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INTRODUCTION

provide the functions, procedures, and data structures used in

the program. Ideally, most of these modules are ready-made and
come from libraries; only those that are specific to the application at
hand need to be written from scratch. Assuming that library code has
been tested thoroughly, only the application-specific code will contain
bugs, and debugging can be confined to just that code.

Unfortunately, this theoretical ideal rarely occurs in practice. Most
programs are written from scratch, and they use libraries only for the
lowest level facilities, such as I/O and memory management. Program-
mers often write application-specific code for even these kinds of low-
level components; it's common, for example, to find applications in
which the C library functions malloc and free have been replaced by
custom memory-management functions.

There are undoubtedly many reasons for this situation; one of them is
that widely available libraries of robust, well designed modules are rare.
Some of the libraries that are available are mediocre and lack standards.
The C library has been standardized since 1989, and is only now appear-
ing on most platforms.

Another reason is size: Some libraries are so big that mastering them
is a major undertaking. If this effort even appears to be close to the
effort required to write the application, programmers may simply reim-
plement the parts of the library they need. User-interface libraries, which
have proliferated recently, often exhibit this problem.

Library design and implementation are difficult. Designers must tread
carefully between generality, simplicity, and efficiency. If the routines
and data structures in a library are too general, they may be too hard to

3 big program is made up of many small modules. These modules



INTRODUCTION

use or inefficient for their intended purposes. If they're too simple, they
run the risk of not satisfying the demands of applications that might use
them. If they're too confusing, programmers won't use them. The C
library itself provides a few examples; its reall1oc function, for instance,
is a marvel of confusion.

Library implementors face similar hurdles. Even if the design is done
well, a poor implementation will scare off users. If an implementation is
too slow or too big — or just perceived to be so — programmers will
design their own replacements. Worst of all, if an implementation has
bugs, it shatters the ideal outlined above and renders the library useless.

This book describes the design and implementation of a library that is
suitable for a wide range of applications written in the C programming
language. The library exports a set of modules that provide functions
and data structures for “programming-in-the-small.” These modules are
suitable for use as “piece parts” in applications or application compo-
nents that are a few thousand lines long.

Most of the facilities described in the subsequent chapters are those
covered in undergraduate courses on data structures and algorithms. But
here, more attention is paid to how they are packaged and to making
them robust. Each module is presented as an interface and its implemen-
tation. This design methodology, explained in Chapter 2, separates mod-
ule specifications from their implementations, promotes clarity and
precision in those specifications, and helps provide robust imple-
mentations.

1.1 Literate Programs

This book describes modules not by prescription, but by example. Each
chapter describes one or two interfaces and their implementations in
full. These descriptions are presented as literate programs. The code for
an interface and its implementation is intertwined with prose that
explains it. More important, each chapter is the source code for the inter-
faces and implementations it describes. The code is extracted automati-
cally from the source text for this book; what you see is what you get.

A literate program is composed of English prose and labeled chunks of
program code. For example,

(compute X * y)=
sum = 0;



