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Foreword 

Andrew S. Glassner 

Computer graphics exists because people have messages to communicate. As our tools 
for rendering, modeling, and animation become more sophisticated, we find it ever 
easier to create meaningful statements. But the tools of graphics are rarely the point of 
our enterprise; our goal is to enable meaningful communication of important ideas. To 
create meaning we must make creative choices, and this leads us to the creation of art. 

There are many ways to define art, and perhaps no definition will ever work univer-
sally. For now, I will use a broad definition tha t includes all "technical" creations and 
say tha t any creative act can result in art, whether it produces a painting, a song, a 
video showing tidal forces on Saturn, or a daydream. The last example is something 
created purely to entertain its creator; all other forms of art are vehicles for commu-
nication. Every image we produce with computer graphics tha t is ultimately destined 
to be shown to another person contains a message: the image is simply the vehicle for 
communicating tha t underlying idea. Tha t idea may be very simple (e.g., a restful ar-
rangement of colors), or very complex (e.g., particle flow in turbulent water), but the 
image is always subservient to the message: without its intended message, the image 
has no intrinsic value. 

For these reasons, I believe tha t as we develop our tools we must keep in mind 
how they help people create, refine, and present their ideas. Each new option in a 
paint program, each new method for interpolating 3D keyframes, and indeed every new 
technique, should be evaluated in terms of not just its technical performance, but also 
in terms of whether it improves people's ability to communicate. 

The point of view tha t images exist to carry messages is quite far from the idea tha t 
computers should be generating their own images. The concept of computer-generated 
art (as opposed to computer-assisted art, which is what we have now) has been around 
as long as computers and science fiction have been around. Sometimes hailed as a good 
and sometimes couched as a warning, the idea tha t computers might start creating 
images, films, sculptures, and other artifacts in the same form as traditional media 
carries with it some interesting questions for those of us who create images to express 
our ideas and who create new tools for tha t purpose. 

The computer is the perfect simulator and imitator, but only along one axis of the 
human experience: intellectual analysis. This is an essential part of what it is to be 
human, but not the whole thing. It is, however, the only tool at our disposal as creators 
of new hardware and software, because the computer is inherently a logical, rational 
device. We have no way of writing an intuitive or spiritual program; those ideas just 
don't fit into the computer model. We can force these ideas onto the Procrustean bed 
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of computers and try to create an algorithmic model of intuition, but I believe this does 
more harm than good: it means distorting the very nature of something not based on 
reason to codify it using the tools of reason. Perhaps someday there will be a way to 
emulate intuition and imagination and soul, but I see no hope of doing that with the 
machines and ideas that form the field of computers as we know them now. 

Without these essential human characteristics, a computer by itself cannot produce 
art that carries anywhere near the levels of meaning that a human artist can provide. An 
artifact produced by a person carries within it many layers of conscious and unconscious 
thought, imagination, filtering, selection, phrasing, shaping, and so on. Artists struggle 
to find the right way to present something, to find the essential core of the message they 
are communicating. Even practical artists, for example, those who produce images of 
traffic flow on urban streets, select shapes and colors and compositions that work best, 
as judged by both objective and subjective criteria. We can try to codify our processes 
for these selections and judgments, but so many of them happen so deeply inside us 
that often the best we can do is create a behaviorist 's paradise: a book of rules that , 
when obeyed, usually produces a reasonable result. Music composed by mechanically 
following the rules of theory is nothing like what a five-year-old makes when banging 
on a piano, but which has more heart? Which speaks more directly to us as people? 

Returning to computer graphics, I believe tha t the best images and films are the 
ones that are made by people with something to say, and that we should address our 
tools to helping those people with their message. We ought not to try to place layers of 
computer-generated art over their message in order to make it look more sophisticated, 
creative, or artistic in some way, because this creates information without meaning. 

Let us take as an example an imaginary lighting system (unimplemented to my knowl-
edge) that a t tempts to provide lighting for scene designers. Someone creates an image 
or animation that appears splotchy; that is, there are some large dark regions and ev-
erything else is about evenly lit. The person invokes the lighting system, which inserts 
a new light to illuminate the dark regions. Is this a good thing? Consider tha t the new 
light may create new highlights if the surfaces are shiny—do those highlights draw a 
viewer's eye away from a region of more importance? Does the new light create shadows 
that change how the surface appears to move? Is it simply out of place in some way? 
Perhaps. The computer can't answer these questions, because they are vague and hard 
to define—two of the characteristics of a problem ill-suited for computerization. It is 
better to leave the creator of the image to define and place that light than to do it 
automatically. This has very little to do with expertise and experience, and everything 
to do with the complex job of trading off countless vague and intuitive decisions when 
we create anything. Whatever the person decides, it will have been a decision formed 
and evaluated by someone with intent, and, like the five-year-old on the piano, the mes-
sage, even if imperfectly stated, is always more important than whether or not the rules 
were followed. To break the rules we sometimes need tools more powerful than the ones 
we've had in the past. And when we share those tools, the entire community gains as 
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we discover each other 's insights. Par t of the inspiration for the Graphics Gems series 
was to provide some of the small and large tools tha t would prove useful to creative 
people working on creative tasks. 

