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Chapter 1

Introduction

High thoughts must have high language.
—Aristophanes

Objectives
e To understand what a computer program is
e To be able to list the basic stages involved in writing a computer program
e To recognize two programming methodologies
e To know about characteristics of object-oriented programming

1.1 Overview of Programming

1.1.1 What Is Programming?

Much of human behavior and thought is characterized by logical sequences. Since infancy,
you have been learning how to act, how to do things. And you have learned to expect certain
behavior from other people. '

On a broad scale, mathematics never could have been developed without logical
sequences of steps for solving problems and proving theorems. Mass production never would
have worked without operations taking place in a certain order. Our whole civilization is based
on the order of things and actions. We create order, both consciously and unconsciously,
through a process we call programming.

Programming is planning how to solve a problem. No matter what method is used—
pencil and paper, slide rule, adding machine, or computer—problem solving requires
programming. Of course, how one program depends on the device one uses in problem

solving.

Programming is planning the performance of a task or an event.
Computer is a programmable device that can store, retrieve, and process data.

Computer programming is the process of planning a sequence of steps for a computer to follow.

Computer program is a sequence of instructions to the performed by a computer.

Back to programming—*“planning how to solve a problem”, note that we are not actually

1



Object-Oriented Programming in C++

solving a problem. The computer is going to do that for us. If we could solve the problem
ourselves we would have no need to write the program. The premise for a program is that we
don’t have the time, tenacity or memory capabilities to solve a problem but we do know how to
solve it so can instruct a computer to do it for us.

A simple example of this is what is the sum of all integers from 1-10,000. If you wanted
to you could sit down with a pencil and paper or a calculator and work this out however the
time involved plus the likelihood that at some point you would make a mistake makes that an
undesirable option. However you can write and run a program to calculate this sum in less than
5 minutes.

Example 1-1: An example of programming.
/* File:examplel_1.c

* The program calculates the sum of all integers from 1 to 10,000.

#include "stdio.h"
#define MAX 10000

1

2

3

4 int main()

5 4

6 long sum = 0, number;
7

8

9

for( number = 1; number <= MAX; number ++)

10 sum += number;

13 printf("The sum of all integers from 1 to %ld is : %ld\n", MAX, sum);
14 return 0;
15}
16

This example gives the result 50,005,000. As it happens you can verify this because you
know that the sum of integers from 1-N can be calculated as

(N+1)*(N/2)

(10000 + 1)*(10000/2) = 10001*5000 = 50005000

So you have solved the problem of how to calculate the sum of all integers from 1 — 10,000
and the computer has solve the problem of calculating the sum of all integers from 1-10,000.

The computer allows us to do tasks more efficiently, quickly, and accurately than we
could by hand—if we could do by hand at all. In order to use this powerful tool, we must
specify what we want done and the order in which we want it done. We do this through
programming.

However, we have to know the major differences between humans and computers.
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Humans have judgment and free will and will not run any instruction they deem not required or
nonsensical, whereas a computer will do exactly what it is told with no judgment on the need or
sanity of the instruction.

1.1.2 How Do We Write a Program?

To write a sequence of instructions for a computer to follow, we must go through a
two-phase process: problem solving and implementation (see Figure 1-1).

Problem-Solving Phase Implementation Phase

( H\ /—‘_—\

Analysis and
specification

Concrete solution
|~ (program)

General solution
(algorithm) l
1 / Test =
Verify
Maintenance
Phase
. J

Figurel-1 Programming process

Problem Solving Phase

1. Analysis and specification. Understand (define) the problem and what the solution must do.

Every program starts with a specification. This may be a several hundred page document
from your latest client or one small paragraph from your professor and pretty much anything
in-between.

The specification is very important and specification writing is a whole sub-branch of
programming. The important thing is that the specification is correct otherwise, to use a
well-known computing adage, garbage in garbage out.

However, specifications are rarely perfect and it is not at all uncommon for the
specification to go through several iterations before being finally agreed on.

2. General solution (algorithm). Develop a logical sequence of steps that solves the
problem.

Having found out how to solve the problem you can then jump in and start coding, right?
Wrong. Now is the time to do some program design. Now, how much design is required, and
where the design is stored, is rather dependent on the complexity of the program, the
experience of the user and the purpose of a program. For instance a simple program being
written by an experienced programmer just as a temporary project tool (i.e. will only be in use
for a day or 2) probably only requires a little thought about the program design.

The design, once you have it, is not set in stone. It just gives the current ideas about how
the program will be written. I do not think I have seen a project where the final code exactly

3



Object-Oriented Programming in C++

matches the initial design. Also as the specification changes so will the design. But having it
will give a clear place to start coding from and will ultimately lead to better more maintainable
code.

3. Verify. Follow the steps exactly to see if the solution really does solve the problem.
Implementation Phase

1. Concrete solution (program). Translate the algorithm into a programming language.

2. Test. Have the computer follow the instructions. Then manually check the results. If
you find errors, analyze the program and algorithm to determine the source of the errors, and
then make corrections.

Testing does not have to involve running any code. Source review by your peers is a good
form of testing too. This is where you sit down round a table and go through the code line by
line and examine it for logic errors, conformance to standards and programming errors. This
can actually throw up errors that are not made obvious from testing the software by running it.

