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Introduction

In this preliminary chapter we consider
the scope of computer science, develop a
historical perspective, and establish a toun-
dation from which to launch our study.
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5

Computer science is the discipline that seeks to build a scientific foundation for such top-
ics as computer design, computer programming, information processing, algorithmic
solutions of problems, and the algorithmic process itself. It provides the underpinnings
for today’s computer applications as well as the foundations for tomorrow’s applications.
This book provides a comprehensive introduction to this science. We will investi-
gate a wide range of topics including most of those that constitute a typical university
computer science curriculum. We want to appreciate the full scope and dynamics of
_the field. Thus, in addition to the topics themselves, we will be interested in their his-
torical development, the current state of research, and prospects for the future. Our goal
is to establish a functional understanding of computer science—one that will support
those who wish to pursue more specialized studies in the science as well as one that
will enable those in other fields to flourish in an increasingly technical society.

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

G 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




Figure 0.1 An algorithm for o magic trick

0.1 The Role of Algorithms —

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Effect: The performer places some cards from a normal
deck of playing cards face down on a table and mixes
them thoroughly while spreading them out on the table.
Then, as the audience requests either red or black cards,
the performer turns over cards of the requested color.

Secret and Patter:
Step 1.

From a normal deck of cards, select ten red cards
and ten black cards. Deal these cards face up
in two piles on the table according to color.

Announce that you have selected some red cards
and some black cards.

Pick up the red cards. Under the pretense of aligning
them into a small deck, hoid them face down in your
left hand and, with the thumb and first finger of your
right hand, pull back on each end of the deck so that
each card is given a slightly backward curve. Then
place the deck of red cards face down on the table
as you say, “Here are the red cards in this stack.”

Pick up the black cards. In a manner similar to that
in step 3, give these cards a slight forward curve.
Then return these cards to the table in a face-down
deck as'you say, “And here are the black cards in
this stack.”

Immediately after returning the black cards to the
table, use both hands to mix the red and black
cards (still face down) as you spread them out

on the tabletop. Explain that you are thoroughy
mixing the cards.

As long as there are face-down cards on the table,
repeatedly execute the following steps:

6.1. Ask the audience to request either a red or a
black card.

6.2. If the color requested is red and there is a
face-down card with a concave appearance,
turn over such a card while saying,

“Here is a red card.”

6.3. If the color requested is black and there is a
face-down card with a convex appearance,
turn over such a card while saying,

“Here is a black card.”

6.4. Otherwise, state that there are no more cards
of the requested color and turn over the
remaining cards to prove your claim.
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Figure 0.2 The Euclidean algorithm for finding the greatest common divisor of two posifive integers

i

Description: This algorithm assumes that
its input consists of two positive integers
and proceeds to compute the greatest
common divisor of these two values.

Procedure:

Step 1. Assign M and N the vatue of the
larger and smaller of the two
input values, respectively.

Step 2. Divide M by N, and call the
remainder R.

Step 3. If R is not 0, then assign M the
value of N, assign N the value of R,
and return to step 2; otherwise,
the greatest common divisor is
the value currently assigned to N.

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. We can construct a machine
to perform a task only if an algorithm exists for performing that task. In turn, if no algo-
rithm 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 whose truth or falseness can-
not be established by algorithmic means. In short, any complete study of our arith-
metic system lies beyond the capabilities of algorithmic activities.

This realization shook the foundations of mathematics, and the study of algorithmic
capabilities that ensued was the beginning of the field known today as computer science.
Indeed, it is the study of algorithms that forms the core of computer science.

0.2 The Origins of Computing Machines

Today's computers have an extensive genealogy. One of the earlier computing devices
was the abacus. Its history has been traced as far back as the ancient Greek and Roman
civilizations. The machine is quite simple, consisting of beads strung on rods that are
in turn mounted in a rectangular frame (Figure 0.3). As the beads are moved back and



0.2 The Origins of Computing Machines

Figure 0.3 An abacus (photography by Wayne Chandler)

forth on the rods, their positions represent stored values. It is in the positions of the
beads that this “computer” represents and stores data. For control of an algorithm’s exe-
cution, the machine relies on the human operator. Thus the abacus alone is merely
a data storage system; it must be combined with a human to create a complete com-
putational machine.

In more recent years, the design of computing machines was based on the tech-
nology of gears. Among the inventors were Blaise Pascal (1623-1662) of France, Gott-
fried Wilhelm Leibniz (1646-1716) of Germany, and Charles Babbage (1792-1871) of
England. These machines represented data through gear positioning, with data being
input mechanically by establishing initial gear positions. Output from Pascal's and
Leibniz's machines was achieved by observing the final gear positions. Babbage, on
the other hand, envisioned machines that would print results of computations on
paper so that the possibility of transcription errors would be eliminated.

As for the ability to follow an algorithm, we can see a progression of flexibility in
these machines. Pascal’'s machine was built to perform only addition. Consequently,
the appropriate sequence of steps was embedded into the structure of the machine
itself. In a similar manner, Leibniz's machine had its algorithms firmly embedded in its
architecture, although it offered a variety of arithmetic operations from which the oper-
ator could select. Babbage's Difference Engine (of which only a demonstration model
was constructed) could be modified to perform a variety of calculations, but his Ana-
lytical Engine (the construction for which he never received funding) was designed to
read instructions in the form of holes in paper cards. Thus Babbage’s Analytical Engine



