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INTRODUCTION
C is a programming language and is substantially different from C++ and C#. Many
operating systems are written using C, UNIX being the first. Later, Microsoft
Windows, Mac OS X and GNU/Linux were written in C. Not only is C the language
of operating systems, it is the precursor and inspiration for almost all the popular
high-level languages available today. Perl, PHP, Python and Ruby are also written in
C. In fact, one of the strengths of C is its universality and portability across various
computer architectures. Therefore, C can be used for the development of different
types of applications that include real-time systems and expert systems. C also provides
flexibility to users for introducing new types of features in their programs, depending
upon the requirement and definition of user-defined functions. The various features
of C—algorithms, flow charts, decision-making statements, functions, arrays,
structures and pointers—are useful for program developers. The goal of this book is
to introduce you to C—a programming language that is ideally suited to modern
computers and modern programming.

This book, Introduction to Programming Language Using C, introduces you 
to the basic concepts under the following topics: concept of programming language; 
high level, low level and assembly languages; concept of system software; 
operating system; compilers, interpreters and assemblers; concept of software; 
concepts of algorithms and flow charts; variables and constants; basic data types – 
float, double, char, qualifiers, short, long, unsigned; arithmetic expressions and 
operators – arithmetic, logical, bitwise, increment, decrement, sizeof, precedence 
of operators, conditional expressions; preprocessors – define, include; control 
statements – if statement, if-else and else-if constructs, nested if 
statements; switch statements; looping – for loop, nested loop, while and do-
while statements, break and continue statements; arrays – initializing array 
elements; multidimensional arrays; functions – arguments, local and global variables, 
return values, recursive functions, auto, static register variables; structures and 
unions; typedef statement; data type conversions; type casting, character strings; 
string manipulations; pointers – operations on pointers, pointers and arrays, 
pointers and functions, pointers and structures; input and output–character I/O, 
formatted I/O, file I/O, fopen, feof and fclose functions; stdin, stdout, 
stderr, exit function, null statement, goto statement, dynamic memory 
allocation; command line arguments. Therefore, this book is meant for students 
and programmers who want to achieve proficiency in programming using C language.

This book has been divided into four units. In each unit, the learning material
is presented in a simple manner. The concepts are analysed in a logical format,
beginning with an overview that helps readers to easily understand the concept,
followed by detailed explanations and solved example programs. At the end of each
unit a Summary, 'Check Your Progress' questions and 'Questions and Exercises' are
provided to facilitate better understanding and recapitulation of the subject.
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UNIT 1 CONCEPT OF PROGRAMMING
LANGUAGE

Structure
1.0 Introduction
1.1 Unit Objectives
1.2 Concept of Programming Language
1.3 High-Level Language
1.4 Low-Level Language
1.5 Assembly Language
1.6 Concept of Software and System Software
1.7 Operating System
1.8 Interpreters and Compilers
1.9 Assemblers

1.10 Concept of Algorithms
1.10.1 Procedure and Algorithm

1.11 Concept of Flow Charts
1.12 Summary
1.13 Key Terms
1.14 Answers to ‘Check Your Progress’
1.15 Questions and Exercises
1.16 Further Reading

1.0 INTRODUCTION

In this unit, you will learn the concepts of a programming language. A computer
program or software is a sequence of instructions coded in a programming language,
such as FORmula TRANslator (FORTRAN), Pascal, Beginner’s All-purpose
Symbolic Instruction Code (BASIC), C, C++, Java, C # (pronounced C sharp), etc.
Software development is considered to be an art. Software engineering is essentially
the application of engineering principles to the development of software. You will
also learn the basic concepts as well as merits and demerits of various types of
languages, i.e., high-level, low-level and assembly language languages. High-level
languages can be of various categories, such as FORTRAN, Common Business-
Oriented Language (COBOL), BASIC, etc. A computer language is a language that
can be understood by the computer. It is the computer’s native language. Computer
languages serve the same purpose as human languages; they are a means of
communication. You will also learn about system software. The software acts as an
interface between the user and the computer. An Operating System (OS) is the primary
control program for managing all other programs in a computer. Programs written in
high-level languages need to be converted into machine language before the computer
can execute them. ‘Interpreters’ and ‘compilers’ are translation or conversion programs
that produce the machine code from high-level languages. The assembler generates
two data structures for later use by the interpreter.
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You will also learn about algorithms and flow charts. The hardware alone cannot
perform any particular calculation or manipulation without being instructed on what
to do and how to do it. An algorithm is an important component of the blueprint or
plan for a computer program.

1.1 UNIT OBJECTIVES

After going through this unit, you will be able to:

• Define the concept of programming language

• Explain the different types of languages like low-level, high-level, etc.

• Describe the purpose of system software

• Understand the concept of operating systems

• Explain the functions of interpreters and compilers

• Describe the functions of assemblers

• Explain the basics of software, algorithms and flow charts

1.2 CONCEPT OF PROGRAMMING LANGUAGE

A computer program or software is a sequence of instructions coded in a programming
language, such as FORTRAN, Pascal, BASIC, C, C++, Java, C # (pronounced C
sharp), etc. Software development is considered to be an art. Now, an engineering
discipline having a set of well developed methodologies for software development
and maintenance.

Programming languages are the tools that allow communicating between developer
and computer. A programming language facilitates a developer to translate the solution
of real-world problems into computers, for example, calculating quadratic equations,
developing programs for artificial intelligence, remote sensing programs, weather
forecasting software development etc. The program statements are tend to increase
the logic development to find the solution of complex equations, subroutines etc. The
computer languages allow solving real-world problems in the context and language
of the real world. Programming languages, software, computer scientists, etc. exert
an influence on the real world also, drawing it ever closer to the software realm.
Figure 1.1 shows the relation between programming languages and the real world
problems:
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Fig. 1.1 Relation between Programming Languages and Real World Problems

A new programming language enables a programmer to express an idea or concept
in a simpler, more readable manner than what had come before. This simpler,
more readable manner allows us to create code that is easier to verify, easier to
code, and easier to debug. In essence, the more powerful a programming language
is, the easier it is to express complex ideas in a simple manner. Following are the
various programming computer languages that are used frequently to solve
complex problems.

C

C allows the input and output control. This language makes easy to access hardware
devices and to do ‘bit twiddling’, i.e., manipulating individual bits in hardware registers.
C is very powerful language that is used for very optimizes and efficient faster code
execution that is the very first choice of embedded technology development. Table
1.1 explains the merits and demerits of the C language:

Table 1.1 Merits and Demerits of the C Language

Merits Demerits 

C supports pointers that basically refer to records 
the address or location of function or object in 
memory. 

It has no runtime checking and is case- sensitive 
language. 

It is used especially in game programming and it is 
faster than C++.  

There is no strict type checking in C code, for 
example, you can pass an integer value for the float 
data type value. 

It is structured language and use extensively 
pointers for memory, array, structures and 
functions. 

If code extends, it is very difficult to fix the bugs.  

JavaScript

JavaScript is scripting language used in client-side script programming on the web. It
makes dynamic updates to a HTML document in browser. It interacts between
browsers and users.  Table 1.2 explains the merits and demerits of the JavaScript
language:
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Table 1.2 Merits and Demerits of the JavaScript Language

Merits Demerits 

It runs fast because it is a client-side language.  All browsers do not recognize JavaScript. 
Some JavaScript limits the old browsers 

The code runs fast in the browser and makes 
connection fast with server. 

It depends on browser compatibility. The 
different JavaScript versions are available for 
different browsers. For example, JavaScript 1.5 
is supported by Netscape browser, Jscript is 
supported by Microsoft and Jscript 5.6 is 
supported by Internet Explorer 6.0. 

To write JavaScript code, no extra tools are 
required. Any HTML editor or notepad can 
support to write code of JavaScript.  

It is limited to access and manipulate with 
HTML code. 

COBOL

COBOL (COmmon Business Oriented Language) applications run in the field of
critical area of business. It contains such English-like structural elements as verbs,
clauses, sentences, sections and divisions. In fact, finance and insurance data is
processed with COBOL. Table 1.3 explains the merits and demerits of the COBOL
language:

Table 1.3 Merits and Demerits of the COBOL Language

Merits Demerits 

COBOL is robust, understandable, readable 
and self-documenting.  

It has rigid hierarchical structure where items 
are restricted to the Environment division. 

It is a simple language having no printers, no 
user defined functions and functions are used in 
limited scope. 

In COBOL coding programmers have no 
choice to write code for mobile devices or 
screen readers.  

It is portable, scalable and maintainable that 
reduces maintenance cost. It can work with 
new peripheral devices 

This language can not be used for developing 
web applications. 

ActionScript

ActionScript is the programming language of Adobe Flash platform. It is an object-
oriented programming language based on European Computer Manufacturers
Associations (ECMA) script. The applications are used to play the browser. Table 1.4
explains the merits and demerits of the ActionScript language:

Table 1.4 Merits and Demerits of the ActionScript Language

Merits Demerits 

This computer language is best for animating 
the movies. 

This language is not suited for non-web 
application. 

It can get interactive and visual effects of 
within the web browser. 

It is not well-versed with low level 
programming. 

It is widely and popularly used on the 
index.html for commercial web sites. 

This language resides mainly inside the HTML 
code. 



Self-Instructional
Material 7

Concept of Programming
Language

NOTES

C++

C++ is also object-oriented that use virtual functions, multiple inheritance, exception
handling, polymorphism etc. Its object-oriented structure allows the code to be reused
that cut down the development time. C++ provides comprehensive coverage of abstract
classes as interfaces, regular error handling, standard strings, I/O streams etc. Table
1.5 explains the merits and demerits of the C++ language:

Table 1.5 Merits and Demerits of the C++ Language

Merits Demerits 

This language works GUI programming on a 
computer.  

It is complex for very large high level 
programs and difficult to debug for web 
applications. 

It is well-suited to write OS, drivers and 
platform- dependent applications. 

A library set is used with this programming 
language that restricts a single platform or OS. 

C#

C# is a portable programming language and used in Microsoft.NET framework. It is
used to create applications and output is display on black window referred to as black
window or DOS window. Table 1.6 explains the merits and demerits of the C#
language:

Table 1.6 Merits and Demerits of the C# Language

Merits Demerits 

This language is used for web application 
under .NET platform. 

It is restricted only for Microsoft platform. 

Cost of maintenance is much lower than C++. 
All features of WPF, such as base class 
libraries, ADO.NET etc. are available. 

Windows Presentation Foundation (WPF) 
applications are run little bit slow. 

C# is safer to run because OS always check to 
see about the malicious coding. 

It is slower to run because after launching the 
programs animation effects come smooth. 

Visual Basic

Visual Basic creates educational, financial and accounting applications and supported
by latest Microsoft OS. Windows Vista supports VB 5.0 version. Table 1.7 explains
the merits and demerits of the VB language:

Table 1.7 Merits and Demerits of the VB Language

Merits Demerits 

Online help is available for coding. Applications developed in VB can work only 
on Windows OS. 

It provides rapid application environment that 
easily facilitates drag and drop components. 

More memory space is required to work with 
and install VB because it is based on GUI tools 
that contain graphical components. 

The syntax is simpler than other high-level 
languages. 

It is not suitable language to develop codes for 
video games applications. 
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Java

Java technology has become a complete software ecosystem that represents different
values to different types of consumer and business users. Table 1.8 explains the merits
and demerits of the Java language:

Table 1.8 Merits and Demerits of the Java Language

Merits Demerits 

This language is simple, OO, secure, robust 
and multi-threaded and platform-independent. 
Java programs are interpreted and then 
compiled into Java Virtual Machine (JVM) 
code called bytecode.  

Java use Swing toolkit that is very different 
from native applications. 

It is single-paradigm language not procedural 
no matters static imports are available. It 
supports three Java platform editions, such as 
Java technology in mobile devices, in desktops 
and medium to large business. 

It is slower and more memory consuming 
program.  

Java language is designed to make distributed 
computing easy that provides networking 
capability for system unit via programs. 

There are some hardware and software 
requirements in Java language for example, 
hardware requirements (512 MB of RAM, 
1000 MHz of processor speed, Pentium III) and 
software requirements (Microsoft Windows 
OS, Java Runtime Environment and Internet 
Explorer). 

J2EE (Java 2 Platform Enterprise Edition)

J2EE platform uses distributed multi-tiered (client, web and business tiers) application
model. Table 1.9 explains the merits and demerits of the J2EE language:

Table 1.9 Merits and Demerits of the J2EE Language

Merits Demerits 

This language is capable to implement 3D 
graphics games. 

Many errors occur only at runtime. 

It is a web framework that is easy to develop 
and debug. It gives complete architecture for 
developing, such as session tracking and 
transaction management. 

Several steps are required for example, 
compilation, packaging, deployment and 
running the application to run a complete 
program. 

The applet distribution and updates are 
simplified. It is a separator of application 
specific code. 

It has very complex technology. A simple 
program includes many interfaces, bean classes 
and deployment descriptors.  

Python

Python is a dynamic object-oriented programming language that is used to develop
many software applications. It offers strong support for integration with other languages
and tools, comes with extensive standard libraries. Many Python programmers feel
the language encourages the development of higher quality and more maintainable
code. Table 1.10 explains the merits and demerits of the Python language:
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Table 1.10 Merits and Demerits of the Python Language

Merits Demerits 

Python provides different types of variables in 
an array and types of variables are not 
specified. The % operand allows quick 
scripting workflow. 

This language is executed by interpreter which 
causes to slower the programs execution. 

This language provides the readability and 
scalability of codes for large projects. 

Global namespaces of Python modules are not 
always deallocated.  

Python, like COBOL, is a Universal Turing 
Machine. Python is not only a good language 
for CGI scripting but for lots of others tasks 
especially in middleware environments. 

The MEL commands are first echoed and then 
translate the message. 

Ruby On Rails

Ruby is interpreted scripting object-oriented programming language where Rails
supports a full-stack and open source web framework. Table 1.11 explains the merits
and demerits of the Ruby On Rails language:

Table 1.11 Merits and Demerits of the Ruby on Rails Language

Merits Demerits 

It is powerful language and having rich 
libraries.  

Implementations of threads are not native. 

It is easy to install. It is more object-oriented 
than Python. 

It supports only single inheritance. 

It comes from the SmallTalk ‘Everything on 
objects’.  It supports strong pattern matching 
techniques. 

It works with former object hierarchy. 

PHP (Hypertext Preprocessor)
PHP is server side scripting languages. It is open source and cross-platform. PHP
runs on Windows NT and many UNIX versions and it can be built as an Apache
module and as a binary that can run as a CGI. When built as an Apache module, PHP
is especially lightweight and speedy. You can set cookies, manage authentication, and
redirect users. Table 1.12 explains the merits and demerits of the PHP language:

Table 1.12 Merits and Demerits of the PHP Language

Merits Demerits 

It is a script language for dynamic web page 
design. 

If you want to do more than just 
HTML/Cascading Style Sheet (CSS) pages on 
the client you  
need to also add JavaScript, java or other 
client-side language for the output. 

This language is easy to link database, such as 
MySQL, Oracle and able to generate HTTP 
headers. 

Each page is a new run on the system, so you 
have to manage your variables coming in and 
going out and between  
pages. 

It is an efficient competitor for Microsoft’s 
ASP. It is portable and embedded with HTML. 
Error handling is adequately available now in 
PHP5 allowing you to use try/catch exception 
handling and to override the default error 
handler to invoke your own methods to tracing 
back the stack. 

Each time the same computer requests a page 
with a browser, it will send the cookie with 
PHP that takes more time to execute 
successfully. 
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1.3 HIGH-LEVEL LANGUAGE

Some High-Level Languages
FORTRAN: FORTAN (FORmula TRANslation) was the first high -level language developed
by John Backus at IBM in 1956.

FORTRAN has a number of versions with FORTRAN IV being one of the
earlier popular versions. In 1977, the American National Standards Institute (ANSI)
published standards for FORTRAN with a view to standardizing the form of the
language used by manufacturers. This standardized version is called FORTRAN 77.

COBOL: COBOL (COmmon Business Oriented Language), the first language
used for   commercial applications, was developed under the leadership of Grace
Hopper, a US Navy programmer, with a group of computer manufacturers and users
in 1959. The maintenance and further growth of the language was handed over to a
group called Conference on Data Systems Languages CODASYL.

It is written using statements that resemble simple English and can be understood
easily; for example, to add two numbers (stored in variables A and B), a simple
statement in COBOL would be: ADD A TO B GIVING C.

COBOL was standardized by ANSI in 1968 and in 1974. COBOL became the
most widely used programming language for business and data processing applications.

BASIC: BASIC (Beginner's All-purpose Symbolic Instruction Code) was
developed as a teaching tool for undergraduate students in 1966 by John Kemeny and
Thomas Kurtz, two professors at Dartmouth College. Eventually BASIC was used
as the main language amongst the personal computer users.

A minimum version of BASIC was standardized by ANSI and is so simple that
it has been incorporated in every subsequent version of BASIC. Some versions of
BASIC include Microsoft BASIC, (MBASIC) and Compiler based BASIC
(CBASIC).

One of the newer versions of BASIC, commonly known as Visual Basic, has
also evolved from the original BASIC language. It contains various statements and
functions that can be used to create applications for a Windows or GUI environment.

PASCAL: PASCAL was designed by  Nicholas Wirth, a Swiss professor, in
1971. It was developed as a more structured language used for teaching which Wirth
named after the French mathematician Blaise Pascal, who also designed the first
successful mechanical calculator. His primary aim was to provide a language that
supported beginners learning good problem solving and programming techniques.

In addition to manipulation of numbers, PASCAL supports manipulation of
vectors, matrices, strings of characters, records, files and lists, thereby supporting
non-numeric programming. Hence, it has proved to be an attractive language for
professional computer scientists.

PASCAL has been standardized by International Standards Organization (ISO)
and ANSI.

PL/1 (Programming Language 1): It was developed by IBM in the 1960s
and was the first language that was attempted to be used for a variety of applications
rather than one particular area like business or science or artificial Intelligence.



Self-Instructional
Material 11

Concept of Programming
Language

NOTES

LISP (LISt Processing): It was developed in the early 1950s but was
implemented in the 1959 by John McCarthy at the Massachusetts Institute of
Technology. It became a standard language with the artificial intelligence community
and was a program that could easily handle recursive.

C: This  language was developed by Dennis Ritchie of Bell Laboratories in
order to implement the operating system UNIX.

C++: This language was developed by the Bjarne Stroustrup of Bell Laboratories
by enhancing C. C++ is also used to write procedural programs like C but the reason
for its increased popularity is perhaps because of its capability to handle the rigours
of object-oriented programming. C and C++ are the most extensively used general-
purpose languages amongst programming experts.

JAVA: Java is again an object-oriented language like the C++ but is a simplified
version with extra features. It is less prone to programming errors. It was developed
for writing programs that could be safely and easily executed through the Internet. It
is free from any kind of common virus threats. It is basically a network-oriented
language that can develop website pages with enhanced multimedia features using
small Java programs known as Java applets, Java is a secure to use over the Internet
and is a platform independent language.

Fourth-Generation Languages

Fourth-generation languages are non-procedural. This means that they signify what
needs to be accomplished but do not specify how to do it. Fourth-generation languages
are characterized by simple English-like instructions and a quick and easy learning
process. They are so user-friendly that with little training and practice an individual
can write his/her own programs and generate the desired reports. It does not require
the services of a professional programmer to do the same. The first fourth-generation
language, called FORTH, was developed by Charles Morre, an American astronomer,
in 1970. FORTH is mainly used for industrial and scientific control applications.
FOCUS is another commonly known fourth-generation language.
Fifth-Generation Languages
Fifth-generation languages are an outgrowth of research in the area of artificial
intelligence. They are, however, still in their infancy.

PROLOG (PROgramming LOGic):  It is a logic programming language. It
is a general purpose language often associated with artificial intelligence and
computational linguistics. It has a purely logical subset, called pure Prolog, as well as
a number of extralogical features.

Prolog was developed in the early 1970s by two French computer scientists,
Alain Colmerauer and Philippe Roussel.

Some of other popular  languages include:
GPSS (General Purpose System Simulator): Used for modelling physical

and environmental events.
SNOBOL (String-Oriented Symbolic Language): Designed for pattern

matching and list processing.
LOGO (a version of LISP): Developed in the 1960s to help children learn

about computers.
PILOT (Programmed Instruction, Learning, Or Testing): Used in writing

instructional software.

Check Your Progress

1. What is a computer
program?

2. What is the use of
the Visual Basic
program?

3. Why was C
language
developed?
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1.4 LOW-LEVEL LANGUAGE

Computer Languages

A computer language is a language that can be understood by the computer. It is the
computer’s native language. Computer languages serve the same purpose as human
languages. They are a means of communication.  Let us understand the similarities
and differences between computer languages and human languages.

A natural or human language is the language that people like us speak daily,
such as English, Hindi, French or German. It is made up of words and rules known as
lexicon and syntax, respectively. These words are joined to make meaningful phrases
according to the rules of the syntax. A computer language also consists of lexicon and
syntax, i.e., characters, symbols and rules of usage that allow the user to communicate
with the computer.

The main difference between a natural language and computer language is that
natural languages have a large set of words (vocabulary) to choose from while computer
languages have a limited or restricted set of words. Thus, fewer words but more rules
characterize a computer language.

Each and every problem to be solved by the computer needs to be broken
down into discrete logical steps before the computer can execute it. The process of
writing such instructions in a computer or programming language is called
programming or coding.

Just as computer hardware has improved over the years, programming languages
have also moved from machine-oriented languages (that use strings of binary 0s and
1s) to problem-oriented languages (that use common English terms). All computer
languages can, however, be classified under the following categories:

• Machine language (First generation language)
• Assembly language (Second generation language)
• High-Level language (Third generation language)
The characteristics of these are explained in the sections that follow.

Machine Language

The computer can understand only a binary-based language. This is a combination of
0s and 1s. Instructions written using sequences of 0s and 1s are known as machine
language. First generation computers used programs written in machine language.

