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NAM E
Cg - An multi-platform, multi-AP1 C-based programming language for GPUs

DESCRI PTION
Cg is a high-ledl programming language designed to compile to the instruction sets of the programmable
portions of GPUs.While Cg programs he geat flexibility in the way that tlyeexpress the computations
they perform, the inputs, outputs, and basic resourveiable to those programs are dictated by where
they execute in the graphics pipeline. Other documents describettavrite Cg programs. This docu-
ment describes the library that application programs use to interact with Cg progtsisgbrary and its
associate@dPl is referred to as the Cg runtime.

DOCUM ENTATIONN ORGANIZAATION
Cg Topics
Cg Language Specification
Cg Core Runtim&PI
Cg OpenGL RuntimaP!I
Cg Direct3D9 RuntimePI
Cg Standard Libary Routines
CgFX States

SEE ALSO
Cg_language, cgCreateContext, cgDestroyContext
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Cg 12 RUNTIMEE API ADDITIONS
Version 1.2 of the Cg runtime adds a number of capabilities to the existing set of functionality from
previous releases. Thesewméeatures include functionality that neak possible to write programs that can
run more efficiently on th&PU, techniques that help hide some of the inherent limitations of some Cg
profiles on thesPU, and entrypoints that supportwéanguage functionality in the Cg 1.2 release.

ParameterLiteralization

The 1.2 Cg runtime mals it possible to denote some of the parameters to a program as havied a fix
constant alue. Thisfeature can lead to substantially more efficient programs in a number of Eases.
example, a program might @ a lbock of code that implements functionality that is only used some of the
time:

float4 main(uniform float enableDazzle, ..QOLOR{
if (enableDazzle) {
// do lengtly computation
}
else {
/l do basic computation

1

Some hardware profiles dalirectly support branching (this includes all of the fragment program profiles
supported in this release), and/éd handle code lik the program by é&ctively following both sides of
theif() test. (Thg still compute the correct result in the end, just not very efficiently.)

However, if the ‘enableDazzlé’'parameter is marked as a literal parameter analwevs provided for it,
the compiler can generate an optimized version of the program with the knowledgeabfeDazzI€s
value, just generatingsPU code for one of the tw cases. Thiscan lead to substantial performance
improvments. Thisfeature also makes it easier to write general purpose shaders with aanetg of
supported functionalitywhile only paying the runtime cost for the functionality provided.

This feature is also useful for parameters with numeaicies. Br example, consider a shader that
implements a diffuse reflection model:

float4 main(uniform float3 lightPos, uniform float3 lightColor uniform float3 Kd, float3 pos :
TEXCOORDQ float3 normal TEXCOORDY) : COLOR{ return Kd * lightColor * max(0.,
dot(normalize(lightPos — pos), normal)); }

If the “lightColor” and “Kd’’ parameters are set to literals, it is possible for the compiler to compute the
product “Kd * lightColor” once, rather than once each time the progresouges.

Given a mrameter handle, tregSetParameterVariability@ntrypoint sets the variability of a parameter:

void cgSetParameterVariability(CGparameter param, CGenum vary);

To st it to a literal parametgihe CG_LITERAL enumerant should be passed as the second parameter.
After a parameter has set to be a literal, the following routines should be used to set the paraloeter’

void cgSetParameterlf(CGparameter param, float x); void cgSetParameter2f(CGparameter param, float x,
float y); wid cgSetParameter3f(CGparameter param, float x, float flgat 2z); \id
cgSetRrameterdf(CGparameter  param, float x, float, yloat =z, float w); wid
cgSetRrameterld(CGparameter param, double aid wgSetParameter2d(CGparameter param, double X,
double vy); void cgSetParameter3d(CGparameter param, double x, doubldouple z); wid
cgSetParameter4d(CGparameter param, double x, douldahje z, double w);

void cgSetParameterlfv(CGparameter param, const float dig;cgSetParameter2fv(CGparameter param,
const float *v); wvoid cgSe#ameter3fv(CGparameter param, const float *v);oidv
cgSetRrameter4fv(CGparameter param, const float *v); void cg®atiketerldv(CGparameter param,
const double *v); void cgSetParameter2dv(CGparameter param, const double 6&iJ; v
cgSetRrameter3dv(CGparameter param, const double bij} egSetParameterddv(CGparameter param,
const double *v);
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void cgSetMatrixRrameterdr(CGparameter param, const double *matrix); oid v
cgSetMatrixRrameterfr(CGparameter param, const float *matrix); oidv
cgSetMatrixRrameterdc(CGparameter param, const double *matrix); oid v

cgSetMatrixParameterfc(CGparameter param, const float *matrix);

After a parameter has been set to be a literal, or afteratbe of a literal parameter has been changed, the
program must be compiled and loaded into @), regadless of whether it had already been compiled.
This issue is discussed further in the section on program recompilation belo

Am ay Size Specification

The Cg 1.2 language also adds support ‘forsized array’variables; programs can be written toeak
parameters that are arrays with an indeterminate 3ize.actual size of these arrays is then set via the Cg
runtime. Thisfeature is useful for writing general-purpose shaders with a minimal performance penalty.

For example, consider a shader that computes shadiwen gome number of light sources. If the
information about each light source is stored in a struct Lightinfo, the shader might be written as:

float4 main(Lightinfo lights[], ...) COLOR{
float4 color = float4(0,0,0,1);
for (i = 0; i < lights.length; ++i) {
// add lights[i]s contribution to color
}

return color; }

The runtime can then be used to set the length of the lights[] array (and then to initializkuéiseo? the
Lightinfo structures.) As with literal parameters, the program must be recompiled and reloaded after a
parametes aray size is set or changes.

These tw entrypoints set the size of an unsized array parameter referenced byethpagameter handle.
To st the size of a multidimensional unsized arelyof the dimensions’ sizes must be set simultaneously
by providing them all via the pointer to an array of integer values.

void cgSetArraySize(CGparameter param, int size)d \cgSetMultiDimArraySize(CGparameter param,
const int *sizes);

XXX what happens if these are called with an already-sized axay??
To get the size of an array paramethe cgGetArraySize(@ntrypoint can be used.

int cgGetArraySize(CGparameter param, int dimension);

Program Recompilatianat Runtime

The Cg 1.2 runtime environment will allobautomatic and manual recompilation of program&is
functionality is useful for multiple reasons :

» Changing variabili ty of parameters
Paameters may be changed from uniform variability to literal variability as describee abo

» Changing vduedf literall parameters
Changing the value of a literal parameter will require recompilation sincealhe i¢ used at compile
time.

* Reszing parameteramays
Changing the length of a parameter array may require recompilation depending on the capabilities of
the profile of the program.

* Binding sub-shadeparameters
Sub-shader parameters are structures tratoad methods that need to be provided at compile time;
they are described bela Binding such parameters to program parameters will require recompilation.
See the Sub-Shaders entry elsewhere in this document for more information.

Recompilation can bexecuted manually by the application using the runtime or automatically by the
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runtime.

The entry point:

void cgCompileProgram(CGprogram program);

causes the gen program to be recompiled, and the function:

CGbool cglsProgramCompiled(CGprogram program);

reurns a boolean value indicating whether the current program needs recompilation.

By default, programs are automatically compiled wbg@GreatePogram() or cgCreatePogramFomFile()
is called. This behavior can be controled with the entry point :

void cgSetAutoCompile(CGcontext ctx, CGenum flag);

Where flag is one of the following three enumerants :

* CG_COMPILE _MAN UAL
With this method the application is responsible for manually recompiling a program. It may check to
see if a program requires recompilation with the entry point cglsProgramCompiled().
cgCompileProgram() can then be used to force compilation.

* CG_COMPILE _IMM EDIATE
CG_COMPILE _IMM EDIATE will force recompilation automatically and immediately when a
program enters an uncompiled state.

* CG_COMPILE _LAZY
This method is similar t&G_COM PILE _IMM EDIATE but will delay program recompilation until the
program object code is needed. The adage of this method is the reduction ofr&neous
recompilations. Thelisadwantage is that compile time errors will not be encountered when the
program is enters the uncompiled state but will instead be encountered at some later time.

For programs that use featuresdiknsized arrays that can not be compiled until their array sizes are set, it
is good practice to change the default behavior of compilatio€GoCOMPILE_MANUAL so that
cgCreatePogram() or cgCreatePogramFomFile() do not unnecessarily encounter and report compilation
errors.

Shared Parameters (contexiglobadl parameters)

Version 1.2 of the runtime introduces parameters that may be shared across programs in the same conte
via a ne&v binding mechanismOnce shared parameters are constructed and bound to program parameters,
setting the value of the shared parameter will automatically set the value of all of the program parameters
they are bound to.

Shared parameters belong toC&context instead of aCGprogram. They may be created with the
following new entry points :

CGparameter cgCreatadmeter(CGconke ctx, CGtype type); CGparameter
cgCreateParameterArray(CGcoxite  ctx, CGtype type, int length); CGparameter
cgCreateParameterMultiDimArray(CGcontext ctx, CGtype type, int dim, const int *lengths);

They may be deleted with :
void cgDestroyParameter(CGparameter param);

After a parameter has been created,atse should be set with the cgSetParameter*() routines described in
the literalization section alge.

Once a shared parameter is created it may be associated yvithraber of program parameters with the

call:

void cgConnectParameter(CGparameter from, CGparameter to);
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where ‘from’’ is a parameter created with one die cgCreateParameter(@alls, and‘to’’ is a program
parameter.

Given a program parametethe handle to the shared parameter that is bound to it (if any) can be found with
the call:

CGparameter cgGetConnectedParameter(CGparameter param);
It returnsNULL if no shared parameter has been connected to “param”.

There are also calls that neak possible to find the set of program parameters to whiclvem ghared
parameter has been connected to. The entry point:

int cgGetNumConnectedToParameters(CGparameter param);
returns the total number of program parameters that “pahes’been conencted to, and the entry point:
CGparameter cgGetConnectedToParameter(CGparameter param, int index);

can be used to get CGparameter handles for each of the program parameters to which a shared parameter is
connected.

A shared parameter can be unbound from a program parameter with :

void cgDisconnectParameter(CGparameter param);

The context in which a shared parameter was created can be returned with:
CGcontext cgGetParameterContext(CGparameter param);

And the entrypoint:

CGbool cglsParameterGlobal(CGparameter param);

can be used to determine if a parameter is a shared (global) parameter.

Shade linterface Support

From the runtimes perspectre, shader interfaces are simply struct parameters tha¢ lECGtype
associated with themkor example, if the follaving Cg code is included in some program source compiled
in the runtime :

interface Foolnterface

{
float SomeMethod(float x);

}

struct FooStruct : Foolnterface

{
float SomeMethod(float x);

{

return(Scale * x);

}

float Scale;

h
The named typeBoolnterface and FooStruct will be added to the conte Eachone will have a wmique
CGtypeassociated with it. ThEGtypecan be retrieed with :

CGtype cgGetNamedUserType(CGprogram program, const char *name); int
cgGetNumUserTypes(CGprogram program); CGtype cgGetUserType(CGprogram program, int index);

CGbool cglsParentType(CGtype parent, CGtype child); CGbool cglsinterfaceType(CGtype type);

Once theCGtype has been retnied, it may be used to construct an instance of the struct using
cgCreateBrameter(). Itmay then be bound to a program parameter of the parent type (in te abo
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example this would be Foolnterface) using cgBindParameter().

