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Foreword

We are in the midst of a great transition in computer graphics, both in terms
of graphics hardware and in terms of the visual quality and authoring
process for games, interactive applications, and animation. Graphics
hardware has evolved from “big iron” graphics workstations costing
hundreds of thousands of dollars to single-chip graphics processing units
(GPUs) whose performance and features have grown to match and now even
to exceed traditional workstations. The processing power provided by a
modern GPU in a single frame rivals the amount of computation that used to
be expended for an offline-rendered animation frame. Indeed, at the launch
of GeForce3 on the Apple Macintosh, a convincing version of Pixar’s Luxo, Jr.
was demonstrated running interactively in real-time. At the 2001 SIGGRAPH
conference, an interactive version of a more recent film, Square Studios’ Final
Fantasy, was shown running in real-time, again on a GeForce3.

Although these feats of computation are astounding, there is much more to
come. Today’s GPUs evolve very quickly. Typically, a product generation is
only six months long, and with each new product generation comes a two-
fold increase in performance. Graphics processor performance increases at
approximately three times the rate of microprocessors-Moore’s Law cubed!
In addition to the performance increases, each year brings new hardware
features, supported by new application programming interfaces (APIs). This
dizzying pace is difficult for developers to adapt to, but adapt they must.

Developers and users are demanding better rendering quality and more
realistic imagery and experiences. Users don’t care about the details; they
simply want games and other interactive applications to look more like
movies, special effects, and animation. Developers want more power (always
more), along with more flexibility in controlling the massively capable GPUs
of today and tomorrow. APIs do not, and cannot, keep up with the rapid
pace of innovation in GPUs. As APIs and underlying technologies change,
programmers, artists, and software publishers struggle to adapt to the
change and the churn of the hardware/software platform.

What's needed is to raise the level of abstraction for interaction with GPUs.
Continued updates and improvements to the hardware and APIs are too
painful if developers are too “close to the metal.” This problem was

808-00504-0000-006 Xiii
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exacerbated by the advent of programmability in GPUs. Older GPUs had a
small number of controllable or configurable rendering paths, but the most
recent technology is highly programmable, and becoming ever more so. We
can now write short vertex and fragment programs to be executed by the
GPU. This requires great skill, and is only possible with short programs.

When GPU hardware grows to allow programs of hundreds, thousands, or
even more instructions, assembly coding will no longer be practical. Rather
than programming each rendering state, each bit, byte, and word of data and
control through a low-level assembly language, we want to express our ideas
in a more straightforward form, using a high-level language.

Thus Cg, “C for Graphics,” becomes necessary and inevitable. Just as C was
derived to expose the specific capabilities of processors while allowing
higher-level abstraction, Cg allows the same abstraction for GPUs. Cg
changes the way programmers can program: focusing on the ideas, the
concepts, and the effects they wish to create-not on the details of the
hardware implementation. Cg also decouples programs from specific
hardware because the language is functional, not hardware implementation-
specific. Also, since Cg can be compiled at run time on any platform,
operating system, and for any graphics hardware, Cg programs are truly
portable. Finally, and perhaps best of all, Cg programs are future-proof and
can adapt to run well on future products. The compiler can optimize directly
for a new target GPU that perhaps did not even exist when the original Cg
program was written.

This book is intended as an introduction to Cg, as well as a practical
handbook to get programmers started developing in Cg. It includes a
language description, a reference for the standard and run-time libraries, and
is full of helpful examples. The goal for this book is to be both an
introduction and a tool for the new user, as well as a reference and resource
for developers as they become more proficient.

Welcome to the world of Cg!

David Kirk
Chief Scientist

NVIDIA Corporation
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The

Preface

goal of this book is to introduce to you Cg, a new high-level language for

graphics programming. To that end, we have organized this document into
the following sections:

a

808-00504-0000-006

“Introduction to the Cg Language” on page 1
A quick introduction to the current release of Cg, with everything you
need to know to start working it.

“Cg Standard Library Functions” on page 33
A list of the Standard Library functions, which can help to reduce your
program development time.

“Introduction to the Cg Runtime Library” on page 43
An introduction to the Cg runtime APIs, which allow you to easily
compile Cg programs and pass data to them from within applications.

“Introduction to CgFX” on page 117
The CgFX API, which supports this Cg extended file format, is described.

