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Preface

Computer graphics remains one of the most exciting and rapidly growing com-
puter fields. Since the appearance of the first edition of this book, computer
graphics has now become a common element in user interfaces, data visualiza-
tion, television commercials, motion pictures, and many, many other applications.
Hardware devices and algorithms have been developed for improving the effec-
tiveness, realism, and speed of picture generation, and the current trend in com-
puter graphics is to incorporate more physics principles into three-dimensional
graphics algorithms to better simulate the complex interactions between objects
and the lighting environment.

Software Standards

Significant improvements in graphics software standards have been developed
since the acceptance of the first graphics package, the Graphical Kernel System
(GKS), by the International Standards Organization (ISO) and the American Na-
tional Standards Institute (ANSI). The Programmer’s Hierarchical Interactive
Graphics Standard (PHIGS) is now both an ANSI and an ISO standard. Both
PHIGS and the expanded PHIGS+ packages are widely available. In addition, a
number of popular industry packages have emerged, including Silicon Graphics
GL (Graphics Library), OpenGL, the Pixar RenderMan interface, PostScript in-
terpreters for page descriptions, and a variety of painting, drawing, and design
systems.

New Topics

Because of the tremendous number of changes that have occurred in the field of
computer graphics, we decided to completely rewrite the book for the second
edition, while maintaining the general organization of the first edition. All topics
from the first edition were expanded to include discussions of current technol-
ogy, and a great many new topics have been added. Topics that have been signifi-
cantly expanded include antialiasing, fractal and other object-representation
methods, ray tracing, spline curves and surfaces, illumination models, surface-
rendering methods, and computer animation. New topics that have been added
to this second edition include virtual reality, parallel implementations for graph-
ics algorithms, superquadrics, BSP trees, shape grammars, particle systems,
physically based modeling, scientific visualization, business visualization,
quaternion methods in graphics algorithms, distribution ray tracing, fast-Phong
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shading, radiosity, bump mapping, morphing, and discussions of various mathe-
matical methods useful in graphics applications.

This second edition can be used both as a text for students with no prior
background in computer graphics and as a reference for graphics professionals.
We emphasize basic principles needed to design, use, and understand computer
graphics systems. Both hardware and software components of graphics systems
are discussed, as well as various applications of computer graphics. We also in-
clude programming examples written in C to demonstrate the implementation
and applications of the graphics algorithms. And we explore the features of
PHIGS, PHIGS+, GKS, and other graphics libraries, while using PHIGS and
PHIGS+ functions in the C programs to illustrate algorithm implementations and
graphics applications.

Required Background

We assume no prior familiarity with computer graphics, but we do assume the
reader has some knowledge of computer programming and basic data structures.
A variety of mathematical methods are used in computer graphics algorithms,
and these methods are discussed in some detail in the appendix. Mathematical
topics covered in the appendix include techniques from analytic geometry, linear
algebra, vector and tensor analysis, complex numbers, quaternions, and numeri-
cal analysis.

How to Use This Book as a Text

The material in this second edition evolved from notes used in a number of
courses we have taught over the past several years, including introductory
computer graphics, advanced graphics topics, scientific visualization, and
graphics project courses. For a one-semester course, a subset of topics dealing
with either two-dimensional methods or a combination of two-dimensional
and three-dimensional topics can be chosen, depending on the requirements of
a particular course. A two-semester course sequence can be used to cover the
basic graphics concepts and methods in the first course and advanced three-di-
mensional methods and algorithms in the second course. For the self-study
reader, early chapters can be used to provide an understanding of graphics con-
cepts, with individual topics selected from the later chapters according to the
interests of the reader.

At the undergraduate level, an introductory two-dimensional graphics
course can be organized with a detailed treatment of fundamental topics from
Chapters 2 through 8 plus the introduction to three-dimensional concepts and
methods given in Chapter 9. Selected topics, such as color models, animation,
spline curves, or two-dimensional fractal representations, from the later chapters
could be used as supplemental material. For a graduate or upper-level under-
graduate course, basic two-dimensional concepts and methods can be covered in
the first half of the course, with selected topics from three-dimensional modeling,
viewing, and rendering covered in the second half. A second, or advanced-topics,



course can be used to cover selected topics from object representations, surface
rendering, and computer animation.

Chapter 1 is a survey of computer graphics, illustrating the diversity of
applications areas. Following an introduction to the hardware and software
components of graphics systems in Chapter 2, fundamental algorithms for the
representation and display of two-dimensional graphics objects are presented in
Chapters 3 and 4. These two chapters examine methods for producing basic pic-
ture components and techniques for adjusting size, color, and other object attrib-
utes. This introduces students to the programming techniques necessary for im-
plementing graphics routines. Chapters 5 and 6 discuss two-dimensional
geometric transformations and viewing algorithms. Methods for modeling and
organizing two-dimensional picture components into separate structures are
given in Chapter 7. In Chapter 8, we present graphics methods for user inter-
faces and for interactive input in various applications, including virtual-reality
systems.

Three-dimensional techniques are introduced in Chapter 9. We then dis-
cuss in Chapter 10 the different ways that three-dimensional objects can be
graphically represented, depending on the characteristics of the objects. Chapter
11 presents methods for modeling and performing geometric transformations in
three-dimensions. Methods for obtaining views of a three-dimensional scene are
detailed in Chapter 12. The various algorithms for identifying visible surfaces in
a scene are discussed in Chapter 13. Illumination models and surface-rendering
methods, such as ray tracing and radiosity, are taken up in Chapter 14. Color
models and methods are discussed in Chapter 15, and animation techniques are
explored in Chapter 16.
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