programis generated based on the processing of the file to apply the
graphics effect to an object; 5 whereiBlthe shader programis capabl e of
being altered by tweaking the file. 33. A systemfor generating a shader
program conprisin ans for selecting a file assocjated with a graphics
effect; means¥ 1?66?13 lﬂéeefr%eﬁ@dwf?é requirgmenty, Wﬁah%dq BrogHny beiag gﬁgerat%basrﬂ@e and
means foungﬁggygﬁaggmghe shader program based on the processing of the file
to apply the graphlcs effect to an object; wherein the shader programis
capabl e of beHﬁgmahﬂBHBQMDvnmmemkhﬂgathﬁmﬂmﬂaﬁra@ﬁmﬁﬂmmA conput er program
product for generating a shader program conprising: conputer code for
selecting a file associated with a graphics effect; conputer code for
reaging time f it metBQIReE ediadtihal, wﬂl@%ﬁﬁé'g%hléﬂ%ffebﬂ 1§dxsﬁﬁ§|e@19cﬂ%ﬁ code
for generating the shader progranlbased on the processing of "the 20 file

to apply %ﬁ@@?@ﬁﬁﬁé@teﬁﬁqﬂ%ct to an object; wherein the shader programis
capabl e of being altered by tweaking the flle. 35. A data structure stored
in nenory for generating a shader program conprising: a file including:
25 a textaal demanéthbd wereoipddsiatcldimr2si ddedeid Hib gerphics effdtiic sapable@E being

associ at e t h
a(ii ered by a user utilizing the graphical user interface.

10
27.  The method as recited in claim 26, wherein the graphics effect is capable of being
altered by altering parameters.
28.  The method as recited in claim 27, wherein the shader program is generated based
15 on the altered parameters.
29.  The method as recited in claim 8, wherein the interface is capable of generating
primitives.
20 30.  The method as recited in claim 1, wherein the file includes a syntax including a
name, a type and a content.
31. A method for generating a shader program, comprising:
selecting a file associated with a graphics effect;
25 reading the file;
processing the file; and
generating the shader program based on the processing of the file to apply the
graphics effect to an object;
wherein the file is capable of referencing both compiled and un-compiled code.
30

32. A system for generating a shader program, comprising;

an interface;




the file, and a requirenments object for identifying requirenents for the
shader program necessary to generate the shader progran wherein the
shader programis capabl e of being generated based on t A83652¥bs of 30
the file; wherein the shader programis capable of being altered by
tweaking the file. 19 SEP 2006 33 36. A nethod for generating a shader
programutilizing an application, conpPfsing: selecting a file associ ated
with a graphics effect; selecting a graphics application programinterface;

recei ving inpl enent.ation data representing.a plurality of different
hardware 5 grwphgatﬁpﬁé?grﬁ@ J‘IBT Pﬁ%?%r’é‘ %EE@EE%W{%@%@W%W §PTOGELRI vi ng
par anet erglebagied on the inplenentation data; and deciding which of the
hardwar e graphics pipeline platforns to use based on the paraneters;

wher ei n t he shelreinpheogaden progrgorie genarded based on thi procashieg béithevide ® gr aphi cs
10 pi peli tforns. ~37. The nethod as recited in claim36, wherein the
deci si on %g)l){)tég\%qpéﬁzsgﬁé?tﬁ%anﬁg}ﬁﬁ‘iivare graphics pipeline platforns is to be

usesl i s based Wherdiehd:iadéfoparAiehible HRineGRARARIL takalligs 0 Meppl i ed. 15
38. The nethod as recited in claim?}géi,b wherein the ecisiogﬁ as to which of

the hardware graphics pipeline platforns is to be used is based on whet her

and Furtrgr conarren S RREkangs ey Boellf PRENSRES LT 0 Fhe. par amet er s
40. A nethod freanydoreselectinga éilshascidited wiraamaphids dftedg an interface,
conprising. means for reading the file;
10 means for processing the file; and
means for generating the shader program based on the processing of the file to
apply the graphics effect to an object;

wherein the shader program is capable of being altered by tweaking the file.

15 34. A computer program product for generating a shader program, comprising:
computer code for selecting a file associated with a graphics effect;
computer code for reading the file;
computer code for processing the file; and
computer code for generating the shader program based on the processing of the
20 file to apply the graphics effect to an object;
wherein the shader program is capable of being altered by tweaking the file.

35. A data structure stored in memory for generating a shader program, comprising:
a file including;
25 a textual descriptive object for identifying a graphics effect associated with
the file, and
a requirements object for identifying requirements for the shader program
necessary to generate the shader program;
wherein the shader program is capable of being generated based on the objects of

30 the file;
wherein the shader program is capable of being altered by tweaking the file.