“A Brief Tutorial” on page 145

A description of a simple Cg program and Microsoft Visual Studio
workspace (both provided on the accompanying CD) that you can use to
start experimenting with Cg.

“Advanced Profile Sample Shaders” on page 153
A list of sample NV30 shaders, complete with source code.

“Basic Profile Sample Shaders” on page 189

A list of sample NV2X shaders, complete with source code.

Appendix A, “Cg Language Specification” on page 221

The formal Cg language specification.

Appendix B, “Language Profiles” on page 255

Describes features and restrictions of the currently supported language
profiles: DirectX 8 vertex, DirectX 8 pixel, OpenGL ARB vertex, NV2X
OpenGL vertex, NV30 OpenGL vertex, NV30 OpenGL fragment,

OpenGL ARB fragment, NV40 OpenGL vertex, and NV40 OpenGL
fragment.
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O Appendix C, “Nine Steps to High-Performance Cg” on page 321
Strategies for getting the most out of your Cg code.

O Appendix D, “Cg Compiler Options” on page 329
A list of the various command-line options that the Cg compiler accepts.

O Cg Developer’s CD
The CD provided with this book contains the entire Cg release, which
allows you get started immediately. The readme.txt file on the CD
describes the contents of the release in detail.

You can begin working with Cg immediately by reading the “Introduction to
the Cg Language” on page 1 and then going through “A Brief Tutorial” on
page 145. Once you have a basic understanding of the Cg language, use the
“Advanced Profile Sample Shaders” on page 153 and “Basic Profile Sample
Shaders” on page 189 as a basis to build your own effects.

Release Notes

Release notes for Cg are now contained in a separate document that is part of
the Cg distribution.

Please report any bugs, issues, and feedback to NVIDIA by e-mailing
cgsupport@nvidia.com. We will expeditiously address any reported
problems.

Online Updates

Any changes, additions, or corrections are posted at the NVIDIA Cg Web
site:

http://developer.nvidia.com/Cg

Refer to this site often to keep up on the latest changes and additions to the
Cg language. Information on how to report any bugs you may find in the
release is also available on this site.
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Introduction
to the Cg Language

Historically, graphics hardware has been programmed at a very low level.
Fixed-function pipelines were configured by setting states such as the
texture-combining modes. More recently, programmers configured
programmable pipelines by using programming interfaces at the assembly
language level. In theory, these low-level programming interfaces provided
great flexibility. In practice, they were painful to use and presented a serious
barrier to the effective use of hardware.

Using a high-level programming language, rather than the low-level
languages of the past, provides several advantages:

O A high-level language speeds up the tweak-and-run cycle when a shader
is developed. The ultimate test for a shader is “Does it look right?” To
that end, the ability to quickly prototype and modify a shader is crucial
to the rapid development of high-quality effects.

O The compiler optimizes code automatically and performs low-level
tasks, such as register allocation, that are tedious and prone to error.

O Shading code written in a high-level language is much easier to read and
understand. It also allows new shaders to be easily created by modifying
previously written shaders. What better way to learn than from a shader
written by the best artists and programmers?

Q Shaders written in a high-level language are portable to a wider range of
hardware platforms than shaders written in assembly code.

This chapter introduces Cg (C for Graphics), a high-level language tailored
for programming GPUs. Cg offers all the advantages just described, allowing
programmers to finally combine the inherent power of the GPU with a
language that makes GPU programming easy.
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The Cg Language

Cg is based on C, but with enhancements and modifications that make it easy
to write programs that compile to highly optimized GPU code. Cg code looks
almost exactly like C code, with the same syntax for declarations, function
calls, and most data types.

Before describing the Cg language in detail, it is important to explain the
reason for some of the differences that exist between Cg and C.
Fundamentally, it comes down to the difference in the programming models
for GPUs and for CPUs.

Cg's Programming Model for GPUs

CPUs normally have only one programmable processor. In contrast, GPUs
have at least two programmable processors, the vertex processor and the
fragment processor, plus other non-programmable hardware units. The
processors, the non-programmable parts of the graphics hardware, and the
application are all linked through data flows. Cg’s model of the GPU is
illustrated by Fig. 1.