Machine language is very cumbersome to use and is tedious and time consuming
for the programmer. It requires thousands of machine language instructions to perform
even simple jobs like keeping track of a few addresses for mailing lists.

Every instruction in machine language is composed of two parts – the command
itself, also known as the ‘operation code’ or opcode (like add, multiply, move etc.),
and the ‘operand’ which is the address of the data that has to be acted upon; for
example, a typical machine language instruction may be represented as shown here.

The number of operands varies with each computer and is therefore computer
dependent. Shown in the following example:

OP Code Operand

001 010001110
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It is evident from the above that to program in machine language, the
programmer needs information about the internal structure of the computer. He will
also need to remember a number of operation codes and will also need to keep track
of the addresses of all the data items (i.e., which storage location has which data
item). Programming in machine language can be very tedious, time consuming and
still highly prone to errors. Further, locating such errors and effecting modifications is
also a mammoth task. Quite understandably, programmers felt the need for moving
away from machine language.

1.5 ASSEMBLY LANGUAGE

Assembly language was the first step in the evolution of programming languages. It
used mnemonics (symbolic codes) to represent operation codes and strings of
characters to represent addresses. Instructions in assembly language may look as
shown in the accompanying example:

Opration Opration address

READ M

ADD L

Assembly language was designed to replace each machine code by an
understandable mnemonic and each address with a simple alphanumeric string. It
was matched to the processor structure of a particular computer and was therefore
(once again) machine dependent. This meant that programs written for a particular
computer model could not be executed on another one. In other words, an assembly
language program lacked portability. Portability refers to characteristic attributed to a
computer program in which programs can be executed at any platform.

A program written in assembly language needs to be translated into machine
language before the computer can execute it. This is done by a special program called
‘Assembler’ which takes every assembly language program and translates it into its
equivalent machine code. The assembly language program is known as the source
program, while the equivalent machine language program is known as the object
program. It may be useful to know that the assembler is a system program supplied
by the computer manufacturer. Second generation computers used assembly language.

The lack of portability of programs (written using machine or assembly
languages) between various computer systems led to the development of high-level
languages. Since they allowed a programmer to overlook a lot of low-level particulars
of the hardware of the computer system, they were called high-level language
programs. And it was obvious that if the syntax, mnemonics and rule and regulations
of the programming language were closer to the natural language, it would be easier
for the programmer to program and the lesser the possibility of introducing errors (or
bugs) into the program. Hence, third-generation languages, which were algorithmic
and procedural, came into being in the mid-1950s. They were designed to solve a
particular problem. They contained commands that are particularly suited to one type
of application. For example, a number of languages were designed to process scientific
or mathematical problems. Others emphasized on commercial applications. These
languages varied very little between different computer systems, unlike machine or
symbolic languages. But a complier or an interpreter program was required to translate
these machine codes. Once again, the high-level program is called the source code
while its equivalent machine language program is referred to as the object code.

Check Your Progress

4. What are the
categories under
which the computer
languages can be
classified?

5. What type of
language is
understandable to
the computer?

6. What was the
purpose behind the
creation of
assembly language?

7. What is the
disadvantage of the
assembly language?
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Easy-to-learn feature, machine independence, easier maintenance and portability
contributed to the popularity of high-level languages. Slow program execution was
the main disadvantage since programs needed to be converted into machine language
(by an interpreter or a compiler) before they could be executed.

1.6 CONCEPT OF SOFTWARE AND SYSTEM
SOFTWARE

Software Components

The hardware alone cannot perform any particular calculation or manipulation without
being instructed exactly what to do and how to do it. These set of instructions are as
important, if not more, than the hardware, and are called software. The software acts
as an interface between the user and the computer. Software or a program can be
defined as a complete set of instructions written by the programmer, which enables
the computer to obtain the solution to a problem (with or without the data). Software
is a general term that is used to describe any single program or a group of programs.
The software used by a computer may be classified into applications software, systems
software and utility software.

Systems Software

They consists of all the programs, languages and documentation supplied by the
manufacturer with the computer. These programs allow the user to communicate
with the computer and write or develop his own programs. This software makes the
machine easier to use and makes an efficient use of the resources of the hardware
possible. Systems software are programs held permanently on a machine, which relieve
the programmer from mundane tasks and improve resource utilization. MS DOS or
Microsoft Disk Operating System was one of the most widely used systems software
for International Business Machines (IBM) compatible microcomputers. Windows
and its various versions are popular examples of systems software today. System
software are installed permanently on a computer system used for daily routine work.

Applications Software

These are software programs installed by users to perform tasks according to their
specific requirements, such as an accounting system used in a business organization
or a designing program used by engineers. They also include all the programs,
languages and other utility programs. These programs enable the user to communicate
with the computer and develop other customized packages. They also enable maximum
and efficient usage of the computer hardware and other available resources.

Licensed software

While there is a large availability of open source or free software online, not all software
available in the market is free for use. Some software falls under the category of
Commercial off the Shelf (COTS). COTS is a term used for software and hardware
technology, which is available to the general public for sale, license or lease. In other
words, to use COTS software, you must pay its developer in one way or another.

Most of the application software available in the market need a software license
for use.
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‘A software license is a legal instrument governing the usage or redistribution
of copyright protected software. A typical software license grants an end-user
permission to use one or more copies of software in ways where such a use would
otherwise constitute infringement of the software publisher’s exclusive rights under
copyright law. In effect, the software license acts as a promise from the software
publisher to not sue the end-user for engaging in activities that would normally be
considered exclusive.’ (Source: Wikipedia).

Software is licensed in different categories. Some of these licenses are based
on the number of unique users of the software while other licenses are based on the
number of computers on which the software can be installed. A specific distinction
between licenses would be an Organizational Software License (OSL), which grants
an organization the right to distribute the software or application to a certain number
of users or computers within the organization, and a Personal Software License (PSL)
which allows the purchaser of the application to use the software on his or her computer
only.

Free Domain Software

To understand this let us distinguish between the commonly used terms  Freeware
and Free Domain software. The term ‘freeware’ has no clear accepted definition, but
is commonly used for packages that permit redistribution but not modification. This
means that their source code is not available. Free Domain software is software that
comes with permission for anyone to use, copy, and distribute, either verbatim or
with modifications, either gratis or for a fee. In particular, this means that the source
code must be available. Free Domain software can be freely used, modified, and
redistributed but with one restriction, i.e., the redistributed software must be distributed
with the original terms of free use, modification and distribution. This is known as
‘copyleft’. Free software is a matter of freedom, not price. Free software may be
packaged and distributed for a fee. The ‘Free’ here refers to the ability of reusing it –
modified or unmodified, as a part of another software package. The concept of free
software is the brainchild of Richard Stallman, head of the GNU project. The best
known example of free software is Linux, an operating system that is proposed as an
alternative to Windows or other proprietary operating systems. Debian is an example
of a distributor of a Linux package.

Free software should therefore not be confused with freeware, which is a term
used for describing software that can be freely downloaded and used but which may
contain restrictions for modification and reuse.

Utility Software

These may be considered as a borderline case between applications software and
systems software. These software are either used as specific tools while developing a
program or package, or to perform a limited specific task, such as scanning the hard
disk for viruses. Incidentally, viruses are also a kind of software, created by people
whose principal purpose is to create a problem in a user’s computer. Viruses (depending
upon the viciousness of their creators) range from the playful to the fatal. Some of
them can cause serious and sometimes irreparable damage to your data. It is, therefore,
advisable to minimize the use of external floppies (since a virus can enter a computer
only through some external source) and to scan all floppies before using them on the
computer.
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1.7 OPERATING SYSTEM

What is an Operating System?

An Operating System (OS) is the primary control program for managing all other
programs in a computer. The other programs, commonly referred to as ‘application
programs’, use the services provided by the OS through a well-defined Application
Program Interface (API). Every computer necessarily requires some type of operating
system that tells the computer how to operate and utilize other programs installed in
the computer. The role of an OS in a computer is similar to the role of a principal in a
college who is responsible for the overall management of the college.

Any computer system can be broadly classified in terms of four component
dimensions:

1. Hardware
2. Operating system
3. Application programs (like MS Word, Games, Calculator)
4. Users (people who work on the computer)
Figure 1.2 below is an abstract view showing these components of the computer

system.
  . . . . . . . . . . 

 

Calculator Games MS Word 
Application Programs 

Hardware

OPERATING SYSTEM

User-2 User-NUser-1

Fig. 1.2 Components of a Computer System

Components of an Operating System

An operating system has three main components:
1. Control Programs: These control and maintain the operations of a computer.

There is an Initial Program Loader (IPL) which is in the form of firmware and
is stored in the Read Only Memory (ROM) section of the Memory Unit (MU).
When the computer is switched on, the electronic chip is automatically activated
and the IPL reads the Boot Sector Routine (BSR), which resides in the primary
memory of the computer.

2. System Service Programs: These support the control programs. Each of these
is divided into three portions linkage editor, librarian and input/output control
system.
A linkage editor is an editor program that creates one module from several by
resolving cross-references among the modules. The operating system contains
libraries on a disk called SYSRES to include library files in the program. The
input output control of the central process or contains software/firmware for
supervising data.

3. Utility Programs: These programs run on the operating system in order to
carry out various user related commands to manage the software linking the
user and the operating system. In MS-DOS, for example, the utility programs
are Fdisk, FORMAT, ATTRIB, BACKUP, FIND, and others.
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Booting Process: In computing, a bootstrapping process called booting (booting up)
starts the OS when the computer system is switched on. The first set of operations
performed by the computer when switched on is called boot sequence. The main
operating system for the computer is loaded by the bootloader.

One can boot an operating system in two conditions: (i) Where there is a single
OS installed and (ii) Where there are multiple OSs installed on the computer.

Functions of Operating Systems

Resource management Computer resources include main memory (RAM), storage
devices (floppy disk and hard disk drives), and input and output devices (keyboard,
mouse, monitor, printer). The OS is responsible for:

1. Allocating and deallocating memory space as needed by various application
programs.

2. Functioning as a secondary storage management. All application programs,
compilers and loaders are stored in the secondary storage (hard disk).

3. Dealing with input and output to and from other connected hardware devices
such as printers, hard disks, modems and scanners.
File management: The OS is responsible for the creation and deletion of files/

directories and the mapping of these files/directories on to the secondary storage.
Security management: The OS is responsible for protecting the resources and

information of a computer system from destruction and misuse.
Operating system services: The OS is responsible for providing a set of services

to programs and users of those programs. The main services include:
• Program execution: It loads the program requested by the user into the

memory.
• Error detection: It generates messages to each application or user about

the status of the operations that have been performed. It constantly detects
and corrects errors generated by the system.

• Resource utilization: It ensures efficient utilization of the computer’s
resources.

Types of Operating Systems

The commonly used operating systems are:
• UNIX
• Linux
• Mac OS
• MS-DOS
• IBM OS/2
• Windows 3.x
• Windows 95
• Windows 98
• Windows 98 SE
• Windows Millennium Edition
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Check Your Progress

8. What is the benefit
and shortfall of the
Free Domain
software?

9. What is the
difference between
a source program
and an object
program?

• Windows NT
• Windows 2000
• Windows 2003
• Windows XP
• Windows Vista
• Windows CE

1.8 INTERPRETERS AND COMPILERS

Programs written in high-level languages need to be converted into machine language
before the computer can execute them. ‘Interpreters’ and ‘compilers’ are translation
or conversion programs that produce the machine code from high-level languages.

The original program is called a source program and after it is translated by the
interpreter or compiler, it is called an object program.

The interpreter and compiler perform the same function but in fundamentally
different ways. An interpreter translates the instructions of the program one statement
at a time. This translated code is first executed before the interpreter begins work on
the next line. Thus, instructions are translated and executed simultaneously.  The
object code is not stored in the computer’s memory for future use. The next time the
instruction is to be used, it needs to be freshly translated by the interpreter (see
Figure 1.3). During repetitive processing of instructions in a loop, every instruction in
the loop will need to be translated every time the loop is executed.

 
 

Output Result of
Program
Execution

Interpreter
(Translates and executes
one statement at a time)

 Input Program in
High-level
Language

(Source Program)

Fig. 1.3 Translation Process using an Interpreter

A compiler, on the other hand, takes an entire high-level language program and
produces a machine code version out of it (see Figure 1.4).

This version is then run as a single program. Typical language statements are
written by programmers using COBOL language or C editor. Source statements are
created, and then compiled by running the appropriate language. These statements
are converted into their corresponding machine code, which can then be executed by
the computer.

The object code can be stored in the computer’s memory for executing in
future. A compiler does not need to translate the source program every time it needs
to be executed, thereby saving execution time.

 
 

Output Program
in Machine
Language 

(Object Program)

Program in
High-level
Language

(Source Program)

 Input 
Compiler

Fig. 1.4 Translation Process using a Compiler
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To summarize, an interpreter allows the programmer to have online interaction
with the computer, i.e., the program can be corrected/modified while it is running,
which means that it is possible to debug the program as it is being executed. This
however results in slower execution speed. On the contrary, a compiler permits offline
interaction, i.e., it is not possible to make changes while the program is running. The
source program will need to be modified offline and compiled every time a change is
made, however minor the change may be. This can be quite frustrating for new
programmers but is good for those needing fast execution speed.

1.9 ASSEMBLERS

The fundamental functions of assemblers are as follows:

• Translating mnemonic operation codes to their machine language equivalents,
and

• Assigning machine addresses to symbolic labels
The assembler generates two data structures for later use by the interpreter. The first
is the code section which holds the P-code instructions in assembled form and will
also be used by the assembler as an extension to the label table for handling forward
references. Figure 1.5 shows the internal arrangement.

op1 p1 q1 op2 p2 q2 0 

   

   

 
 
 
 
 
 
 
 

  
 
 
 
 
 
codemax

Fig. 1.5 Internal Arrangement of Assembler

Each word contains two P-code instructions. This is an efficient use of store on a
CDC 6000 series computer for which it was originally written but is not the best
arrangement for smaller machines. On an eight-bit computer, for example, a P-code
instruction would typically occupy four bytes of store. This structure is also used by
the label definition process to be described later. The second structure generated by
the assembler for the interpreter holds the constants that are separated from the code
section. This structure is held, along with the stack and heap, in the store array. The
arrangement is shown in the Figure 1.6.
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stack/heap

integer constants

real constants

set constants

boundary pairs

strings

0

maxstk

OVERI

OVERR

OVERS

OVERB

OVERM

ICP

RCP

SCP

BCP

MCP

Fig. 1.6 Arrangement of P-Code Instruction

The store array is manipulated by a number of pointers, in which maxstk defines the
maximum area available to the stack and heap in Figure 1.6. The other pointers are
concerned with the storing of constants. Each type of constant has its own pair of
pointers the OVER pointer such as OVERI, OVERR, OVERS, OVERB, OVERM
gives the end of the available area while the other pointer denotes free space Figure
1.6. Although each type of constant has its own portion of store and pointers this is not
an absolute necessity and this arrangement leads to an inefficient use of store. It
would be sufficient to have a single constants area and a single pair of pointers. The
most important tool for assembly language programming is the assembler, the software
that converts assembly language code into machine language.

O D I T S Z A P C

Zero

Sign
Trap

Interrupt enable
Direction

Overflow

Auxiliary carry

Parity
Carry

Fig. 1.7 Assembler Coding

Figure 1.7 shows how assembler works with register. Example of assembler can be
taken as one pass assembler and two pass assemblers. One-pass assemblers are used
when it is necessary or desirable to avoid a second pass over the source program the
external storage for the intermediate file between two passes is slow or is inconvenient
to use. The main problem of one pass assembler is to forward references to both data
and instructions. One simple way to eliminate this problem: require that all areas be
defined before they are referenced. It is possible, although inconvenient, to do so for
data items. Forward jump to instruction items cannot be easily eliminated. Load-and-
go assembler generates their object code in memory for immediate execution. No
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object program is written out, no loader is needed. It is useful in a system oriented
toward program development and testing such that the efficiency of the assembly
process is an important consideration.

The two-pass assembler generates data values defined by BYTE and WORD
and also performs processing of assembler directives not done in pass one. It also
writes the object program and the assembly listing.

Figure 1.8 shows the set up of one pass and two pass assembler:

Pass 1

OPTAB SYMTAB

Source
program

Object
codes

Intermediate
file Pass 2

SYMTAB

Fig. 1.8 Setup of One Pass and Two Pass Assembler

1.10 CONCEPT OF ALGORITHMS

1.10.1 Procedure and Algorithm

According to Niklaus Wirth, a computer scientist, Programs consist of algorithms
and data, i.e.,

Programs = Algorithms + Data
An algorithm is an important component of the blueprint or plan for a computer

program. In other words, an algorithm may be defined as ‘an effective procedure to
solve a problem in a finite number of steps’. It means that an answer has been found
and it involves a finite number of steps. A well-framed algorithm always provides an
answer. It is not necessary that the answer will be the one you want. However, there
must be some answer. Maybe you get the answer that there is no answer. A well-
designed algorithm is also guaranteed to terminate.

The term ‘algorithm’ is derived from the name of Al-Khwarizmi, a Persian
mathematician. It may be defined as a finite set of well-defined instructions to
accomplish some task, which, given an initial state, will terminate in a corresponding
recognizable end-state.

Algorithms can be implemented by computer programs although often in
restricted forms; an error in the design of an algorithm for solving a problem can lead
to failures in implementing a program.

Thus, an algorithm is a step-by-step problem-solving procedure, especially
an established, recursive computational procedure for solving a problem in a finite
number of steps.

Characteristics of an Algorithm

As already mentioned, an algorithm is a finite set of instructions that accomplishes a
particular task. An algorithm must satisfy the following criteria:

• Input: Zero or more items to be given as input.
• Output: At least one item is produced as output.
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• Definiteness: The instructions, which are used in algorithm, should be clear
and unambiguous.

• Finiteness: The algorithm should terminate after a finite number of steps.
• Effectiveness: Each and every instruction should be simple and very basic.

Analysis

The analysis phase of algorithm is defined in the following way:
• An algorithm must be developed using a top-down development approach.
• The importance of the data representation to the final algorithm that is being

developed should be clearly defined.
• An algorithm must be robust so that it works properly on all cases, not just the

regular or expected cases.
• An algorithm is a procedure to solve a problem. It is composed of several

commands whose order of execution is known, and it is always guaranteed to
stop in a finite amount of time.

• There is a measure called the order of the algorithm that allows us to compare
the relative efficiency of one algorithm with another algorithm that solves the
same or similar problems.
It is essential that we distinguish the problem-solving phase of a task from

what we term as implementation phase. The problem-solving phase relates to the
development of an ordered sequence of rules. These rules describe the successive
operations required for solving a specific type of problem. The effective implementation
of an algorithm in a programming language largely depends on how well an algorithm
is prepared; a well-formatted algorithm finds itself translated into an efficient program.

Key Features of an Algorithm

The following steps are an example of an algorithm to make a pot of tea:
Step 1: If the kettle is water, then the kettle is filled.
Step 2: The kettle is plugged into the power point, and then it is switched on.
Step 3: If the teapot contains something, then it is emptied
Step 4: Tea leaves are placed in the teapot.
Step 5: In case there is no boiling of water in the kettle, repeat the step 2
Step 6: The kettle is switched off.
Step 7: Water is poured from the kettle into the teapot.

It may be observed here that the algorithm involves a number of steps. Steps
1, 3 and 5 involve decision-making, while one step, i.e., step 2 (the process of waiting
for the kettle to boil) involves repetition.
An algorithm has the following three features:

• Sequence, which is also known as process.
• Decision, which is also known as selection.
• Repetition, which is also known as iteration or looping.
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In 1964, two great mathematicians, Corrado Bohm and Guiseppe Jacopini,
showed that an algorithm can be stated by using sequence, decision and repetition.
Their work was very significant as it finally led to the development of the discipline of
structured program design ,which is very much used today, and the work you are
studying now is also a part of software engineering.

A Strategy for Designing Algorithms

Now that we have understood the basic concepts of algorithms and data, we can
devise a strategy to design algorithms. It would be helpful if our strategy for designing
algorithms involves the following steps:

Step 1: Investigation step: This step should include the following:

• Identifying the processes

• Identifying the major decisions

• Identifying the loops

• Identifying the variables

Step 2: Preliminary algorithm step: This step should include the following:

• Devising a ‘high-level’ algorithm

• Stepping through the algorithm

Does this ‘walk-through’ reveal any major problems? If it does, correct the problems.

Step 3: Refining the algorithm step: This step should include the following:

• Incorporating any refinement indicated in step 2

• Grouping together processes wherever appropriate

• Grouping together variables wherever appropriate

• Testing the algorithm again by stepping through it

At the first step, i.e., investigation step, you have to read through the statement
of the problem to be solved. Also, you have to analyse the terms used in the
statement. As we have seen in the tea-making example discussed earlier, there
are various processes involved, such as filling the kettle, plugging the kettle
into the power point, and so on. There are decisions, variables and loops.

The second step —preliminary algorithm—is the first attempt to solve the
problem. This step may be quite crude. However, but the second part of step 2 tests
it and brings out the errors.

The most difficult step is the third step, i.e., refining. This step requires a lot of
practice. In fact, unless you have some programming experience, you cannot learn
some of the skills suggested in this step. It would not hurt though to give the refining
step some thought in this course.