So it is with great pleasure that I welcome you to Graphics Gems V, a volume of 
new and useful tools for you to apply to your work as you create images, films, and 
the systems tha t help people create them. My goal in this series has been to provide 
programmers with tools tha t have been forged by necessity, shaped by experience, and 
shared through a sense of community. 

When I had the original idea for the first Graphics Gems, I was inspired by a wallet-
sized card one of my college professors carried, which had the entire APL language 
(with examples!) printed on its two sides. I thought Gems would be a small paperback 
book tha t you could just carry around casually; in fact, we were uncertain that we could 
fill enough pages, even with large type and wide margins, to make it financially sound 
to print the book. The flood of high-quality submissions I received in response to the 
original solicitation quickly changed tha t premise, and now we have produced five large, 
densely packed volumes. 

It gives me particular pleasure to note tha t all of the source code for all the Gems 
books is freely available to the public through many different channels. This is important 
to me, and I thank AP Professional for supporting this approach. You can now find 
much of the Gems source code on disk and CD-ROM, as well as through anonymous 
ftp, the World Wide Web, and other Internet servers. 

The tools in this book are yours, to extend your reach, conserve your time, and 
encourage you to reach for ever-higher dreams. Enjoy! 
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Preface 

As with previous volumes of the Graphics Gems series, this book ultimately serves 
a number of purposes. First, it provides a recognized, moderated forum of computer 
graphics dialogue, allowing emerging techniques to come to light before a large audience. 
Where possible, it places evolving methods within their historical context through its 
choice of entries and through interactions between the technical editor and each contrib-
utor. My emphasis on the latter, which took the form of providing citations lists, related 
articles, and copyediting for many authors, proved to be both a major undertaking and 
a rewarding task. 

Second, the book serves as a means of dissemination and distribution of this infor-
mation across a broad and secure domain. Today, the contents of this book "in any 
form and by any means, electronic or mechanical" is circulating in libraries lacking 
the benefits of Internet access. Tomorrow, it will be in libraries tha t will abandon 
tha t network. I regard my floppy disk from Volume III as both a landmark step in 
publishing and a 5 1/4" historical keepsake. [As an electronic document, the diskette 
included with this book contains code from all five volumes. The original authors have 
in some cases revised their entries to correct bugs or to cite related work; see, for ex-
ample, the code tha t accompanies Volume IV's "Point in Polygon Strategies." This 
decision in not running previous code verbatim also keeps the diskettes up to publica-
tion date with respect to their anonymous F T P mirrors at Princeton.edu (see under 
/pub/Graphics /GraphicsGems) and elsewhere.] 

Finally, the book provides information in a medium tha t will never be outmoded. 
Good gems and good books are worthy of rereading simply on their own merit. The 
best implementations appearing here either transcend the C language in which they 
were first coded or are presently reembodied in C merely for the time being. Ultimately, 
this volume is not a summary of past work but a congress of ideas looking toward the 
electronic frontier. 

Notable entries include Herbison-Evans' noniterative root solver, which opens the 
volume. Its code has perhaps the oldest pedigree of any gem, having begun life on an 
English Electric KDF9 in Algol-60 before migrating to an IBM 7040 (Fortran), thence to 
a PDP11/34 . Other feature-length entries include the surveys. Chin's illustrative binary 
space partit ion "walk-through" is detailed to the point of a complete implementation, 
making it a welcome contribution for even the casual graphics programmer. Of similar 
value is the book's concluding survey of four extended graphics libraries. Owing to 
the extreme code length of these and a few other gems, only excerpts appear in print, 
though such gems in toto may truly be said to exist between the book's covers. Gems 
lacking code (the other extreme) are more rare; Goldman provides a remarkably concise 
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summary of curve and surface basis identities annotated with a valuable citations list. 
Finally, most of the entries in Par t VI collectively describe advances in halftoning and 
image processing at the state of the art tha t beckon for further experimentation. 

The editor wishes to acknowledge two who helped make this work possible: Eric 
Haines served as an external reviewer for four submissions and also provided editorial 
assistance in rewriting a portion of one contribution. Special thanks go to MIT's resident 
expert in communication policy, Dr. Branko Gerovak, who ran a make-shift Mass Ave 
sneaker net one late Cambridge afternoon in early Fall and to the AP PROFESSIONAL 
staff—Jenifer Niles, sponsoring editor, Cindy Kogut, production editor, and Jacqui 
Young, editorial assistant—who coordinated and managed the entire project. 

