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PREFACE

Computer programming is an indispensable text for teaching and learning C
programming language. Assuming no prior knowledge of programming languages
on the part of the reader, this book contains a rich collection of solved examples
and exercises to help one master the C.

The book consists of various tips, methods to understand the C language. The
aim of this book is to give maximum guidance to the students, faculty, and
employees. Suggestions for improvement will be appreciated and incorporated.

S. Anandamurugan
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 1
INTRODUCTION

PART A
INTRODUCTION TO COMPUTER PROGRAMMING

Computer

A computer is a general purpose device that can be programmed to carry out a finite
set of arithmetic or logical operations. Since a sequence of operations can be readily
changed, the computer can solve more than one kind of problem.

Programming

When we want a computer to perform a specific task, such as generating a marks sheet
or a salary slip, we have to create a sequence of instructions in a logical order that a
computer can understand and interpret. This sequence of instructions is called a program.
The process of writing programs is called programming.

Planning of Program

The task of programming involves a lot of effort and careful planning. Without this,
the computer will produce erroneous results. The following steps should go into the
planning of program:

• Defining and analyzing the problem
• Developing the solution logically using an algorithm

Defining and Analyzing the Problem

Before writing a program, we have to define exactly what
1. data we need to provide (input) and
2. information we want the program to produce (the output).

Once we know these, we can figure out how to develop the solution.

Chapter
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Deciding on Input

Suppose we want to write a program to work out the total and average of a student’s
marks in five subjects, we would need to mention the marks in the five subjects as
input.

Deciding on Output
Next, we have to think of the output—the elements that should be displayed and those
that should not. In the marks example, since the task is to prepare a marks sheet, the
marks in all the five subjects, their total and average should be displayed on the screen.

Developing a Solution Logically
The most important aspect of developing the solution is developing the logic to solve
the problem. This requires creating a set of step-by-step instructions and/or rules called
an algorithm. Each step performs a particular task. We can write these steps in plain
English. The algorithm for the example on finding total marks and average would look
like this:

1. Note down the student’s marks in different subjects.
2. Find the total marks scored by the student.
3. Compute the average marks.
4. Assign grade.
5. Display average percentage of marks and grade.
6. End.

For any computer program to work well, it has to be written properly. Formulating
an effective algorithm will make writing an effective program easier. For an algorithm
to be effective, it has to have the following characteristics:

1. Finiteness: An algorithm should terminate after a fixed number of steps.
2. Definiteness: Each step of the algorithm should be defined precisely. There

should be no ambiguity.
3. Effectiveness: All the operations in the algorithm should be basic and be

performed within the time limit.
4. Input: An algorithm should have certain inputs.
5. Output: An algorithm should yield one or more outputs that are the result of

operations performed on the given input.
The famous mathematician, D.E. Knuth, first expressed these characteristics.

Programming: The Next Step After Developing an Algorithm

Once we develop the algorithm, we need to convert it into a computer program using a
programming language (a language used to develop computer programs). A
programming language is entirely different from the language we speak or write.
However, it also has a fixed set of words and rules (syntax or grammar) that are used to
write instructions for a computer to follow.
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Computer Programming Language

A computer programming language is a language used to write computer programs,
which involve a computer performing some kind of computation or algorithm and
possibly control external devices such as printers, disk drives, robots, and so on. For
example PostScript programs are frequently created by another program to control a
computer printer or display. More generally, a programming language may describe
computation on some, possibly abstract, machine. It is generally accepted that a complete
specification for a programming language includes a description, possibly idealized, of
a machine or processor for that language.

In most practical contexts, a programming language involves a computer;
consequently, programming languages are usually defined and studied this way.
Programming languages differ from natural languages in that natural languages are
only used for interaction between people, while programming languages also allow
humans to communicate instructions to machines.

Imperative and Functional Programming Languages
Programming languages are generally divided into two major groups according to how
their commands are processed:

• Imperative languages;
• Functional languages.

Imperative Programming Language

An imperative language programs using a series of commands, grouped into blocks
and comprising of conditional statements which allow the program to return to a block
of commands if the condition is met. These were the first programming languages in
use, even today many modern languages still use this principle.