Simple Examples of an Algorithm

1. Consider you want to pass an exam. A simple approach put in terms of what is
called as algorithm is depicted as follows:

Check Your Progress

10.  What are the
fundamental
functions of
assemblers?

11. What is the use of
the system
software?

12. What is the
purpose of the
utility software?
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• Start

• Have a look at the university syllabus

• Attend the classes regularly

• Prepare notes on your own

• Study the subject properly

• Solve the previous year question papers

• Appear for the University exam

• Wait for the result

• The result is pass the exam

• End

2. An algorithm for addition of two numbers

The following steps are required to find the sum of two numbers:
• Start

• Read First number

• Read Second number

• Sum = First number + Second number

• Write (sum)

• Exit

3. To find the largest of three numbers

The following steps are required to find the largest value of given three numbers:
• Start

• Read 3 numbers: num1, num2 , num3

• If num1 > num2, then go to step 5

• If num2 > num3, then
print num2 is the largest; else
print num3 is the largest; go to step 6

• If num1 > num3, then
print num1 is the largest; else
print num3 is the largest

• End

1.11 CONCEPT OF FLOW CHARTS

In the beginning, the use of flow charts was restricted to electronic data processing
for representing the conditional logic of computer programs. The1980s witnessed the
emergence of structured programming and structured design. As a result of this, in
database programming, data flow and structure charts began to replace flow charts.
With the widespread adoption of such Algebraic Oriented Language (ALGOL)-like
computer languages as Pascal, textual models like pseudo-code are being used
frequently for representing algorithms. Unified Modeling Language (UML) started
the synthesis and codification these modelling techniques in the 1990s.
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A flow chart refers to a graphical representation of a process which depicts
inputs, outputs and units of activity. It represents the whole process at a high or detailed
(depending on your use) level of observation. It serves as an instruction manual or a
tool to facilitate a detailed analysis and optimization of workflow as well as service
delivery.

Flow charts have been in use since long. Nobody can be specified as the
‘father of the flow chart’. It is possible to customize a flow chart according to need or
purpose. This is why flow charts are considered a very unique quality improvement
method for representing data.

Symbols

A typical flow chart has the following types of symbols:

• Start and end symbols: They are represented as ovals or rounded rectangles,
normally having the word ‘Start’ or ‘End’.

• Arrows: They show the ‘flow of control’ in computer science. An arrow coming
from one symbol and ending at another symbol shows the transmission of control
to the symbol the arrow is pointing to.

• Processing steps: They are represented as rectangles.

Example: Add 1 to X.

• Input/Output symbol: It is represented as a parallelogram.

Examples: Get X from the user; display X.

• Conditional symbol: It is represented as a diamond (rhombus). It has a Yes/
No question or True/False test. It contains two arrows coming out of it, normally
from the bottom and right points. One of the arrows corresponds to Yes or
True, while the other corresponds to No or False. These two arrows make it
unique.

There are also other symbols in flow charts may contain, e.g., connectors.
Connectors are normally represented as circles. They represent converging paths in
the flow chart. Circles contain more than one arrow. However, only one arrow goes
out. Some flow charts may just have an arrow point to another arrow instead. Such
flow charts are useful in representing an iterative process, what is known as a loop in
terms of computer science. A loop, for example, comprises a connector where control
first enters processing steps, a conditional with one arrow exiting the loop, and another
going back to the connector. Table 1.13 represents the flow chart notation in which
shape and symbols are given for specific symbols along with purpose.
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Table 1.13 Flow chart Notations
 
 

 
Oval 
 

 
Terminator To represent the begin/end or start/stop 

of a flow chart. 

 
Rectangle 
 

 
Process To represent calculations and data 

manipulations. 

 
Parallelogram 
 

 
Data To represent Input/Output data. 

 
Diamond 
 

 
Decision To represent a decision or comparison 

control flow. 

 
Double sided 
Rectangle 
 

 

Predefined Process To represent Modules or set of 
operations or a function. 

 
Bracket with 
broken line 
 

 

Annotation To represent descriptive comments or 
explanations. 

 
Document 
 

 
Print out To represent output data in the form a 

document. 

 
Multiple 
documents 
 

 

Print outs To represent output data in the form of 
multiple documents. 

 
Circle 
 

 
Connector To connect different parts of the flow 

chart. 

 
Hexagon 
 

 
Repetition/ Looping To represent a group of repetitive 

statements. 

 
Trapezoid 
 

 
Manual Operation To represent an operation which is 

done manually. 

 
Card 
 

 
Card To represent a card for example,  

punched card. 

 
Arrows 

 
Flows of control To represent the flow of the execution. 

Shape Symbol Symbol Name Purpose 

It is now used at the beginning of the next line or page with the same number.
Thus, a reader of the chart is able to follow the path.

Instructions

The following is the step-by-step process for developing a flow chart:
Step 1: Information on how the process flows is gathered. For this, the following
tools are used:

• Conservation
• Experience
• Product development codes

Step 2: The trial of process flow is undertaken.
Step 3: Other more familiar personnel are allowed to check for accuracy.
Step 4: If necessary, changes are made.
Step 5: The final actual flow is compared with the best possible flow.
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Construction/Interpretation tips for a flow chart

• The boundaries of the process should be defined unambiguously.
• The simplest symbols should be used.
• It should be ensured that each feedback loop contains an escape.
• It should be ensured that there is only one output arrow out of a process box.

Otherwise, it would require a decision diamond.

Types of Flow Charts

A flow chart is common type of chart representing an algorithm or a process and
showing the steps as boxes of different kinds and their order by connecting these with
arrows. We use flow charts to analyse, design, document or manage a process or
program in different fields.

There are many different types of flow charts. On the one hand, there are different
types for different users, such as analysts, designers, engineers, managers or
programmers. On the other hand, those flow charts can represent different types of
objects. Sterneckert (2003) divides four more general types of flow charts:

• Document flow charts showing a document flow through system
• Data flow charts showing data flows in a system
• System flow charts showing controls at a physical or resource level
• Program flow chart showing the controls in a program within a system

However, there are several of these classifications. For example, Andrew Veronis
named three basic types of flow charts known as the system flow chart, the general
flow chart, and the detailed flow chart. Marilyn Bohl (1978) stated ‘in practice, two
kinds of flow charts are used in solution planning: system flow charts and program
flow charts...’. More recently, Mark A. Fryman (2001) stated that there are more
differences. Decision flow charts, logic flow charts, systems flow charts, product
flow charts and process flow charts are just a few of the different types of flow charts
that are used in business and government.

Interpretation

The flow chart can be interpreted to:
• Analyse flow chart of the actual process
• Analyse flow chart of the best process
• Compare both charts looking for areas where they are different. Most of the

time, the stages where differences occur are considered to be the problem area
or process.

• Take appropriate in-house steps to correct the differences between the two
separate flows.

Example: Process flow chart—Finding the best way home
This is a simple case of processes and decisions in finding the best route home at the
end of the working day.
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A flow chart provides the following:
• Communication: Flow charts are excellent means of communication. They

quickly and clearly impart ideas and descriptions of algorithms to other
programmers, students, computer operators and users.

• An overview: Flow charts provide a clear overview of the entire problem and
its algorithm for solution. They show all major elements and their relationships.

• Algorithm development and experimentation: Flow charts are a quick
method of illustrating program flow. It is much easier and faster to try an idea
with a flow chart than to write a program and test it on a computer.

• Check program logic: Flow charts show all major parts of a program. All
details of program logic must be classified and specified. This is a valuable
check for maintaining accuracy in logic flow.

• Facilitate coding: A programmer can code the programming instructions in a
computer language with more ease with a comprehensive flow chart as a guide.
A flow chart specifies all the steps to be coded and helps to prevent errors.

• Program documentation: A flow chart provides a permanent recording of
program logic. It documents the steps followed in an algorithm.

Advantages of Flow Charts

The advantages of flow chart are as follows:
• Clarify the program logic.
• Before coding begins, a flow chart assists the programmer in determining the

type of logic control to be used in a program.
• Serve as documentation.
• Serve as a guide for program coding of program writing.
• A flow chart is a pictorial representation that may be useful to the businessperson

or user who wishes to examine some facts of the logic used in a program.
• Help to detect deficiencies in the problem statement.

Limitations of Flow Charts

The limitations of flow chart are as follows:
• Program flow charts are bulky for the programmer to write. As a result many

programmers do not write the chart until after the program has been completed.
This defeats one of its main purposes.

• It is sometimes difficult for a business person or user to understand the logic
depicted in a flow chart.

• Flow charts are no longer completely standardized tools. The newer structured
programming techniques have changed the traditional format of a flow chart.

Differences between Flow Charts and Algorithms

The differences between flow chart and algorithm are as follows:

Flow Chart

• It is the graphical representation of the solution to a problem.
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• It is connected with the shape of each box indicating the type of operation
being performed. The actual operation, which is to be performed, is written
inside the symbol. The arrow coming out of symbol indicates which operation
to perform next.

Algorithm

• It is a process for solving a problem.
• It is constructed without boxes in a succession of steps.

An algorithm can be written in the following three ways:
• Straight Sequential: A series of steps that can be performed one after the

other
• Selection or Transfer of Control: Making a selection of a choice from two

alternatives of a group of alternatives
• Iteration or Looping: Performing repeated operations

The following are the examples of algorithms and flow charts for some different
problems:
Examples of Straight Sequential Execution

Example 1.1: Write a flow chart to find the maximum and minimum of given numbers.

Read a, b 

Is 
a>b 

Write “max:”,b, “min:”,a 

Write “max:”,a, “min:”,b  

STOP 

T 

F 

START 

Example 1.2: Write the various steps involved in executing a ‘C’ program and illustrate
it with the help of a flow chart.
Executing a program written in C involves a series of steps. They are as follows:

 • Creating the program
 • Compiling the program
 • Linking the program with functions that are needed from the C library.
• Executing the program
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Although these steps remain the same irrespective of the operating system,
system commands for implementing the steps and conventions for naming files may
differ on different systems.

An operating system is a program that controls the entire operation of a computer
system. All input/output operations are channelled through the operating system. The
operating system, which is an interface between the hardware and the user, handles
the execution of user programs.

The two most popular operating systems today are UNIX (for minicomputers)
and MS-DOS (for microcomputers).

System Ready

Enter ProgramProgram Code

Edit
Source Program

Compile
Source Program

C
Compiler

Syntax
Error

?

Link with
System Library

Object code
No

System
Library

Input
Data

Execute
Object Code

Executable Object code

logic & Data
Errors

?

Data Error Logic Error

CORRECT OUTPUT

No Errors

STOP

Yes

Source Program
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Example Flow Charts with Algorithms
Example 1.3(a)
Draw a flow chart for adding two numbers and write an algorithm for it.

Start 

Read FirstNum 

Read SecondNum 

Sum = FirstNum + SecondNum 

Write Sum 

Stop 

Step 1: Start 
Step 2: Read FirstNumber 
Step 3: Read SecondNumber 
Step 4: Sum= FirstNumber + SecondNumber 
Step 5: Write (Sum) 
Step 6: Exit

Algorithm for addition of two numbers: 

Example 1.3(b)
Draw a flow chart to find the larger number between two numbers and write an
algorithm for it.

Read a, b 

Is 
a>b 

Write b 

Write a 

STOP 

T  

F  

START 



Self-Instructional
32 Material

Concept of Programming
Language

NOTES

 

Step 1: Start 
Step 2: Read a and b 
Step 3: IF a > b THEN Write (a)             
        ELSE Write(b) 
Step 5: Stop 

Algorithm for finding large number between two numbers 

Example 1.3(c)
Draw a flow chart to display natural numbers between 1 and N in reverse order.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F

Read   N 

Is 
N>0

START

Write N 

N=N-1 

STOP

T

Example 1.3(d)
Draw a flow chart to display the number of odd digits in a given number.

 

Step 1: Start 
Step 2: Read  N 
Step 3: Repeat while N>0 
                Write (N) 
                 N=N-1 
Step 4:Exit 
 

Algorithm for displaying Natural numbers 
between 1 and N in Reverse Order. 

 

Step 1: Start 
Step 2: Read  N 
Step 3: S=0 
Step 4: REPEAT while N>0 
                R=N mod 10 
                IF  R mod 2 THEN 
                       S=S+1 
                N =N/10  
Step 5. Write(s) 
Step 6: Exit

Algorithm to display number of odd digits 
exist in a given number. 
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T 

R=N%10 

S=S+1 

Read   N 

Is 
N 

START 

Write S 

STOP 

F 

Is 
R%2 

N=N/10 

T 

F 

S=0 

Example 1.3(e)
Flow chart to evaluate Power(X, N)

 

F  

power(X,N) 

I=0 P=1 

Is 
I<N 

P=P*X 

I=I+1 

Return P 

T  

 

Step 1: I=0,P=1 
Step 2: Repeat while I<N 
                P=P*X 
                I=I+1           
Step 3: Return P 
 

Algorithm to evaluate Power(X, N).  
Where X and N are values 

1.12 SUMMARY

• A computer program or software is a sequence of instructions coded in a
programming language, such as FORTRAN, Pascal, BASIC, C, C++, Java, C
# (pronounced C sharp), etc.

Check Your Progress

13.  What are the
criteria that have to
be fulfilled by an
algorithm?

14. Define the term
flow chart.

15. What is the
function of a
connector in a flow
chart?
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• Programming languages are the tools that allow communicating between
developer and computer.

• The computer languages allow solving real-world problems in the context and
language of the real world. Programming languages, software, computer
scientists, etc. exert an influence on the real world also, drawing it ever closer
to the software realm.

• C allows the input and output control. This language makes easy to access
hardware devices and to do ‘bit twiddling’, i.e., manipulating individual bits in
hardware registers.

• JavaScript is scripting language used in client-side script programming on the
web. It makes dynamic updates to a HTML document in browser. It interacts
between browsers and users.

• COBOL (COmmon Business Oriented Language) applications run in the field
of critical area of business. It contains such English-like structural elements as
verbs, clauses, sentences, sections and divisions. In fact, finance and insurance
data is processed with COBOL.

• ActionScript is the programming language of Adobe Flash platform. It is an
object-oriented programming language based on European Computer
Manufacturers Associations (ECMA) script.

• C++ is also object-oriented that use virtual functions, multiple inheritance,
exception handling, polymorphism, etc.

• C# is a portable programming language and used in Microsoft.NET framework.
It is used to create applications and output is display on black window referred
to as black window or DOS window.

• C# is a portable programming language and used in Microsoft.NET framework.
It is used to create applications and output is display on black window referred
to as black window or DOS window.

• Java technology has become a complete software ecosystem that represents
different values to different types of consumer and business users.

• J2EE platform uses distributed multi-tiered (client, web and business tiers)
application model.

• Python is a dynamic object-oriented programming language that is used to
develop many software applications. It offers strong support for integration
with other languages and tools, comes with extensive standard libraries. Many
Python programmers feel the language encourages the development of higher
quality and more maintainable code.

• Ruby is interpreted scripting object-oriented programming language where
Rails supports a full-stack and open source web framework.

• PHP is server side scripting languages. It is open source and cross-platform.
PHP runs on Windows NT and many UNIX versions and it can be built as an
Apache module and as a binary that can run as a CGI.

• FORTAN (FORmula TRANslation) was the first high -level language developed
by John Backus at IBM in 1956.

• COBOL (COmmon Business Oriented Language), the first language used for
commercial applications, was developed under the leadership of Grace Hopper,



Self-Instructional
Material 35

Concept of Programming
Language

NOTES

a US Navy programmer, with a group of computer manufacturers and users in
1959.

• BASIC (Beginner’s All-purpose Symbolic Instruction Code) was developed
as a teaching tool for undergraduate students in 1966 by John Kemeny and
Thomas Kurtz, two professors at Dartmouth College. Eventually BASIC was
used as the main language amongst the personal computer users.

• PASCAL was designed by  Nicholas Wirth, a Swiss professor, in 1971. It was
developed as a more structured language used for teaching which Wirth named
after the French mathematician Blaise Pascal, who also designed the first
successful mechanical calculator.

• A computer language is a language that can be understood by the computer. It
is the computer’s native language. Computer languages serve the same purpose
as human languages. They are a means of communication.

• The computer can understand only a binary-based language. This is a
combination of 0s and 1s. Instructions written using sequences of 0s and 1s are
known as machine language.

• Assembly language was the first step in the evolution of programming
languages. It used mnemonics (symbolic codes) to represent operation codes
and strings of characters to represent addresses.

• Assembly language was designed to replace each machine code by an
understandable mnemonic and each address with a simple alphanumeric string.

• A program written in assembly language needs to be translated into machine
language before the computer can execute it.

• The hardware alone cannot perform any particular calculation or manipulation
without being instructed exactly what to do and how to do it. These set of
instructions are as important, if not more, than the hardware, and are called
software.

• An Operating System (OS) is the primary control program for managing all
other programs in a computer.

• Computer resources include main memory (RAM), storage devices (floppy
disk and hard disk drives), and input and output devices (keyboard, mouse,
monitor, printer).

• The OS is responsible for the creation and deletion of files/directories and the
mapping of these files/directories on to the secondary storage.

• Programs written in high-level languages need to be converted into machine
language before the computer can execute them. ‘Interpreters’ and ‘compilers’
are translation or conversion programs that produce the machine code from
high-level languages.

• The assembler generates two data structures for later use by the interpreter.
The first is the code section which holds the P-code instructions in assembled
form and will also be used by the assembler as an extension to the label table
for handling forward references.

• A flow chart refers to a graphical representation of a process which depicts
inputs, outputs and units of activity. It represents the whole process at a high or
detailed (depending on your use) level of observation. It serves as an instruction
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manual or a tool to facilitate a detailed analysis and optimization of workflow
as well as service delivery.

• A flow chart is common type of chart representing an algorithm or a process
and showing the steps as boxes of different kinds and their order by connecting
these with arrows.

• There are many different types of flow charts. On the one hand, there are different
types for different users, such as analysts, designers, engineers, managers or
programmers.

1.13 KEY TERMS

• Computer program: It is a sequence of instructions coded in a programming
language, such as FORTRAN, Pascal, BASIC, C, C++, Java, C #, etc

• Source code: It is the program statement written in a high-level language,
such as the C language for solving a given problem

• Interpreter: It is a computer program that executes, i.e. performs, instructions
written in a programming language

• Compiler: It is a computer program that transforms source code written in a
programming language into another computer language

• Software license: It is a legal instrument governing the usage or redistribution
of copyright protected software

• Algorithm: It is an important component of the blueprint or plan for a computer
program

• Flow chart: It is a graphical representation of a process which depicts inputs,
outputs and units of activity

1.14 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. A computer program or software is a sequence of instructions coded in a
programming language, such as FORTRAN, Pascal, BASIC, C, C++, Java, C
# (pronounced C sharp), etc.

2. Visual Basic contains various statements and functions that can be used to
create applications for a Windows or GUI environment.

3. C language was developed by Dennis Ritchie of Bell Laboratories in order to
implement the operating system UNIX.

4. All computer languages can be classified under the following categories:
• Machine language (first-generation language)
• Assembly language (second-generation language)
• High-level language (third-generation language)

5. The computer can understand only a binary-based language.
6. Assembly language was designed to replace each machine code by an

understandable mnemonic and each address with a simple alphanumeric string.
7. Slow program execution was the main disadvantage since programs needed to

be converted into machine language (by an interpreter or a compiler) before
they could be executed.
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8. Free Domain software can be freely used, modified, and redistributed but with
one restriction: the redistributed software must be distributed with the original
terms of free use, modification and distribution.

9. The original program is called a source program and after it is translated by the
interpreter or compiler, it is called an object program.

10. The fundamental functions of assemblers are as follows:
• Translating mnemonic operation codes to their machine language equivalents
• Assigning machine addresses to symbolic labels.

11. The systems software makes the machine easier to use and makes an efficient
use of the resources of the hardware possible.

12. The utility software is either used as specific tools while developing a program
or package, or to perform a limited specific task, such as scanning the hard
disk for viruses.

13. An algorithm must satisfy the following criteria:
• Input: Zero or more items to be given as input.
• Output: At least one item is produced as output.
• Definiteness: The instructions, which are used in algorithm, should be clear

and unambiguous.
• Finiteness: The algorithm should terminate after a finite number of steps.
• Effectiveness: Each and every instruction should be simple and very basic.

14. A flow chart refers to a graphical representation of a process which depicts
inputs, outputs and units of activity.

15. Connectors are normally represented as circles. They represent converging
paths in the flow chart. Circles contain more than one arrow.

1.15 QUESTIONS AND EXERCISES

Short-Answer Questions

1. Define the term systems software.
2. Name three high-level and three low-level languages.
3. What are the components of a computer system?
4. What is the difference between an interpreter and a compiler?
5. What are software components?
6. What is application software?
7. Differentiate between a flow chart and an algorithm.
8. What are the advantages of a flow chart?

Long-Answer Questions

1. Explain a programming language.
2. Discuss the merits and demerits of C, C++ and Java?
3. What is a high-level language? Discuss. In your opinion, is an assembly language

more effective than a high-level language?
4. Describe the features of a flow chart.
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5. Discuss the various steps in executing a ‘C’ program and illustrate it with the
help of a flow chart.

6. Draw a flow chart to find the larger of two numbers and write an algorithm for
it.
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UNIT 2 C LANGUAGE BASICS

Structure

2.0 Introduction

2.1 Unit Objectives

2.2 Variables
2.2.1 Size of Variables

2.3 Constants
2.3.1 Integer Constants

2.3.2 Character Constants

2.3.3 Floating Point or Real Numbers
2.3.4 Enumeration Constant

2.3.5 String Constants

2.3.6 Symbolic Constants

2.4 Basic Data Types
2.4.1 int, float, double and char

2.5 Qualifiers

2.6 Operators
2.6.1 Bit-Wise Operator

2.6.2 Sizeof()Operator

2.6.3 Precedence of Operators

2.7 Arithmetic Expressions

2.8 Processors
2.8.1 #define

2.8.2 if and undef Statements

2.9 Control Flow
2.9.1 if Statement

2.9.2 if...else Statement

2.9.3 Nesting of the if...else Statements

2.9.4 Logical Operators and Branching

2.10 Looping
2.10.1 Iteration Using if

2.10.2 for Statement

2.10.3 Other forms of the for Loop

2.10.4 The while Loop

2.10.5 Do . . While Loop
2.10.6 Nested Loop

2.11 Switch Statement

2.12 Break and Continue Statements

2.13 Summary

2.14 Key Terms

2.15 Answers to ‘Check Your Progress’

2.16 Questions and Exercises

2.17 Further Reading

2.0 INTRODUCTION

In this unit, you will learn about the variables and constants used in C language. The

names of variables and constants are identifiers. The names are made up of characters,

digits and underscore, but the first character of an identifier must be an alphabetic

character. You will also learn about the fundamental data types, such as int, float,

double and char. Data is used in a program to get information. You will learn how
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to develop C programs using syntax, for example you can write a program to find out

the greater of two numbers, in which numbers are data and the output which says

which number is greater, is information. You will learn about qualifiers, various types

of operators and processors as well as the arithmetic expressions used in C language.