0 Afterword 0 

Five years ago a friend and fellow PARC alumnus conceived of a computer graphics text 
unlike any previous. A collected work, its appendices would contain full implementa-
tions—in C and placed in the public domain—of the algorithms it described. For many 
of us, Glassner's book offered the perfect niche for the mathematical tools and tricks 
accumulated over years of graphics programming, whose essential design details would 
fit neither a short note nor a journal article. Hitherto, our gems-in-the-rough were 
strewn across the backs of envelopes, among disk subdirectories, and within desk-side 
shoe boxes. We polished what we had, contributed liberally, then waited. The book 
proved a runaway success. 

An evolution of volumes followed. In the second, Arvo captured many more gems not 
already in hardback (together, those texts total nearly fifteen hundred pages). Color 
plates were added. While the form and style of the book remained unchanged per se, 
the accompanying code was already ensconced on an Internet-based repository at Yale 
by the time the edition appeared in print. 

The third volume retained the color plates while the F T P mirror migrated from Yale 
to Princeton. More important, the code was reproduced on floppy disk attached to the 
back cover, wherein it became a physical portion of Kirk's volume. Not coincidentally, 
a book leading the edge in graphics content was also pushing the envelope in methods 
of electronic publishing, as suggested by the four ISBN numbers tha t catalogue both 
the printed pages and IBM/Macintosh diskettes. 

These advances, plus the sizable niche market of literate computer professionals, 
helped give rise to AP PROFESSIONAL. The fourth volume, edited by Heckbert, 
became a founding entry. The Internet was more widely employed for manuscript sub-
mission as well as correspondence. Accordingly, a standardized typesetting language 
(I^TjrX) was chosen and a book style sheet provided. As a consequence, tha t volume— 
and this which follows—underwent an appendectomy in tha t the code listings now 
accompany their respective gems. In short, gems publication has became a desktop 
enterprise for nearly all parties involved. 
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This is the fifth collection of graphics gems, those practical programming essentials. 
The fifth volume in a series traditionally provides a summary of work to date. With 
this in mind, the gems were solicited (electronically) with two requests. First, that 
they constitute summary works. Second, that they satisfy my benchmark for a good 
gem: Would the author look up their own work? What came over the transom were 
over one hundred highly diverse submissions. Herein are four dozen shining examples 
from contributors who span four continents and who have widely diverse professional 
backgrounds. While there are only a few summary gems, each entry is unique, at times 
scintillating, and worth reading carefully many times over, as I have already done. 

To the gems! 

Alan Paeth 
Kelowna, British Columbia 
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ο I ο 
Algebra and Arithmetic 

The gems in this section describe general mathematical techniques having ready applica-
tion to computer graphics. The methods are crafted with both efficiency and numerical 
stability in mind. 

Herbison-Evans' root finder (1.1) offers the penult imate word in polynomial root 
finding for computationally closed forms. One immediate gem application generalizes 
the efficient 3D eigenvalue finder (gem III.2 in volume IV) onto the 4D case. Turkowski 
(1.2, 1.3) provides two elegant and efficient (inverse) square root finders. The first is 
optimized for use with floating-point hardware and requires no divisions; the second 
is suitable for integer hardware and features a fixed binary point having adjustable 
position. Shoemake (1.4) discusses the utility of rational approximation and derives an 
implementation more stable than one based upon first principles. The availability of his 
code makes it a useful tool in crafting well-tuned software, as when finding the integer 
coefficients for the code tha t concludes gem II.7. 
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Solving Quartics and Cubics 
for Graphics 

Don Herbison-Evans 
Central Queensland University 
Bundaberg Campus 
herbisod@musgrave.cqu.edu.au 

0 Introduction 0 

In principle, quartic and cubic equations can be solved without using iterative tech-
niques. In practice, most numerical algorithms based directly upon analytic solutions 
of these equations are neither well-behaved nor efficient. This gem 1 derives a robust 
C-language implementation based upon the solutions of Neumark and Ferrari. Its su-
periority in controlling both round-off error and overflow is also demonstrated. 

0 Background 0 

Quartic equations need to be solved when ray tracing fourth-degree surfaces, e.g., a 
torus. Quartics also need to be solved in a number of problems involving quadric sur-
faces. Quadric surfaces (e.g., ellipsoids, paraboloids, hyperboloids, cones) are useful in 
computer graphics for generating objects with curved surfaces (Badler and Smoliar 
1979). Fewer primitives are required than with planar surfaces to approximate a curved 
surface to a given accuracy (Herbison-Evans 1982b). 

Bicubic surfaces may also be used for the composition of curved objects. They have the 
advantage of being able to incorporate recurves: lines of inflection. There is a problem, 
however, when drawing the outlines of bicubics in the calculation of hidden arcs. The 
visibility of an outline can change where its projection intersects tha t of another outline. 
The intersection can be found as the simultaneous solution of the two projected outlines. 
For bicubic surfaces, these outlines are cubics, and the simultaneous solution of two of 
these is a sextic which can be solved only by iterative techniques. For quadric surfaces, 
the projected outlines are quadratic. The simultaneous solution of two of these leads to 
a quartic equation. 

l r
This gem updates a prior technical report (Herbison-Evans 1986). 
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