Structured imperative languages suffer, however, from lack of flexibility due to
the sequentiality of instructions.

Functional Programming Language
A functional programming language (often called procedural language) is a language
which creates programs using functions, returning to a new output state and receiving
as input the result of other functions. When a function invokes itself, we refer to this as
recursion.

Interpretation and Compilation

Programming languages may be roughly divided into two categories:
• interpreted languages
• compiled languages

Interpreted Language
A programming language is by definition different to machine code. This must, therefore,
be translated so that the processor can understand the code. A program written in an
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interpreted language requires an extra program (the interpreter) which translates the
programs commands as needed.

Compiled Language
A program written in a "compiled" language is translated by an additional program
called a compiler which in turn creates a new stand-alone file which does not require
any other program to execute itself, such a file is called an executable.

A program written in a compiled language has the advantage of not requiring an
additional program to run it once it has been compiled. Furthermore, as the translation
only needs to be done once, at compilation it executes much faster. However, it is not
as flexible as a program written in an interpreted language, as each modification of the
source file (the file understandable by humans: the file to be compiled) means that the
program must be recompiled for the changes to take effect.

On the other hand, a compiled program has the advantage of guaranteeing the
security of the source code. In effect, interpreted language, being a directly legible
language, means that anyone can find out the secrets of a program and thus copy or
even modify the program. There is therefore a risk of copyright violation. On the other
hand, certain secure applications need code confidentiality to avoid illegal copying
(bank transactions, on-line payments, secure communications...).

Intermediary Languages

Some languages belong to both categories (LISP, Java, Python...) as the program written
in these languages may in certain cases undergo an intermediary compilation phase,
into a file written in a language different to the source file and non-executable (requiring
an interpreter). Java applets, small programs, often loaded in web pages, are compiled
files, which can only be executed from within a web browser (these are files with the
class extension).

Programming languages can also be divided into three types. They are:
1. Machine language: This is the basic language understood by a computer.

This language is made up of 0’s and 1’s. A combination of these two digits
represents characters, numbers, and/or instructions. Machine language is also
referred to as binary language.

2. Assembly language: This language uses codes such as ADD, MOV, and SUB
to represent instructions. These codes are called mnemonics. Though these
codes have to be memorized, assembly language is much easier to use than
machine language.

3. High-level languages: High-level languages such as BASIC, FORTRAN, C,
C++, and JAVA are very much easier to use than machine language or assembly
language because they have words that are similar to English.
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Comparison of Programming Languages

Parameters
Time to execute

Time to develop

Advantages of Programming Languages

• it is much more understandable than machine code;
• it allows greater portability, i.e., can be easily adapted to run on different types

of computers.

Examples of Widely used Languages
Here is a non-exhaustive list of current programming languages:
Language Main application area Compiled/interpreted
ADA Real-time Compiled language
BASIC Programming for educational purposes Interpreted language
C System programming Compiled language
C++ System object programming Compiled language
Cobol Management Compiled language
Fortran Calculation Compiled language
Java Internet oriented programming Intermediary language
MATLAB Mathematical calculations Interpreted language
Mathematica Mathematical calculations Interpreted language
LISP Artificial intelligence Intermediary language
Pascal Education Compiled language
PHP Dynamic website development Interpreted language
Prolog Artificial intelligence Interpreted language
Perl Processing character strings Interpreted language

Developing a Computer Program

Follow the steps given below to become a successful programmer:
1. Define the problem: Examine the problem until you understand it thoroughly.

Machine Language
Since it is the basic language
of the computer, it does not
require any translation, and
hence ensures better
machine efficiency. This
means the programs run
faster.
Needs a lot of skill, as
instructions are very lengthy
and complex. Thus, it takes
more time to program.

Assembly Language
A program called an
‘assembler’ is required to
convert the program into
machine language. Thus,
it takes longer to execute
than a machine language
program.
Simpler to use than
machine language, though
instruction codes must be
memorized. It takes less
time to develop programs
as compared to machine
language.