You will also learn about the control flow and looping. Statements related to switch,

break as well as continue are also included in this unit.

2.1 UNIT OBJECTIVES

After going through this unit, you will be able to:

• Define variables and constants

• Explain the basic data types, such as int, float, char, etc.

• Describe qualifiers and its types

• Understand the concept of arithmetic expressions

• Explain the various operators and processors used in C language

• Describe control flow as well as looping

• Explain the basics of switch, break and continue statements

2.2 VARIABLES

The names of variables and constants are identifiers. The names are made up of

characters, digits and underscore, but the first character of an identifier must be an

alphabetic character. C allows up to 31 characters for the identifier (names) and

therefore, the naming of the variables should be carried out in an easily understandable

manner. For example, in the program for the calculation of,

Simple interest, I = (p×n×r)/100,

you can declare them with actual names,

p = principal, r = rate_of_interest, n = number_of_years

Naturally, programmers may not like typing long names for fear of making mistakes

elsewhere in the program apart from being reluctant to increase their typing workload.

Meaningful names can, however, be assigned to data types even with few letters. For

example,

p = princ; r = intrate; n = years

Some compilers may allow names with up to 31 (thirty-one) characters, but may

consider the first eight characters for all purposes. Hence, a programmer could coin

shorter yet meaningful names, instead of using single alphabets for variable names.

One should, however, be careful not to use the reserved words, such as 32 keywords,

for variable names as they have a specific meaning to the compiler. If they are used as

variable names, then the compiler will get confused. Be careful not to use the reserved

words as identifiers.

A program to find out the square of integer 5 is given as follows:

Example 2.1

/*Program to find square of 5*/
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#include <stdio.h>

int main()

{

printf(“square of %d= %d”, 5, 5*5);

return.;

}

Result of the program

square of 5= 25

You have now achieved the objective of finding the square of 5. Later on, you may

want to find out the square of another number, say 7, for example. We would have to

write the same program again replacing 5 by 7 and then compile and run it. This

would waste a lot of time. To save time, we can, therefore, write a general-purpose

program as given below:

Example 2.2

/*Program to find square of any given number*/

#include <stdio.h>

int main()

{

int num;

printf(“Enter the integer whose square is to be found\n”);

scanf(“%d”, &num);

printf(“square of %d= %d”, num, num*num);

return.;

}

Here, we define num as an integer variable. When ‘&’ precedes num, it indicates

the memory address of num.

At the first printf, the message appears as it is and the cursor goes to the

next line because of the new line character \n at the end of the message, but before

the closing quotation mark. The next statement is new to you. It is used to receive an

integer typed on the console. You can type in any integer number, and the number

typed will be stored in the memory at the memory location named ‘num’. The purpose

of the statement is, therefore, to get the integer (because of the appearance of %d

within quotes) and it is stored at the memory address ‘num’.

The next statement prints the number typed and its square.

When you execute the program, the following message appears on the monitor:

Enter the integer whose square is to be found.

Since we want to find out the square of 25 type:

25

Promptly, the reply will be as shown as follows:

square of 25 = 625

The next time you may want to find out the square of another number, say 121. Then

simply run the program and when prompted, type 121 to get the answer.
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Here the number whose square has to be found out has been declared as a
variable. The variable has a name and is stored at the location pointed to by the variable
name. Therefore, the execution of the program for finding out the square of any number
is easy with the above modification as in Example 2.2.

Variables and constants are fundamental data types. A variable can be assigned
only one value at a time, but can change value during program execution. A constant,
as the name indicates, cannot be assigned a different value during program execution.
For example, PI, if declared as a constant, cannot have its value varied in a given
program. If PI has been declared as a constant = 3.14, it cannot be reassigned any
other value in the program. Programs may declare a number of constants. Variables
are similarly useful for any programming language. If PI has been declared as a
variable, then it can be changed in the program to any value. This is one difference
between a variable and a constant. Whether an identifier is constant or variable depends
on how it is declared. Both variables and constants belong to one of the data types like
int, float, etc. The convention in ‘C’ is to indicate the names of constants by the
upper case letters.

PI

SIGMA

Variable names are, on the other hand, indicated by the lower case letters.
int a

float xy

2.2.1 Size of Variables

The C programmer should understand how much memory storage each variable type
occupies in the IDE used by him. The following example will help us to find the size
of each variable type. The result will be in terms of bytes occupied by the variable
type. A new keyword sizeof is used to find out the size. The syntax for using the
keyword is as follows:

sizeof (<data type>)

or
sizeof (<expression>)

Consider the following example:
Example 2.3
/*Program to find out the sizes of various types of
integers*/
#include <stdio.h>
int main()
{
printf(“size of char =%d\n”, sizeof(char));
printf(“size of short=%d\n”, sizeof(short));
printf(“size of int =%d\n”, sizeof(int));
printf(“size of unsigned int=%d\n”, sizeof(unsigned));
printf(“size of long int=%d\n”, sizeof(long));
printf(“size of unsigned long int=%d\n”, sizeof(unsigned
long));
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printf(“size of float =%d\n”, sizeof(float));

printf(“size of double=%d\n”, sizeof(double));

printf(“size of long double%d\n”, sizeof(long double));

return 0;

}

Result of the program

size of char = 1

size of short = 2

size of int = 2

size of unsigned int = 2

size of long int = 4

size of unsigned long int = 4

size of float = 4

size of double = 8

size of long double = 10

Therefore, it is obvious that a long double occupies 10 bytes and stores long floating

point numbers with double precision.

Note that the size of short int will be either equal to or less than the size of an

integer variable.

Variables, which require more than 1 byte for storage, will be stored

consecutively in the memory. You will know the concept of the size of() operator

in detail in 2.6.2.

2.3 CONSTANTS

The following are the types of constants:

• Integer constant

• Character constant

• Float constant

• Enumeration constant

• String constant

• Symbolic constant

All these types are explained below.

2.3.1 Integer Constants

The following are the types of integers:

int

unsigned int

long

unsigned long
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Short, long and unsigned

Unsigned

We can use the sign bit also for holding the value. In such cases, the variable will be

called unsigned int. The maximum value of an unsigned int will be

equal to 65535 because we are using the Most Significant Bit (MSB) also for storing

the value. The minimum value will obviously be 0.

Long

A long integer is represented as long int or simply long. The maximum and

minimum values of long are given below:

LONG MAX  + 2147483647

LONG MIN  – 2147483647

Unless otherwise specified, integers or long integers will be signed, i.e., the

first bit will be reserved for the sign. The long int obviously uses 4 bytes or 32

bits.

The magnitudes of long can also be doubled by using an unsigned long integer

denoted as unsigned long.

However, integers are not suitable for very low values and very large values.

This can be overcome by floating point or real numbers.

An integer constant may be suffixed by the letter u or U to specify that it is an

unsigned integer. Similarly, if the integer is suffixed with l or L, it signifies

a long integer. If we specify unsigned long integer we suffix the

constant with ul or UL.

The following are the examples of valid and invalid integers:

Valid Integers

+345 /* integer */

345 /* integer */

–345 /* integer */

729u /* unsigned integer */

729U /* unsigned integer */

–112345L /* Long integer */

112345UL /* Unsigned Long integer */

+112345l /* Long integer */

112345l /* Long integer - if no sign precedes, it is a

positive number */

Invalid Integers

345.0 /* decimal point not allowed */

112, 345L /* no comma allowed */

112 345UL /* = blank not allowed */

112890345L /* exceeds the maximum */

+112 345UL /* unsigned cannot have + */

(345l /* ( not allowed */

–345s /* illegal characters */
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Short

There is another integer type called short or short int. The storage space

allocation for this modified type of integer is implementation dependent. But, it will

occupy the same or less space than int type.

We have so far considered only decimal numbers. The C language, however, entertains

other type of numbers as well. The octal numbers will be preceded by 0 (zero).

The following are the examples of valid and invalid octal numbers:

Valid Octal Number

0346

0547

0120

Invalid Octal Number

0394 /* 8 or 9 are not allowed in an octal number */

0 x 345 /* prefix has to be zero only */

The C language also supports hexadecimal numbers. Here, since the base is

16, we use alphabet also in the numbers as given in Table 2.1.

Table 2.1 Alphabet for Hexadecimal Numbers

a or A for 10

b or B for 11

c or C for 12

d or D for 13

e or E for 14

f or F for 15

Additionally, hexadecimal numbers will be preceded by 0X or ox, i.e., zero

followed by x.

The following are the examples of valid and invalid hexadecimal numbers:

Valid Hexadecimal Numbers

0x345

0xA132

0x100

0x20B

Invalid Hexadecimal Numbers

0x, 123 /* no comma */

0x /* cannot be empty */

0A00 /* x is missing */

2.3.2 Character Constants

A character constant is a single character enclosed in single quotes as in ‘x’.

Characters can be alphabets, digits or special symbols.
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The following are the examples of valid and invalid character constants:

Valid Character Constants

‘A’

‘Z’

‘C’

‘c’

Invalid Character Constants

‘\n’

‘\t’

‘\u’

‘\b’

AA

‘AA’

“AA”

‘1a’

A character constant represents its integer value as defined in the character set of the

machine. Therefore, you can add 2 characters. For example, the ASCII values of digit

1 = 49 and C = 67. When we add these values we get code 116 whose equivalent

character is t.

Let us verify this with the following example:
Example 2.4

demonstrates that chars can be treated like integers*/

#include <stdio.h>

int main()

{

const char ALPHA1=‘1';

char alpha2=‘C’;

char alpha3;

alpha3=ALPHA1+alpha2;

putchar(alpha3);

return o;

}

Result of the program

t

Therefore, characters can be treated like integers as well, although they are

declared as character variables and constants. Since characters are of type int, we

could add them. Characters can also be defined as integers as given in the following

example:
Example 2.5

Demonstrates that a char can also be declared as int*/

#include <stdio.h>

int main()

{
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int x;

x=‘1’+‘C’;

printf(“x as integer=%d\n”, x);/*x printed as integer*/

printf(“x as character=%c\n”, x);/*x printed as character*/

return 0;

}

Result of the program

x as integer=116

x as character=t

2.3.3 Floating Point or Real Numbers

Let us enumerate the difference between floating point and integer numbers.

• Integers are whole numbers without decimal points but a float has always a

decimal point. Even if the number is a whole number, it is written with a decimal

point. For instance, 42 is an integer, while 42.0 is floating point number.

• Floating point numbers occupy more space for storage as we have already

seen.

A real number in the simple form consists of a whole number followed by the

decimal point and also one or more decimal numbers following the decimal point,

which makes the fractional part. This form of representation is known as fractional

form. It must have a decimal point. It could be either positive or negative. As usual

the default sign is positive. No commas or blanks or special characters are allowed in

between.

The following are the examples of valid and invalid float types:

Valid Floats

144.00

226.012

Invalid Floats

+144 /* no decimal point */

1,44.0 /* comma not allowed*/

Scientific notation: Floating point numbers can also be expressed in scientific notation.

For example, 3.0 E
2
 is a floating point number. The value of the number will be

equal to 3.0 × 102 = 300.0

Instead of the upper case E, the lower case e can be used as,

0.453 e + 05, which will be equal to 0.453 × 105 = 45300

There are two parts in the scientific notation of a real number, which are as follows:

• Mantissa (before e)

• Exponent (after e)

In the scientific form the following rules are to be observed:

• The mantissa part can be positive or negative.

• The exponent must have at least one digit, which can be a positive or negative

integer. Remember the exponent cannot be a floating point number.
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type float is a single precision number occupying a storage space of

4 bytes.

type double represents floating point numbers of double precision and

hence occupies 8 bytes.

If you look at the file <float.h> you will find the maximum and minimum

floating point numbers as given below.

FLT – MAX 1E + 37 maximum floating point number

FLT – MIN 1E – 37 minimum floating point number

Floating point constants: The constants are suffixed as given below:

F or f – float

no suffix – double

L or l – long double

If an integer is suffixed with L or l, then it is a long integer.

If a float is suffixed with L or l, then it is a long double floating point

number.

Examples

Valid Floating Point Constants

1.0 e 5

123.0 f /* float */

11123.05 /* double */

23467.34 e 5 l /* long double */

Invalid Real Constants

245.0 /* invalid float, but valid double */

456 /* It is an integer */

1.0 e 5.0 /* exponent cannot be a real number */

When they are declared as variables, they can be declared as follows:

float a = 3.12;

float a, b, c;

float val1;

float val2;

long double val3;

The values of constants cannot be altered in programs. They can be defined as follows:

const int PRINC = 1000;

const float INT_RATE = 0.12 f;

The values of PRINC and INT_RATE cannot be changed in the program even by

introducing another assignment statement when they are declared as constants using

const.

2.3.4 Enumeration Constant

The keyword for this data type is enum. We can define guardian as follows:

enum guardian

{



Self-Instructional

Material 49

C Language Basics

NOTES

father,

husband,

guardian

};

Note that there are no semicolons, but only a comma after the members except

the last member. There is not even a comma after the last member. There is no conflict

between both guardians. The top one is enum and the bottom one is a member of

enum guardian. See the similarity between struct, union and enum. The enum

variables can be declared as follows:
enum guardian emp1, emp2, emp3;

This is similar to structures and unions. The first part is the declaration of the

data type. The second part is the declaration of the variable.

The initial values can be assigned in a simple manner as given below:

emp1 = father;

emp2 = husband;

emp3 = guardian;

We have to assign only those declared as part of the enum declaration. Assigning

constants not declared will cause error. The compiler treats the enumerators given

within the braces as constants. The first enumerator father will be treated as 0, the

husband as 1 and the guardian as 2. Therefore it is strictly as per the natural order

starting from 0.

The enumerated data type is never used alone. It is used in conjunction with other

data types. We can write a program using enum and struct. It is given below:

Example 2.6

enum within structure*/

#include <stdio.h>

void main()

{

enum guardian

{

father,

husband,

relative

};

struct employee

{

char *name;

float basic;

char *birthdate;

enum guardian guard;

}emp[2];

int i;

emp[0].name=“RAM”;
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emp[0].basic= 20000.00;

emp[0].birthdate= “19/11/1948”;

emp[0].guard= father;

emp[1].name=“SITA”;

emp[1].basic= 12000.00;

emp[1].birthdate= “19/11/1958”;

emp[1].guard=husband;

for(i=0;i<2;i++)

{

if( emp[i].basic ==12000)

{

printf(“Name:%s\nbirthdate:%s\nguardian:

%d\n”,

emp[i].name, emp[i]. birthdate, emp[i].guard);

}

}

}

Result of the program

Name:SITA

birthdate:19/11/1958

guardian: 1

The program clearly assigns the relationships between the employee and the

guardian. enum guardian is the data type, and guard is a variable of this

type.

However, when you are printing emp [i]. guard, you are printing an

integer. Hence 0, 1 or 2 will only be printed for the status, and this is a limitation. This

can be overcome by modifying the program.

Even though the conversion of an integer to actual name is additional work,

enum is an useful construct since it improves readability in addition to number of

other advantages.

For example, we can define boolean as follows:

enum boolean {

false,

true

};

Here ‘false’ will contain an integer value 0 and ‘true’ 1. This can be

used to assign values for ‘found’ in our sorting programs. We can define found as

follows after declaring boolean.
enum boolean found;

We have allowed the system to assign integer values to the members of enum, but we

can also assign specific values to the various members of enum. When values are

assigned, then it takes precedence over what the system assigns.

We can define boolean as:

enum boolean
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{ yes = 1,

no = 0

};

This is similar to defining using #define. The #define equivalent for this will

be:

#define yes 1

#define no 0

Although #define and enum provide a way to associate symbolic names such as

boolean with constants, there are difference between them. The differences are:

(a) enum can generate values itself unlike #define where you have to specify

the replacement constant.

(b) The compilers need not check the validity of what is stored in the enum variable,

but the #define replacement constant will be checked for valildity.

(c) It is possible to print out the values of enum variables in symbolic form, but

this is not possible with #define. Anyway, either of them can be used

depending on the context.

2.3.5 String Constants

A character constant is a single character enclosed within single quotes. A string

constant is a number of characters, arranged consecutively and enclosed within double

quotes.

Examples of valid strings:

“God”

“is within me”

“ ”

You may be surprised about the third string constant, which has no characters.

This is called a NULL or empty string and is allowed in C.

The string constant can contain blanks, special characters, quotation marks,

etc. within the string. In order to distinguish the end of a string constant, the compiler

places a null character \0 (back slash followed by zero) at the end of each string

before the quotation mark. The null character is not visible when the string appears on

the screen. The programmer does not include the null character either. It is the compiler,

which automatically inserts the null character at the end of every string.

Invalid string:
‘Yoga’  /* should be enclosed in double quotes */

2.3.6 Symbolic Constants

The format for symbolic constant is as follows:

#define name constant

For example, we can define:

#define INITIAL 1

It defines INITIAL as 1.

The INITIAL type of definition is called symbolic constants. They are not

variables and hence, they are not defined as part of the declarations of variables. They
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are specified on top of the program before the main() function. The symbolic

constants are to be written in capital or upper case letters. Wherever the symbolic

constant names appear in the program, the compiler will replace them with the

corresponding replacement constants defined in the #define statement. In this case,

1 will be substituted wherever INITIAL appears in the program. Note that there is

no semicolon at the end of the #define statement.

2.4 BASIC DATA TYPES

Data is used in a program to get information. In a program used to find out the greater

of two numbers, the numbers are data, and the output which says which number is

greater, is information. C is a versatile language and handles many different types of

data in an elegant manner.

Bit stands for binary digit, i.e., 0 or 1. Each byte is a collection of 8 bits, i.e.,

8 consecutive bits of ‘0’ or ‘1’. Data is handled in a computer generally in terms of

bytes and therefore, will be in the form of multiples of 8 bits. Each ASCII character is

represented by one byte.

Maximum and Minimum Magnitudes

The maximum and minimum values of data types are not limitless. For example,
<limits.h>header file specifies the minimum and maximum magnitudes
for integers and characters. Since char is stored in a byte, it is as good as a short
integer. char can be stored as an unsigned character, which means all the 8 bits
can be used to store it. The maximum value of an 8-bit number is 255 when all bits
are 1. If it is a signed char, the first bit will be reserved for storing the sign. The
sign bit will be 0 for a positive number and 1 for a negative number. The integer
values of signed and unsigned chars are given below:

CHAR-BIT 8 bits in a char

SCHAR  MAX + 127 maximum value of signed char

SCHAR  MIN – 127 minimum value of signed char

UCHAR  MAX 255 maximum value of unsigned char

Now, let us look at the maximum and minimum magnitudes for the integer data type.
They are:

INT MAX + 32767 maximum value of int

INT MIN – 32767 minimum value of int

Integer means signed integer. The data type integer occupies 2 bytes or 16 bits. The

most significant bit is reserved for sign. It will be ‘0’ for a positive number and ‘1’ for

a negative number. Therefore, you can easily calculate how the limits for the integer

data types have been arrived at.

The standard has also provided for another type of integer called short int

with the same maximum and minimum values.

2.4.1 int, float, double and char

An item that holds data is also called an object. An object has a name or identifier

associated with it. Each object can hold a specific type of data. There are five basic

data types in C, as follows:

Check Your Progress

1. What are

identifiers?

2. What is the

difference between

a variable and a

constant?

3. Name the types of

constants.

4. Name the two parts

of real numbers.
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• Character

• Integer

• Real numbers

• Void (Comprising an empty set of values)

• Enum

You have to first understand how a computer works. Assume that two numbers a and
b are to be multiplied. First of all, the two numbers have to be stored in the memory.
Then the required calculation has to be performed. The result has also to be stored in
the memory. Each number is of a specific data type; for instance, all three of them can
be declared to be integers. Each data type occupies a specific size in the memory.
What does one mean by size? It is the amount of storage space required; each bit
needs one storage space. One byte needs eight storage spaces. If a number is of type
integer declared as int, it is stored in 2 bytes. The number depending on its type gets
stored in different forms. If a number is of float type, it takes 4 bytes to store it. All
characters can be represented according to the ASCII table and hence, 1 byte, i.e., 8
bits are good enough to store a character, which is represented as char.

These sizes may vary from computer to computer. The header files
<limits.h> and <float.h> contain information about the sizes of the data
types.

Real numbers can be expressed with single precision or double precision. Double
precision means that real numbers can be expressed more precisely. Double precision
also means more digits in mantissa. The type ‘float’ means single precision and
‘double’ means a double precision real number. Table 2.2 indicates the size of
various data types.

Table 2.2 Size of Data Types

Data Type Size

char 1 byte
int 2 bytes

float 4 bytes
double 8 bytes

2.5 QUALIFIERS

A type qualifier is used to refine the declaration of a variable, a function and parameters,

by specifying whether:

• The value of a variable can be changed.

• The value of a variable must always be read from memory rather than from a

register.

Standard C language recognizes the following two qualifiers:

• const

• volatile

Any type can be qualified by the type qualifiers const or volatile. Both of these

were new with ANSI C, and there is a lot of older code which does not use them.

Even in new code, you will see const and even volatile very rare. Const

value is one you can not to modify. The compiler may therefore be able to make

Check Your Progress

5. What is the use of

data in a program?

6. Name the four

basic data types

used in C.

7. Why are qualifiers

included in a

program?

8. Define a statement.
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certain optimizations, such as placing a const qualified variable in read only memory.

