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Foreword

Before the advent of dedicated PC graphics hardware, the industry’s first 3D games used
CPU-based software rendering. I wrote the first Unreal Engine in that era, inspired by
John Carmack’s pioneering programming work on Doom and Quake. Despite slow
CPUs and low resolutions, the mid-1990s became a watershed time for graphics and
gaming. New visual effects appeared almost monthly, marked by milestones like Quake’s
light mapping and shadowing and Unreal’s colored lighting and volumetric fog. That era
faded away as fixed-function 3D accelerators appeared. Deprived of the programmabil-
ity that drove innovation and differentiation, 3D games grew indistinct.

Today, a new Renaissance in 3D graphics is under way, driven by fully programmable
GPUs—graphics processing units—rthat deliver thousands of times the graphics power avail-
able just ten years ago. Combining incredible parallel computing power with modern,
high-level programming languages, today’s GPUs have unleashed a Cambrian Explosion
of innovation and creativity. Real-time soft shadowing, accurate lighting models, and real-
istic material interactions are readily achievable. But the most important gain of program-
mability is that you can do anything with a GPU so long as you can find an algorithm to
express your idea. GPU Gems 2 demonstrates many such ideas-turned-algorithms.

Let us take a moment to review the set of resources available to today’s graphics pro-
grammer. First, you have access to a GPU that can perform tens of billions of floating-
point calculations per second in programmable shading algorithms. It’s your workhorse;
if you can move your problem into the realm of pixels and vertices, then you can har-
ness the GPU’s immense power. Second, you have a CPU, the system’s general-purpose
computing engine. The CPU sends commands to the graphics processing unit, man-
ages resources, and interacts with the outside world. Finally, you have access to artistic
content—texture maps, meshes, and other multimedia data that the GPU can com-
bine, filter, and procedurally modify during rendering.

The Gems in this book employ these resources in novel ways to render realistic scenes,
process images, and produce special effects. In doing so, many of the previous era’s
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graphics rules may be broken. GPUs are fast and flexi-
ble enough that you may render a given object many
times, decomposing a scene into its components—
lighting, shadowing, reflections, post-processing ef-
fects, and so on. You can employ the GPU for
decidedly non-graphics tasks like collision detection,
physics, and numerical computation; and within tex-
ture maps you can encode arbitrary data, such as vec-
tors, positions, or lookup tables used by shader
programs. And while visual realism is now achievable
on GPUs, it is not your only option: nonphotorealistic rendering techniques are avail-
able, such as cel shading, exaggerated motion blur and light blooms, and other effects

seen frequently in Hollywood productions.

Seven years after I wrote Unreal’s original software renderer, my company began develop-
ing a new game engine, Unreal Engine 3, designed for the capabilities of today’s modern
GPUs. It has been an incredible experience! Where we once built 300-polygon scenes with
static lighting and texture maps, we now combine dynamic per-pixel lighting and shadow-
ing with realistic material effects in million-polygon scenes. We've seen an explosive
growth in the power and flexibility available
to programmers and artists alike. But while
much has changed in graphics development,
several truths have remained: that graphics
requires a unique combination of engineer-
ing, artistry, and invention unmatched in
other fields; that innovation moves at an
incredible pace as hardware performance

increases exponentially; and that graphics

programming is & heck of a lot of fun!

Here in GPU Gems 2, you'll find a wealth of knowledge and insight, plus many just plain
neat ideas, which can be readily applied on today’s graphics hardware. But the techniques
here are only a starting point on your adventure—the real fun and opportunity lie in

finding new ways to customize and combine these Gems and to invent new ones.

Tim Sweeney

Founder and Technical Director, Epic Games

Screenshots from Unreal Engine 3 Technology Demo, hitp://www.unrealtechnology.com
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Preface

The first volume of GPU Gems was conceived in the spring of 2003, soon after the arrival
of the first generation of fully programmable GPUs. The resulting book was released less
than a year later and quickly became a best seller, providing a snapshot of the best ideas
for making the most of the capabilities of the latest programmable graphics hardware.