Calling cgGetRrameter§pe() on such a parameter will return tb6&_STRUCT to keep backards
compatibility with code that recurses parameter trees. In order to obtain the enumerant of the named type
the following entry point should be used :

CGtype cgGetParameterNamedType(CGparameter param);

The parent types of awgih named type may be obtained with the following entry points :

int cgGetNumParentTypes(CGtype type); CGtype cgGetParentType(CGtype type, int index);

If Cg source modules with differing definitions of named types are added to the same context, an error will
be thrown. XXX update for ne& scoping/context/program local definitions sty#X

Updated ParameterManagemenRoutines

XXX wheer should these go?

Some entrypoints from beforeveabeen updated in backwards compatible ways

CGparameter cgGetFirstParameter(CGprogram program, CGenum name_space); CGparameter
cgGetFirstLeafParameter(CGprogram program, CGenum name_space);

like GetNamedParametdaut limits search to the ggn name_spacedG_PROGRAMor CG_GLOBAL)...

CGparameter cgGetNamedProgramParameter(CGprogram program, CGenum name_space, const char
*name);
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TOPIC
dgut - using Cg with the OpenGL Utility ToolkitgLUT)

ABSIRACT
GLUT provides a cross-platform windosystemAPI for writing OpenGL examples and demdsor this
reason, the Cg examples packaged with the Cg Toolkit reLOfm.

WINDOWS INSTALLAATION
The Cg Toolkit installer for \Mdows provides a pre-compiled 32-bit (and 64-bit if selected) versions of
GLUT. GLUT is provided both as a Dynamic Link LibraL( ) and a static library.

The GLUT DLL is called glut32.dll and requires linking against glut32.likhese 32-bit versions are
typically installed at:

c:\Program Files\NVIDIA Corporation\Cg\bin\glut32.dll
c:\Program Files\NVIDIA Corporation\Cg\lib\glut32.lib

The 64-bit (x64) versions are installed at:

c:\Program Files\NVIDIA Corporation\Cg\bin.x64\glut32.dll
c:\Program Files\NVIDIA Corporation\Cg\lib.x64\glut32.lib

As with ary DLL in Windows, if you link your application with th&LUT DLL, running your application
requires that glut32.dll can be found whemariting GLUT.

Alternatively you can link statically with GLUT. This can easily be done by defining the
GLUT_STATIC_LIB preprocessor macro before includi@guT’s <GL/glut.h> header file. This is typically
done by adding the —DGLUT_8&TIC_LIB option to your compiler command line. When defined, a
#pragma in <GL/glut.h> requests the linker link against glutstatic.lib instead of glut32.lib.

The 32-bit and 64-bit versions of tB&UT static library are installed at:

c:\Program Files\NVIDIA Corporation\Cg\lib\glutstatic.lib
c:\Program Files\NVIDIA Corporation\Cg\lib.x64\glutstatic.lib

SEE ALSO
TBD
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TOPIC
win64- using Cg with 64-bit Windows
ABSIRACT

The Cg Toolkit for Vihdows installs versions of the Cg compiler and runtime libraries for both 32-bit
(x86) and 64-bit (x64) compilation. This topic documents kmuse Cg for 64—bit Windows.

64-BIT INSTALLAATION
The Cg Toolkit installer (CgSetup® installs the 32-bit version of the Cg compiler and the Cg runtime
libraries by dedult. To install the 64—bit support, you must check the component labeled “Files to run and
link 64-hit (x64) Cg-based applicatiohduring your installation.

If you've forgotten to install the 64—bit component, you can re-run the Cg Toolkit installer and check the
64-bit component.

EXAMPLE S

The Cg Toolkit includes Visual Studio .NET 2003 projects intended to compile 64fbions of the Cg
Toolkit examples.

These project files match the pattern *_x64.vcproj
The solution files that collect these projects matches the pattern *_x64.sln

To use these project files with Visual Studio .NET 2003, gaustalso install the latest Wdows Platform
SDK to obtain 64-bit compiler tools and libraries.

Once the PlatfornsDK is installed, from the Start menuuigate to start a Widows shell for the 64-bit
Windows Build Ewvironment. Thisshell is started with the correct environment variables (Path, Include,
and Lib) for the 64-bit compiler tools and libraries.

Now run devenv.exe with the /useem command line option that forces Visual Studio to pick wghP
Include, and Lib settings from the shellinvironment. Whenthe Visual StudiolDE appears, select
File->Open->Project... and locate one of the *_x64.sIn files for thex@ypmes. Thesare usually under:

c:\Program Files\NVIDIA Corporation\Cg\examples

When you open a *_x64.vcproj solution, it references a number of *_x64.vcproj projéeise hee a
“ Debug x64"and “Release x64'configuration to build.

HINTS
Remember to link with BfiérOverflovU.lib because of the /GS option to help detect stringflow
runtime errors because Microsoft has enabled this option by default in its 64—bit compilers. See:

http://support.microsoft.com/?id=894573

1A64 SUPPORY
The Cg Toolkit does not provide 64-bit support for Iistéanium architecture.

SEE ALSO
TBD
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Cg LanguageSpecification
Copyright (c) 2001-200RVIDIA Corp.

This is version 2.0 of the Cg Language specification. This language specification describes version 2.0 of
the Cg language

L anguage @verview
The Cg language is primarily modeled ARSI C, but adopts some ideas from modern languages such as
C+and Jaa, and from earlier shading languages such as RenderMan and the Stanford shading language.
The language also introduces &/ feew ideas. Inparticular it includes features designed to represent data
flow in stream-processing architectures such as GHRIefiles, which are specified at compile time, may
subset certain features of the language, including the ability to implement loops and the precision at which
certain computations are performed.

Like C, Cg is @signed primarily as avslevel programming language. Features are provided that map as
directly as possible to hardware capabilities. Highea labstractions are designed primarily to not get in

the way of writing code that maps directly to the hadnin the most efficient way possible. The changes

in the language from C primarily reflect féifences in the ay GPU hardware works compared to
conventional CPUs. GPUs are designed to run large numbers of small threads of processing in parallel,
each running a cgpof the same program on a different data set.

Diff @encesffrom ANSIC
Cg was deeloped based on thaNSI-C language with the following major additions, deletions, and
changes. (This is a summary-more detail is provided later in this document):
Sl ent Incompatibiliies

Most of the changes fromNSI C are either omissions or additiongjtithere are a fe potentially silent
incompatibilities. Thesare changes within Cg that could cause a program that compiles without errors to
behae in a manner different from C:

»  The type promotion rules for constants aréedént when the constant is not explicitly typed using a
type cast or type suffix. In general, a binary operation between a constant thatdglinibtyetyped
and a variable is performed at the variabfeécision, rather than at the constarmkfault precision.

» Declarations ofstruct perform an automatitypedef (as in G+ and thus could werride a
previously declared type.

» Arrays are first-class types that are distinct from point@ssa result, array assignments semantically
perform a cop operation for the entire array.

Smil ar Operations That Must be Expresse:Differenty

There are sgral changes that force the same operation to be expressed differently in Cg than in C:

A Boolean typebool , is introduced, with corresponding implications for operators and control
constructs.

* Arrays are first-class types because Cg does not support pointers.

*  Functions pass values bglue/result, and thus use aut orinout modifier in the formal parameter
list to return a parameteBy default, formal parameters ane , but it is acceptable to specify this
explicitly. Parameters can also be specifiethasut , which is semantically the sameiaeut

C featuresnot presehin Cg

» Language profiles (described in the Profiles section) may subset language capabilities in a variety of
ways. Inparticular language profiles may restrict the use of for and while loBpsexample, some
profiles may only support loops that can be fully unrolled at compile time.
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* Reserved kywordsgoto , switch , case , anddefault are not supported, nor are labels.
»  Pointers and pointer-related capabilities, such agthed—> operators, are not supported.

* Arrays are supportedubwith some limitations on size and dimensionalRestrictions on the use of
computed subscripts are also permitted. Arrays may be desighateaclesd . The operations
allowed on packed arrays may befeliént from those allowed on unpacked arrafsedefined
packed types are provided forectors and matrices. It is strongly recommended that these predefined
types be used.

. There is neenum or union .
. There are no bit-field declarations in structures.

» Allintegral types are implicitly signed, there is signedkeyword.

Cgfeaturesnot presehin C

* A binding semanticnay be associated with a structure tag, a variable, or a structure element to denote
that objects mapping to a specific hardwe orAPI resource. Bindingemantics are described in the
Binding Semanticsection.

 There is a built-in swizzle operatorxyzw or .rgba for vectors. Thisoperator allows the
components of a vector to be rearranged and also replicated. It alse #iko creation of aector
from a scalar.

»  For an Ivalue, the swizzle operator allows components of a vector or matrix to berdglecttten.

* There is a similar Ualt-in swizzle operator for matrices:
._m<row><col>[_m<row><col>][...] . This operator allwys access to individual matrix
components and allows the creation of a vector from elements of a madrixcompatibility with
DirectX 8 notation, there is a second form of matrix swizzle, which is described later.

* Numeric data types are filifent. Cgs primary numeric data types afleat , half , and fixed
Fragment profiles are required to support all three data typesndyy choose to implemehglf
and/orfixed atfloat precision. \értex profiles are required to suppdralf andfloat , but may
choose to implemenhalf at float precision. ‘értex profiles may omit support fofixed
operations, but must still support definitionfisled variables. Cgallows profiles to omit run-time
support forint and other integer types. Cg allows profiles to tdeatble asfloat

e Mary operators support per-element vector operations.

e The?:, [, &&, !, and comparison operators can be used Wwitbl vectors to perform multiple
conditional operations simultaneously.

The side effects of all operands to ve@or, [, and && operators are alys executed.

* Non-static global ariables, and parameters to topdd unctions (such asain()) may be designated
asuniform . A uniform variable may be read and written within a program, just by other
variable. Havever, the uniform modifier indicates that the initiadlue of the variable/parameter is
expected to be constant across a large numbewocations of the program.

* A new set ofsampler* types represents handles to texture sampler units.

»  Functions may ha default values for their parameters, as #. CThese defaults are expressed using
assignment syntax.

*  Function and operatowerloading is supported.

» Variables may be defined anywhere beforg e used, rather than just at the beginning of a scope as
in C. (That is, we adopt the-Crules that geern where variable declarations are waiml.) \ariables
may not be redeclared within the same scope.
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*  Vector constructors, such as the fofloat4(1,2,3,4) , and matrix constructors may be used
anywhere in an expression.

 Astruct definition automatically performs a correspondiyypedef , asin G+
* Cr-style// comments are allowed in addition to C-stifle...*/ comments.

* A limited form of inheritance is supportedhterface types may be defined which contain only
member functions (no data members) atdict types may inherit from a single interface and
provide specific implementations for all the member functidngerface objects may not be created; a
variable of interface type may ,@ any mplementing struct type assigned to it.

Deail ed LanguageSpecification
Ddinitions

The following definitions are based on eS| C gandard:

Object:
An object is a region of data storage in tikecation environment, the contents of which can represent
values. When referenced, an object may be interpreted as having a particular type.

Declaration:
A declaration specifies the interpretation and attributes of a set of identifiers.