However, a const qualified variable is not a true constant, i.e., it does not qualify as

a constant expression which C requires in certain situations, such as array dimensions,

case labels and initializers for variables with static duration, i.e., global and static

locals. A volatile value is one that might change unexpectedly. This situation

generally only arises when you are directly accessing special hardware registers, usually

when writing device drivers. The compiler should not assume that a volatile

qualified variable contains the last value that was written to it, or that reading it again

would yield the same result that reading it last time did. The compiler should therefore

avoid making any optimizations which would suppress seemingly redundant accesses

to a volatile qualified variable. Examples of volatile locations would be a

clock register or a device control/status register, which caused some peripheral device

to perform an action each time the register, was written to.

Const Qualifier: The const qualifier is used to tell C that the variable value

can not change after initialization and is declared in the following way:
const float pi=3.14159;

Now pi cannot be changed at a later time within the program.

Another way to define constants is with the #define preprocessor which has the

advantage that it does not use any storage.

In simple declarations, the type qualifier is simply another keyword in the type

name, along with the basic type and the storage class. For example,
const int i;

const float f;

extern volatile unsigned long int ul;

These are all declarations involving type qualifiers.

Volatile Qualifier: The volatile qualifier declares a data type that can have its value

changed in ways outside the control or detection of the compiler, such as a variable

updated by the system clock or by another program. This prevents the compiler from

optimizing code referring to the object by storing the object’s value in a register and

re-reading it from there, rather than from memory, where it may have changed. You

will use this qualifier once you will become expert in C language.

2.6 OPERATORS

Arithmetic Operators

The basic arithmetic operators are:

+ addition, e.g., c = a + b

– subtraction, e.g., c = a – b

* multiplication, e.g., c = a * b

/ division, e.g., c = a/b

% modulus, e.g., c = a % b

When we divide two numbers, we get a quotient and a remainder. To get the quotient

we use c = a/b;

/* c contains quotient */
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To get the remainder we use c = a % b;

/* c contains the remainder */.

% is also popularly called modulus operator. Modulus cannot be used with floating

point numbers.

Therefore, c = 100/6; will produce c = 16.

c = 100 % 6, will produce c = 4.

In expressions, the operators can be combined.

For example, a = 100 + 2/4;

What is the right answer?

Is it 100 + 0.5 = 100.5

or 102/4 = 25.5

To avoid ambiguity, there are defined precedence rules for operators in ‘C’. Precedence

means evaluation order of operators. However, in an expression there may be the

same type of operators at a number of places, which may lead to ambiguity as to

which one to evaluate first. In addition, more than one operator may have the same

precedence. For example, * and / have the same precedence. To avoid ambiguity in

such cases, there is a rule called associativity. The precedence and associativity of

operators in ‘C’ are given in Table 2.5.

Associativity says either left to right or vice versa. This means that when

operators of the same precedence are encountered, the operators of the same

precedence have to be evaluated from left to right, if the associativity is left to right.

Now refer to the previous example. Since / has precedence over +, the

expression will be evaluated as 100 + 0.5 = 100.5.

In the precedence table, operators in the same row have the same precedence.

The lower the row, the lower the precedence.

For example, (), which represents a function, has a higher precedence than

!, which is in the lower row. Similarly * and / have higher precedence over + and

–.

Whenever you are in doubt about the outcome of an expression, it would be

better to use parentheses to avoid the ambiguity.

Consider the following examples:

1) 12 – 3 * 3 = 12 – 9 = 3 and not 27.

2) 24 / 6 * 4 = 4 * 4 = 16 and not 1.

3) 4 + 3 * 2 = 4 + 6 = 10 and not 14.

4) 8 + 8 / 2 – 4 * 6 / 2

= 8 + 4 – 4 * 6 / 2

= 8 + 4 – 24 / 2

= 8 + 4 – 12 = 0

Watch the steps involved in the last example.

Unary Operators

We need two operands for any of the basic arithmetic operation, such as addition,

subtraction, division and multiplication. Since these operators need two operands, the
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operators are called binary operators, which are not to be confused, however, with

binary numbers.

‘C’ has special operators, operating on a single operand. These are called unary

operators.

The increment operator ++ and decrement operator –– (minus minus) are the

unary operators.

For example,

a = 5;

a++;

a will become 6 after the a++ operation.

Similarly a = 6;

a––; will reduce the value of a to 5.

The ++ and – – can be either prefixed or suffixed. While in both cases the operand

will be incremented or decremented, the actual process of incrementing/decrementing

will be different. If we write y = x++, then y will be assigned the value x before it

is incremented. For example,

x = 5;

y = x++;

In this case y will become 5 and x will become 6 after the execution of the second

statement.

On the other hand, if we write
x = 5;

y = ++ x;

y will become equal to 6 since x will first be incremented before y is assigned the

value. Now look example 2.7 for confirming the above concept.

/*Example 2.7

demonstrates the effect of prefixing and suffixing

operators*/

#include <stdio.h>

int main()

{

int x, y;

x = 10;

y = x––;/*y is assigned value of x before decrementing*/

printf(“y is now=%d x is now=%d\n”, y,x);

x = 10;

y = ––x; /*y is assigned value of x after decrementing*/

printf(“y is now=%d x is now=%d\n”, y,x);

return 0;

}

Result of the program

y is now = 10 x is now = 9

y is now = 9 x is now = 9
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Although the decrement operator is used in the program, the concept is similar

to the increment operator as already discussed.

In some cases, prefixing or suffixing may not cause any difference in the

implementation, whereas in others it will cause a difference.

Relational, Logical, Assignment and Conditional Operators

Relational Operator

Two variables of the same type may have a relationship between them. They can be

equal or one can be greater than the other or less than the other. You can check this by

using relational operators. While checking, the outcome may be true or false.

For example, if a = 5 and b = 6;

a equals b is false.

a greater than b is false.

a greater than or equal to b is false.

a less than b is true.

a less than or equal to b is true.

Any two variables or constants or expressions can be compared using relational

operators. Table 2.3 below gives the relational operators available in ‘C’.

Table 2.3 Relational Operators

OPERATOR EXAMPLE READ AS

< less than a < b Is a < b

> greater than a > b Is a > b

<= less than or equal to a <= b Is a < or = b

>= greater than or equal to a >= b Is a > or = b

== equal to a == b Is a equal to b

!= not equal to a != b Is a not equal to b

Notice that for checking equality the double equal sign is used, which is different

from other programming languages. The statement a = b assigns the value of b to

a. For example, if  b = 5, then a is also assigned the value of 5. The statement a

== b checks whether a is equal to b or not. If they are equal, the output will be true;

otherwise, it will be false.

> >= < <= have precedence over == !=

Note that arithmetic operators + – * / have precedence (see Table 2.5) over

the relational and logical operators.

Therefore, in the following statement:
(x – 3 > 5)

x – 3 will be evaluated first and only then the relation will be checked.

Therefore, there is no need to enclose x – 3 within parenthesis as in ((x – 3)

> 5).
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Logical Operator

You can use logical operators in programs. These logical operators are:

&& denoting logical And

|| denoting logical Or

! denoting logical Negation

The relational and logical operators are evaluated to check whether they are true or

false. ‘True’ is represented as 1 and ‘False’ is represented as 0.

It is also by convention that any non-zero value is considered as 1 (true) and

zero value is considered as 0 (false).

For example,

if (a – 3)

{s1}

else

{s2}

If a is 5, then s1 will be executed.

If a = 3, then s2 will be executed.

If a = –5, s1 will still be executed.

To summarize, the relational and logical operators are used to take decisions

based on the value of an expression.

Assignment Operator

Assignment operators are written as follows:

Identifier = Expression;

For example,

i = 3; Note: 3 is an expression

const A = 3;

‘C’ allows multiple assignments in the following form:

Identifier 1 = Identifier 2 = .....= Expression.

For example,

a = b = z = 25;

However, you should know the difference between an assignment operator and

an equality operator. In other languages, both are represented by =.

In ‘C’ the equality operator is expressed as = = and assignment as =.

Conditional Operator

The condition operator is also termed as ternary operator and is denoted by?:

The syntax for the conditional operator is as follows:
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(Condition)? statement1: statement2;

What does it mean? If the condition is true, execute statement1 else, execute statement2.

The conditional operator is quite handy in simple situations as follows:

(a > b)? print a greater

: print b greater

Thus, the operator has to be used in simple situations. If nothing is written in the

position corresponding to else, then it means nothing is to be done when the condition

is false.

An example is as follows:

/*Example 2.8

This Example demonstrates use of the ? operator*/

#include <stdio.h>

int main()

{

unsigned int a,b;

printf (“enter two integers\n”);

scanf(“%u%u”, &a, &b);

(a==b)?printf(“you typed equal numbers\n”):

printf(“numbers not equal\n”);

return 0;

}

Result of the program

enter two integers

123 456

numbers not equal

2.6.1 Bit-Wise Operator

Binary operators are usually assumed to be operators which operate on binary digits,

i.e., bits. However, this is not the convention in C. Binary operators refer to those

operators, which operate on 2 operands, i.e., a + b, a % b, etc. In the same way,

unary operators are those, which operate on single operand, such as a++, a–– ,

etc.

Bit-wise operators access the internal representation of the numbers, which are

bits 0 or 1. These operators apply only to the integer family operands including char.

There are six operators for bit-wise operation or manipulation. The operators and

their symbols are as follows:
& bit-wise AND

| bit-wise OR

^ bit-wise exclusive OR

<< left shift

>> right shift

~ one’s complement
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Conversion of Decimal to Binary

In C, you can represent numbers as decimal, octal and hexadecimal numbers. They

are all stored as integers. Since the decimal number is an integer, it is stored in 1 word

or 2 bytes. If you had a mechanism for storing a bit, it would have been more

economical. As there are no exclusive representations for binary numbers, they have

to be stored using the existing storage mechanism. Therefore, each bit of a binary

number will also be considered as an integer and stored one after another. If a short

integer is available, that is enough, since you have to store only a 0 or 1. Each bit has

to be stored as a word of 1 byte or 2 bytes, and the 8 bits of a number have to be stored

as an array of 8 integers.

Any problem involving bit-wise operation involves conversion of the numbers

into binary numbers. Now, consider an algorithm to convert decimal into binary. You

repetitively divide the number by 2 and the remainder is assembled to form the binary

number.

The following is the example to convert 19 into binary.

2 19

2 9 – 1

2 4 – 1

2 2 – 0

2 1 – 0

0 – 1

The equivalent of 19 in binary is 10011.

Therefore, when you divide by 2, the first remainder is the Least Significant

Bit (LSB) and the last remainder is the Most Significant Bit (MSB). For simplicity,

you assume that you convert them into 8-bit numbers.

Algorithm 1 gives the method of converting a decimal number into an array of

bits.

ALGORITHM 1

Step 1: Store the decimal number in integer variable

num.

Step 2: Declare an array of size 8 to store 8 bits.

Step 3: for (i = 0 ; i <= 7; i + + )

{

b [ i ] = num % 2 ;

num = num / 2 ;

}

Let us convert 19 using the algorithm to confirm.

Step 1 b [ 0 ] = 19 % 2 = 1

Step 2 b [ 1 ] = 9 % 2 = 1

Step 3 b [ 2 ] = 4 % 2 = 0

Step 4 b [ 3 ] = 2 % 2 = 0

Step 5 b [ 4 ] = 1 % 2 = 1

Step 6 b [ 5 ] = 0 % 2 = 0

Step 7 b [ 6 ] = 0 % 2 = 0
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Therefore, 19
10
= 0010011

b [ 0 ] = LSB

b [ 7 ] = MSB

Now you can understand all the bit-wise operations easily.

In software, you organize the digits byte-wise, but the hardware handles it bit-

wise. Therefore, bit-wise operators are very useful for directly interacting with the

hardware. However, when you do programming you will be using decimal numbers.

The bit-wise operator recognizes the number, carries out the bit-wise operation and

gives the result in decimal numbers. To check whether the operation is correct, you

have to convert the operand and the result into bits using Algorithm 1 and then see

whether it is correct. This is only required initially till you gain confidence, and may

not be necessary later on. Although bit-wise operators manipulate the bits, they

understand the decimal, octal and hexadecimal numbers and carry out the operation

at one go.

Hexadecimal and Octal Representation

If you use decimal numbers, you have to convert them into binary format using

Algorithm 1. Let us use hexadecimal or octal numbers for understanding the use of

the bit-wise operator, since it will be easy for us to convert them into binary form and

vice versa. You have to specify the operand in the hex or octal number system, and

the result will also be in the same system. Since integers are represented as 16-bit

numbers, you can consider integer as 4 hexadecimal numbers each of width 4 bits.

Take a decimal number 6666 and write a program to convert it into binary form

and print out its equivalent octal and hexadecimal numbers. You have to use Algorithm

1 for conversion from decimal to binary. Hex and octal numbers can be directly printed.

The program is as follows:
Example 2.9

/* To convert decimal to binary, octal and hexadecimal*/

#include <stdio.h>

int b[16], i; /*global variables*/

int main()

{

int num=6666;

void convert (int num);

convert(num);

printf(“\n16 bit binary number equal to %d\n”, num);

for (i=15; i>=0; i––)

{

printf(“%d”, b[i]);

}

printf(“\nequivalent hexadecimal number\n%x”, num);

printf(“\nequivalent octal number\n%o”, num);

return 0;

}

void convert(int a)
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{

for (i=0; i<=15; i++)

{

b[i]=a%2;

a= a/2;

}

}

Result of the program

16 bit binary number equal to 6666

0001101000001010

equivalent hexadecimal number

1a0a

equivalent octal number

15012

What do you notice? The hexadecimal number groups 4 bits each from the left and

gives an equivalent hexadecimal of the 4 bits before the number is printed. For example,

the first four bits (from LSB) are 1010 whose equivalent hex number is A or a. Similarly,

the other three groups of 4 bits are converted to hex. Thus, you have 4 digits of

hexadecimal numbers for the 16-bit binary number.

Similarly, the 16-bit binary number is grouped into 3 bits each from the LSB.

Therefore, 6 octal numbers will be printed. The last group contains only the MSB. It

can only be 0 or 1. The other numbers could be from 0 to 7. Therefore, it is easy to

convert octal numbers into binary form. In this case, since MSB is zero, it is omitted

and there are only 5 digits in the octal representation.

Now, analyse the program. This program uses new concepts. An integer array

of size 16 is declared as a global array b[16]. The function main() passes num

to convert. In convert, the binary conversion is completed and stored in array

b[0] to b[15]. If you print it straightaway, you will get b[0] on the left. To print

b[15] on the leftmost side, you print b[15] first in the for loop in main. Although

the function convert does not pass any value, the array is known because it is a

global array. You have indirectly passed the array through global variable.

Now using examples, see the operation of bit-wise operators in detail:

One’s complement operator

It changes 1 to 0 and 0 to 1, if x = 1100, ~x = 0011.

The usage is as follows:

Let us declare i, j as integers;
i = 6666;

j = ~ i;

Table 2.4 for one’s complement of octal numbers is as follows:
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Table 2.4 One’s Complement of Octal Numbers

Octal Number Binary Complement in Binary Complement in Octal

0 000 111 7

1 001 110 6

2 010 101 5

3 011 100 4

4 100 011 3

5 101 010 2

6 110 001 1

7 111 000 0

Therefore, you can write the one’s complements from this table.

j = ~ i

i = 015012

j = 762765

This can be used for encryption of information for security purposes.

Right shift operator

unsigned int i , j ;

j = i >> 2 ;

Here, the bits in i will be shifted 2 places to the right and stored in j.

If you write i >> 6, the bits will be shifted right by 6 places. What happens

to the leftmost bits? They will all be filled with zeros.

Now, i = 6666 in hex will be 1A0A

Let, j = i >> 4 ;

The bits will be shifted by 4 places.

Therefore, j = 01A0

i = 015012 in octal

if j = i >> 3 then

j = 001501;

Left shift operator

j = i << p;

This expression will shift i by p bits and will store it in j.

What happens to the rightmost bits shifted? Zeros will be inserted whenever a

bit is shifted.

i = 015012 / * octal number * /

j = i << 3;

Their result will be 150120.

i = 1A0A; / * hexadecimal number * /

j = i << 4 ;
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The shifted number will be,

A0A0

Shifting again by 4 bits will give 0A00.

Check by shifting the octal number 150120 to the left by 3 bits. The result will

be 501200. Find out the reason yourself.

AND operator

It compares two bits, and if both are 1, the output is 1, otherwise zero. This can be

used to compare the sets of bits. Assume that you want to check only the 16th bit in

the 16-bit word of a number, you can carry out the task using AND operator on the

number and word with the 16th bit 1 and all other 15 bits 0. When you compare using

AND, the 15 bits will be 0 and 16th bit will be a 0 or 1, depending on the number.

Remember to use a single &. You know && stands for logical AND.

This will operate on 2 operands.

Let us have, a = 015012 octal

b = 177777

c = a & b will provide an output of c = 015012 octal. Verify by

converting into bits.

A = 1A0A hexadecimal

b = 0000

c = a & b will produce c = 0000 hexadecimal because b is all

zeros.

OR operator

This is also a binary operator. The output of OR operator will be 0, if both the inputs

are 0, and 1 otherwise.

Let, a = 015012 octal

b = 000000

c = a | b will produce c = 015012 octal

Let, a = 015012 octal

b = 177777 octal

c = a | b will produce c = 177777 octal.

This is because b is all ones and hence a | b will automatically produce all 1s,

even without looking at a.

When b is all zeros, the output will be 1 wherever a is 1. Therefore, the output

will be same as a.

Exclusive OR operator

When one of the 2 operands is 1, we get the output of exclusive OR as 1; otherwise,

the output will be 0.

a = 1A0A hex

= 0001101000001010
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Let, b = 1111111111111111 = FFFF hex

a ^ b = 1110010111110101 = E5F5 hex

Let, c = 0000000000000000 = 0000 hex

a ^ c = 0001101000001010 = 1A0A hex

b ^ c = FFFF hex

Encrypting Selected Bits

Write a program that will convert selected bits of a number into 1 and leave the rest

unchanged.

ALGORITHM 2

Step 1: Get the number num

Step 2: Get the bitfrom & bit_to, which will be changed

to 1 .

Note: LSB = 1 and MSB = 16.

Step 3: Convert the number with MSB = b [15], LSB = b[0]

Step 4: Change the bits to 1 at the chosen places and

leave it as it is, at other places.

The program is given below:

Example 2.10

/* To convert selected bits of a given number

to 1 and leave the rest as they are*/

#include <stdio.h>

int b[16], c[16], i; /*global variables*/

int main()

{

int num, bitfrom, bit_to, temp;

void convert (int num);

void build(int bitfrom, int bit_to);

printf(“Enter the number to be manipulated\n”);

scanf(“%d”, &num);

printf(“enter bit from and then bit_to for change to
1\n”);

printf(“MSB=16th bit, LSB 1st bit\n”);

scanf(“%d%d”, &bitfrom, &bit_to);

/*Still some will give wrongly as from =4, to=8; This
error can be corrected as follows:*/

if (bit_to > bitfrom) /*exchange*/

{temp=bit_to;

bit_to=bitfrom;

bitfrom=temp;}

convert(num);

printf(“\n binary number equal to number given by
you\n”);

for (i=15; i>=0; i––)

{

printf(“%d”, b[i]);

}
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build (bitfrom, bit_to);

printf(“\n binary number with changed bits\n”);

for (i=15; i>=0; i––)

{

printf(“%d”, b[i]);

}

}

void convert(int a)

{

for (i=0; i<=15; i++)

{

b[i]=a%2;

a= a/2;

}

}

void build(int bitfrom, int bit_to)

{

for (i=0; i<=15; i++)

{

if (i >= (bit_to-1) && i <= (bitfrom-1))

b[i]=1;

}

return 0;

}

Result of the program
Enter the number to be manipulated

123

enter bit from and then bit_to for change to 1

MSB=16th bit, LSB 1st bit

3 12

binary number equal to number given by you

0000000001111011

binary number with changed bits

0000111111111111

You can see how it works using a simple example.

Let, b = 1001

Assume that you want to convert bit 2 into bit 1 as 1.

Therefore, from bit b[bit_to–1] to b[bitfrom –1] as 1.

b[0]=1, b[1]=1, rest unchanged.

The changed number = 1011

Note here that you called LSB as the 1st bit and MSB as the 16th bit and

given the bitfrom and bit_to, they will be 1 more than the actual element number

in the array b. That is the reason, 1 has been subtracted in the program. The

program takes care of operator errors. If you study the result, you will notice that

bitfrom and bit_to have been interchanged, but the program was executed

without interruption, since it was designed to take care of such mistakes.
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Bit-wise Assignment Operators

These operators combine bit-wise operators and assignment operators. The assignment

operator is always to the right of the bit-wise operator.

You can see their usage with examples, assuming 6-bit numbers for simplicity.

Let x be 010110, i.e., x = 026 octal

Usage of OR AND = operator

x | = 014 is equivalent to,

x = x | 014

014 = 001100

The OR of x AND 014 = 011110

Therefore, x|=014 is equal to 036 octal.

Let us see the usage of other bit-wise assignment operators as well.

Usage of & and = operator

Let, x = 066 = 110 110

x & = 044 means x = x & 044, 044 = 100100

Therefore, the AND of x and 044 = 100100 = 044

Let, x = 055 = 101 101

x & = 020 means,

x = x & 020

020 = 010000

x & 020 = 000000 = 0

^= Operator

x ^ = a means,

x = x^ a

Let x be 11001

a be 01110

x^ a = 10111

Therefore, x = 10111

>>= Operator

x >>= a means,

x = x>> a

or x >> = 2 means,

x = x >> 2

if x = 10110, it will be shifted right twice

Therefore, x = 00101.
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2.6.2 Sizeof()Operator

The sizeof operator is basically worked as C function and it also yields the size in

bytes of the operand, which can be an expression or the parenthesized name of a type.