3D
Application
or Game
3D API

Commands

3D API:

OpenGL

or Direct3D
CPU - GPU Boundary
GPU
Command & .
Data Stream Assembled Pixel i
Vertex Index Polygons, Lines Location Pixel
Stream & Points Stream Updates
GPU ) Primitive | o Rasterization & | mummmp  Raster | ey Buffer

Front EndI Assembly Interpolation Operations Frame

Pretransformed Transformed Rasterized Transformed
Vertices Vertices Pretransformed Fragments
Fragments Pr bl
Programmable ‘;9"”“"“’ ey
Vertex Processol P::ﬂ;:i::

Fig. 1. Cg’s Model of the GPU
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The Cg language allows you to write programs for both the vertex processor
and the fragment processor. We refer to these programs as vertex programs and
[fragment programs, respectively. (Fragment programs are also known as pixe/
programs or pixel shaders, and we use these terms interchangeably in this
document.) Cg code can be compiled into GPU assembly code, either on
demand at run time or beforehand.

Cg makes it easy to combine a Cg fragment program with a handwritten
vertex program, or even with the non-programmable OpenGL or DirectX
vertex pipeline. Likewise, a Cg vertex program can be combined with a
handwritten fragment program, or with the non-programmable OpenGL or
DirectX fragment pipeline.

Cg Language Profiles

Because all CPUs support essentially the same set of basic capabilities, the C
language supports this set on all CPUs. However, GPU programmability has
not quite yet reached this same level of generality. For example, the current
generation of programmable vertex processors supports a greater range of
capabilities than do the programmable fragment processors. Cg addresses
this issue by introducing the concept of language profiles. A Cg profile defines
a subset of the full Cg language that is supported on a particular hardware
platform or APIL The current release of the Cg compiler supports the
following profiles:

0 OpenGL ARB vertex programs
Runtime profile: CG_PROFILE_ARBVP1
Compiler option:  -profile arbvpl

O OpenGL ARB fragment programs
Runtime profile: CG_PROFILE_ARBFP1
Compiler option:  -profile arbfpl

0 OpenGL NV40 vertex programs
Runtime profile: CG_PROFILE_VP40
Compiler option: ~ -profile vp40

O OpenGL NV40 fragment programs
Runtime profile: CG_PROFILE_FP40
Compiler option:  -profile fp40

O OpenGL NV30 vertex programs
Runtime profile: CG_PROFILE_VP30
Compiler option:  -profile vp30

808-00504-0000-006 3
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O OpenGL NV30 fragment programs
Runtime profile: CG_PROFILE_FP30
Compiler option:  -profile fp30

0O OpenGL NV2X vertex programs
Runtime profile: CG_PROFILE_VP20
Compiler option:  -profile vp20

O OpenGL NV2X fragment programs
Runtime profile: CG_PROFILE_FP20
Compiler option:  -profile fp20

O DirectX 9 vertex shaders
Runtime profiles: CG_PROFILE_VS_2_X
CG_PROFILE_VS 2 0
Compiler options: -profile vs_2_x
-profile vs_2 0

O DirectX 9 pixel shaders
Runtime profiles: CG_PROFILE_PS_2_X
CG_PROFILE_PS 2 0
Compiler options: -profile ps_2_x
-profile ps_ 2 0

Q DirectX 8 vertex shaders
Runtime profile: CG_PROFILE_VS 1 1
Compiler option:  -profile vs_1_1

O DirectX 8 pixel shaders
Runtime profiles: CG_PROFILE_PS_1_3
CG_PROFILE_PS 1 2
CG_PROFILE_PS_1 1
Compiler options: -profile ps_1_3
-profile ps_1_2
-profile ps_1 1
The DirectX 9 profiles (vs_2_x and ps_2_x), OpenGL ARB profiles (arbfpl
and arbvpl), NV30 OpenGL profiles (fp30 and vp30), and NV40 OpenGL
profiles (fp40 and vp40) generally support longer, more complex programs
and offer more features and functionality to the developer. These are referred
to as adpanced profiles.

The DirectX 8 profiles (vs_1_1 and ps_1_3) and NV2X OpenGL profiles
(fp20 and vp20) have more restrictions on program length and available
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features, especially in fragment programs. These are referred to as basic
profiles.

See “Language Profiles” on page 255 for detailed descriptions of these
and related profiles.