Definition:
A declaration that also causes storage to be reddor an object or code that will be generated for a
function named by an identifier is a definition.

Profies

Compilation of a Cg program, a top# function, alvays occurs in the context of a compilation profile.

The profile specifies whether certain optional language features are suppdrésg. optional language
features include certain control constructs and standard library functions. The compilation profile also
defines the precision of tHiwat , half , and fixed data types, and specifies whetherfiked and
sampler* data types are fully or only partially supporteéthe profile also specifies the environment in
which the program will be run. The choice of a compilation profile is meenally to the language, by
using a compiler command-line switch, for example.

The profile restrictions are only applied to the toglléunction that is being compiled and toyarariables

or functions that it references, either directly or indirectfya function is present in the source codat, b
not called directly or indirectly by the topvk function, it is free to use capabilities that are not supported
by the current profile.

The intent of these rules is to all@ sngle Cg source file to contain madifferent top-leel functions that

are targeted at different profiles. The core Cg language specificatiofidiestlj complete to all all of

these functions to be parsetihe restrictions provided by a compilation profile are only needed for code
generation, and are therefore only applied to those functions for which code is being gerérsted.
specification uses the wortprogram’ to refer to the top-keel function, ay functions the top-iel
function calls, and gnglobal variables or typedef definitions it references.

Each profile must he a gparate specification that describes its characteristics and limitations.

This core Cg specification requires certain minimum capabilities for all profiesome cases, the core
specification distinguishes betweesrtex-program and fragment-program profiles, witHet&nt minimum
capabilities for each.

Detar aionsand declaration specifiers.

A Cg program consists of a series of declarations, each of which declares one or more variables or
functions, or declares and defines a single functieach declaration consists of zero or more declaration
specifiers, a type, and one or more declarators. Some of the declaration specifiers are the same as those in
ANSI C; others are meto Cg Marks a variable as a constant that cannot be assigned to within the program.
Unless this is combined witlmiform or varying , the declarator must include an initializer teegihe

Cg Toolkit 2.0 11



Cg_language(Cqg) Clhanguage Specification Cg_language(Cqg)

variable a alue. Markshis declaration as solely a declaration and not a definition. There must be a non-
extern declaration elsewhere in the program. Only usable on parameteraayidg declarations.
Marks the parameter oarying as an input to the function or program. Function parameters with ,no

out , or inout specifier are implicitlyin Only usable on a function definitiorTells the compiler that it
should alvays inline calls to the function if at all possible. Only usable on parametevamythg
declarations. Markshe parameter or varying as both an input to and an output from the function or
program Only usable on globahniables. Markghe variable as 'pvete’ to the program, and not visible
externally Cannot be combined withniform or varying Only usable on parameter aadrying
declarations. Markshe parameter orarying as an output from the function or program Only usable on
global variables and parameters to the tagtimain function of a program. If specified on a non-togelle
function parameter it is ignored. The intent of this rule is tonalidunction to serg as @her a top-leel
function or as one that is not.

Note thatuniform variables may be read and written justlikon-uniform  variables. Theuniform
qualifier simply provides information aboutviadhe initial value of the ariable is to be specified and
stored, through a mechanism external to the language. Only usable on gliddaleg and parameters to
the top-leel main function of a program. If specified on a non-togelléunction parameter it is ignored.

profile name
The name of anprofile (or profile wildcard— see Profiles) may be used as a specifier gn an
function declaration. It defines a function that is only visible in the corresponding profiles.

The specifiersiniform andvarying specify hav data is transferred between the rest of the world and a
Cg program. Typically, the initial value of auniform variable or parameter is stored in afelient class

of hardware register forarying . Furthermore, the external mechanism for specifying the initiblev

of uniform variables or parameters may befeiént than that used for specifying the initial value of
varying variables or parameterPaameters qualified agniform are normally treated as persistent
state, whilevarying parameters are treated as streaming data, witlvaadae specified for each stream
record (such as within a vexterray).

Non-static  global variables are treated asiform by default, while parameters to the topde
function are treated amrying by default.

Each declaration is visible (“in scope”) from the point of its declarator until the end of the enclosing block
or the end of the compilation unit if outsideydstock. Declarationsn named scopes (such as structs and
interfaces) may be visible outside of their scope using explicit scope qualifiers,+as in C

Samantics

Each declarator in a declaration may optionallyeha €mantic specified with itA semantic specifies o

the variable is connected to the environment in which the program runs. All semantics are profile specific
(so thg havedifferent meanings in ddrent profiles), though there is some attempt to be consistent across
profiles. Eaclprofile specification must specify the set of semantics which the profile understands, as well
as what behavior occurs foryaather unspecified semantics.

Fundion Declarations

Functions are declared essentially as inACf.unction that does not return a value must be declared with a
void return type.A function that takes no parameters may be declared in one ofays:

As in C, using the voiddgword:
functionName(void)

With no parameters at all:
functionName()

Functions may be declared static . If so, they may not be compiled as a program and are not visible
externally
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Fundion overloading and optional arguments

Cg supports functionwverloading; that is you may define multiple functions with the same narhe.

function actually called at gngiven call site is based on the types of the arguments at that call site; the
definition that best matches is called. See the the Overload resolution entry elsewhere in this document
section for the precise ruleslrailing arguments with initializers are optional arguments; defining a
function with optional arguments is egaent to defining multiple werloaded functions that dédr by

having and not haing the optional gjument. Thevalue of the initializer is used only for the version that

does not hee the argument and is ignored if the argument is present.

Ovenloading of Functions by Profile

Cg supports erloading of functions by compilation profile. This capability allows a function to be
implemented differently for different profiledt is also useful because different profiles may support
different subsets of the language capabilities, and because the fictsitaimplementation of a function
may be different for different profiles.

The profile name must precede the return type name in the function declaratierafple, to define tw
different versions of the functiamyfunc for theprofileA  andprofileB  profiles:

profileA float myfunc(float x) {...};
profileB float myfunc(float x) {...};

If a type is defined (usingtgpedef ) that has the same name as a profile, the identifier is treated as a type
name, and is nowailable for profile @erloading at ay subsequent point in the file.

If a function definition does not include a profile, the function is referred to aspam-profile’ function.
Open-profile functions apply to all profiles.

Several wildcard profile names are defined. The narmematches ayvertex profile, while the namgs
matches anfragment or pigl profile. The namegs_1 andps_2 match ay DX8 pixel shader 1.x profile,
or DX9 pixel shader 2.x profile, respaaty. Smilarly, the namews_1 andvs_2 match ag DX vertex
shader 1.x or 2.x, respealy. Additional \alid wildcard profile names may be defined by vidiial
profiles.

In general, the most specific version of a function is used. More details aideprdn the section on
function orerloading, but roughly speaking, the search order is the following:

1 version of the function with the exact profileedoad

2 version of the function with the most specific wildcard profilerload (e.g.vs, “ps_1")

3 version of function with no profileverload

This search process alle generic versions of a function to be defined that cawdsedrlen as needed for
particular hardware.

Syntax for Parametersin Function Definiions

Functions are declared in a manner similar to C, but the parameters in function definitions may include a
binding semantic (discussed later) and a default value.

Each parameter in a function definition takes the following form:

<declspecs> <type> identifier [: <binding_semantic>] [= <default>]

<default> is an expression that resolves to a constant at compile time.

Default values are only permitted farniform parameters, and fan parameters to non topvid
functions.
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Fundion Calls

A function call returns an rvalue. Therefore, if a function returns an, @heyrray may be read but not
written. For example, the following is allowed:

y = myfunc(x)[2];

But, this is not:

myfunc(x)[2] = y;

For multiple function calls within an expression, the calls can occuryroater — itis undefined.

Types

Cg's types are as follows:

Theint type is preferably 32-bit twe’complement. Profilemay optionally treaint asfloat

The unsigned type is preferably a 32-bit ordinadluwe. unsigned may also be used with other
integer types to makdfferent sized unsigned values

The char , short , and long types are tw's complement integers of various sizes. The only
requirement is thathar is no lager thatshort , short is no larger thaint andlong is at least
as large amt

The float type is as close as possible to tBEE single precision (32-bit) floating point format.
Profiles must support tHwat  data type.

Thehalf type is laver-precision IEEE-lile floating point. Profiles must support thalf type, hut
may choose to implement it with the same precision aiaae type.

Thefixed type is a signed type with a range of at least [-2,2) and with at least 10 bits of fractional
precision. Owerflow operations on the data type clamp rather than wrap. Fragment profiles must
support theixed type, but may implement it with the same precision ahé#iie orfloat types.

Vertex profiles are required to provide partial support (as definedvpdtr thefixed type. \ertex
profiles hae the option to preide full support for thdixed type or to implement théxed type

with the same precision as thalf orfloat types.

Thebool type represents Booleaalues. Objectsf bool type are either true or false.

Thecint type is 32-bit tw’'s complement. Thidype is meaningful only at compile time; it is not
possible to declare objects of tygiat

The cfloat  type iSIEEE single-precision (32-bit) floating poinfThis type is meaningful only at
compile time; it is not possible to declare objects of tffmat

Thevoid type may not be used inyaaxpression. lmay only be used as the return type of functions
that do not return a value.

Thesampler* types are handles to texture objedtsrmal parameters of a program or function may
be of typesampler* . No other definition ofsampler* variables is permitted.A sampler*
variable may only be used by passing it to another function as aparameter Assignment to
sampler* variables is not permitted, arsmpler* expressions are not permitted.

The following sampler types are walys defined: sampler , samplerlD , sampler2D |,
sampler3D , samplerCUBE , samplerRECT .

The basesampler type may be used in wcontext in which a more specific sampler type &id.
However, a sampler variable must be used in a consistent way throughout the progFam.
example, it cannot be used in place of botaemplerlD and asampler2D in the same program.
Thesampler type is deprecated and only provided for backwards compatibility with Cg 1.0

Fragment profiles are required to fully support te@mpler , samplerlD , sampler2D |,
sampler3D , and samplerCUBE data types. Fragment profiles are required to provide partial
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support (as defined below) for teamplerRECT data type and may optionally provide full support
for this data type.

Vertex profiles are required to provide partial support for the six sampler data types and may
optionally provide full support for these data types.

* Anarraytype is a collection of one or more elements of the same #peaurray variable has a single
index.

* Some array types may be optionally designatepaaked , using thepacked type modifier The
storage format of gacked type may be different from the storage format of the corresponding
unpacled type. The storage format of packed types is implementation dependent, but must be
consistent for an particular combination of compiler and profil&.he operations supported on a
packed type in a particular profile may befdient than the operations supported on the corresponding
unpacled type in that same profile. Profiles may define a maximumwatlle size for packed arrays,
but must support at least size 4 for packed vector (1D array) types, and 4x4 for packed matrix (2D
array) types.

* When declaring an array of arrays in a single declarationpabhked modifier refers to all of the
arrays. Havever, it is possible to declare an unpacked arrapatked arrays by declaring the first
level of array in atypedef using thepacked keyword and then declaring an array of this type in a
second statement. It is not possible to declare a packed array of unpacked arrays.

»  For ary supported numeric data tyg&'PE implementations must support the following packed array
types, which are calledector types Type identifiers must be predefined for these types in the global
scope:

typedef packed TYPE TYPE1[1];
typedef packed TYPE TYPE2[2];
typedef packed TYPE TYPE3J[3];
typedef packed TYPE TYPE4[4];

For example, implementations must predefine the type identifleegl , float2 , float3
float4 , and so on for apother supported numeric type.