A sizeof expression has the form. The type of the result is the unsigned integral

type size_t defined in the header file stddef.h. The sizeof operator applied

to a type name yields the amount of memory that would be used by an object of that

type, including any internal or trailing padding. The sizeof operator may not be

applied to a bit field, a function type , an undefined structure or class and an incomplete

type, such as void. The sizeof operator applied to an expression yields the

same result as if it had been applied to only the name of the type of the expression. At

compiling time, the compiler analyzes the expression to determine its type, but does

not evaluate it. None of the usual type conversions that occur in the type analysis of

the expression are directly attributable to the sizeof operator. However, if the

operand contains operators that perform conversions, the compiler does take these

conversions into consideration in determining the type. The following code causes

the usual arithmetic conversions to be performed and it is also assumed that a short

uses 2 bytes of storage and an int uses 4 bytes:

short x; ... sizeof (x)         /* the value of sizeof

operator is 2 */

short x; ... sizeof (x + 1)     /* value is 4, result of

addition is type int */

The result of the expression x + 1 has type int and is equivalent to

sizeof(int). The value is also 4 if x has type char, short or int or any

enumeration type. Types cannot be defined in a sizeof expression. In the following

example, the compiler is able to evaluate the size at compile time. The operand of

sizeof, an expression, is not evaluated. The value of b is the integer constant 5,

from initialization to the end of program run time:

#include <stdio.h>

int main(void){

  int b = 5;

  sizeof(b++);

  return 0;

}

Except in preprocessor directives, you can use a sizeof expression wherever an integral

constant is required. One of the most common uses for the sizeof operator is to

determine the size of objects that are referred to during storage allocation, input, and

output functions. Another use of sizeof is in porting code across platforms. You

should use the sizeof operator to determine the size that a data type represents in

the following way:

sizeof(int);
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The operand of the sizeof operator can be a vector type or the result of

dereferencing a pointer to vector type and in this case the return value of sizeof

is always 16.

vector bool int v1;

vector bool int *pv1 = &v1;

sizeof(v1); // vector type: 16.

sizeof(&v1); // address of vector: 4.

sizeof(*pv1); // dereferenced pointer to vector: 16.

sizeof(pv1); // pointer to vector: 4.

sizeof(vector bool int); // vector type: 16.

The result of a sizeof expression depends on the type it is applied to, for example

with an array. With an array, the sizeof operator’s result is the total number of

bytes in the array. For example, in an array with 10 elements, the size is equal to 10

times the size of a single element. The compiler does not convert the array to a pointer

before evaluating the expression. The sizeof operator to get the size of the various

datatypes, for example, if you declare a variable int x; you can get the size of x

with sizeof(x);. It is also worked with structures or arrays. For example, if you

have a variable of a struct type with the name a_struct, you can use

sizeof(a_struct) format to find out how much memory it is taking up, for

example, sizeof(int); and you can get a better idea by the following example:

FILE *fp;

fp=fopen(“c:\\test.bin”, “wb”);

char x[10]=”ABCDEFGHIJ”;

fwrite(x, sizeof(x[0]), sizeof(x)/sizeof(x[0]), fp);

The sizeof is not a function but a compile time operator. The compiler does not the

value of declared variable i but only its type. It evaluates this at compile time and

works as a constant it.

#include <stddef.h>

#include <stdio.h>

#include <stdlib.h>

main()

{

   size_t sz;

   sz=sizeof(sz);

   printf(“Size of sizeof is %lu\n”, (unsigned long)sz);

   exit(EXIT_SUCCESS);

}

The result of the above code returns the size of the sizeof operator in terms

of unsigned long.
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2.6.3 Precedence of Operators

The following Table 2.5 shows the precedence and associativity of operators.

Table 2.5 Operator Precedence

Operator Associativity

( ) [ ] –>  . (dot) Left to right

!    ~  ++  —  (unary) + - * &(address)  sizeof Right to left

*   /   % (modulus) Left to right

(binary)+  - (subtract) Left to right

<<  >> Left to right

<   <=    >  >= Left to right

= =  != Left to right

& (bitwise and) Left to right

^ Left to right

| Left to right

&& Left to right

|| Left to right

?: Right to left

=   +=   -=   *=   /=    %= &=  ^= |=   < <=  >  >= Right to left

, (comma) Left to right

2.7 ARITHMETIC EXPRESSIONS

i + 2 is an expression.

This expression consists of variable i, constant 2 and the operator +. Thus expressions

can be formed by a combination of the following:

Data types (Variables and constants)

Operators (Arithmetic operators, relational operators, logical operators)

Such expressions should be meaningful in order to perform useful operations.

In the example, 2 is added to i.

a*a + 2*a*b + b*b is another example of an expression.

Statements

A statement is a sentence, which terminates with a semicolon in the C program.

We are familiar with the assignment operator which is =.

Check Your Progress

9. Why is the defined

precedence rule

used in C

operators?

10. What happens if

nothing is written

in the position

corresponding to

else?

11. What is the

purpose of the AND

operator?
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For example, in the statement:
int i = 3;

where, int i is the declaration of the variable;

i = 3 is an assignment statement and

= is the assignment operator.

2.8 PROCESSORS

In all the program examples seen so far, certain files were included before the main()

function. These are the headers for library functions such as scanf, printf,

gets, strlen, etc., and are additional facilities provided by ‘C’ for ease of

programming. The library functions are included in the program during

‘preprocessing’. The word ‘preprocessor’ means that processing is carried out before

the compilation of the program written by us. You have quite often used #include

and #define. The former includes the contents of files such as <stdio.h> during

compilation, while #define replaces the symbolic name with actual values before

actual compilation. Thus preprocessing is nothing but the operations or processing

carried out before actually processing. Let us see in details the various preprocessor

directives used in ‘C’.

#include

The files following this statement are to be included in the program. For example,

when we use standard library function printf() we include <stdio.h>. The

file <stdio.h> contains the declarations or the prototype for the printf()

function. Now that you know function and function prototypes it is easy for you to

visualize. The library functions may be elsewhere. The header file contains prototypes

for one or more library functions. For example, stdio contains prototypes for

scanf(), printf(), getchar, putchar, etc., with one function corresponding

to each one of them. But for the include statement, the compiler would not have

recognized printf(). Therefore, the contents of the printf() function are to

be included in our program file before actual compilation. We can write this in the

following forms:

#include <filename>

#include “filename”

Such lines will be replaced by the contents of the file before compilation. The

file may be in the user area or may be in the header file. If the right specifications for

the filename are given the system will find the file and include it. If we write the

include statement as #include <stdio.h> or #include <prg.cpp>, the

system looks for the file only in the specified directories, namely h and cpp respectively.

On the other hand, if we specify #include “stdio.h”or #include

“prg.cpp”, the system would look for the file in the current directory as well as

the specified list of directories.

The statement #include is not only applicable to library functions and their

prototypes, but also applicable to programmer developed files. If there is a large

program file, it can be divided function-wise and stored in different files. All these

files are to be included in the file containing main() by using #include. #include

is a directive or preprocessor directive to the compiler. Programmers can also combine

all function declarations, definitions, variable declaration, etc. in case of a large program

file in a separate file, which can be included in every file containing part of the program.
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2.8.1 #define

This kind of statement has been used a number of times to increase the flexibility of

programming. The syntax is given below:

#define symbolic_name replacement_constant

For example, #define MAX 10

Wherever MAX is found, the compiler will replace it as 10. This may also happen

before the program is actually compiled, and such statements are also called macros

or macro definitions. MAX is called a macro template and 10, its corresponding

macro expansion. You know that the rules of macro definition are:

(a) No semicolon at the end of the statement.

(b) A macro template is usually written in capital letters for ease of identification.

(c) No commas in between.

The advantages of such macro definitions are clear:

(a) No accidental change of constants.

(b) If a constant occurs at a number of places like the size of an array, the rate of

interest, etc, and if you want to increase the size of the array or in the other

case, the rate of interest later, then you would need to makes change at a number

of places in the program code. Using macros, simplifies the procedure, as a

change carried at the top would be reflected throughout the program.

We can use macros for substituting complex statements, such as those given below:

# define INPUT(a) scanf(“%f” , &a);

# define OUTPUT printf(“Enter a value”);

# define AREACYL(r, h) (2*3.14 * r *( r+h))

# define volsp(r) ( 3.14 * r * r * r * 4.0/3.0 )

Note the last two statements carefully. We are passing arguments. For example,

AREACYL refers to the area of the cylinder, r is the radius and h is the height.

Whenever you want to calculate the area of the cylinder, you can specify the symbolic

constant AREACYL which is the macro with the arguments namely radius and height.

For example,

area = AREACYL(3.0, 2,0);

Now AREACYL will be replaced by 2.0 * 3.14 * 3.0 * (3.0 + 2.0).

Of course you should have defined area as a float in the function. Thus you have

used the macro like a function. Similarly the #define volsp calculates the volume

of a sphere of radius r. You can give any radius. It will substitute the r with the given

radius. For example, you can call,
x = volsp(4.0);

Remember that there should not be spaces between the macro name and the

argument. Spaces left there, if any, will be treated as the argument and hence as

replacement text. Whenever you define a macro in the form of a function, the entire

macro should be enclosed within parentheses.

Now look at the example 2.11 given below:

/*Example 2.11 - To demonstrate macros*/

#include <stdio.h>

#define INPUT(a) scanf(“%f”, &a);
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#define OUTPUT printf(“Enter radius of sphere\n”);

#define volsp(r) ( 3.14 * r * r * r * 4.0/3.0 )

#define AREACYL(r,h) (2.0*3.14*r*(r+h))

int main()

{

float a, v, r, h;

OUTPUT

INPUT(a)

v=volsp(a);

printf(“volume of sphere of radius %f = %f\n”, a,v);

printf(“Enter radius and after a space height of

cylinder\n”);

INPUT(r)

INPUT(h)

printf(“area of cylinder=%f\n”, AREACYL(r,h));

return 0;

}

Result of the program

Enter radius of sphere

2.0

volume of sphere of radius 2.000000 = 33.493332

Enter radius and after a space height of cylinder

4

5

area of cylinder=226.080000

Four macros have been defined in the program. In the main(), OUTPUT will

be replaced by printf(“Enter radius of sphere\n”); wherever it is

found, at the time of preprocessing, but before compilation. Similarly the other 3

macros will also be substituted at the time of preprocessing. Parameters are passed in

the macros AREACYL(r,h) and volsp(r). This is similar to passing values in a

function. The program prints the volume of the sphere and then the area of the cylinder

for the dimensions given at run time.

There are, however, differences between macros and functions although a macro

resembles a function in the above examples. As you have guessed right, the executable

code of a macro based program will be larger than a function based program if the

macro is used more than once. This is due to the reason that macro will be substituted

wherever it appears, whereas actual code of the corresponding function will be at one

place and not substituted whenever called. Macros are faster than functions, as they

do not require to be called with arguments and return values, unlike functions. This

calling and return does not arise with macros, since macros are substituted at every

place of occurrence. Therefore, depending on the context, a macro or a function could

be used, i.e., if speed is the criteria, a macro could to be used, and if program size is

the criteria, a function could be used.

By now you know how a program gets converted into executable code. The

program gets converted to executable code in the following manner. The program
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statements you write are the source code, which is made complete during

preprocessing, and then compiled. These two operations take place when you say

compile, and the object code is produced after compilation with a file name.OBJ

extension. The linker in the system links all files and gives you an executable file. The

code in turn is called executable code and stored with file name.EXE extension.

When you say run, the .EXE file is executed. Thus you may have four files in the

same name with different extensions as given below:
name.c

name.bak /*back up file*/

name.OBJ

name.EXE

Whenever you want to execute the program, use the executable file.

2.8.2 if and undef Statements

#undef MACROS

‘C’ is a flexible language. We have defined certain macros. We can always undefine

them at some point later in the program. The syntax is given below:

#undef INPUT

#undef AREACYL

Whenever the compiler comes across #undef directives it will cease to recognize

the corresponding macro definition from that point onwards.

Conditional Compilation Directives

#if

The execution of statements at run time depending on certain conditions has already

been discussed. ‘C’ allows even conditional compilation. In ‘C’, a set of statements

will be included for compilation, depending on certain conditions. In the former case

conditions were checked at the time of program execution. In the latter case, the

conditions are checked at the time of compilation itself. Therefore, the check is carried

out during preprocessing.

For example,
# if (constant integer expression)

{ s1

}

# endif or #elif or # else

The group of statements s1 will be included if the constant integer expression

is true, i.e., non zero. The statements are those following #if and upto #endif or

#elif or #else. Let us assume that the I/O bus of the computer varies and that it

could be 1 byte, 2 bytes, 4 bytes and 8 bytes. The following code segment defines the

size of short integer and integer depending on the I/O bus. This is a hypothetical

example to illustrate the concept.
int main()

{

#if (DATA == 1)

SHRT-MAX = + 127;
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SHRT-MIN = - 128;

INT-MAX = + 127;

INT-MIN = - 128;

#else

#if (DATA == 2)

SHRT-MAX = + 127;

SHRT-MIN = - 128;

INT-MAX = + 32767;

INT-MIN = - 32768;

#elif (data == 4)/* Similar to else if */

SHRT-MAX = + 32767;

SHRT-MIN = - 32768;

INT-MAX = + 2147483647;

INT-MIN = - 247483648;

#elif

.......

#endif

return 0;

 }

The first group of statements are clearly marked by #if and #else. These

will be compiled if DATA == 1. Similarly, the other groups will be compiled

depending on the value of DATA. Although in practice, this can be achieved using the

general branch constructs, DATA will be only one of the various types for a particular

system. Therefore all the blocks need not be compiled. If the irrelevant statements are

not included, you can reduce the size of the code, then program execution will be

faster. If we had used general branching, the entire code will be compiled, although

the other conditions will never be used. Conditional compilation thus helps in improving

performance. Since the compiler has to work with varying configurations, conditional

compilation provides the flexibility to compile the appropriate statements depending

upon the type of hardware. Therefore, a single program will suffice, as otherwise

different programs would be rwquired for different configurations.

#ifdef

There are other types of conditional compilation statements. You define macros

with #define and make them inactive using #undef. You can execute certain

statements if the macro has been defined using the #ifdef statement.

For example,

#ifdef INPUT

s1; s2;

#endif

When the compiler goes over to the #ifdef INPUT statement, it will check

whether INPUT remains defined. If so, two options s1 and s2 will be compiled. If

not, the compiler will skip the statements. This statement gives flexibility to the

programmer when the requirements of the program change frequently. It is also useful

when the software is to be supplied for different hardware configurations and therefore

software suitable for all configurations must be written. Only one of them will be true
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in any situation and hence one #ifdef will be true. The corresponding code segment

will be compiled. If the same thing is executed through switch case, then the

whole code, applicable for all conditions will have to be compiled, whereas here only

one segment of code will be compiled. This is the essential difference.

The opposite of #ifdef is #ifndef. Here, a set of statements will be compiled

if a macro has not been defined. For example,
int main()

# ifndef volsp

execute statements for AREACYL

#endif

#ifndef AREACYL

calculate volsp

#endif

return 0;

2.9 CONTROL FLOW

Real-life application programs do not merely consist of simple multiplication or

addition.  They call for solving complex problems. Depending on the occurrence of a

particular situation, we may follow different paths; the if and else keywords are

quite handy in branching to different segments of the program. ‘C’ is ideal for handling

branching because the syntax is clear and unambiguous. We will now discuss the

branching constructs. Relational operators are used in conjunction with branching

constructs. Hence, we look at them first.

2.9.1 if Statement

The syntax of the if statement is given below.
if (condition)

         {statements}

If the condition is true, then a single statement or group of statements following

the if will be executed. If more than one statement is to be executed, then the

statements are grouped within braces. If it is a single statement, then curly braces are

not required.

If the condition turns out to be false, then the next statement after those belonging

to the if will be executed. Example 2.12 will make the concept clear.

Input two integers from the keyboard. If they are equal, then the program will

print, ‘you typed equal numbers’; otherwise, it will print nothing.

Example 2.12

This program demonstrates the use of if*/

#include <stdio.h>

int main()

{

unsigned int a,b;

printf (“enter two integers\n”);

scanf(“%u%u”, &a, &b);
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if (a==b)

{

printf(“you typed equal numbers\n”);

}

return 0;

}

Each opening curly brace has to have a matching closing curly brace. In Example

2.14 the first closing curly brace corresponds to the if statement and the second one

to the main() function.  Execute the program by first keying in two equal valued

unsigned integers.

Result of the program

enter two integers

56 56

you typed equal numbers

 After you are satisfied, you can try the program with unequal numbers.  You

will not get any message.

2.9.2 if...else Statement

We did not get any message when the numbers were unequal and this can be avoided

by using the else statement.

The usage of if .. else is shown below.
if (condition true)

{

statements s1

}

else

{

statements s2

}

statements s3;

The statement else is always associated with an if.

If the condition is true, then statements s1 will be executed. After executing

them, the program will skip the else block and control goes to statement s3 that

follows the else block.

If the condition is false, then the statements in the else block, i.e., s2 will be

executed followed by statement s3.

Statements s1 will not be executed at all when the condition becomes false.

The usage of braces clearly brings out which statements belong to the if block and

which to the else block.

Example 2.13 brings out the usage of if... else.

/*Example 2.13

This program demonstrates use of if.. else*/

#include <stdio.h>
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main()

{

unsigned int a,b;

printf (“enter two integers\n”);

scanf(“%u%u”, &a, &b);

if (a==b)

{

printf(“you typed equal numbers\n”);

}

else

{

printf(“numbers not equal\n”);

}

}

The output of the program when unequal numbers were keyed in is as given

below.

Result of the program

enter two integers

17 13

numbers not equal

2.9.3 Nesting of the if...else Statements

We witnessed the usage of a single if statement in Example 2.14. We saw if

followed by else in Example 2.13.  There is no restriction to the number of if,

which can be used in a program. This applies to else as well, but else can only

follow an if statement.

We can have the following in a program:
{

if (condition1)

{

if (condition2)

{statements–s1}

else

if (condition3)

{statements–s2,}

}

else

{statements–s4}

statements–s5

}

This is called a nested if and else statement. As the level of nesting increases,

it will be difficult to analyse and logical mistakes will be made more easily.

In the above example, when condition1 is false, statements–s4 will

be executed. If condition1 is true and condition2 is also true, then

statements–s1 will be executed.
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If condition1 is true and condition2 and condition3 are false,

statements–s5 will be executed directly.

To execute statements–s2

Condition1 has to be true;

Condition2 has to be false,

And condition3 has to be true.

Try to analyse this yourself. There are better methods to solve the above problem,

which will be discussed later.

For example, three unequal integers are keyed in and are called x, y and z.

Write a program to find the greatest of the three numbers.

Before writing a program, we must write the algorithm. We should not straight

away get down to programming.

ALGORITHM 1

Algorithm for finding the greatest of 3 integers.
Step 1. Print a message to enter 3 integers.

Step 2. Get three numbers and store them at &x, &y and &z.

Step 3. Check if x > y

Step 4. If false, go to step 9

Step 5. If true

Step 6. Check if x > z

Step 7. If true, write x is the greatest; End

Step 8. If false, write z is the greatest; End

Step 9. Check if y>z

Step 10. If true, write y is the greatest; End

Step 11. If not, write z is the greatest.

End

Let us now code these steps into a ‘C’ program, which is shown in Example

2.14.
Example 2.14

This program demonstrates the use of the nested if..

else*/

#include <stdio.h>

int main()

{

int x,y,z;

printf (“enter three unequal integers\n”);

scanf(“%d%d%d”, &x, &y, &z);

if(x>y)

{

    if(x>z)

{

printf(“x is greatest\n”);

}
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    else

{

printf(“z is greatest\n”);

}

}

else

{

if(y>z)

{

printf(“y is greatest”);

}

else

{

printf(“z is greatest”);

}

}

return 0;

 }

Test the correctness of the program by giving a different set of values for x, y

and z.

Result of the program

enter three unequal integers

908  231  907

x is greatest

Look at the example. It uses multiple nesting of if ... else.

Take care to see that every opening brace has a corresponding closing brace. It

is better to indent the braces as shown in the example so that no mistake is committed.

Take care to see that else matches with the corresponding if and each opening

brace {matches with a corresponding closing brace}; if either an opening {or closing}

is extra, then an error will result.

2.9.4 Logical Operators and Branching

In the above examples we have been checking one condition at a time. It would be

nice if we could check more than one condition at a time. ‘C’ provides three logical

operators for combining more than one condition.  These are as follows:

Logical and represented as &&

Logical or represented as ||

Negation or not represented as ! (exclamation).

Let us see some examples of usage of the logical operators. In Example 2.16

we concluded that,

if x > y and if x > z, then x is the greatest.

We will represent the same as,
if ((x > y) && (x > y))

printf (“x is the greatest”);

You will see that the program has become much more elegant.

The syntax for && is,
if ((condition1) && (condition2))

{
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statements–s1

}

statements–s1 will be executed only if both the conditions are true.

The syntax for ‘or’ is as follows:
if ((condition 1 ) ||(condition 2))

{

statements–s2

}

In this case, even if one of the conditions is true, the statements–s2 will

be executed. At least one condition has to be true for the execution of s2. However,

if both are false, s2 will not be executed.

The NOT operator with symbol ! can be used along with any other relational

or logical operator or as a stand-alone operator. It simply negates the operator following

it. The syntax of  ‘!’ is as follows:
 if ! (condition) statement s3;

s3 will be executed only when the condition is not true or the condition is false.

Let us rewrite Algorithm 1 by using the logical operators. The revised Algorithm

2 is given below:

ALGORITHM 2

Step 1:  If (x > y) and (x > z), x is the greatest.

Step 2: Else if (x<y) and (y>z), y is the greatest.

Step 3: Else print z is the greatest.

The complete program is given in Example 2.15.

Example 2.15

This Example demonstrates the use of logical operators*/

#include <stdio.h>

int main()

{

int x,y,z;

printf (“enter three unequal integers\n”);

scanf(“%d%d%d”, &x, &y, &z);

if ((x>y) && (x>z))

printf(“x is greatest\n”);

else

{

if((x<y) && (y>z))

printf(“y is greatest\n”);

else

printf(“z is greatest\n”);

}

return 0;

}
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Result of the program

enter three unequal integers

12 23 78

z is greatest

Let us now write a program to convert a lower case letter typed into an upper

case letter.  For this purpose you may have to refer to the ASCII table in Annexure 1.

