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Not all that long ago, at least for some of us, all aspects of computer graphics were 
programmable.  In fact, “programmable” is probably not a good term, because 
that implies that there was an option when creating an image.  There was not.  If 
you wanted anything to happen, you had no choice but to program it.

Computer graphics APIs changed that for most graphics practitioners.  
With a good API, you could write very good graphics programs much more 
easily because you could let the API’s functionality take over large portions 
of the graphics process.  However, you paid for this in giving up anything 
that the API didn’t know how to handle.  A good example is in surface shad-
ing, where most of the 1990s APIs could not support anything beyond simple 
smooth lighted surfaces.

Fortunately, neither the computer graphics research community nor 
advanced graphics practitioners were satisfi ed with this.  First in soft ware 
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and then in hardware, as graphics processors were developed, specifi c func-
tionality was developed to support the programming of features that fi xed-
function graphics APIs had fenced off .  This functionality has now developed 
its own standards, including the GLSL shader language that is part of the 
OpenGL 2.1 standard.  Programmable graphics shaders, programs that can be 
downloaded to a graphics processor to carry out operations outside the fi xed-
function pipeline of earlier standards, have become a key feature of computer 
graphics.

This process is now being paralleled in the teaching and learning of 
computer graphics.  Just as students usually fi rst learned computer graph-
ics through a graphics standard, most oft en OpenGL, students now need to 
understand the role of programmable shaders and to have experience in writ-
ing and using them.  One of the remarkable things about shader-level pro-
gramming is that it brings us all back to the same kind of graphics questions 
that were being examined in the 1970s.  We can now manipulate vertices and 
even individual pixels while still having full OpenGL API support whenever 
we want to use it.  This gives students and practitioners a wonderful range of 
capabilities that can be used in games, in scientifi c visualization, and in gen-
eral graphical communication.

This book is designed to open computer graphics shader programming 
to the student, whether in a traditional class or on their own. It is intended to 
complement texts based on fi xed-function graphics APIs, specifi cally OpenGL.  
It introduces shader programming in general, and specifi cally the GLSL shader 
language.  It also introduces a fl exible, easy-to-use tool, glman, that helps you 
develop and tune shaders outside an application that would use them.

This book is intended as a text for a second course in computer graph-
ics at either the undergraduate or graduate level.  It is not a textbook for a 
fi rst course in computer graphics, because it assumes knowledge of not only 
OpenGL, but of general graphics concepts.  Knowledge of another graphics 
API, such as Direct3D, will work, but we focus on GLSL and will use OpenGL 
terminology consistently.  Because shader programming lets you work in areas 
that APIs might hide from you, sometimes you will need to work at funda-
mental levels of geometry, lighting, shading, and similar concepts.  You will 
benefi t from a prior understanding of these.  You will also fi nd that shader pro-
gramming exposes some areas of API operation that you may not have fully 
understood, so you may need to review some of these details.

Our choice of GLSL as the vehicle for teaching shaders is based on its 
integration into the widely-used OpenGL multiplatform API and its solid per-
formance.  The concepts presented here will also help anyone who works with 
other shader APIs, such as Cg or HLSL, because the basic ideas of shaders 
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are all similar.  The book is designed to take the student from a review of the 
fi xed-function graphics pipeline, through an understanding of the basic role 
and functions of shader programming, to solid experience in writing vertex, 
fragment, and geometry shaders for both glman and actual applications.

While it might seem logical to treat shaders in the order in which they are 
applied in the expanded graphics pipeline, with vertex shaders fi rst, followed 
by geometry shaders and then fragment shaders, we have chosen to lay out 
their order a litt le diff erently.  Again, it might seem logical to treat shaders in 
the order of frequency of use, with fragment shaders fi rst, followed by vertex 
shaders and then geometry shaders, but that also does not quite seem to work.  
Because many of the operations of a fragment shader depend on things that 
come out of a vertex shader, we treat vertex shaders fi rst, followed by frag-
ment shaders, and then geometry shaders.

The overall outline of the text is straightforward.  In the fi rst four chap-
ters, which make up the background for the rest of the book, we begin by 
covering the fi xed-function graphics pipeline of OpenGL in Chapter 1.  We 
then present the basic principles of vertex, fragment, and geometry shaders 
in Chapter 2, including several examples, using the GLSL shader language.  
Chapter 3 introduces the glman tool with a kind of mini-manual on its use.  
Finally, Chapter 4 presents the GLSL shader language and discusses its simi-
larities and diff erences from the C programming language.

The next set of chapters set up vertex and fragment shader concepts.  
Chapter 5 covers lighting from the point of view of shaders, and introduces 
the ADS (ambient, diff use, specular) lighting function that we will use several 
times in later chapters.  This is fundamental in both vertex and fragment shad-
ers, since vertex shaders oft en need to compute lighting for each vertex, and 
fragment shaders may want to compute lighting for each pixel.  In Chapter 
6 we cover vertex shaders, emphasizing their inputs and outputs, as well as 
the ways they can be used to modify vertex geometry.  Finally, in Chapter 7 
we cover fragment shaders, again emphasizing their inputs and outputs, and 
showing how they can be used to replace the usual fi xed-function fragment 
operations.

The next three chapters discuss particular capabilities of fragment shad-
ers.  In Chapter 8 we describe the way fragment shaders handle texture map-
ping, including bump mapping, cube mapping, and rendering a scene to a 
texture.  Chapter 9 discusses noise functions and their role in writing textures 
and shaders, and introduces a tool, noisegraph, that lets you experiment with 
the properties of 1D and 2D noise functions.  Finally, Chapter 10 examines 
some ways you can manipulate 2D images, treated as textures, with the tools 
that fragment shaders make available.
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Chapter 11 stands somewhat alone.  It presents geometry shaders, includ-
ing how they are related to vertex and fragment shaders, as well as their own 
capabilities.  Several examples highlight the way geometry shaders can expand 
the geometric capability of your models or show the capability of geometry 
shaders to handle simple level-of-detail operations.

The fi nal set of chapters focus on computer graphics shaders in appli-
cations.  Chapter 12 describes the GLSL API that lets you compile, link, and 
use shaders in an application.  It also discusses passing data and graphics 
state information to shader programs and presents a simple C++ class that 
encapsulates the process of incorporating shader programs in an applica-
tion.  In Chapter 13 we focus on how shaders can be used in scientifi c visu-
alization applications, and show examples of a number of specifi c visualiza-
tion operations.  Finally, in Chapter 14 we explore some fun things you can 
do with computer graphics shaders, under the guise of gett ing real work 
done.

While most of the topics in this text are straightforward, others are 
tricky or deserve special att ention.  We have followed the lead of the Nicholas 
Bourbaki mathematics texts of the early 20th century and have highlighted 
these with a “dangerous curves ahead” sign, as shown to the left .  We hope 
this will help you notice these points.

We are confi dent that the tools and capabilities we describe in this book 
will both make you a bett er graphics programmer and make graphics pro-
gramming a much more interesting experience for you.  And as OpenGL 
evolves toward the future and shaders become the only way that geometry 
and rendering are handled, we believe that you will fi nd this text to be an 
invaluable guide.
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