»  For ary supported numeric data tyg&'PE implementations must support the fellog packed array
types, which are calledhatrix types Implementations must also predefine type identifiers (in the
global scope) to represent these types:

packed TYPE1 TYPE1x1[1];
packed TYPE2 TYPE1x2[1];
packed TYPE3 TYPE1x3[1];
packed TYPE4 TYPE1x4[1];
packed TYPE1 TYPE2x1[2];
packed TYPE2 TYPE2x2[2];
packed TYPE3 TYPE2x3[2];
packed TYPE4 TYPE2x4[2];
packed TYPE1 TYPE3x1[3];
packed TYPE2 TYPE3x2[3];
packed TYPE3 TYPE3x3[3];
packed TYPE4 TYPE3x4[3];
packed TYPE1 TYPE4x1[4];
packed TYPE2 TYPE4x2[4];
packed TYPE3 TYPE4x3[4];
packed TYPE4 TYPE4x4[4];

For example, implementations must predefine the type identiffevat2xl , float3x3

floatdx4 , and so on. A typedef follows the wusual matrix-naming eention of
TYPErows_X_columns . If we declarefloat4dx4 a | then
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a[3] is equivalent to a._m30_m31_m32_m33

Both expressions extract the thirdwof the matrix.

* Implementations are required to support indexing of vectors and matrices with constant indices.

« Astruct type is a collection of one or more members of possibly different types. It may include
both function members (methods) and data members (fields).

Srua and Interface types

Interface types are defined withirderfacekeyword in place of the normatructkeyword. Interfice types
may only declare member functions, not data membatsrface member functions may only be declared,
not defined (no default implementations it @arlance).

Struct types may inherit from a single intaré type, and must define an implementation member function
for every member function declared in the interface type.
Partiall Support of Types

This specification mandates “partial suppofor some types.Patial support for a type requires the
following:

» Definitions and declarations using the type are supported.

» Assignment and cgpof abjects of that type are supported (including implicit copies when passing
function parameters).

»  Top-level function parameters may be defined using that type.

If a type is partially supported, variables may be defined using that type but no useful operations can be
performed on themPatial support for types mals it easier to share data structures in code thayistear
at different profiles.

Type Categories

*  Thesigned integratype category includes typest , char ,short ,int ,andlong .

* The unsigned intgral type category includes typesnsigned char , unsigned short )
unsigned int ,andunsigned long . unsigned is the same asnsigned int

» Theintegral category includes botigned integrahndunsigned integratypes

» Thefloating type category includes typefloat , float , half , andfixed (Note that floating
really means floating or fixed/fractional.)

»  Thenumerictype category includdategral andfloatingtypes.

»  The compile-timetype category includes typedloat andcint . These types are used by the
compiler for constant type ceersions.

* The dynamictype catgory includes all interface and the unsized array entry elsewhere in this
document types

»  The concretetype category includes all types that are not included ircdingpile-timeand dynamic
type category.

» Thescalartype catgory includes all types in the numeric @aagy, thebool type, and all types in the
compile-time catgory. In this specification, a reference to a <gary> type (such as a reference to a
numeric type) means one of the types included in the category (sficatas, half , or fixed ).

Cg Toolkit 2.0 16



Cg_language(Cqg) Clhanguage Specification Cg_language(Cqg)

Condants

Constant literals are defined as in C, including an optiGnal Ox prefix for octal or headecimal
constants, aneé exponent suffix for floating point constants. A constant may be explicitly typed or
implicitly typed. Explicit typing of a constant is performed, as in C, by suffixing the constant with a one or
two characters indicating the type of the constant:

. d for double

o ffor float

. h for half
e jforint
» Iforlong

» sfor short
e tforchar
» uforunsigned , which may also be followed bst, 1, orl
» xforfixed

Any constant that is not explicitly typed is implicitly typed. If the constant includes a decimal point or an
‘e’ exponent suffix, it is implicitly typed asfloat . If it does not include a decimal point, it is implicitly
typed a<int

By default, constants are base 1Bor compatibility with C, intger hexadecimal constants may be
specified by prefixing the constant willx, and integer octal constants may be specified by prefixing the
constant witfD.

Compile-time constant folding is preferably performed at the same precision that would be used if the
operation were performed at run time. Some compilation profiles may sdloe precision flexibility for

the hardware; in such cases the compiler should ideally perform the constant folding at the highest
hardware precision allowed for that data type in that profile.

If constant folding cannot be performed at run-time precision, it may optionally be performed using the
precision indicated belofor each of the numeric datatypes:

float
s23e8 (“fp32”) IEEE single precision floating point

half
s10e5 (“fp16”) floating point WIEEE semantics

fixed
S1.10 fixed point, clamping to [-2, 2)

double
s52el1 (“fp64”) IEEE double precision floating point

int signed32 bit twos-complement integer

char
signed 8 bit twos-complement integer

short
signed 16 bit twos-complement integer

long
signed 64 bit twos-complement integer
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Type Conversions

Some type caorersions are allowed implicitlywhile others require an cast. Some implicit\@eions may
cause a warning, which can be suppressed by usingpéinitecast. Explicit casts are indicated using C-
style syntax (e.g., castingriable  to thefloat4 type may be achied via “(float4)variablename”).

Scalar cowersions:

Implicit corversion of ary scalar numeric type to grother scalar numeric type is alled. Awarning
may be issued if the ceersion is implicit and it is possible that precision is lost. implicitvension
of ary scalar object type to gncompatible scalar object type is also aléml. Cowersions between
incompatible scalar object types or object and numeric types are needlleven with an eplicit
cast. ‘sampler’ is compatible with “samplerlD’, ‘‘sampler2D’, ‘‘sampler3D’, ‘‘samplerCubé; and
“samplerRECT. No other object types are compatiblésgmplerlD’ is not compatible with
“sampler2D”, &en though both are compatible with “sampler”).

Scalar types may be implicitly ceerted to vectors and matrixes of compatible type. The scalar will
be replicated to all elements of the vector or matrix. Scalar types may also be explicitly cast to
structure types if the scalar type can lglg cast to @ery member of the structure.

Vector corversions
Vectors may be camrted to scalar types (selects the first element of ¢loéoy). Awarning is issued
if this is done implicitly A vector may also be implicitly caerted to another vector of the same size
and compatible element type.

A vector may be corerted to a smaller compatibleeetor or a matrix of the same total sizepyba
warning if issued if an explicit cast is not used.

Matrix corversions
Matrixes may be comrted to a scalar type (selects to 0,0 element). As with vectors, this causes a
warning if its done implicitly A matrix may also be ceerted implicitly to a matrix of the same size
and shape and compatible element type

A Matrix may be coverted to a smaller matrix type (selects the uppeft submatrix), or to aector
of the same total size, but a warning is issued if an explicit cast is not used.

Structure cowversions
a dructure may be explicitly cast to the type of its first membeto another structure type with the
same number of members, if each member of the struct can\eetedrio the corresponding member
of the nev struct. Noimplicit conversions of struct types are allowed.

Array corversions
An array may bexplicitly converted to another array type with the same number of elements and a
compatible element typeA compatible element type is yarype to which the element type of the
initial array may be implicitly corerted to. No implicit comersions of array types are allowed.

Source type
0 Scalar [0 Vector [O Matrix 0O Struct 0O Array O

; Salar O A O W 0O W O E@ O - O
E:; Vector O A DIA/W(ll) 0 IW(2) o EB) O E®6) O
? Marix O A O W(Z; DAI\/W(l) o E@ 0O E7) O
t Stuct O E [ E(4$ 0 IE(4) IDE(4/5) 0 E@) O
ﬁ Arr-ay 0. 0 E(6)I 0 IE(?) o EB) O E®6) O
e — + + + + +
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A = allowed implicitly or explicitly
W = dlowed, but warning issued if implicit
E = only allowed with explicit cast
- = n ot allowed
notes
(1) not allowed if target is larger than source. Warning if
target is smaller than source
(2) only allowed if source and target are the same total size
(3) only if the first member of the source can be converted to
the target
(4) only if the target struct contains a single field of the
source type
(5) only if both source and target have the same number of
members and each member of the source can be converted
to the corresponding member of the target.
(6) Source and target sizes must be the same and element types
must be compatible
(7) Array type must be an array of vectors that matches the
matrix type.

Explicit casts are:
» compile-time type when applied to expressions of compile-time type.
* numeric type when applied to expressions of numeric or compile-time types.
* numeric vector type when applied to another vector type of the same number of elements.
* numeric matrix type when applied to another matrix type of the same
number of rows and columns.
Type Equivalency
Type T1 is equialent to type T2 if ap of the following are true:
» T2isequivdentto T1.
 T1and T2 are the same scaleector or dructure type.
A packed array type isotequivalent to the same size unpacked array.
 Tlisatpedef name of T2.
* Tl1land T2 are arrays of equaient types with the same number of elements.
*  The unqualified types of T1 and T2 are &gigint, and both types 1@ the same qualifications.
e T1 and T2 are functions with equalent return types, the same number of parameters, and all
corresponding parameters are pair-wise\etgit.
Type-Romotion Rules

The cfloat and cint types behee like float andint types, except for the usual arithmetic
conversion behavior (defined below) and functioredoading rules (defined later).

Theusual arithmetic conversiorier binary operators are defined as follows:
1. Ifone operand isint it is corverted to the other type
2. Ifone operand isfloat and the other ifloating thecfloat is corverted to the other type

3. If both operands afftpatingthen the smaller type is caarted to the larger type
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4. If one operand ifloating and the other istegral, the integral argument is cearted to the floating
type.
If both operands aiategralthe smaller type is coerted to the larger type

If one operand isigned intgral while the other isinsigned intgral and thg are the same size, the
signed type is carerted to unsigned.

Note that cowersions happen prior to performing the operation.

Asgsgnment

Assignment of an expression to a concrete typed objegetsrihe expression to the type of the object.
The resulting value is then assigned to the object or value.

The value of the assignment expressiens£, and so on) is defined as in C:

An assignment expression has tlaue of the left operand after the assignment but is notadurelv The

type of an assignment expression is the type of the left operand unless the left operand has a qualified type,
in which case it is the unqualifie@gnsion of the type of the left operand. The side effect of updating the
stored value of the left operand occurs between the previous and the next sequence point.

An assignment of anxpression to a dynamic typed object is only possible if the type of the expression is
compatible with the dynamic object type. The object will ther @k he type of the expression assigned

to it until the next assignment to itf a binary operator is applied to a vector and a scHlarscalar is
automatically type-promoted to a same-sized vector by replicating the scalar into each compbaent.
ternary?: operator also supports smearinfhe binary rule is applied to the second and third operands
first, and then the binary rule is applied to this result and the first operand.

Namespaces

Just as in C, there aredawamespaces. Each has multiple scopes, as in C.

* Tag namespace, which consistswiict tags

* Regular namespace:
— typedef names (including an automdgipedef from astruct declaration)
— variables

—  function names

Amr aysand Subscripting

Arrays are declared as in C, except thay thmy optionally be declared to hgacked , as ascribed

earlier Arrays in Cg are first-class types, so array parameters to functions and programs must be declared
using array syntax, rather than pointer syntaikewise, assignment of aarray-typed object implies an

array cop rather than a pointer cgp

Arrays with sizg1] may be declaredub are considered a different type from the corresponding non-array
type.