Declaring Programs in Cg

Program

808-00504-0000-006

CPU code generally consists of one program specified by main() in C. In
contrast, a Cg program can have any name. A program is defined using the
following syntax:

<return-type> <program-name>(<parameters>)[: <semantic-name>]
{7 ...*}%

Inputs and Outputs

The programmable processors in GPUs operate on streams of data. The
vertex processor operates on a stream of vertices, and the fragment processor
operates on a stream of fragments.

A programmer can think of the main program as being executed just once on
a CPU. In contrast, a program is executed repeatedly on a GPU—once for each
element of data in a stream. The vertex program is executed once for each
vertex, and the fragment program is executed once for each fragment.

The Cg language adds several capabilities to C to support this stream-based
programming model. For new Cg programmers, these capabilities often take
some time to understand because they have no direct correspondence to C
capabilities. However, the sample programs later in this document
demonstrate that it really is easy to use these capabilities in Cg programs.

Two Kinds of Program Inputs
A Cg program can consume two different kinds of inputs:

Q  Varying inputs are used for data that is specified with each element of the
stream of input data. For example, the varying inputs to a vertex
program are the per-vertex values that are specified in vertex arrays. For
a fragment program, the varying inputs are the interpolants, such as
texture coordinates.

Q  Uniform inputs are used for values that are specified separately from the
main stream of input data, and don’t change with each stream element.
For example, a vertex program typically requires a transformation
matrix as a uniform input. Often, uniform inputs are thought of as
graphics state.
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Varying Inputs to a Vertex Program

A vertex program typically consumes several different per-vertex (varying)
inputs. For example, the program might require that the application specify
the following varying inputs for each vertex, typically in a vertex array:

O Model space position
O Model space normal vector
O Texture coordinate

In a fixed-function graphics pipeline, the set of possible per-vertex inputs is
small and predefined. This predefined set of inputs is exposed to the
application through the graphics API. For example, OpenGL 1.4 provides the
ability to specify a vertex array of normal vectors.

In a programmable graphics pipeline, there is no longer a small set of
predefined inputs. It is perfectly reasonable for the developer to write a
vertex program that uses a per-vertex refractive index value as long as the
application provides this value with each vertex.

Cg provides a flexible mechanism for specifying these per-vertex inputs in
the form of a set of predefined names. Each program input must be bound to
a name from this set. In the following structure, the vertex program
definition binds its parameters to the predefined names POSITION, NORMAL,
TANGENT, and TEXCOORD3. The application must provide the vertex array data
associated with these predefined names.

struct myinputs {

float3 myPosition - POSITION;
float3 myNormal : NORMAL;
float3 myTangent = TANGENT;
float refractive_index : TEXCOORD3;

}:

outdata foo(myinputs indata) {
/* ../
// Within the program, the parameters are referred to as
// “indata.myPosition”, “indata.myNormal”, and so on.
/* ../

}

We refer to the predefined names as binding semantics. The following set of
binding semantics is supported in all Cg vertex program profiles. Some Cg
profiles support additional binding semantics.

POSITION BLENDWEIGHT
NORMAL TANGENT

6 808-00504-0000-006
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BINORMAL PSI1ZE
BLENDINDICES TEXCOORDO—-TEXCOORD7

The binding semantic POSITIONO is equivalent to the binding semantic
POSITION; likewise, the other binding semantics have similar equivalents.

In the OpenGL Cg profiles, binding semantics implicitly specify the mapping
of varying inputs to particular hardware registers. However, in DirectX-
based Cg profiles there is no such implied mapping.

Binding semantics may be specified directly on program parameters rather
than on struct elements. Thus, the following vertex program definition is

legal:

outdata foo(float3 myPosition > POSITION,
float3 myNormal : NORMAL,
float3 myTangent - TANGENT,

float refractive_index : TEXCOORD3) {
VA 4
// Within the program, the parameters are referred to by
// their variable names: “myPosition”, “myNormal”,
// “myTangent”, and “‘refractive_index”.
/> .../
}

Varying Outputs to and from Vertex Programs

The outputs of a vertex program pass through the rasterizer and are made
available to a fragment program as varying inputs. For a vertex program and
fragment program to interoperate, they must agree on the data being passed
between them.

As it does with the data flow between the application and vertex program,
Cg uses binding semantics to specify the data flow between the vertex
program and fragment program.

