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INTRODUCTION

Computer science is the discipline that
seeks to build a scientific foundation for
such topics as computer design, computer
programming, information processing, algo-
rithmic solutions of problems, and the algo-
rithmic process itself. It provides the
underpinnings for today’s computer applica-
tions as well as the foundations for tomor-
row’s applications. This breadth means that
we cannot become knowledgeable in com-
puter science by studying only a few topics
as isolated subjects or by merely learning
how to use the computing tools of today.
Rather, to understand the science of com-
puting, we must grasp the scope and
dynamics of a wide range of topics.

This book is designed to provide such a
background. It presents a comprehensive
introduction to the subjects that constitute
a typical university computer science cur-
riculum. The book can therefore serve as a
foundation for beginning computer science
students or as a source for other students
seeking an introduction to the science
behind today’s computer-oriented society.

1 5

he Role of Algorithms

he Origins of Computing
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“The Science of Algorithms




INTRODUCTION

0.1 The Role of Algorithms

We begin with the most fundamental concept of computer science—that of an algo-
rithm. Informally, an algorithm is a set of steps that defines how a task is performed.
(We will be more precise later in Chapter 5.) For example, there are algorithms for
cooking (called recipes), for finding your way through a strange city (more commonly
called directions), for operating washing machines (usually displayed on the inside of
the washer'’s lid or perhaps on the wall of a laundromat), for playing music (expressed
in the form of sheet music), and for performing magic tricks (Figure 0.1).

Before a machine such as a computer can perform a task, an algorithm for per-
forming that task must be discovered and represented in a form that is compatible
with the machine. A representation of an algorithm is called a program. For the con-
venience of humans, computer programs are usually printed on paper or displayed on
computer screens. For the convenience of machines, programs are encoded in a man-
ner compatible with the technology of the machine. The process of developing a pro-
gram, encoding it in machine compatible form, and inserting it into a machine is called
programming. Programs, and the algorithms they represent, are collectively referred
to as software, in contrast to the machinery itself, which is known as hardware.

The study of algorithms began as a subject in mathematics. Indeed, the search for
algorithms was a significant activity of mathematicians long before the development
of today’s computers. The goal was to find a single set of directions that described
how all problems of a particular type could be solved. One of the best known exam-
ples of this early research is the long division algorithm for finding the quotient of two
multiple-digit numbers. Another example is the Euclidean algorithm, discovered by
the ancient Greek mathematician Euclid, for finding the greatest common divisor of
two positive integers (Figure 0.2).

Once an algorithm for performing a task has been found, the performance of that
task no longer requires an understanding of the principles on which the algorithm is
based. Instead, the performance of the task is reduced to the process of merely fol-
lowing directions. (We can follow the long division algorithm to find a quotient or the
Euclidean algorithm to find a greatest common divisor without understanding why the
algorithm works.) In a sense, the intelligence required to solve the problem at hand
is encoded in the algorithm.

It is through this ability to capture and convey intelligence (or at least intelligent
behavior) by means of algorithms that we are able to build machines that perform use-
ful tasks. Consequently, the level of intelligence displayed by machines is limited by
the intelligence that can be conveyed through algorithms. Only if we find an algo-
rithm that directs the performance of a task can we construct a machine to perform
that task. In turn, if no algorithm exists for solving a problem, then the solution of that
problem lies beyond the capabilities of machines.

Identifying the limitations of algorithmic capabilities solidified as a subject in
mathematics in the 1930s with the publication of Kurt Godel’s incompleteness theo-
rem. This theorem essentially states that in any mathematical theory encompassing
our traditional arithmetic system, there are statements that can be neither proved
nor disproved. In short, any complete study of our arithmetic system lies beyond the
capabilities of algorithmic activities.