Because the language does not currently support pointers, the storage order of arrays is only visible when
an application passes parameters teréev or fragment programTherefore, the compiler is currently free

to allocate temporary variables as it sees fit.

The declaration and use of arrays of arrays is in the same style as in C. That is, if the 2Disrray
declared as

float A[4][4];

then, the following statements are true:
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» The array is indeed as A[row][column];
*  The array can be built with a constructor using
floatdx4 A = { { A[O][0], A[O][1], A[O][2], A[O][3] },
{ A[1][C], A1][1], A[1][2], A[1][3] },
{ A[2][0], Al2][1], A[2][2], A[2][3] },
{ AI[3I[O], AI3][1], A[3][2], A[3][3] } };

* AJ0] is equvaent tofloat4(A[0][0], A[O][1], A[O][2], A[O][3])
Support must be provided for structs containing arrays.
Unsized Arrays

Objects may be declared assizedarrays by using a declaration with an empty §izeand no initializer

If a declarator uses unsized array syntax with an initializex declared with a concrete (sized) array type
based on the declaratolUnsized arrays are dynamic typed objects tha¢ tak he size of ay array
assigned to them.

Minimum Array Requirements

Profiles are required to priole partial support for certain kinds of arrays. This partial support is designed
to support vectors and matrices in all profilésr vertex profiles, it is additionally designed to support
arrays of light state (inded by light number) passed as uniform parameters, and arrays of skinning
matrices passed as uniform parameters.

Profiles must support subscripting, copying, size querying and swizzling of vectors and mEiiveser,
subscripting with run-time computed indices is not required to be supported.

Vertex profiles must support the folldng operations for gnnon-pacled array that is a uniform parameter

to the program, or is an element of a structure that is a uniform parameter to the program. This requirement
also applies when the array is indirectly a uniform program parameter (that is, it and or the structure
containing it has been passed via a chaimofunction parameters). The three operations that must be
supported are

» rvalue subscripting by a run-time computed value or a compile-time value.

» passing the entire array as a parameter to a function, where the corresponding formal function
parameter is declared s .

* querying the size of the array withlangth  suffix.

The following operations are explicitly not required to be supported:
» lvalue-subscripting

*  copying

»  other operators, including multiplgdd, compare, and so on

Note that when a uniform array isatue subscripted, the result is an expression, and this expression is no
longer considered to be uniform program parameterTherefore, if this expression is an atrég
subsequent use must conform to the standard rules for array usage.

These rules are not limited to arrays of numeric types, and thus imply support for arrays of struct, arrays of
matrices, and arrays of vectors when the arrayusiform program parameterMaximum array sizes

may be limited by the number ofallable registers or other resource limits, and compilers are permitted to
issue error messages in these castmwever, profiles must support sizes of at ledlstt arr[8] ,

float4 arr[8] , and floatdx4 arr[4][4]

Fragment profiles are not required to suppost @perations on arbitrarily sized arrays; only support for
vectors and matrices is required.
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Fundion Overloading

Multiple functions may be defined with the same name, as long as the definitions can be distinguished by
unqualified parameter types and do notehan open-profile conflict (as described in the section on open
functions).

Function-matching rules:
1. Addall visible functions with a matching name in the calling scope to the set of function candidates.
2. Eliminatefunctions whose profile conflicts with the current compilation profile.

3. Eliminatefunctions with the wrong number of formal parameters. If a candidate functionxdesse
formal parameters, and each of theess parameters has a default value, do not eliminate the
function.

If the set is emptyail.
For each actual parameter expression in sequence (left to right), perform the following:

a. If the type of the actual parameter matches the unqualified type of the corresponding formal
parameter in ganfunction in the set, reme dl functions whose corresponding parameter does
not match exactly.

b. If there is a function with a dynamically typed formajwanent which is compatible with the
actual parameter type, rem® dl functions whose corresponding parameter is not similarly
compatible.

c. Ifthere is a defined promotion for the type of the actual parameter to the unqualified type of the
formal parameter of grfunction, remee dl functions for which this is not true from the set.

d. |If there is a valid implicit cast that ogants the type of the actual parameter to the unqualified
type of the formal parameter ofyafunction, remae dl functions for which this is not true from
the set

e. FHail
6. Choose function based on profile:

a. Ifthere is at least one function with a profile that exactly matches the compilation profile, discard
all functions that don’exactly match.

b. Oherwise, if there is at least one function with a wildcard profile that matches the compilation
profile, determine the 'most specific’ matching wildcard profile in the candidate set. Discard all
functions e&cept those with this 'most specific’ wildcard profildow 'specific’ a gien wildcard
profile name is relate o a particular profile is determined by the profile specification.

7. If the number of functions remaining in the set is not one, then fail.

Globd Varnables

Global variables are declared and used as in C. Non-statables may hae a €mantic associated with
them. Uniformnon-static variables may yateir value set through the run-timel.

Useaf Uninitialized Vanables

It is incorrect for a program to use an uninitialized static or loaeblile. Havever, the compiler is not
obligated to detect such errorsen if it would be possible to do so by compile-time datefémalysis.

The value obtained from reading an uninitialized variable is undefined. This same rule applies to the
implicit use of a ariable that occurs when it is returned by a tagHeunction. Inparticular if a top-level

function returns astruct , and some element of thatruct is never written, then the value of that
element is undefined.

Note: The language designers did not chose to deéiriables as being initialized to zero because that
would result in a performance penalty in cases where the compiler is unable to determiagable is
properly initialized by the programmer.
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Preprocessor

Cg profiles must support the fllNSI C gandard preprocessor capabilitiedf: , #define , and so on.
However, while #include  must be supported the mechanism by which the file to be included is located is
implementation defined.

Overview of Binding Semantics
In stream-processing architectures, data packetdbvween different programmable units. OGRU, for
example, packets of vertalata flav from the application to the vert@rogram.

Because padahs are produced by one program (the application, in this case), and consumed by another (the
vertex program), there must be some mechanism for defining the interface between.th@g@alows the
user to choose betweenawdfferent approaches to defining these interfaces.

The first approach is to associate a binding semantic with each element of thie Jdikapproach is a
bind-by-nameapproach. &r example, an output with the binding semaRtOis fed to an input with the
binding semanticFOO Profiles may allow the user to define arbitrary identifiers in thisemantic
namespacg’or they may restrict the aled identifiers to a predefined set. Often, these predefined names
correspond to the names of hardware registeA®bresources.

In some cases, predefined names may control non-programmable parts of theréhafdw example,
vertex programs normally compute a position that is fed to the rasteazerthis position is stored in an
output with the binding semantROSITION.

For any profile, there are tav namespaces for predefined binding semantitee namespace used far
variables and the namespace usedigr variables. Therimary implication of having tewnamespaces is
that the binding semantic cannot be used to implicitly specify whether a variableisut .

The second approach to defining data ptks to describe the data that is present in a packet andladio
compiler to decide hwto gore it. In Cg, the user can describe the contents of a data packet by placing all
of its contents into atruct . When astruct is used in this mannewe refer to it as aonnector The

two gpproaches are not mutuallycusive, as is dscussed laterThe connector approach allows the user to
rely on a combination of user-specified semantic bindings and compiler-determined bindings.

Binding Semantics

A binding semantic may be associated with an input to a t@bflenction or a global variable in one of
three ways:

» The binding semantic is specified in the formal parameter declaration for the function. The syntax for
formal parameters to a function is:

[const] [in O out [ inout] <type> <identifier> [: <binding-semantic>] [= <initializer>];

» If the formal parameter issruct , the binding semantic may be specified with an element of the
struct when thestruct is defined:

struct <struct-tag> {
<type> <identifier>[ : <binding-semantic>];

h

» If the input to the function is implicit (a non-static globaliable that is read by the function), the
binding semantic may be specified when the non-static global variable is declared:

[varying [in O out]] <type> <identifier> [ : <binding-semantic>];

If the non-static global variable is sruct, the binding semantic may be specified when the
struct is defined, as described in the second bullet@bo
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* A binding semantic may be associated with the output of a wepflenction in a similar manner:

<type> <identifier> ( <parameter-list>) [: <binding-semantic>]

{

Another method \&ilable for specifying a semantic for an output value is to retustrict , and to
specify the bindingemantig¢s) with elements of thetruct  when thestruct is defined. In addition, if

the output is a formal parametéren the binding semantic may be specified using the same approach used
to specify binding semantics for inputs.

Aliasing d Semantics

Semantics must honor a gepn-input and copy-on-output model. Thus, if the same input binding
semantic is used for twdifferent variables, thoseaxiables are initialized with the same value, but the
variables are not aliased thereaft@utput aliasing is illgd, but implementations are not required to detect

it. If the compiler does not issue an error on a program that aliases output binding semantics, the results are
undefined.

Additiona Details for Bindingg Semantics

The following are somewhat redundant, but provide extra clarity:

*  Semantic names are case-insewsiti

*  Semantics attached to parameters to non-main functions are ignored.
* Input semantics may be aliased by multiple variables.

»  Output semantics may not be aliased.

Udng aSucturre to Define Bindingg Semantics(Connectors)

Cg profiles may optionally ale the user toaid the requirement that a binding semantic be specified for
eveay non-uniform input (or output) variable to a topdeprogram. D avoid this requirement, all the non-
uniform variables should be included within a singfileict . The compiler automatically allocates the
elements of this structure to hardware resources in a manner that allpwsogram that returns this
struct  to interoperate with gnprogram that uses th&ruct as an input.

It is notrequired that all non-uniform inputs be included within a single struct in order to omit binding
semantics. Bindingemantics may be omitted fromyanput or output, and the compiler

performs automatic allocation of that input or output to a hardware resodmegever, to guarantee
interoperability of one progras’ autput with another program’input when automatic binding is
performed, it is necessary to put all of the variables in a sstiglet

It is permissible to explicitly specify a binding semantic for some elements sfrtle¢ , but not others.

The compilers auitomatic allocation must honor thesgpkcit bindings. The allowed set ofxglicitly
specified binding semantics is defined by the allocation-rule identifiee most common use of this
capability is to bind &riables to hardware registers that write to, or read from, non-programmable parts of
the hardvare. For example, in a typicalertex-program profile, the outpudtruct  would contain an
element with an explicitly specifiedOSITION semantic. Thislement is used to control the haete
rasterizer.

Ddining Bindingy Semanticvia an extemal API

It may be possible to define binding semantics on inputs and outputs by usingearal@Pl that
manipulates the programswinonment. TheCg RuntimeAPI is such amPI that allows this, and others
may exist.

How Programs Receje and Return Data
A program is a non-static function that has been designated as the main entry point at compilation time.
The varying inputs to the program come from this tametléunctions varying in parameters, and gn
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global varying variables that do notvieaan out modifier The uniform inputs to the program come from
the top-leel functions uniform in  parameters and from ymon-static global variables that are referenced
by the top-lgel function or by ay functions that it calls. The output of the program comes from the return
value of the function (which is aiys implicitly varying), from ag out parameters, which must also be
varying, and from anyarying out global variables that are written by the program.

Paameters to a program of typampler* are implicitlyconst .

