Preface

This book is designed for junior- or senior-level computer science, science, or en-
gineering students with a basic background in linear algebra and experience with
an object-oriented programming language. Working professionals with compara-
ble background should be able to follow this book and learn the essential computer
graphics concepts by themselves.

The technical content and organization of this book represent our answer to
the question:

If students can only schedule one elective computer graphics course
in their undergraduate education, what should we teach in such a
course?

When answering this question, we strive to achieve two major objectives:

* To provide practical information. The knowledge should be practical
with potential applicability in the students’ chosen field of profession.

* To provide essential information. The knowledge should be essential con-
cepts that support students’ future self-learning in the field of computer
graphics.
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Tutorials

We approach these objectives by focusing on topics that are relevant to popular
computer graphics applications. To address the “one elective course” time re-
striction, only concepts that are relevant to interactive applications are covered.
To maximize potential applicability, source code for example implementations
(the tutorials) of the concepts is provided. These concept-demonstration tutorials
are implemented using popular APIs. To ensure students learn the associated con-
cepts together with the APIs, each tutorial has an OpenGL version and a DirectX
version. We are in the process of porting the tutorials to the XNA Framework, a
third graphics APIL.

The UWBGL Libraries

This book uses “the development of comprehensive software libraries suitable for
building popular interactive computer graphics applications” as the central theme
to connect and relate all the tutorials. All tutorials are implemented based on the
UWBGL library system. Initially this library is trivial. As new concepts are in-
troduced, corresponding sample implementation will be discussed and integrated
into the UWBGL. In this way, the complexity of the library builds gradually as more
concepts are presented in the book. There are a total of 18 different versions of
the UWBGL library. This library system increases in complexity throughout the
book and eventually enables fast prototyping of moderately complex interactive
computer graphics applications.

Organization

We present the concepts associated with interactive graphics applications in three
distinct parts.

1. Part I discusses the issues surrounding designing and implementing inter-
active applications based on a simple graphical user interface (GUI). To
ensure the focus is on user interaction and software design topics, coverage
of computer graphics is minimal in Part I.

2. Part II discusses the fundamental concepts for building graphics applica-
tions: graphical primitives, transformation, and (simple) applied linear al-
gebra. To ensure the context is simple for understanding these concepts, the
presentation is carried out in two dimensions.
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3. Part III extends the discussion to the third dimension by introducing the
computer graphics camera model and discussing techniques in software im-
plementation.

Throughout the presentation, the independence of concepts from implementation
is emphasized. The tutorials serve to reinforce this theme, where the same con-
cepts are demonstrated in multiple versions based on competing APIs. Following
this theme, we have chosen to omit the discussion of hardware shading and il-
lumination. This is because the field is currently undergoing rapid changes and
most of the materials involved are highly hardware- and API-dependent. Instead,
implementation with the simple traditional Phong model is demonstrated in Ap-
pendix A. We believe that this field will continue to undergo rapid changes, and
before it settles, the best source of up-to-date information will be online docu-
mentation and manuals.

Using This Book in a Course

The book organizes the topics above to support the gradual building of the UWBGL
library system. It is important that the first four chapters of the book are covered
in their given order. These chapters present the foundation and describe the re-
quirements of the application/library that students will be building. Beyond the
first four chapters, the topics can be covered in almost any order. In all cases, as
soon as sufficient computer graphics topics are covered (by around Chapter 10 or
11), students should commence working on a final project based on the library
system. In these final projects, students should demonstrate their knowledge and
understanding by designing and developing an original and significantly complex
application.

At the University of Washington, Bothell, two 10-week quarter courses are
taught based on the contents of this book. The first course is a 2D graphics course
concentrating on software infrastructure, user interaction, coordinate transforma-
tion, and 2D hierarchical modeling. This 2D course covers Parts I and II of the
book. The first half of the second course covers the rest of the book. The sec-
ond half of the second course covers topics in hardware shading and illumination
based on up-to-date online documentation.

For more advanced students with a background in event-driven GUI program-
ming, it is possible to review the topics in Part I with an initial programming
assignment. In this case, Chapters 3 and 4 still need to be covered for an intro-
duction to programming with graphics APIs.
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This book can be used to teach building graphics applications to computer
science (CS) major students, as well as non-major students with the appropri-
ate programming background (experience with object-oriented programming).
For CS majors, the course should concentrate on building and improving the
UWBGL library system. For non-CS majors, the course should focus on using
the UWBGL library system in developing applications (instead of developing the
libraries).

Limitations of This Book

Finally, it is important to point out that even though this book does not attempt
to provide a comprehensive coverage of the computer graphics field, its major
strength is in the presentation of conceptual and practical insights required for
the building of many popular interactive graphics applications. Essential con-
cepts in interactive graphics application development are covered, including top-
ics in software engineering, software design patterns, graphical user interfaces,
real-time simulation, application programming interface (API) models, graphi-
cal primitives, coordinate transformations, scene nodes and hierarchies, blending,
file texturing, and camera models and interaction. These issues are extremely
important issues, especially for students who wish to pursue careers in computer
graphics—related fields. This book offers readers a substantive learning experience
designed to further enhance their computer graphics knowledge.

Software Update

We plan to continue improving and updating the tutorials and to include the sup-
port of additional APIs (e.g., XNA Framework and potentially Java and OpenGL)
in the future. Please refer to http://depts.washington.edu/cmmr/biga/ for up-to-
date source code of the tutorials.
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