Once a program has been written, it enters a third phase: maintenance.

Maintenance Phase

1. Use. Use the program.

2. Maintain. Modify the program to meet changing requirement or to correct any errors
that show up in using it.

The programmer begins the programming process by analyzing the problem and
developing a general solution called an algorithm. Understanding and analyzing a problem take
up much more time than Figure 1-1 implies. They are the heart of the programming process.

Algorithm is a step-by-step procedure for solving a problem in a finite amount of time.

An algorithm is verbal or written description of a logical sequence of actions (or events).
After developing a general solution, the programmer tests the algorithm, walking through each
step mentally or manually. If the algorithm does not work, the programmer repeats the
problem-solving process, analyzing the problem again and coming up with another algorithm.

When the programmer is satisfied with the algorithm, he/she translates it into a
programming language. Although a programming language is simple in form, it is not always
easy to use. Programming forces you to write very simple, exact instruction. Translating an
algorithm into a programming language is called coding the algorithm.

Once a program has been put into use, it is often necessary to modify it. Modification may
involve fixing an error that is discovered during the use of the program or changing the
program in response to changes in the user’s requirements. Each time the program is modified,
it is necessary to repeat the problem-solving and implementation phase for those aspects of the
program that change. This phase of the programming process is known as maintenance and
actually accounts for the majority of the effort expended on most programs. Together, the
problem-solving, implementation and maintenance phases constitute the program’s life cycle.
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1.2 The Evolution of Programming Language

“As long as there were no machines, programming was no problem at all; when we had a
few weak computers, programming became a mild problem and now that we have gigantic
computers, programming has become an equally gigantic problem. In this sense the electronic
industry has not solved a single problem, it has only created them — it has created the problem
of using its product” (E.W. Dijkstra, Turing Award Lecture, 1972).

Nowadays, there are many programming languages, for example, C, C++, Ada, Pascal,
Prolog, FORTRAN, Modula3, Lisp, Java, Scheme. This alphabet soup is the secret power of
modemn software engineering. As high level computer programming languages, they provide
enormous flexibility and abstraction. Programmers are separated from the physical machine
allowing complex problem solutions without fretting with the difficulties of ones and zeros. This
idea is clarified by an analogy. If we had to think about every phonetic sound made while speaking,
communication of abstract ideas would be next to impossible. Much the same way, programming
directly with ones and zeros would focus the designer’s attention on trivial hardware details instead of
on designing abstract solutions. Considering the historical trend that created high level programming,
we believe that certain reasonable predictions can be made regarding future advances.

Data Abstraction

One of the keys to successful programming is the concept of abstraction. Abstraction is
the crucial to building complex software systems. A good definition of abstraction comes from,
and can be summed up as concentrating on relevant aspects of the problem and ignoring those
that are not currently important.

The psychological notion of abstraction permits one to concentrate on a problem at some
level of generalization without regard to irrelevant low-level details; use of abstraction also
permits one to work with concepts and terms that are familiar in the problem environment
without having to transform them to an unfamiliar structure.

As the size of our problems grows, the need for abstraction dramatically increases. In
simple systems, characteristic of languages used in the 1950s and 1960s, a single programmer
could understand the entire problem, and therefore manipulate all program and data structures.
Programmers today are unable to understand all of the programs and data — it is just too large.
Abstraction is required to allow the programmer to grasp necessary concepts. To understand
how abstraction works, it is helpful to show the topology or mapping of a language to the data
structures and program modules that the language provides. Once we see the topology of early

languages, we can better understand the problems and solutions.

1.2.1 Assembly and Machine Languages

The most basic language of a computer, the machine language, provides program
instructions in the bits. Even though most computers perform the same kinds of operations, the
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designers of computer may have chosen different sets of binary codes to perform the operation.
Therefore, the machine language of one machine is not necessarily the same as the machine
language of another machine. The only consistency among computers is that in any modern
computer, all data is stored and manipulated as binary codes.

Assembler is a program that translates a program written in assembly language into an
equivalent program in machine language.

Early languages had little distinction between programs and data (see Figure 1-2). The
data and program co-existed. Because the data and program often were ill-defined, the
boundary was irregular. It often was hard to distinguish between data and code. If a true hacker
needed to use the number 62, and he or she knew that the machine instruction was coded as a
hex 3E — which is equal to decimal 62 — the hacker would reference the instruction
elsewhere in the program to refer to decimal 62.

Data Program

Figure 1-2 The topology of assembly and machines languages

1.2.2 Early Languages

The first programming languages widely used had a clear separation between the data and
the program. These languages had a global data structure, but permitted modularization of
program structure. Typically, there was only single-level modularization of the program (see
Figure 1-3). While this separaﬁon of data and program was a good thing, all program segments
were at a single level, and typically referenced each other in very complex ways. In software
engineering terms, the cohesion was typically very low, and the coupling was quite high. In
other words, modules tended to perform many tasks, and there was a lot of dependence on the
workings of other modules. In addition, each module had unlimited access to all data because
the data was global to all modules. Global data is bad — it makes maintenance extremely

difficult, since it is hard to determine which module is ‘trashing’ the data.

Data
Program Program Program Program
module module module module

Figure 1-3 The topology of early languages (1950s and 1960s)