This example shows the use of binding semantics for vertex program output:

// Vertex program
struct myvf {
float4 pout
float4 diffusecolor
float4 uvO
float4 uvl
}:
myvf foo(/* ... */) {
myvf outstuff;
/* ../

POSITION; // Used for rasterization
COLORO;

TEXCOORDO;

TEXCOORD1 ;

808-00504-0000-006 7
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return outstuff;

}

And, this example shows how to use this same data as the input to a
fragment program:

// Fragment program
struct myvf {

float4 diffusecolor : COLORO;

float4 uvO - TEXCOORDO;

float4 uvl - TEXCOORD1;
};

fragout bar(myvf indata) {
float4 x = indata.uvO;
/> ../

}

The following binding semantics are available in all Cg vertex profiles for
output from vertex programs: POSITION, PS1ZE, FOG, COLORO—COLOR1, and
TEXCOORDO-TEXCOORD?.

All vertex programs must declare and set a vector output that uses the
POSITION binding semantic. This value is required for rasterization.

To ensure interoperability between vertex programs and fragment programs,
both must use the same struct for their respective outputs and inputs. For
example

struct myvert2frag {
float4 pos : POSITION;
float4 uv0 : TEXCOORDO;
float4 uvl TEXCOORD1;

3

// Vertex program
myvert2frag vertmain(...) {
myvert2frag outdata;
/* ../
return outdata;

}

// Fragment program

void fragmain(myvert2frag indata ) {
float4 tcoord = indata.uvO;
VA 4

}
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Note that values associated with some vertex output semantics are intended
for and are used by the rasterizer. These values cannot actually be used in the
fragment program, even though they appear in the input struct. For
example, the indata.pos value associated with the POSITION fragment
semantic may not be read in the fragmain shader.

Varying Outputs from Fragment Programs

Binding semantics are always required on the outputs of fragment programs.
Fragment programs are required to declare and set a vector output that uses
the COLOR semantic. This value is usually used by the hardware as the final
color of the fragment. Some fragment profiles also support the DEPTH output
semantic, which allows the depth value of the fragment to be modified, and
some support additional color outputs for hardware that supports multiple
render targets (MRTs).

As with vertex programs, fragment programs may return their outputs in the
body of a structure. However, it is usually more convenient to either declare
outputs as out parameters:

void main(/* ... */,
out float4 color : COLOR, out float depth : DEPTH) {
/* ...*/
color = diffuseColor * /* __..*/;
depth = /*_.._.*/;
}
or to associate a semantic with the return value of the shader:
float4 main(/* ... */) : COLOR {
/* ... */
return diffuseColor * /* ... */;
s

The following example shows a simple vertex program that calculates
diffuse and specular lighting. Two structures for varying data, appin and
vertout, are also declared. Don’t worry about understanding exactly what
the program is doing —the goal is simply to give you an idea of what Cg code
looks like. “A Brief Tutorial” on page 145 explains this shader in detail.

// Define inputs from application.
struct appin

{
float4 Position - POSITION;
float4 Normal - NORMAL;
};
808-00504-0000-006 9
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// Define outputs from vertex shader.
struct vertout
{
float4 HPosition
float4 Color

}:

POSITION;
COLOR;

vertout main(appin IN,
uniform float4x4 ModelViewProj,
uniform float4x4 ModelViewlT,
uniform float4 LightVec)

vertout OUT;

// Transform vertex position into homogenous clip-space.
OUT.HPosition = mul(ModelViewProj, IN.Position);

// Transform normal from model-space to view-space.
float3 normalVec = normalize(mul(ModelViewlT,
IN_Normal) .xyz);

// Store normalized light vector.
float3 lightVec = normalize(LightVec.xyz);

// Calculate half angle vector.
float3 eyeVec = float3(0.0, 0.0, 1.0);
float3 halfVec = normalize(lightVec + eyeVec);

// Calculate diffuse component.
float diffuse = dot(normalVec, lightVec);

// Calculate specular component.
float specular = dot(normalVec, halfVec);

// Use the lit function to compute lighting vector from
// diffuse and specular values.
float4 lighting = lit(diffuse, specular, 32);

// Blue diffuse material
float3 diffuseMaterial = float3(0.0, 0.0, 1.0);

// White specular material
float3 specularMaterial = float3(1.0, 1.0, 1.0);

// Combine diffuse and specular contributions and
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// output final vertex color.
OUT.Color.rgb = lighting.y * diffuseMaterial +

lighting.z * specularMaterial;

OUT.Color.a = 1.0;

return OUT;

Working with Data

Like C, Cg supports features that create and manipulate data:

a

a
a
a

Basic types
Structures
Arrays

Type conversions

Basic Data Types
Cg supports seven basic data types:

a float
A 32-bit IEEE floating point (s23e8) number that has one sign bit, a 23-bit
mantissa, and an 8-bit exponent. This type is supported in all profiles,
although the DirectX 8 pixel profiles implement it with reduced
precision and range for some operations.