Saementsand Expressions
Statements are expressed just as in C, unless an exception is stated elsewhere in this document.
Additionally,

 if ,while ,andfor require bool expressions in the appropriate places.

* Assignment is performed usirg. The assignment operator returns a@ue, just as in C, so
assignments may be chained.

 The nevdiscard statement terminateseution of the program for the current data element (such
as the currentartex or current fragment) and suppresses its outpeitted profiles may choose to omit
support fordiscard

Minimum Requirementsfor if, while, for

The minimum requirements are as follows:

» All profiles should suppoit , but such support is not strictly required for older hardware.

» All profiles should suppofor andwhile loops if the number of loop iterations can be determined
at compile time.“ Can be determined at compile time defined as follows: The loop-iteration
expressions can bevaluated at compile time by use of intra-procedural constant patipagand
folding, where the variables through which constaaities are propagated do not appear akids
within ary kind of control statemenif(, for , or while ) or ?: construct. Profilesnay choose to
support more general constant propagation techniques, but such support is not required.

»  Profiles may optionally support fully genefat andwhile loops.

New Vetar Operators
These ne operators are defined for vector types:
»  Vector construction operatdypell...)
This operator builds a vector from multiple scalars or shorter vectors:
- float4(scalar, scalar, scalar, scalar)
- float4(float3, scalar)
»  Matrix construction operatotypelX...)
This operator builds a matrix from multiple rows.

Each rev may be specified either as multiple scalars or gambination of scalars aneetors with
the appropriate size, e.g.

float3x3(1, 2, 3,4, 5,6, 7, 8,9)
float3x3(float3, float3, float3)
float3x3(1, float2, float3, 1, 1, 1)

*  Vector swizzle operator: |

a = b.xxyz; // A swizzle operator example
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— Atleast one swizzle character must folline operator.

— There are three sets of swizzle characters aryohthg not be mixed: Set onexgzw = 0123
set two isrgha = 0123 |, and set three istpg = 0123

— The vector swizzle operator may only be applied to vectors or to scalars.

— Applying the vector swizzle operator to a scalaegithe same result as applying the operator to
a wector of length one. Thusnyscalar.xxx and float3(myscalar, myscalar,
myscalar) yield the same value.

— If only one swizzle character is specified, the result is a scalar nettar\of length one.
Therefore, the expressitmy returns a scalar.

— Care is required when swizzling a constant scalar because of ambiguity in the use of the decimal
point characterFor example, to create a threeetor from a scalause one of the follwing:
(1).xxx  orl.xxx orl.0.xxx or1.0f.xxx

— The size of the returnecketor is determined by the number of swizzle characters. Therefore, the
size of the result may be ¢tmr or smaller than the size of the originactor For example,
float2(0,1).xxyy andfloat4(0,0,1,1) yields the same result.

*  Matrix swizzle operator:

For any matrix type of the form ’<type><rows>x<columns>’, the notation:
'<matrixObject>._m<row><col>[_m<m><col>][...] can be used to access individual matrix
elements (in the case of only one <row>,<col> pair) or to consteatbrs from elements of a matrix
(in the case of more than one <row>,<col> pair). Theawod column numbers are zero-based.

For example:

floatdx4 myMatrix;
float myFloatScalar;
float4  myFloatVec4;

/I Set myFloatScalar to myMatrix[3][2]
myFloatScalar = myMatrix._m32;

/I Assign the main diagonal of myMatrix to myFloatVec4
myFloatVec4 = myMatrix._ m00_m11 m22_m33;

For compatibility with the D3DMatrix data type, Cg also alwone-based swizzles, using a form with
themomitted after the : '<matrixObject>._<row><col>[_<m><col>][...]" In this form, the indees
for <row> and <col> are one-based, rather than the C standard zero-based. So, ftrensnare
functionally equvaent:

floatdx4 myMatrix;
float4 myVec;

/I These two statements are functionally equivalent:
myVec = myMatrix._m00_m23_m11 m31,;
myVec = myMatrix._11 34 22 42;

Because of the confusion that can be caused by the one-based indexing, its use is strongly discouraged.
Also one-based indexing and zero-based indexing cannot be mixed in a single swizzle

The matrix swizzles may only be applied to matricéhen multiple components are extracted from a
matrix using a swizzle, the result is an appropriately sieetbv When a swizzle is used to extract a
single component from a matrix, the result is a scalar.
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»  The write-mask operator: J It can only be applied to an Ivalue that isextor or matrix. It allas
assignment to particular elements of a vector or matrixjrigeother elements unchanged. It looks
exactly like a svizzle, with the additional restriction that a component cannot be repeated.

Arithmdic Precisionand Range

Some hardware may not conforrraetly to IEEE arithmetic rules. Fixed-point data types do notJea
IEEE-defined rules.

Optimizations are permitted to produce slightly different results than unoptimized Codstant folding

must be done with approximately the correct precision and rangés bot required to produce bitart
results. Itis recommended that compilers provide an option either to forbid these optimizations or to
guarantee that tlyeare made in bit-exact fashion.

Operaar Precedence

Cg uses the same operator precedence as C for operators that are common betweémthsatyes.

The swizzle and write-mask operatord havethe same precedence as the structure member operator (
and the array indeoperator]] .

Operatar Enhancements

The standard C arithmetic operatons €, *, /, % unary — ) are extended to support vectors and
matrices. Sizesf vectors and matrices must be appropriately matched, according to standard mathematical
rules. Scalato-vector promotion, as described earlatiows relaxation of these rules. Matrix withrows

and m columns Vector withn elements Unary vector gae Unary matrix ngae Componentwise *
Componentwise / Componentwise % Componentwise + Componentwise - Componentwise *
Componentwise / Componentwise % Componentwise + Componentwise —

Operaars
Boolean
&& M !

Boolean operators may be applied ool paclked bool vectors, in which case yhare applied in
elementwise fashion to produce a reseitter of the same size. Each operand must lb@oh vector of
the same size.

Both sides of && andll are alvays evaluated; there is no short-circuiting as there is in C.
Comparisons
< > <= >= |l= ==
Comparison operators may be applied to numesators. Bottoperands must be vectors of the same size.
The comparison operation is performed in elementwise fashion to prothoce asector of the same size.

Comparison operators may also be appliethdol vectors. For the purpose of relational comparisons,
true is treated as one anfhlse is treated as zeroThe comparison operation is performed in
elementwise fashion to producé@ol vector of the same size.

Comparison operators may also be applied to numeric or bool scalars.
Arithmetic
+ - * |/ % + + -- unary- unary+
The arithmetic operatdhis the remainder operataas in C. It nay only be applied to twoperands of
cint orint types.

When/ or %is used witlcint  orint operands, C rules for integerand%apply.
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The C operators that combine assignment with arithmetic operations (stehaie also supported when
the corresponding arithmetic operator is supported by Cg.

Conditional Operator
?:

If the first operand is of typeool , one of the following must hold for the second and third operands:
»  Both operands @ cmompatible structure types.
»  Both operands are scalars with numeribaol type.

* Both operands are vectors with numericbool type, where the tw vectors are of the same size,
which is less than or equal to four.

If the first operand is a packed vector lodol , then the conditional selection is performed on an
elementwise basis. Both the second and third operands must be nweugris of the same size as the first
operand.

Unlike C dde effects in the expressions in the second and third operandw/aye edecuted, rgardless of
the condition.

Miscellaneous Operators

(typecast)

Cg supports G typecast and comma operators.

Resawed Words
The following are currently used reserved words in @g.* indicates that the reserved word is case-
insensitie.
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__[anything] (i.e. any identifier with two underscores as a prefix)
asm*
asm_fragment
auto

bool

break

case

catch

char

class
column_major
compile
const
const_cast
continue
decl*
default
delete
discard

do

double
dword*
dynamic_cast
else

emit

enum
explicit
extern

false

fixed

float*

for

friend

get

goto

half

if

in

inline

inout

int

interface
long

matrix*
mutable
namespace
new
operator

out

packed
pass*
pixelfragment*
pixelshader*
private
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protected
public

register
reinterpret_cast
return
row_major
sampler
sampler_state
samplerlD
sampler2D
sampler3D
samplerCUBE
shared

short

signed

sizeof

static
static_cast
string*

struct

switch
technique*
template
texture*
texturelD
texture2D
texture3D
textureCUBE
textureRECT
this

throw

true

try

typedef

typeid
typename
uniform

union
unsigned
using

vector*
vertexfragment*
vertexshader*
virtual

void

volatile

while

Cg Standard Libraryy Functions
Cg provides a set of built-in functions and structures to sim@ify programming. Thes&inctions are
similar in spirit to the C standard library functions, providing aveorent set of common functions.

The Cg Standard Library is documented in “spec_stdlib.txt".
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VERTEX PROGRAM PROFILES
A few features of the Cg language that are specific exded program profiles are required to be
implemented in the same manner for all vepggram profiles.

M andatary Computation of Position Output

Vertex program profiles may (and typically do) require that the program compute a position othfsit.
homogeneous clip-space position is used by the hardware rasemizenust be stored in a program output
with an output binding semantic BODSITION (or HPOSor backward compatibility).

Position Invarniance

In mary graphics APIs, the user can choose betweem different approaches to specifying pertex
computations: use a built-in configurabléixéd-function” pipeline or specify a user-writtenektex
program. Ifthe user wishes to mix theseasgpproaches, it is sometimes desirable to guarantee that the
position computed by the first approach is bit-identical to the position computed by the second approach.
This “position invariance’ is particularly important for multipass rendering.

Support for position weriance is optional in Cgertex profiles, lut for those ertex profiles that support it,
the following rules apply:

»  Position invariance with respect to the fixed function pipeline is guaranteeaitdwditions are met:

— A #pragma position_invariant <top-level-function—-name> appears before
the body of the top-iesl function for the verteprogram.

—  The vert& program computes position as follows:

OUT_POSITION = mul(MVP, IN_POSITION)

where:

OUT_POSITION
is a variable (or structure element) of tyff@at4  with an output binding semantic of
POSITION or HPOS

IN_POSITION
is a variable (or structure element) of tyff@at4  with an input binding semantic of
POSITION.

MVP
is a uniform variable (or structure element) of tyffmatdx4  with an input binding
semantic that causes it to track the fixed-function modelview-projection matrix. (The name
of this binding semantic is currently profile-speciie for OpenGL profiles, the semantic
state.matrix.mvp is recommended).

» Ifthe first condition is met but not the second, the compiler is encouraged to issue a warning.

* Implementations may choose to recognize more genersibws of the second condition (such as the
variables being coppropagted from the original inputs and outputs), but this additional generality is
not required.

Binding Semanticsior Outputs

As shown in Table 10, there arectautput binding semantics for vextprogram profiles:

Table 10 Vertex Output Binding Semantics

Name Meaning Type Default Value

POSITION Homogeneous clip-space float4 Undefined
position; fed to rasterizer.

PSIZE Point  size float Undefined
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Profiles may define additional output binding semantics with specific behaviors, and these definitions are
expected to be consistent across commonly used profiles.

FRAGMENT PROGRAM PROFILES
A few features of the Cg language that are specific to fragment program profiles are required to be
implemented in the same manner for all fragment program profiles.