generating i nplementation data representing a plurality of different
hardware 25 graphics pipeline platforns; generating paraneters based on
the inplementation data; and deci di ng which of the har dW4PEPFHO8BNI cs

pi peline platforns to use based on the paraneters; wherein the shader
programis generated for use wth the hardware graphics 30 pipeline
platforns. 19 SEP 2006 34 41. The net®dd as recited in claim40, wherein
the inplenentation data is generated by determ ning whether the different

har dwar e .gr aphj cs .pi.pel i ne pl atfor neet a plurality, of requirenments. 5
42. The it hod- 2Etaddpt exrereing |aéﬁ%{£§ﬂ08m@ﬂleﬁﬁns AR 2PRHSPUOR SORPTIEAS dat a i s
further genersfeashdyfikitddifed With ditdmiQnirhar dwar e graphics pipeline
platforns that neet” the requirenents. 43. A nethod for generating a shader

program conprsekiting a graphichapplizhiicn prggmm intdrfacé;ace; regi stering at | east
one of custom types and custom fuynctions. setti.n lurality of

obj ects; sel egf:%’eﬁ\an%ﬂiéﬁglpe?tﬁlgorbg#gEquefseg%rrgeq:%t)gﬂéﬁggregt W@‘P’%{rﬁ ty of

gr aphi cs wiflestmpelind plasPlas bhded od theRliRtiopass; setting up the render pass
by pointing to paranmeters; draw n%@t he object with the sel ected graphics

effect; det erfSeiVIRGPHABELFET based en therimwlenpatation detal etd  sel ecti ng anot her
render pass ify.x ?ﬁﬁﬁ xi.st- 20.det.er.m ni.n et her .nore
graphics eff ecdtegﬁ{en%@??ggghg% I ngreg 8?#‘118? pl@%é%%%%“@?ﬁ%%?% ecﬂ% g"egraphi CS
ef f ect s ewraeters;

wherein the shader program is generated for use with the hardware graphics

10 pipeline platforms.

37.  The method as recited in claim 36, wherein the decision as to which of the
hardware graphics pipeline platforms is to be used is based on whether the parameters are
capable of being supplied.

15
38.  The method as recited in claim 36, wherein the decision as to which of the
hardware graphics pipeline platforms is to be used is based on whether the parameters are

understood.

20 39.  The method as recited in claim 36, and further comprising mapping attributes of an

object to the parameters.

40. A method for generating a shader program utilizing an interface, comprising:
generating implementation data representing a plurality of different hardware
25 graphics pipeline platforms;
generating parameters based on the implementation data; and
deciding which of the hardware graphics pipeline platforms to use based on the
parameters;
wherein the shader program is generated for use with the hardware graphics

30 pipeline platforms.




determ ning whether nore objects exist; and sel ecting another object if
nore objects exist; wherein the shader programis generated based on
processing of a file which is 25 associated with a graphSEE 20fect. 44. A
conmput er inplenented nethod for determ ning whether a file is
distributable, conprising: identifying a file stored in nmenory; 30
determining whether the file is distriBttable; and indicating whether the
file is distributable; 19 SEP 2006 35 wherein a shader programis capable
of bei ng generated ed on pro eSS|ng of the file which is associated
with a gridphi csednst %ff ‘\‘Rﬁéfidéflﬁ yR& Os Whgisin tﬁ?agpawn@h%ﬁ%rwamﬁél ng

al tered hy doyemkdi W‘h@@lelf %E%lfféelﬂ%ard%ﬁﬁl@%ﬁpﬁ&: e prcl?%ﬂf’ﬁg‘?éeg ?&%ﬂ % for

identifying a shader program conprising:

descri pt iofeeqiviementsf or i dentifying a graphlcs effect associated with the
file, and a plurality of shader code segnents capable of executing the
graphics effect 10 in a plurality of operating environnents; wherein the

shagler coge semiEaRtBoPIOiaiARicEAE 41nwhs{emheim§1e&eﬂﬂaﬁ$@aﬁms ﬂﬁﬁ&atl ng
environnments; wherein the shader programis capable of being altered by

t weaki ng gen@ra‘;emby sortipg thediffsrent hardwatcograpfiespipelineglatfosia ot meetigeam using a

gr aphi cal, é{ﬁ&h terface conprising: displaying a plurality of graphics
effects o OW ng a user to select one graphics effect; displaying the

sel ected graphics effect as applied to an object using a file;
43. A method for generating a shader program, comprising:

10 initializing an interface;
registering at least one of custom types and custom functions;
setting up a plurality of objects;
selecting one of the objects;
selecting one of a plurality of graphics effects;

15 selecting a render pass;
setting up the render pass by pointing to parameters;
drawing the object with the selected graphics effect;
determining whether more render passes exist;
selecting another render pass if more render passes exist;

20 determining whether more graphics effects exist;
selecting another graphics effect if more graphics effects exist;
determining whether more objects exist; and
selecting another object if more objects exist;
wherein the shader program is generated based on processing of a file which is

25 associated with a graphics effect.

44, A computer implemented method for determining whether a file is distributable,
comprising;
identifying a file stored in memory;
30 determining whether the file is distributable; and
indicating whether the file is distributable;




20 nodifying the file based on user input; processing the file; and
generating a shader program based on the processing of the file; wherein
t he shader programis capable of being altered by tweakih§EPH®06i | e.

10

15

20

35

wherein a shader program is capable of being generated based on processing of the
file which is associated with a graphics effect;

wherein the shader program is capable of being altered by tweaking the file.

45. A data structure stored in memory for identifying a shader program, comprising:

a file including:
a textual descriptive object for identifying a graphics effect associated with
the file, and
a plurality of shader code segments capable of executiﬁg the graphics effect
in a plurality of operating environments;
wherein the shader code segments are organized in terms of the different operating
environments;

wherein the shader program is capable of being altered by tweaking the file.

46. A method for generating a shader program using a graphical user interface,
comprising:

displaying a plurality of graphics effects for allowing a user to select one graphics
effect;

displaying the selected graphics effect as applied to an object using a file;

modifying the file based on user input;

processing the file; and

generating a shader program based on the processing of the file;

wherein the shader program is capable of being altered by tweaking the file.