It is obvious that  if we subtract 32 from the ASCII value of a lower case

alphabet we will get the ASCII value of the corresponding upper case letter. Let us

write an algorithm for the conversion of lower case to an upper case letter. It is given

in Algorithm 3.

ALGORITHM 3

Step 1: Send a message for getting a character

Step 2: Get a character

Step 3: Check whether the character typed is >=a and <=z

(This is essential since we can only convert a lower case

alphabet into upper case.)

Step 4: If so, subtract 32 from the value of the character;

if not, go to step 6

Step 5: Output the character with the revised ASCII value;

END

Step 6: Print “an invalid character” END

The algorithm is implemented in Example 2.16.
/*Example 2.16

Conversion of lower case letter to upper case*/

#include <stdio.h>

int main()

{

char alpha;

printf (“enter lower case alphabet\n”);

alpha=getchar();

if (( alpha >=’a’)&& (alpha<=’z’))

{

alpha=  (alpha-32);

putchar (alpha);

}

else

printf(“invalid entry; retry”);

return 0;

}

Now you can test the program by giving both the valid and invalid inputs; valid

inputs are the lower case letters and invalid inputs are all other characters.

Result of the program

The result for the invalid input is given below:

enter lower case alphabet

8

Check Your Progress

12. What do you

understand  by the

term preprocessor?

13. What are the rules

of macro

definition?

14.  Name the three

logical operators in

C that are used for

combining more

than one condition.
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invalid entry; retry

The result when tried with a valid input is given below:
enter lower case alphabet

n

N

The programs should be executed, i.e., tested with both the valid and invalid

inputs.

2.10 LOOPING

Quite often we have to perform the same operation a number of times. We may also

have to repeat the same operation with one or more of the values changed, which is

known as loop or iteration. It is definitely possible to write a program for such situations

with the concepts we have learnt so far. However, there are special constructs in any

programming language for carrying out repeated calculations.

2.10.1 Iteration Using if

Before we look at loop constructs, let us consider an example to see the need for

repetitive calculations. Assume that we want to find the sum of the first 10 natural

numbers 1 to 10. This can be achieved through successive addition, i.e., first we

initialize the sum to 0 and then add 1 to the sum. Next we add 2 to the sum, then 3,

and so on till we add 10 to the sum. Thus, by repeated addition 10 times, we have

found the sum of first 10 natural numbers.

The algorithm below summarizes what we have done.

Step 1: Sum = 0

Step 2: I = 1

Step 3: If I < = 10 perform the following operations:
sum = sum + I; I = I + 1;

Step 4: Print the sum

Let us analyse the algorithm.

At the beginning, steps 1 and 2 are entered with sum = 0 and I = 1

since I < = 10

Sum will be equal to sum + I,

i.e., sum = 0 + 1 = 1

I = I + 1,   i.e., I = 2

Now the program goes to step 3.

with I = 2  and  sum = 1

Since I < = 10

sum = sum + I

sum was 1 and I is 2

sum = 1 + 2 = 3

Next I will be incremented to 3
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Third iteration:

Step 3 is approached with I = 3 and sum = 3

since I < = 10

sum = sum + I = (1 + 2) + 3

I = 4

Ninth iteration:

Step 3 is approached with I = 9

since I < = 10

sum = (1 + 2 + 3 +............+ 8) + 9

I is incremented to 10

Tenth iteration:

Step 3 is approached with I = 10

since I < = 10

sum = sum + I

     = (1 + 2 + 3 +........+ 8 + 9) + 10

Now I is incremented to 11

since I <= 10 is not true, the program does not execute the statements

following the if and jumps to Step 4.

In Step 4 the sum is printed.

This  algorithm is implemented in program 2.17.
/*Example 2.17

Demonstrates use of if for iteration*/

#include <stdio.h>

int main()

{

int sum=0, i=1; /*declaration and initialization

combined*/

step3: /*label- loop starts here*/

if (i <=10)

{

sum = sum + i;

i = i + 1;

goto step3;

}

printf(“sum of first 10 natural numbers=%d\n”, sum);

return 0;

}

Result of the program

sum of first 10 natural numbers = 55

The program has implemented the algorithm in toto. The program uses if and

goto keywords. According to the algorithm, the program has to go to step3. Step3 in

this program is called a label, which is followed by a colon. The rules for coining a
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label name are the  same as for an identifier. The label can be placed anywhere in the

same function where the goto statement is found. Usage of goto is considered to

be bad programming practice since it leads to errors when changes are made in the

program and also affects readability. It is always possible to write a program without

using goto. The program can be  rewritten without goto by using a for statement.

2.10.2 for Statement

The for statement is meant for the easy implementation of iterations unlike if. The

syntax of for is given ahead:
for (exp1; exp2; exp3)

{statements;}

Note the keyword, the parentheses and semicolons. There is no semicolon after

exp3, whereas exp1, exp2 and exp3 are expressions. The usage of the for

loop is given below:

exp1– Contains the initial value of an index or a variable.

exp3– Contains the alteration to the index after each iteration of the body of

the for statement. The body of the statement is either a single statement or a group

of statements enclosed within braces.

If a single statement has to be executed, then braces are not required.

exp2– Condition that must be satisfied if the body of statements is to be

executed.

An example of a for loop is given below:
for (i = 0;   i < 5;  i++)

printf(“%d”, i);

The loop will start with an initial value of i = 0. Since i < 5, the body of the

for loop will be executed and it will print 0. Now the exp3 will be executed and i

will be incremented to 1. Since i is less than 5, body of the loop will again be

executed to print 1. This will continue till 4 is printed. i will now be incremented to

5 and since i is not less than 5, the for loop will be terminated. This is how for is

used to carry out repetitive operations.

Let us now write a program for finding  the sum of the first 10 natural numbers

using the for statement.

The program is given in Example 2.18.
/*Example 2.18

demonstrates the use of the for statement to find the sum

of the first 10 natural numbers*/

#include <stdio.h>

int main()

{

int sum=0, i; /*declaration and initialization

combined*/

for (i=1; i<=10; i++) /*loop starts here*/

{

sum = sum + i;

}
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printf(“sum of the first 10 natural numbers=%d\n”,

sum);

return 0;

}

Result of the program

sum of first 10 natural numbers = 55

Note the difference between Example 3.7 and Example 3.8.

We have eliminated the label Step 3 and the goto statement.

The initialization of i = 1 is carried out as part of the for statement.

The incrementing  of i is also carried out as part of the for statement. The

program has, therefore, been simplified.

How does the program work?

Step 1: i =  1

i is checked with i <= 10

Since i is less than 10,  the for loop is executed.
sum = sum + i = 0 + 1 = 1

Step 2: i is incremented to 2
2 is <=10

Therefore, the for loop is executed.
sum = sum + i = (1) + 2

Step 3 to 8: Same logic applies till the condition is met.

Step 9: i is incremented to 9

9 is < =  10

Therefore, the for loop is executed.
sum = sum + i = (1 + 2 +........+ 8) + 9

Step 10: i is incremented to 10

10 is < = 10

sum = sum + I = (1 + 2 +..........+ 9) + 10

Step 11: i is incremented to 11.

11 is not < = 10.

Therefore, the for loop is now terminated.

The printf() function is now executed automatically.

Let us summarize the operation of the for loop.

When a program encounters a for loop, it first checks the condition through

the expression  in the middle. If the condition is satisfied it executes the group of

statements. After executing the statements in the body of the loop, the program transfers

the execution to the for statement and the third expression is executed, which is

usually incrementing or decrementing. Then the condition is checked. If the condition

is not satisfied, the group of statements will not be executed and the program will

skip to the next statement after the statements pertaining to the for statement.
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By chance if the initial value was typed as 11 instead of 1 in the program,

the condition will turn out to be false and the group of statements will not be executed

at all.

Three Components of for

The three components of a for statement are given below:

exp1 and exp3 are assignments or function calls. We will discuss function

calls at a later stage; exp2 is a relational expression. The three expressions may not

always be present. However, even if an expression is not present, the associated

semicolon should be present.

For example,

for (; exp2 ;)

{s1}

Here the initial value is not specified and the incrementing does not take place

after every  iteration. Presumably, the initial value is assigned elsewhere and

incrementing or a similar operation takes place as part of the group of statements

following the for. However, since exp2 is present, the loop will terminate.

However, if all three expressions are omitted as given below:
for   ( ; ; )

The loop will never terminate because the conditional statement is absent. If

exp2 is not present, it is assumed that the condition is true always. Such a statement

should not be used.

Instead of incrementing, we can use  i + = 2 as exp3 when i will be

incremented by 2 every time.

2.10.3 Other forms of the for Loop

The for loops can be nested as given below:
for (i = 1; i <= 10;  i++)

{

for (j = 1; j <= 5; j++)

{

for (k = 1; k <= 2; k++)

{

s1

}

}

}

The statement s1 will be executed as given below:

First time i = 1,    j = 1,    k = 1

Second time i = 1,    j = 1,    k = 2

Third time i = 1,    j = 2,    k = 1

i = 1,    j = 2,    k = 2

i = 1,    j = 3,    k = 1
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i = 1,    j = 3,    k = 2

Lastly i = 10,   j = 5,    k = 2

      s1 will be executed 2*5*10  = 100 times.

Any level of nesting is acceptable; however, the higher the level of nesting is,

the more easy it will be to commit mistakes and more difficult to understand.

Let us look at some more for loops.
For ( x = –5;   – –x >= –10; )

{

 }

Here the decrement and conditional statements are combined in exp2.

Since decrement is a prefix, the decrement of x is carried out first. The condition

is then checked in order to decide whether to continue or not. Then the loop is executed.

Therefore, the first iteration will be carried out with  x = –6 and the last  with

x = –10.

Another variation of the statement is given below:
for (y = 100;   y ++<= 200;)

{

s2

}

Here too exp2 and exp3 are combined.  This is a postfix notation. The following

sequence is carried out: condition check, increment and execute the loop. Therefore,

the statement s2 following the for loop will be executed the first time with y =

101 and finally with y = 201 as well.

The for loop is a popular iteration  construct not only in ‘C’ but also in other

languages. Here the initial value, the step and the final value are clear and unambiguous

and simple to write. There are other loop statements also. In the next section, we will

study the while loop.

2.10.4 The while Loop

The while loop is a subset of the for loop. The syntax for the while loop is given

below:
while (expression)

{statements;}

This means that the statement(s), which is a single statement or multiple

statements, will be executed while the expression is true. When it becomes false, the

execution will stop.

The while is similar to the for loop without exp1 and exp3. The for

loop can be simulated or replaced with the while loop as given below.
exp1;

while (exp2)

{

statements

exp3;

}
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The programmer can use while or for at his discretion. The for loop is

preferred when the initialization and incrementation are simpler.

Let us look at some examples.

Let us write a program for the generation of any multiplication table.

The program is given below:
Example 2.19

Use of while - You can generate multiplication

tables of your choice using this program.

caution: Don’t exceed maximum limits of integer */

#include <stdio.h>

int main()

{

int a,b,product;

a=1;

b=0;

product=0;

printf(“Enter which table you want”);

scanf(“%d”,&b);

while (a <=10)

{

product = a*b;

printf(“%2d X %d= %3d\n”,a,b,product);

a++;

}

return 0;

}

When the program asks you to enter a table and you type 12, you will get the

12th table  as given below.

Result of the program

Enter which table you want 12

1 X 12=  12

2 X 12=  24

3 X 12=  36

4 X 12=  48

5 X 12=  60

6 X 12=  72

7 X 12=  84

8 X 12=  96

9 X 12=  108

10 X 12= 120

Note here that the condition is (a < =10); incrementing is done within the

loop in a++. Variable a is initialized as 1 before entering the while loop.

If you want to print the table up to 16 × 12 = 192 then simply change the

condition to while (a < =16). Simple, isn’t it?
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Let us now write a program to reverse a given number. For example, if 345 is

the given number, we should get the reversed number as 543. The program is given

below.
Example 2.20

/*Program to reverse a number*/

#include<stdio.h>

main()

{

long unsigned n, reverse;

printf(“enter the number to be reversed\n”);

scanf(“%lu”, &n);

reverse=0;

while (n>0)

{

reverse=reverse*10+(n%10);

n=n/10;

}

printf(“Reversed number=%lu”, reverse);

}

Result of the program:
enter the number to be reversed

4562

Reversed number=2654

How does the program work? Let us discuss for n = 345.

Before entering  the while loop, n = 345

reverse = 0

Since 345 > 0, the condition is true and the loop is entered.

ITERATION 1

reverse = 0 *10 + (345  % 10)

= 0 + 5 = 5

n = 345 / 10 = 34

ITERATION 2

reverse = 5 * 10 + (34 % 10) because n = 34 now

= 50 + 4 = 54

          n = 34 / 10 =3

ITERATION 3

reverse = 54 * 10 + (3 % 10)

= 540 + 3 = 543

n = 3 / 10 = 0

Now since n is not greater than 0, the program will come out of the loop and

will, print.

Reversed number = 543
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2.10.5 Do . . While Loop

This is a modification of the while statement. In the while statement, before the

group of statements following the while are executed, the condition associated with

the while is checked. If the condition is true or fulfilled, then the associated statements

are executed. If not, the program skips the statements associated with the while

loop. This is depicted in Figure 2.1.

Fig. 2.1 while Loop

After execution of the statements, the program will check again whether the

condition is true and then continue to execute or skip the statements depending on the

condition. The statements may not be executed even once if the condition was false at

the entry  point.

However, the do...while works differently as shown in Figure 2.2.

Fig. 2.2 do...while Loop

Here the statements following do will be executed once before the condition is

checked.  If it is true, then the statements will be executed again. If not, the program

will skip the statements and proceed further. Thus, whatever be the condition, the

statements following do will be executed once before checking the condition. This is

the essential difference between do...while and while. The while loop tests

the condition on top of the loop; but  do...while tests at the bottom after executing

the statements. The while loop executes the statements after checking the condition;

but do...while executes the statements before testing the condition.  The syntax

of do...while is as follows:
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do

{

statements

}

while (expression);

The statement do...while is not used as frequently as the while loop.

Example 2.21 converts upper case alphabets to lower case. Incase you want to

convert more alphabets you will have to execute the program again and again. This

can be avoided by the while loop. The program will continue to run as long as you

want to convert more and more alphabets. The program has been rewritten with

while for converting upper case to lower case. You can convert as long as you want.

When you want to stop, enter 1. The program, which uses while for converting an

upper case character to a lower case is given below:
Example 2.21

Conversion of upper case to lower case alphabet*/

#include <stdio.h>

#include <conio.h>

int main()

{

int alpha=0;

while (alpha!=’1')

{

printf (“\nenter upper case alphabet- enter 1 to

quit\n”);

alpha=getche();

if ( alpha >=’A’&& alpha<=’Z’)

{

alpha=  (alpha+32);

putch(alpha);

}

else

{

if(alpha!=’1')

printf(“\ninvalid entry; retry”);

else

printf(“End of session”);

}

}

return 0;

}

Result of the program

enter upper case alphabet- enter 1 to quit

Pp

enter upper case alphabet- enter 1 to quit
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p

invalid entry; retry

enter upper case alphabet- enter 1 to quit

Qq

enter upper case alphabet- enter 1 to quit

1End of session

The above program works till 1 is pressed. It continues to convert upper case

to lower case till 1 is pressed. The program has been designed in such a manner that

it will perform at least one iteration of the statements following while.

2.10.6 Nested Loop

Loops may be nested, with one loop sitting in the body of another. The inner loop will

be executed in full for every execution of the outer loop. The following code is written

to set the concept of nested loop:

#include <stdio.h>

#include <conio.h>

//Declaring Header Files

int main()

{

   long sum = 0L; 

   int i = 1;     /* Outer loop control variable     */

   int j = 1;     /* Inner loop control variable     */

   int count = 10; /* Number of sums to be calculated */

for( i = 1 ; i <= count ; i++ )

   {

     sum = 0L;  /* Initialize sum for the inner loop */

     /* Calculate sum of integers from 1 to i */

     for(j = 1 ; j <= i ; j++ )

       sum += j;

 

     p r i n t f ( “ \ n % d \ t % l d ” ,  i ,  s u m ) ;  /

* Output sum of 1 to i */

   }

return 0;

}

The result appears as follows in which first column shows the values, which are

printed in the following result, whereas second column displays the sum of two previous

numbers:

Check Your Progress

15. What is a loop?

16. Name the three

components of for

(exp1; exp2;

exp3) statement.

17. What happens in

the while

statement prior to

the execution of the

group of statements

following the

while?
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Note: Using a nested loop the inner loop is executed for each iteration of the outer loop.

2.11 SWITCH STATEMENT

Switch statements allow clear and easy implementation of multiway decision-making.

Assuming that a number is received from the keyboard and that depending on the

value, we want to carry out some operations, the switch statement can be used

effectively in this situation. In simpler situations if...else could be used, and in

complex situations, switch can be used.  For example, if we get numbers starting

from 1 to 4 and print their values in words, we can use the if...else statement as

given in the example 2.22 below:

Example 2.22

Converts the digits 1-4 in words using if*/

#include <stdio.h>

#include <conio.h>

int main()

{

int a;

char ch =‘c’;

while (ch==‘c’)

{

printf(“\nEnter a digit 1 to 4\n”);

scanf(“%d”,&a);

if(a== 1)

printf(“One\n”);

else

if (a==2)

printf(“Two\n”);

else

if(a==3)

printf(“Three\n”);

else

if(a==4)

printf(“Four\n”);

else
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printf(“Illegal character\n”);

printf(“enter ‘c’if you want to continue\n”);

printf(“or any other character to end\n”);

ch=getche();

if (ch!=‘c’)

printf(“End of Session”);

}

return 0;

}

Result of the program

Enter a digit 1 to 4

3

Three

enter ‘c’ if you want to continue

or any other character to end

c

Enter a digit 1 to 4

1

One

enter ‘c’ if you want to continue

or any other character to end

c

Enter a digit 1 to 4

2

Two

enter ‘c’ if you want to continue

or any other character to end

nEnd of Session

We have struggled hard to do this exercise. Assuming that we want to get a one

digit number up to 9 and print its value in words, it would become a more complex

task. The switch statement comes in handy in such situations. The syntax of the

switch statement is as follows:

switch (expression)

{

case     constant or expression : statements

case     constant or expression : statements

..

default : statements }

When the switch keyword is encountered, the associated expression is

evaluated. The program now looks for the case, which matches with the value of the

expression. Execution then starts from the statement corresponding to the case which

matches. Each case has to be accompanied by integer expressions, which must be

unique, as otherwise the program will not know where to start. For example, if the

first two cases are as given below:
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case  10 :  s1;

case  10 :  s2;

In this case the program would not know whether to execute s1 or s2 when

the expression of switch evaluates to 10. Therefore, the constant expressions

following the case keyword should all be unique. There may be occasions when

none of the constant expressions matches the switch expression in which case the

default statements will be executed. Thus switch allows branching of the

program execution to appropriate place. A program to print the values of the digits in

words is given below:
/*Example 2.23

Converts the digits 0-9 in words*/

#include <stdio.h>

#include <conio.h>

int main()

{

int a;

char ch =‘c’;

while (ch==‘c’)

{

printf(“\nEnter a digit 0 to 9\n”);

scanf(“%d”,&a);

switch(a)

{

case 0:printf(“Zero\n”);

break;

case 1:printf(“One\n”);

break;

case 2:printf(“Two\n”);

break;

case 3:printf(“Three\n”);

break;

case 4:printf(“Four\n”);

break;

case 5:printf(“Five\n”);

break;

case 6:printf(“Six\n”);

break;

case 7:printf(“Seven\n”);

break;

case 8:printf(“Eight\n”);

break;

case 9:printf(“Nine\n”);

break;

default:printf(“Illegal character\n”);
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}

printf(“enter ‘c’ if you want to continue\n”);

printf(“or any other character to end\n”);

ch=getche();

if (ch!=’c’)

printf(“End of Session”);

}

return 0;

}

Result of the program

Enter a digit 0 t0 9

6

Six

enter ‘c’ if you want to continue

or any other character to end

c

Enter a digit 0 t0 9

7

Seven

enter ‘c’ if you want to continue

or any other character to end

nEnd of Session

The do...while concept has been used in this example also. The program

first enters the do loop.  After the execution of the loop, the program asks you to enter

c if you want to continue or any other character to end the program. If you enter c, the

program will continue. Thus, if you want to exit, you can press any other letter, say

‘n’. If you press ‘n’ the program stops instantly. This is the right way of using the

do...while loop.

Now, the switch is analysed. The program asks for entry of a digit 0 to 9.

The entered digit is stored in variable a. If a = 5, then the program goes to case 5.

It is followed by printing the value Five and then break. If you press 8, then  case 8

matches and Eight will be printed.

What is a break statement ?

Assume that all the break statements are removed from the program. Then if

you press 1, ‘One’ will be printed and all the statements following that will be executed.

This means that Two, Three, ... till Nine will be printed. If you enter 7, it will print all

the numbers starting from Seven, which in not desirable. The break statement has,

therefore, been introduced. After printing the value of the number, the break statement

takes the program to the end of the switch statement. The end is just  the closing

brace corresponding to switch after the default printf() statement. Therefore,

the combination of switch and break does the trick.

Assuming that a character other than 0 to 9 is entered, none of the cases match.

Therefore, default is executed. The program will print ‘illegal character’. The default

is optional and even in its absence, when no match is found, the program will come

out of the switch statement without any action.
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The case statements need not be in any specified order. The default can be on

top before case 0 and the case can occur in any order. The program is made to

execute, as long as you want, by the do statement. If do is absent, then the program

will be executed only once. The do...while is necessary to make it an iterative

program.