Binding semanticsior outputs
As shown in Table 11, there are three output binding semantics for fragment program profiles:

Table 11 Fragment Output Binding Semantics

Name Meaning Type Default Value

COLOR RGBAoutput color float4 Undefined

COLORO Sameas COLOR

DEPTH Fragment depth value float Interpolated depth from rasterizer
(in range [0,1]) (in range [0,1])

Profiles may define additional output binding semantics with specific behaviors, and these definitions are
expected to be consistent across commonly used profiles.

If a program desires an output color alpha of 1.0, it should explicitly write a value of 1.0 W the
component of th€OLOPutput. Thdanguage does *not* define a default value for this output.

Note: If the target hardave uses a default value for this output, the compiler may choose to optivaize a
an «plicit write specified by the user if it matches the default hardwaheev Suchdefaults are not
exposed in the language.)

In contrast, the language does define auwléefvalue for theDEPTHoutput. Thisdefault value is the
interpolated depth obtained from the rasteriZBgmantically this default value is copied to the output at
the beginning of thexecution of the fragment program.

As discussed earligwhen a binding semantic is applied to an output, the type of the output variable is not
required to match the type of the binding semankor example, the following is Igd, although not
recommended:

struct myfragoutput {
float2 mycolor : COLOR,;

}

In such cases, thariable is implicitly copied (with a typecast) to the semantic upon program completion.
If the variables vector size is shorter than the semasti€ctor size, the lgernumbered components of
the semantic receg their default values if applicable, and otherwise are undefined. In the casethb®&®

and G components of the output color are obtained fraytolor , while theB and A components of the
color are undefined.
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NAM E
cgAddSaeEnumerant — associates an integer enumerant value as a possible value for a state
SYNOPI S
#include <Cg/cg.h>
void cgAddStateEnumerant( CGstate state,
const char * name,
int value );
PARAMETERS
state Thestate to which to associate the name and value.

name Thename of the enumerant.
value Thevalue of the enumerant.

RETURN VALUES
None.

DESCRI PTION
cgAddSaeEnumerant associates a ggn named integer enumerant value with a state definitidimen
that state is later used in a pass in decefile, the value of the state assignment can optionallyvea by
providing a named enumerant defined witthddSaeEnumerant. The state assignment will then éak
on the value provided when the enumerant was defined.

EXAMPLE S
to-be-written

ERRORS
CG_INVALID_STATE_HANDLE_ERMROR is generated i#aeis not a valid state.

HI STORY
cgAddSaeEnumerant was introduced in Cg 1.4.

SEE ALSO
cgCreateState, cgCreateArrayState, cgCreateSamplerState, cgCreateArraySamplerState, cgGetStateName
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NAM E
cgCal SaeResd Call badk - calls the state resetting callback function for a state assignment

SYNOPSS
#include <Cg/cg.h>

CGbool cgCallStateResetCallback( CGstateassignment sa );

PARAMETERS
sa Thestate assignment handle.

RETURN VALUES
Returns the boolean value returned by the callback function. It shodi@ H&RUE upon success.

ReturnsCG_TRUE if no callback function was defined.

DESCRI PTION
cgCadl SaeResd Call back calls the graphics state resetting callback function for thenggate
assignment.

The semantics of “resetting stdtalill depend on the particular graphics state manager that defined the
valid state assignments; it will generally either mean that graphics state is reset to wambéfare the
pass, or that it is reset to the defaudlue. TheOpenGL state manager in the OpenGL Cg runtime
implements the latter approach.

EXAMPLE S
to-be-written

ERRORS
CG_INVALID_STATE_ASSIGNMENT_HANDLE_ERRROR is generated ifa is not a valid state assignment.

HI STORY
cgCal SaeResd Cal back was introduced in Cg 1.4.

SEE ALSO
cgResetPassState, cgSetStateCallbacks, cgCallStateSetCallback, cgCallStateValidateCallback

Cg Toolkit 2.0 34



cgCallStateSetCallback(3) @pre Runtime API cgCallStateSetCallback(3)

NAM E
cgCal SaeSaCal back — calls the state setting callback function for a state assignment
SYNOPS S
#include <Cg/cg.h>
CGbool cgCallStateSetCallback( CGstateassignment sa );
PARAMETERS
sa Thestate assignment handle.
RETURN VALUES

Returns the boolean value returned by the callback function. It shodi@_ B&RUE upon success.
ReturnsCG_TRUE if no callback function was defined.

DESCRI PTION
cgCal SaeSaCal badk calls the graphics state setting callback function for thengtate assignment.

EXAMPLE S
to-be-written

ERRORS
CG_INVALID_STATE_ASSIGNMENT_HANDLE_ERRROR is generated ifa is not a valid state assignment.

HI STORY
cgCal SaeSaCal back was introduced in Cg 1.4.

SEE ALSO
cgSetPassState, cgSetStateCallbacks, cgCallStateResetCallback, cgCallStateValidateCallback
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NAM E
cgCal SaevalidateCallback - calls the state validation callback function for a state assignment
SYNOPS S
#include <Cg/cg.h>
CGbool cgCallStateValidateCallback( CGstateassignment sa );
PARAMETERS
sa Thestate assignment handle.
RETURN VALUES

Returns the boolean value returned by the validation function. It shodl@ leRUE upon success.
ReturnsCG_TRUE if no callback function was defined.

DESCRI PTION
cgCal SaevalidateCallback calls the state validation callback function for theegigate assignment.
The validation callback will retur@G_TRUE or CG_FALSE depending on whether the current haadsv
and driver support the graphics state set by the state assignment.

EXAMPLE S
to-be-written

ERRORS
CG_INVALID_STATE_ASSIGNMENT_HANDLE_ERRROR is generated ifa is not a valid state assignment.

HI STORY
cgCal SaevalidateCallback was introduced in Cg 1.4.

SEE ALSO
cgSetStateCallbacks, cgCallStateSetCallback, cgCallStateResetCallback
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NAM E
cgCombineProegrams— combine programs from different domains

SYNOPIS
#include <Cg/cg.h>

CGprogram cgCombinePrograms( int n,
const CGprogram * exelist );

PARAMETERS
n The number of program objectsexe_id.

exelist An array of tw or nmore executable programs, each from a different domain.

RETURN VALUES
Returns a handle to the newly created program on success.

ReturnsNULL if an error occurs.

DESCRI PTION
cgCombineProgramswill take a £t of n programs and combine them into a sif@Epregram. This
allows a single call t@indPragram (instead of a BindProgram for each individual program) andiges
optimizations between the combined set of program inputs and outputs.

EXAMPLE S

CGprogram pl = cgCreateProgram(context, CG_SOURCE, vSrc, vProfile, vEntryName, NULL);
CGprogram p2 = cgCreateProgram(context, CG_SOURCE, fSrc, fProfile, fEntryName, NULL);

CGprogram programs[] = {p1, p2};
CGprogram combined = cgCombinePrograms(2, programs);

cgDestroyProgram(pl);
cgDestroyProgram(p2);

cgGLBindProgram(combined); /* Assuming cgGL runtime */

/* Render... */

ERRORS
CG_INVALID_DIMENS ON_ERROR is generated if less than or equal to 1 oiis greater than 3.

CG_INVALID_PARAMETER_ERRROR is generated igxd_ig is NULL .
CG_INVALID_PROGRAM_HANDLE_ERRROR is generated if one of the programekeLid is invalid.

The errors listed in cgCreateProgram might also be generated.

HI STORY
cgCombinePregramswas introduced in Cg 1.5.
SEE ALSO
cgCombinePrograms2, cgCombinePrograms3, cgCreateProgram, cgGLBindProgram,

cgb3D9BindProgram, cgD3D8BindProgram
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NAM E
cgCombinePrograms2- combine programs from wvdifferent domains

SYNOPS S
#include <Cg/cg.h>

CGprogram cgCombinePrograms2( const CGprogram programa,
const CGprogram program?2 );

PARAMETERS
programl
An executable program from one domain.

program?2
An executable program from a different domain.

RETURN VALUES
Returns a handle to the newly created program on success.

ReturnsNULL if an error occurs.
DESCRIPTION

cgCombinePrograms2(3)

cgCombinePrograms2takes two programs from different domains and combines them into a single

CGpragram. This is a comenience function for cgCombinePrograms.
EXAMPLE S

CGprogram pl = cgCreateProgram(context, CG_SOURCE, vSrc, vProfile, vEntryName, NULL);
CGprogram p2 = cgCreateProgram(context, CG_SOURCE, fSrc, fProfile, fEntryName, NULL);

CGprogram combined = cgCombinePrograms2(p1, p2);

cgDestroyProgram(pl);
cgDestroyProgram(p2);

cgGLBindProgram(combined); /* Assuming cgGL runtime */

/* Render... */

ERRORS
The errors listed in cgCombinePrograms might be generated.

HI STORY
cgCombinePrograms2was introduced in Cg 1.5.

SEE ALSO
cgCombinePrograms, cgCombinePrograms3
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NAM E
cgCombineProegrams3- combine programs from three different domains

SYNOPSS
#include <Cg/cg.h>

CGprogram cgCombinePrograms3( const CGprogram programl,
const CGprogram program2,
const CGprogram program3);

PARAMETERS
programl
An executable program from one domain.

program?2
An executable program from a second domain.

program3
An executable program from a third domain.

RETURN VALUES
Returns a handle to the newly created program on success.

ReturnsNULL if an error occurs.

DESCRI PTION
cgCombinePrograms3takes three programs from féifent domains and combines them into a single
CGprogram. This is a comenience function for cgCombinePrograms.

EXAMPLE S
CGprogram pl = cgCreateProgram(context, CG_SOURCE, vSrc, vProfile, vEntryName, NULL);
CGprogram p2 = cgCreateProgram(context, CG_SOURCE, fSrc, fProfile, fEntryName, NULL);
CGprogram p3 = cgCreateProgram(context, CG_SOURCE, gSrc, gProfile, ggntryName, NULL);

CGprogram combined = cgCombinePrograms3(p1, p2, p3);

cgDestroyProgram(pl);
cgDestroyProgram(p2);
cgDestroyProgram(p3);

cgGLBindProgram(combined); /* Assuming cgGL runtime */

/* Render... */

ERRORS
The errors listed in cgCombinePrograms might be generated.

HI STORY
cgCombinePrograms3was introduced in Cg 1.5.

SEE ALSO
cgCombinePrograms, cgCombinePrograms2
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cgCompileProgram(3 ore Runtime API cgCompileProgram(3
g p g Cg g p g

NAM E
cgCompil ePrmgram — compile a program object

SYNOPIS
#include <Cg/cg.h>

void cgCompileProgram( CGprogram program );

PARAMETERS
program Theprogram object to compile.

RETURN VALUES
None.

DESCRI PTION
cgCompil ePrmgram compiles the specified Cg program for itg&drprofile. A program must be compiled
before it can be loaded (by the API-specific part of the runtime). It must also be compiled before its
parameters can be inspected.

The compiled program can be reted as a éxt string by passingCG_COM PILE D_PROGRAM to
cgGetProgramsString.

Certain actions welidate a compiled program and the current value of all of its paramétense of these
actions is performed, the program must be recompiled before it can befugezhram is iwvaidated if the
program source is modified, if the compile arguments are modified, or if the entry point is changed.

If one of the parameter bindings for a program is changed, that aatétidates the compiled progranmut
does not imalidate the current value of the programparameters.