GPU programming is a rapidly changing field, and the time is already ripe for a sequel. In
the handful of years since programmable graphics processors first became available, they
have become faster and more flexible at an incredible pace. Early programmable GPUs
supported programmability only at the vertex level, while today complex per-pixel pro-
grams are common. A year ago, real-time GPU programs were typically tens of instruc-
tions long, while this year's GPUs handle complex programs hundreds of instructions
long and still render at interactive rates. Programmable graphics has even transcended the
PC and is rapidly spreading to consoles, handheld gaming devices, and mobile phones.

Until recently, performance-conscious developers might have considered writing their
GPU programs in assembly language. These days, however, high-level GPU program-
ming languages are ubiquitous. It is extremely rare for developers to bother writing
assembly for GPUs anymore, thanks both to improvements in compilers and o the
rapidly increasing capabilities of GPUs. (In contrast, it took many more years before
game developers switched from writing their games in CPU assembly language to using
higher-level languages.)

This sort of rapid change makes a “gems”-style book a natural fit for assembling the
state of the art and disseminating it to the developer community. Featuring chaprers
written by acknowledged experts, GPU Gems 2 provides broad coverage of the most
exciting new ideas in the field.

Innovations in graphics hardware and programming environments have inspired fur-

ther innovations in how to use programmability. While programmable shading has long

been a staple of offline software rendering, the advent of programmability on GPUs has
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led to the invention of a wide variety of new techniques for programmable shading.
Going far beyond procedural pattern generation and texture composition, the state of
the art of using shaders on GPUs is rapidly breaking completely new ground, leading to
novel techniques for animation, lighting, particle systems, and much more.

Indeed, the flexibility and speed of GPUs have fostered considerable interest in doing
computations on GPUs that go beyond computer graphics: general-purpose computa-
tion on GPUs, or “GPGPU.” This volume of the GPU Gems series devotes a significant
number of chapters to this new topic, including an overview of GPGPU programming
techniques as well as in-depth discussions of a number of representative applications
and key algorithms. As GPUs continue to increase in performance more quickly than
CPUgs, these topics will gain in importance for more and more programmers because
GPUs will provide superior results for many compurtationally intensive applications.

With this background, we sent out a public call for participation in GPU Gems 2. The
response was overwhelming: more than 150 chapters were proposed in the short time
that submissions were open, covering a variety of topics related to GPU programming.
We were able to include only about a third of them in this volume; many excellent
submissions could not be included purely because of constraints on the physical size of
the book. It was difficult for the editors to whittle down the chaprters to the 48
included here, and we would like to thank everyone who submitted proposals.

The accepted chapters went through a rigorous review process in which the book’s edi-
tors, the authors of other chapters in the same part of the book, and in some cases addi-
tional reviewers from NVIDIA carefully read them and suggested improvements or
changes. In almost every case, this step noticeably improved the final chapter, due to
the high-quality feedback provided by the reviewers. We thank all of the reviewers for
the time and effort they put into this important part of the production process.

Intended Audience

We expect readers to be familiar with the fundamentals of computer graphics and GPU
programming, including graphics APIs such as Direct3D and OpenGL, as well as GPU
languages such as HLSL, GLSL, and Cg. Readers interested in GPGPU programming
may find it helpful to have some basic familiarity with parallel programming concepts.

Developers of games, visualization applications, and other interactive applications, as
well as researchers in computer graphics, will find GPU Gems 2 an invaluable daily
resource. In particular, those developing for next-generation consoles will find a wealth
of timely and applicable content.
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Trying the Examples

GPU Gems 2 comes with a CD-ROM that includes code samples, movies, and other
demonstrations of the techniques described in the book. This CD is a valuable supple-
ment to the ideas explained in the book. In many cases, the working examples provided
by the authors will provide additional enlightenment. You can find sample chaprers,
updated CD content, supplementary materials, and more at the book’s Web site,

http://developer.nvidia.com/GPUGems2/.
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