Q half
A 16-bit IEEE-like floating point (s10e5) number.

aQ int
A 32-bit integer. Profiles may omit support for this type or have the
option to treat int as Float.

a fixed
A 12-bit fixed-point number (s1.10) number. It is supported in all
fragment profiles.

Q bool
Boolean data is produced by comparisons and is used in if and
conditional operator (?:) constructs. This type is supported in all
profiles.

a sampler*
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The handle to a texture object comes in six variants: sampler, sampleriD,
sampler2D, sampler3D, samplerCUBE, and samplerRECT. With one
exception, these types are supported in all pixel profiles, fragment
profiles, and the NV40 vertex program profile. The samplerRECT type is
not supported in the DirectX profiles.

a string
Although it is not possible to use strings in Cg program code for any
currently existing profile, they can be set and have their values queried
though the Cg runtime AP thus, they can be useful for storing
information about the contents of a Cg file.

Cg also includes built-in vector data types that are based on the basic data
types. A sample of these built-in vector data types includes (but is not limited
to) the following:

float4 float3 float2 floatl
bool4 bool3 bool2 booll

Additional support is provided for matrices of up to four-by-four elements.
Here are some examples of matrix declarations:

floatlxl matrixl; // One element matrix

float2x3 matrix2; // Two-by-three matrix (six elements)
float4x2 matrix3; // Four-by-two matrix (eight elements)
floatdx4 matrix4; // Four-by-four matrix (sixteen
elements)

Note that the multi-dimensional array float M[4][4] is not type-equivalent
to the matrix float4x4 M.

There are no unions or bit fields in Cg at present.

Type Conversions

12

Type conversions in Cg work largely as they do in C. Type conversions may
be explicitly specified using the C (newtype) cast operator.

Cg automatically performs type promotion in mixed-type expressions, just
as C does. For example, the expression floatvar * halfvar is compiled as
floatvar * (Float) halfvar.

Cg uses different type-promotion rules than C does in one case: A constant
without an explicit type suffix does not cause type promotion. CG compiles
the expression halfvar * 2.0 as halfvar * (half) 2.0.

In contrast, C would compile it as ((double) halfvar) * 2.0. Cg uses
different rules than C to minimize inadvertent type promotions that cause
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computations to be performed in slower, high-precision arithmetic. If the C
behavior is desired, the constant should be explicitly typed to force the type
promotion: halfvar * 2_0f is compiled as ((float) halfvar) * 2.0f.

Cg uses the following type suffixes for constants:
Q f for float
Q h for half

Q x for fixed

Structures and Member Functions

Cg supports structures the same way C does. Cg adopts the C++ convention
of implicitly performing a typedef based on the tag name when a struct is
declared:

struct mystruct {
/> ... */ };
mystruct s; // Define “s” as a “mystruct”.

Structures may define member functions in addition to member variables.
Member functions provide a convenient way of encapsulating helper
functions associated with the data in the structure, or as a means of
describing the behavior of a data object.

Structure member functions are declared and defined within the body of the
structure definition:

struct Foo {
float val;
float helper(float x) {
return val + x;

}
}:

Member functions may reference their arguments or the member variables of
the structure in which they are defined. The result of referring to a variable
outside the scope of the enclosing structure (such as, global variables) is
undefined; instead, passing such variables as arguments to member
functions that need them is recommended.

Member functions are invoked using the usual “.” notation:

float4 main(uniform Foo myfoo, uniform float myval) : COLOR {
return myfoo.helper(myval);
¥
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Arrays

14

Note that in the current release, member variables must be declared before
member functions that reference them; additionally, member functions may
not be overloaded based on profile.

Arrays are supported in Cg and are declared just as in C. Because Cg does
not support pointers, arrays must always be defined using array syntax
rather than pointer syntax:

// Declare a function that accepts an array
// of five skinning matrices.
returnType foo(float4x4