EXAMPLE S
if('cglsProgramCompiled(program))
cgCompileProgram(program);

ERRORS
CG_INVALID_PROGRAM_HANDLE_ERRROR is generated iprmgram is not a valid program handle.

CG_COMPILE R_ERROR is generated if compilation fails.

HI STORY
cgCompil ePrmgram was introduced in Cg 1.1.

SEE ALSO
cglsProgramCompiled, cgCreateProgram, cgGetNextParamgsf?arameteicgGetProgramString
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cgConnectBrameter(3) Cgore Runtime API cgConnectParameter(3)

NAM E
cgConned¢Parameter— connect tvo parameters

SYNOPSS
#include <Cg/cg.h>

void cgConnectParameter( CGparameter from,
CGparameter to );

PARAMETERS
from Thesource parameter.

to Thedestination parameter.

RETURN VALUES
None.

DESCRI PTION
cgConnetParameter connects a source (from) parameter to a destination (to) pararfiberesulting
connection forces the value andriability of the destination parameter to be identical to the source
parameter A source parameter may be connected to multiple destination parameters but there may only be
one source parameter per destination parameter.

cgConnet¢Parameter may be used to create an arbitrarily deep tieuntime error will be thrown if a
cycle is inadertently created. &t example, the follwing code snipped would generate a
CG_BIND_CREATES_CYCLE_ERROR :

CGcontext context = cgCreateContext();

CGparameter Param1 = cgCreateParameter(context, CG_FLOAT);
CGparameter Param2 = cgCreateParameter(context, CG_FLOAT);
CGparameter Param3 = cgCreateParameter(context, CG_FLOAT);

cgConnectParameter(Paraml, Param?2);
cgConnectParameter(Param2, Param3);
cgConnectParameter(Param3, Paraml); /* This will generate the error */

If the source type is a compldype (e.g., struct, or array) the topology and member types of both
parameters must be identical. Each correlating member parameter will be connected.

Both parameters must be of the same type unless the source parameter is a struct type, the destination
parameter is an interface type, and the struct type implements thadatgnbe. In such a case, ayap

the parameter tree under the source parameter will be duplicatexl] imkhe orignal tree, and placed

under the destination parameter.

If an array parameter is connected to a resizable array parameter the destination parameter array will
automatically be resized to match the source array.

The source parameter may not be a program paranmfe the variability of the parameters may not be
CG_VARYING.

EXAMPLE S
CGparameter TimeParaml = cgGetNamedParameter(program1, "time");
CGparameter TimeParam?2 = cgGetNamedParameter(program2, "time");
CGparameter SharedTime = cgCreateParameter(context,
cgGetParameterType(TimeParam1l));

cgConnectParameter(SharedTime, TimeParam1l);
cgConnectParameter(SharedTime, TimeParam2);
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cgConnectBrameter(3) Cgore Runtime API cgConnectParameter(3)

cgSetParameterlf(SharedTime, 2.0);

ERRORS
CG_INVALID_PARAM HANDLE_ERRROR is generated if either of tHemm or to parameters are valid
handles.

CG_PARAMETER_IS_N®T_SHARED_ERROR is generated if the source parameter is a program
parameter.

CG_BIND_CREATES_CYCLE_ERROR is generated if the connection will result in a cycle.

CG_PARAMETERS_DO_NOT_MATCH_ERROR is generated if the parameters do notehthe same type
or the topologies do not match.

CG_ARRAY _TYPES DO_NOT_MATCH_ERROR is generated if the type of tnarrays being connected do
not match.

CG_ARRAY_DIMENSONS DO_NOT_MATCH_ERROR is generated if the dimensions ofaarays being
connected do not match.

HI STORY
cgConnetParameterwas introduced in Cg 1.2.

SEE ALSO
cgGetConnectedParametegGetConnectedToParametegDisconnectParameter
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cgCopyEfect(3) CgCore Runtime API

NAM E
cgCopyEff e¢ — make a opy of an dfect

SYNOPS S
#include <Cg/cg.h>

CGeffect cgCopyEffect( CGeffect effect );

PARAMETERS
effect  Theeffect object to be copied.

RETURN VALUES
Returns a copof df et on success.

ReturnaNULL if ef et is invalid or the cop fails.
DESCRI PTION

cgCopyEffect(3)

cgCopyEff et creates a e effect object that is a cypf df et and adds it to the same contexefiet.

EXAMPLE S
to-be-written

ERRORS

CG_INVALID_EFFECT_HANDLE ERROR is generated iéff e¢ is not a valid effect.

HI STORY
cgCopyEff e¢ was introduced in Cg 2.0.

SEE ALSO
cgCreateEffect, cgCreateEffectFromFile, cgDestroyEffect
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cgCopyProgram(3) Cd-ore Runtime API cgCopyProgram(3)

NAM E
cgCopyProgram — make a opy of a program object

SYNOPIS
#include <Cg/cg.h>

CGprogram cgCopyProgram( CGprogram program );

PARAMETERS
program Theprogram object to cgop

RETURN VALUES
Returns a copof prmgram on success.

ReturnsNULL if pramgram is invalid or the co fails.

DESCRI PTION
cgCopyProgram creates a ve program object that is a cppf promgram and adds it to the same coxite
as program. cgCopyPragram is useful for creating a meinstance of a program whose parameter
properties hee been modified by the run-tin#P!.

EXAMPLE S
to-be-written

ERRORS
CG_INVALID_PROGRAM_HANDLE_ERRROR is generated ipramgram is not a valid program handle.

HI STORY
cgCopyProgram was introduced in Cg 1.1.

SEE ALSO
cgCreateProgram, cgDestroyProgram
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cgCreateArraySamplerState(3) Cgre Runtime API cgCreateArraySamplerState(3)

NAM E
cgCreaeAmr aySamplerSae- create an array-typed sampler state definition
SYNOPI S
#include <Cg/cg.h>
CGstate cgCreateArraySamplerState( CGcontext context,
const char * name,
CGtype type,
int nelements );
PARAMETERS
context Thecontext in which to define the sampler state.
name Thename of the ng sampler state.
type Thetype of the n& sampler state.

nelements Thaumber of elements in the array.

RETURN VALUES
Returns a handle to the newly creatf@dae

ReturnsNULL if there is an error.

DESCRI PTION
cgCreaeAmr aySamplerSae adds a ne array-typed sampler state definition ¢tontext. All state in
sampler_dae blocks must hee been defined ahead of time via a call to cgCreateSamplerState or
cgCreateAmr aySamplerSaebefore adding an effect file to the context.

Applications will typically call cgSetStateCallbacks shortly after creating & rmskate with
cgCreaeAmr aySamplerSae

EXAMPLE S
to-be-written

ERRORS
CG_INVALID_CONTEXT_HANDLE ERROR is generated iéontext is not a valid context.

CG_INVALID_PARAMETER_ERRROR is generated ihameis NULL or not a valid identifierif typeis not
a smple scalarvector or matrix-type, or ifndementsis not a positie rumber.

HI STORY
cgCreaeAmr aySamplerSaewas introduced in Cg 1.4.

SEE ALSO
cgCreateSamplerState, cgGetStateName, cgGetStateType, cglsState, cgSetStateCallbacks,
cgGLRegisterStates
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cgCreateArrayState(3) Qgore Runtime API

NAM E
cgCreaeAmr aySae— create an array-typed state definition
SYNOPI S
#include <Cg/cg.h>
CGstate cgCreateArrayState( CGcontext context,
const char * name,
CGtype type,
int nelements );
PARAMETERS
contet Thecontext in which to define the state.
name Thename of the ne state.
type Thetype of the ne state.

nelements Thaumber of elements in the array.

RETURN VALUES
Returns a handle to the newly creatf@dae

ReturnsNULL if there is an error.
DESCRIPTION

cgCreateArrayState(3)

cgCreaeAmr aySaeadds a ne array-typed state definition tcontext. Before a CgFX file is added to a
contt, all state assignments in the file mustengreviously been defined via a call to cgCreateState or

cgCreaeAmr aySae
Applications will typically call cgSetStateCallbacks shortly after
cgCreaeAmr aySae
EXAMPLE S
to-be-written
ERRORS

creating & rsate with

CG_INVALID_CONTEXT_HANDLE ERROR is generated iéontext is not a valid context.
CG_INVALID_PARAMETER_ERRROR is generated ihameis NULL or not a valid identifierif typeis not

a gmple scalarvector or matrix-type, or ifndementsis not a positie rumber.

HI STORY
cgCreateAmr aySaewas introduced in Cg 1.4.

SEE ALSO

cgGetStateConxt, cgGetStateName, cgGetStateType, cglsState, cgSetStateCallbacks, gig@&Rmtes
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cgCreateBUer(3) CgCore Runtime API cgCreateBuffer(3)

NAM E
cgCreateBuff er — create a buffer object managed by the runtime

SYNOPI S
#include <Cg/cg.h>

CGbuffer cgCreateBuffer( CGcontext context, int size, const void *data, CGbufferusage bufferUsage );

PARAMETERS
contxt Thecontext to which the nebuffer will be added.

size Thdength in bytes of the buffer to create.
data Pointeto inital buffer dataNULL will fill the buffer with zero.

bufferUsage
Indicates the intended usage method of the buffer.

Can be one of the following types:

CG_BUFFER_USAGE_STREAM_DRA CG_BUFFER_USAGE_STREAM_READ
CG_BUFFER_USSE_STREAM_COPY CG_BFFER_USAGE_SATIC_DRAW
CG_BUFFER_USAGE_SATIC_READ CG_BJFFER_USAGE_SATIC_COPY
CG_BUFFER_USAGE_DYNAMIC_DRW CG_BUFFER_USAGE_DYNAMIC_READ
CG_BUFFER_USAGE_DYNAMIC_COPY

RETURN VAL UES

Returns a&CGbuff er handle on success.
ReturnsNULL if any error occurs.

DESCRI PTION
cgCreateBuff er creates a runtime managed Cg buffer object.

There is no ay to query the 3D API-specific resource for a managédb cgGLCreateBuer should be
used if the application wishes to later query the 3D API-specific resource for the buffer.

EXAMPLE S
CGbufer myBuffer = cgCreateBuffer( myCgContext, sizeof( float ) * 16, initalData,
CG_BUFFER_USAGE_SATIC_DRAW );
ERRORS
CG_INVALID_CONTEXT_HANDLE ERROR is generated iéontext is not a valid context.
HI STORY
cgCreateBuff er was introduced in Cg 2.0.
SEE ALSO

cgGLCreateBuffercgDestroyBuffer
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cgCreateConte(3) CgCore Runtime API

NAM E
cgCreaeContext — create a context

SYNOPS S
#include <Cg/cg.h>

CGcontext cgCreateContext( void );

PARAMETERS
None.

RETURN VALUES
Returns a valicCGcontext on success.

ReturnsNULL if context creation fails.
DESCRIPTION

cgCreateContext(3)

cgCreateContext creates a Cg context object and returns its handll€g context is a container for Cg

programs. AllCg programs must be added to a Cg context.

EXAMPLE S
to-be-written

ERRORS

CG_MEMORY_ALL OC_ERROR is generated if a context coultibe aeated.

HI STORY
cgCreateContext was introduced in Cg 1.1.

SEE ALSO
cgDestroyContext
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cgCreateHect(3) CgCore Runtime API cgCreateEffect(3)

NAM E
cgCreaeEff e¢ - create an e