High-level Languages
A program called a
‘compiler’ or ‘interpreter’
is required to convert the
program into machine
language. Thus, it takes
more time for a computer
to execute.
Easiest to use. Takes less
time to develop programs
and, hence, ensures better
program efficiency.
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2. Outline the solution: Analyze the problem.
3. Expand the outline of the solution into an algorithm: Write a step-by-step

procedure that leads to the solution.
4. Test the algorithm for correctness: Provide test data and try to work out the

problem as the computer would. This is a critical step but one that programmers
often forgets.

5. Convert the algorithm into a program: Translate the instructions in the
algorithm into a computer program using any programming language.

6. Document the program clearly: Describe each line of instruction or at least
some important portions in the program. This will make the program easy to
follow when accessed later for corrections or changes.

7. Run the program: Instruct the computer to execute the program. The process
of running the program differs from language to language.

8. Debug the program: Make sure that the program runs correctly without any
errors or bugs as they are called in computer terminology. Finding the errors
and fixing them is called debugging. Don‘t get depressed when bugs are found.
Think of it as a way to learn.

PART B
INTRODUCTION TO C

C

The C is a general-purpose, procedural, imperative computer programming language
developed in 1972 by Dennis Ritchie at the Bell Telephone Laboratories.

Facts about C

• C was invented to write an operating system called UNIX.
• C is a successor of B language which was introduced around 1970
• The language was formalized in 1988 by the American National Standard

Institue (ANSI).
• By 1973 UNIX OS almost totally written in C.
• Today C is the most widely used System Programming Language.
• Most of the state of the art software have been implemented using C

Why to use C ?

C was initially used for system development work, in particular the programs that
make-up the operating system. C was adoped as a system development language because
it produces code that runs nearly as fast as code written in assembly language. Some
examples of the use of C might be:

• Operating Systems
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• Language Compilers
• Assemblers
• Text Editors
• Print Spoolers
• Network Drivers
• Modern Programs
• Data Bases
• Language Interpreters
• Utilities

C Program File

All the C programs are writen into text files with extension “.c” for example hello.c.
You can use “vi” editor to write your C program into a file.

This tutorial assumes that you know how to edit a text file and how to write
programming instructions inside a program file.

C Compilers

When you write any program in C language, then to run that program you need to
compile  that program using a C Compiler which converts your pro gram into a language
understandable by a computer. This is called machine language (ie. binary format). So
before proceeding, make sure you have C Compiler available at your computer. It comes
alongwith all flavors of Unix and Linux.

If you are working over Unix or Linux then you can type gcc -v or cc -v and check
the result. You can ask your system administrator or you can take help from anyone to
identify an available C Compiler at your computer.

If you don't have C compiler installed at your computer then you can use below
given link to download a GNU C Compiler and use it.

Where is C useful?

C‘s ability to communicate directly with hardware makes it a powerful choice for system
programmers. In fact, popular operating systems such as Unix and Linux are written
entirely in C. Additionally, even compilers and interpreters for other languages such as
FORTRAN, Pascal, and BASIC are written in C. However, C‘s scope is not just limited
to developing system programs. It is also used to develop any kind of application,
including complex business ones. The following is a partial list of areas where C language
is used:

• Embedded Systems
• Systems Programming
• Artificial Intelligence
• Industrial Automation
• Computer Graphics
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• Space Research
• Image Processing
• Game Programming

What kind of Language is C?

C is a structured programming language, which means that it allows you to develop
programs using well-defined control structures (you will learn about control structures
in the articles to come), and provides modularity (breaking the task into multiple sub
tasks that are simple enough to understand and to reuse).

C is often called a middle-level language because it combines the best elements of
low-level or machine language with high-level languages.

Why you should learn C?

You should learn C because:
• C is simple.
• There are only 32 keywords so C is very easy to master. Keywords are words

that have special meaning in C language.
• C programs run faster than programs written in most other languages.
• C enables easy communication with computer hardware making it easy to write

system programs such as compilers and interpreters.

Reasons Behind C Cuccess

‘C’ has now become a widely used professional language for various reasons.
• Easy to learn
• Structured language
• It produces efficient programs.
• It can handle low-level activities.
• It can be compiled on a variety of computers.

Basic C Concepts
C Program structure
To explain in detail about C program structure first look into the example C program.

void main()
{
}

The above is very simple program and gives nothing in output.
The detailed C program structure:

C preprocessor
function prototype
global variables
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