Every switch statement, therefore, contains a condition in the form of an

expression. The expression could also be a single variable as in this case. The expression

will be evaluated at the time of program execution and must be an integer. Then,

depending on the value it goes to a case label, which is like a label in a goto

statement. The label should match with the value of the expression.

Unless the program is made to exit by statements such as break after executing

the group of statements corresponding to a particular case, the program will execute

all the statements in the program from then on. This should be noted. Therefore, the

programmer has to specify where to end. In the case of if...else, where to begin

and where to end is clear as also in the case of switch. The program starts at the

beginning of the case that meets the condition, but ends at the bottom of the switch

unless otherwise specified. It will also execute the statements following default. It

will of course not bother about the keywords. That is the reason for the break

statement, since we do not want the program to execute irrelevant statements.

It is a good programming practice to include a break statement after the default

as well. If this is not done at the inception, at a later stage when more case statements

are added after default, this would lead to problems. Whenever default is executed all

the statements following it, even if they belong to some other case, will also be executed

if break is not included after default.

2.12 BREAK AND CONTINUE STATEMENTS

The keywords while, for and switch test the condition on top, while

do...while checks at the bottom for quitting the loop. The break statement

helps immediate exit from any part of the loop as demonstrated with the switch

statement. It can be used with any other loop construct or anywhere in the program.

When the break statement is executed it goes to the bottom of the block. Recall that

a block is a group of statements enclosed between an opening brace and the

corresponding closing brace.

The continue statement is related to break. When continue is executed,

it causes the next iteration of the corresponding for, do...while or while

loop to begin. Therefore, continue takes the program to the top of the block and in

the for loop, it will cause the next increment operation, followed by checking whether

the condition is true or false in order to decide the next course of action. This is

similar to skipping the current execution and continuing with the next operation after

incrementing. The statement continue skips the rest of the statements in the loop

for that iteration, whereas break terminates the loop.

Write a program to check whether a given number is positive or negative. If it

is  zero, the program should terminate after printing the value. If it is a positive integer

above zero and <=20000, the value will be printed; if negative, it will go to fetch the

next number. If the number is >20000, the program terminates. The program is

given below:
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/*Example 2.24

/*Program to demonstrate continue*/

#include <stdio.h>

int main()

{

int a;

do

{

printf(“enter a number-enter 0 to end session\n”);

scanf(“%d”, &a);

if(a > 20000)

{

printf(“you entered a high value-going out of

range\n”);

break;

}

else

if(a>=0)

printf(“you entered %d\n”, a);

if (a <0)

{

printf(“you entered a negative number\n”);

continue;

}

}

while(a !=0);

printf(“  End of session\n”);

return 0;

}

Result of the program

enter a number-enter 0 to end session

33

you entered 33

enter a number-enter 0 to end session

-60

you entered a negative number

enter a number-enter 0 to end session

45

you entered 45

enter a number-enter 0 to end session

25000

you entered a high value-going out of range

End of session
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If the number typed  > 20000, or if it is equal to zero, the program comes out

of the loop and prints “End of session”. If the number is negative, a < 0 and

hence, continue will be executed. It will go to the top of the loop. The next integer

will be received. The program, therefore, terminates when a = 0 as well as a >

20000, but there is a difference. If the number entered is zero, the program checks

whether a > 20000. Since the condition fails, it checks whether a > = 0 and

since it is true, 0 will be printed and then the while condition is checked. The

program terminates after the while condition is checked.

However, if the number entered is > 20000, the loop terminates instantly

without transacting any business except printing messages as given above.

The return statement can appear anywhere in a function and when it is

encountered a value is returned to the called function. The return may also not

return a value in statements as given below:
return ;

return (0) ;

The return statement may appear anywhere in the function and not necessarily

at the end of the function. Whenever return is executed, the program returns to the

function called the current function. The program returns to the place from where it

called the function. Thus return is also used to suddenly exit from a function or a

loop in a function.

Exit Function

There is a library function, exit(), which causes the termination of the current

program. Note that, exit() terminates the execution of the program itself, and not

the block. The statement break enables coming out of the block or loop in which it

is executed but exit terminates the program at whatever stage the program may be.

The exit is a powerful function.

2.13 SUMMARY

• The names of variables and constants are identifiers. The names are made up

of characters, digits and underscore, but the first character of an identifier must

be an alphabetic character.

• The C programmer should understand how much memory storage each variable

type occupies in the IDE used by him.

• A real number in the simple form consists of a whole number followed by the

decimal point and also one or more decimal numbers following the decimal

point, which makes the fractional part.

• A character constant is a single character enclosed within single quotes. A string

constant is a number of characters, arranged consecutively and enclosed within

double quotes.

• Data is used in a program to get information. In a program used to find out the

greater of two numbers, the numbers are data, and the output which says which

number is greater, is information.

• Bit stands for binary digit, i.e., 0 or 1. Each byte is a collection of 8 bits, i.e.,

8 consecutive bits of ‘0’ or ‘1’. Data is handled in a computer generally in

terms of bytes and therefore, will be in the form of multiples of 8 bits.

Check Your Progress

18. What is the

purpose of

switch

statements?

19. What happens

when a switch

keyword is

encountered?

20. What is the role of

switch  in

program execution?

21.  What happens

when return is

executed in break

or continue

statements?
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• The maximum and minimum values of data types are not limitless.

• An item that holds data is also called an object. An object has a name or identifier

associated with it.

• Real numbers can be expressed with single precision or double precision.

Double precision means that real numbers can be expressed more precisely.

• A type qualifier is used to refine the declaration of a variable, a function and

parameters, by specifying whether: The value of a variable can be changed and

the value of a variable must always be read from memory rather than from a

register.

• Binary operators are usually assumed to be operators which operate on binary

digits, i.e., bits.

• Bit-wise operators access the internal representation of the numbers, which

are bits 0 or 1.

• In C, you can represent numbers as decimal, octal and hexadecimal numbers.

They are all stored as integers. Since the decimal number is an integer, it is

stored in 1 word or 2 bytes.

• In software, you organize the digits byte-wise, but the hardware handles it bit-

wise. Therefore, bit-wise operators are very useful for directly interacting with

the hardware.

• The sizeof operator is basically worked as C function and it also yields the

size in bytes of the operand, which can be an expression or the parenthesized

name of a type.

• The sizeof operator applied to a type name yields the amount of memory

that would be used by an object of that type, including any internal or trailing

padding.

• The sizeof operator may not be applied to a bit field, a function type, an

undefined structure or class and an incomplete type, such as void. The

sizeof operator applied to an expression yields the same result as if it had

been applied to only the name of the type of the expression.

• The result of a sizeof expression depends on the type it is applied to, for

example with an array. With an array, the sizeof operator’s result is the total

number of bytes in the array.

• The sizeof operator to get the size of the various datatypes, for example, if

you declare a variable int x; you can get the size of x with sizeof(x);.

It is also worked with structures or arrays.

• In all the program examples seen so far, certain files were included before the

main() function. These are the headers for library functions, such as scanf,

printf, gets, strlen, etc., and are additional facilities provided by ‘C’ for ease of

programming.

• The files following this statement are to be included in the program. For example,

when we use standard library function printf() we include <stdio.h>. The file

<stdio.h> contains the declarations or the prototype for the printf() function.

• The statement #include is not only applicable to library functions and their

prototypes, but also applicable to programmer developed files. If there is a

large program file, it can be divided function-wise and stored in different files.
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• Real-life application programs do not merely consist of simple multiplication

or addition.  They call for solving complex problems. Depending on the

occurrence of a particular situation, we may follow different paths; the if and

else keywords are quite handy in branching to different segments of the program.

‘C’ is ideal for handling branching because the syntax is clear and unambiguous.

We will now discuss the branching constructs.

• The for statement is meant for the easy implementation of iterations unlike if.

• When a program encounters a for loop, it first checks the condition through the

expression  in the middle. If the condition is satisfied it executes the group of

statements. After executing the statements in the body of the loop, the program

transfers the execution to the for statement and the third expression is executed,

which is usually incrementing or decrementing. Then the condition is checked.

If the condition is not satisfied, the group of statements will not be executed

and the program will skip to the next statement after the statements pertaining

to the for statement.

• Switch statements allow clear and easy implementation of multiway decision-

making.

• The break statement helps immediate exit from any part of the loop as

demonstrated with the switch statement. It can be used with any other loop

construct or anywhere in the program.

• When the break statement is executed it goes to the bottom of the block. Recall

that a block is a group of statements enclosed between an opening brace and

the corresponding closing brace.

• There is a library function, exit(), which causes the termination of the current

program.

2.14 KEY TERMS

•••• Identifier: Any name is an identifier. An identifier in the C language assigns

names to files, functions, constants, variables, etc. An identifier is defined as a

sequence of alphanumeric characters, i.e., alphabets or digits. The first character

of an identifier has to be an alphabet

•••• Keywords: These are also known as reserved words in C. They have a specific

meaning to the compiler and are used for giving specific instructions to the

computer. These words cannot be used for any other purpose such as naming a

variable

•••• Character constant: It is a single character enclosed in single quotes as in ‘x’

•••• Statement: It is a sentence, which terminates with a semicolon in the C program

•••• Operators: These are used in C programming to perform calculations and

specified operations. It has two types, arithmetic and unary

•••• Precedence: It means evaluation order of operators

•••• Unary operators: It operates on a single operand and uses increment operator

+ + and decrement operator– to perform specific operations

•••• Preprocessor: It means that processing is carried out before the compilation

of the program written by us
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•••• Loop: Repeating an already repeated operation with one or more of the values

changed, is known as loop or iteration

•••• Switch statement: The statements that allow clear and easy implementation

of multiway decision-making

2.15 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The names of variables and constants are identifiers.

2. Variables and constants are fundamental data types. A variable can be assigned

only one value at a time, but can change value during program execution. A

constant, as the name indicates, cannot be assigned a different value during

program execution.

3. The following are the types of constants:

• Integer constant

• Character constant

• Float constant

• Enumeration constant

• String constant

• Symbolic constant

4. There are two parts in the scientific notation of a real number, which are as

follows:

• Mantissa (before e)

• Exponent (after e)

5. Data is used in a program to get information.

6. There are five basic data types in C, as follows:

• Character

• Integer

• Real numbers

• void (comprising an empty set of values)

• enum

7. We can add qualifiers to the integer types to change the storage pattern.

8. A statement is a sentence, which terminates with a semicolon in the C program.

9. To avoid ambiguity, there are defined precedence rules for operators in ‘C’.

10. If nothing is written in the position corresponding to else, then it means nothing

is to be done when the condition is false.

11. An AND operator compares two bits, and if both are 1, the output is 1, otherwise

zero.

12. The word ‘preprocessor’ means that processing is carried out before the

compilation of the program written by us.

13. The rules of macro definition are as follows:

(a) No semicolon at the end of the statement.

(b) A macro template is usually written in capital letters for ease of

identification.

(c) No commas in between.
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14. ‘C’ provides three logical operators for combining more than one condition.

These are as follows:

• Logical and represented as &&

• Logical or represented as ||

• Negation or not represented as ! (exclamation).

15. Quite often we have to perform the same operation a number of times. We may

also have to repeat the same operation with one or more of the values changed,

which is known as loop or iteration.

16. The three components of for statement are exp1 and exp3 are assignments

or function calls. The three expressions may not always be present.

17. In the while statement, before the group of statements following the while

are executed, the condition associated with the while is checked. If the

condition is true or fulfilled, then the associated statements are executed. If

not, the program skips the statements associated with the while loop.

18. Switch statements allow clear and easy implementation of multiway decision-

making.

19. When the switch keyword is encountered, the associated expression is

evaluated. The program now looks for the case, which matches with the value

of the expression. Execution then starts from the statement corresponding to

the case which matches.

20. There may be occasions when none of the constant expressions matches the

switch expression in which case the default statements will be executed.

Thus switch allows branching of the program execution to appropriate place.

21. Whenever return is executed, the program returns to the function called the

current function. The program returns to the place from where it called the

function. Thus return is also used to suddenly exit from a function or a loop

in a function.

2.16 QUESTIONS AND EXERCISES

Short-Answer Questions

1. Differentiate between floating point and integer numbers.

2. What are the common features between #define and enum?

3. What are the advantages of macro definitions?

4. Differentiate between a macro and a function.

5. What is the consequences when a program encounters a for loop

6. How is the continue statement related to break?

7. Write the syntax of the #undef macro.

8. Which statement is used with switch keyword?

Long-Answer Questions

1. What are variables? Explain how are they declared in a C program.

2. What is a qualifier? Explain its types.

3. Write the syntax of const and volatile qualifies. Differentiate between

both the qualifiers.
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4. What is sizeof() operator?  Why it is used in programs? Explain.

5. What are the advantages of processors? Discuss.

6. Write a program for a nested loop.

7. Write the result of the following C code:

#include <stdio.h>

#include <conio.h>

//Declaring Header Files

void main()

{

   long sum = 0L; 

   int i = 1;     /* Outer loop control variable     */

   int j = 1;     /* Inner loop control variable     */

   int count = 10; /* Number of sums to be calculated */

for( i = 1 ; i <= count ; i++ )

   {

     sum = 0L;  /* Initialize sum for the inner loop */

     /* Calculate sum of integers from 1 to i */

     for(j = 1 ; j <= i ; j++ )

       sum += j;

 

     printf(“\n%d\t%ld”, i, sum); /

* Output sum of 1 to i */

   }

}
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3.0 INTRODUCTION

In this unit, you will learn about the concept of initializing the array elements. An

array is a vector defined as a simple data structure. It holds a fixed number data

elements of equal size and of the same data type. If the array elements are known

beforehand, they can be defined right at the beginning.  You will also learn about

multidimensional arrays, functions and arguments. Multidimensional arrays operate

on the same principle as single-dimensional arrays. A function may be declared at the
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beginning of the main function. Each actual argument supplied by the calling function

should correspond to the formal arguments in the same order.

You will learn about local and global variables, return values as well as recursive

functions. The scope of the variable is local to the function unless it is a global variable.

You will also learn about automatic, static and register variables. Any variable

declared in a function is assumed to be an automatic variable by default. Register

variables have characteristics similar to auto variables. The only difference between

them is that while auto variables are stored in memory, register variables are stored in

the register of the CPU. You will learn about structures, unions as well as the typedef

statement. Finally, you will learn about data type conversions, type casting, character

strings and string manipulation.

3.1 UNIT OBJECTIVES

After going through this unit, you will be able to:

• Explain the initializing of arrays and multidimensional arrays

• Define local and global variables

• Learn about return values, recursive functions and automatic variables

• Understand the functions of static and register variables

• Know about structures, unions and the typedef statement

• Understand data  type conversion, type casting, character strings and string

manipulation

3.2 INITIALIZING ARRAY ELEMENTS

An array is a collection of homogeneous elements. The elements are arranged in

contiguous blocks of memory. An array is a vector defined as a simple data structure.

It holds a fixed number of equal size data elements of the same data type.

If the array elements are known beforehand, they can be defined right at the beginning.

If the ages of the employees are known beforehand, they can be declared as:
int   emp_age [5] = {40, 32, 45, 22, 27};

The data elements are written within braces separated by commas. In this case,

when data elements are declared, there is no need to declare the size; we can write:
int   emp_age [] = { 40, 32, 45, 22, 27 };

The latter is advantageous. If the size is not declared, the compiler will count

the number of elements and automatically allot the size. On the other hand, if we

specify the size and give lesser number of elements, the compiler will assume the

other elements to be zero.

For example, if we declare
int  Marks  [ 5 ] = { 100, 70, 80 };

In this case, Marks [0] = 100

         Marks [1] = 70

         Marks [2] = 80
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What happens to the other elements? The computer will assign 0 to them.
Marks [3]  = 0

Marks [4]  = 0

If you declare size 5 and give 7 elements, there will be an error. Therefore, if

you know the data elements in advance, you can allow the compiler to calculate the

size.

Now let us try some programs.

For example, to get 10 integers, one at a time and print them after they are collected

the program will be as follows:
/*Example 3.1

Ten integers of an array are scanned the

scan function and printed */

#include <stdio.h>

int main()

{

int s1[10];

int i;

printf(“Enter 10 integers \n”);

for (i=0; i<=9; i++)

{

scanf(“%d”,&s1[i]);

}

printf(“you have entered:\n”);

for (i=0; i<=9; i++)

{

printf (“%d\n”, s1[i]);

}

return 0;

}

Result of the program

Enter 10 integers

1   2  3  4  5  6  7  8  9  0

you have entered:

1

2

3

4

5

6

7

8

9

0
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Analyse the program carefully. We declare s1 as an integer array of size 10.

Next, we use the first for loop to scan the entered integers from the keyboard.

At the first iteration, s1[0] will be received and stored at location & s1[0]. This

is similar to a simple variable where ‘&’ denotes the address of the variable. This is

repeated till s1[9] is received and stored at & s1[9].

The next for loop prints the value of s1[0] to s1[9], i.e., 10 integers one

at a time and in new line.

Thus, the array is handled the same way and each element has a distinct

identification. The elements of an array have the same name with a subscript

corresponding to the position, i.e., the array name with the subscript written in square

brackets. Elements are indexed for code execution. ‘C’ does zero(0) based indexing.

All the array elements share the common name called array variable, which has been

declared as emp_age [5] in the above Example 3.1.

Consider another program to understand one dimensional arrays more clearly.

Assume the existence of  an array of elements. You want to find out the greatest

number in the array and its location. To do that, you set up two other variables known

as max and ind. You initialize them to zero in the above program. Then, you compare

each number with max. If it is greater than max, you note the location in ind and the

associated value in max. When you have checked all the elements in the array, you

would have got the greatest number and its location. Since the first element has a

subscript 0, you have to add 1 to the subscript to get the position. The program is as

follows:
/*Example 3.2

To find the greatest number and

its position in an array*/

#include <stdio.h>

int main()

{

int a[5]= {1,5,2,6,3};

int max=0, i, ind=0;

for(i=0; i<=4; i++)

{

if (a[i] > max)

{

max =a[i];

ind=i+1;

}

}

printf(“maximum number=%d location=%d\n”, max, ind);

return 0;

}

Result of the program

maximum number=6 location=4
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Let us see how the program works.
Iteration  1

i = 0 max = 0       ind = 0

a[0]  =  1

since a[0] > max

max = 1

ind = 1

Iteration   2

i = 1 max = 1      ind = 1

a[1] = 5

since a[1] > max

max = 5     ind = 2

Iteration  3

i = 2         max = 5           ind = 2

a[2] = 2

since a[2] < max no change

Iteration  4

i = 3 max = 5       ind = 2

a[3] = 6

Since a[3] > max

max = 6 ind = 4

Iteration 5

i = 4  Max = 6 ind = 4

a[4] = 3

since a [4]  < max         no change

Result of the program:
max = 6  location = 4

Thus, arrays are very useful for solving real problems encountered every day.

3.3 MULTIDIMENSIONAL ARRAYS

Multidimensional arrays operate on the same principle as single dimensional arrays.

You have to give the dimensions of the two subscripts or indices in case of a two-

dimensional array. For example,
w [10][5]

is a two dimensional array with different subscripts. Here, there will be 50 different

elements. The first element can be denoted as w [0][0].

The next element will be w[0][1].

The fifth element will be w[0][4].

The sixth element will be w[1][0].

The last element will be w[9][4].
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This can be considered as a row and column representation. There are 10 rows

and 5 columns in the above example. When data is stored in the array, the second

subscript will change from 0 to 4, one at a time, with the first subscript remaining

constant at 0. Then, the first subscript will become 1 and the second subscript will

keep increasing from 0 to 4. This is repeated till the first subscript becomes 9 and the

second 4. This array can be used to represent the names of 10 persons, with each

name containing 5 characters. The first subscript refers to the name of  the 0th person,

1st person, 2nd person and so on. The second subscript refers to the 1st character,

2nd character and so on of  the name of a person. Thus, 10 such names can be stored

in this array.

The dimension of the array can be increased to 3 with 3 square brackets as

given below :

Marks [50][3][3];

The name of the first element will be Marks [0] [0] [0]

The last element will be Marks [49] [2] [2].

It would be easy to add more dimensions to an array but it would also become

more difficult to comprehend under normal circumstances. It may, therefore, be useful

to solve complicated scientific applications, however. Now, let us understand the

concept of multidimensional arrays using a simple problem.

Assume that we need to write a program to read two arrays (both two

dimensional) and multiply the corresponding elements and store them in another two

dimensional array. To make the problem simpler, we will use [2][2] arrays.

Let us call the arrays x, y and z.

We have x = {x[0][0] x[0][1] } y = {y[0][0]  y[0][1] }

{x[1][0]  x[1][1] } {y[1][0] y[1][1] }

We want to multiply x[0][0] and y[0][0] and store the result in

z[0][0] and so on.

The values of x and y are given in the program itself.
/*Example 3.3

Multiplication of two 2 dimensional arrays*/

#include <stdio.h>

int main()

{

int i,j;

int z[2][2];

int x[2][2]= {1, 2, 3, 4};

int y[2][2]= {5, 6, 7, 8};

for (i=0; i<=1; i++)

{

for (j=0; j<=1; j++)

{

z[i][j]=x[i][j]*y[i][j];

printf(“z[%d][%d]=%d\n”, i, j, z[i][j]);

}

}

return 0;

}



Self-Instructional

Material 113

Arrays, Functions and

Structures

NOTES

We have declared two arrays x[2] and y[2] as follows:
x = {1 2} y = {5 6}

{3 4} {7 8}

x [0][0]= 1 x [1][1] = 4

y [0][0]= 5 y [1][1] = 8

Therefore, after multiplication of the respective elements, we get
z = {5 12}

{21 32}

The program prints out the values of the products stored in array z.

Result of the program

z[0][0]=5

z[0][1]=12

z[1][0]=21

z[1][1]=32

Note that the elements are stored row-by-row contiguously.

In the above example, we have declared elements with a two dimensional array

and initialized its one dimensional array as given below:
x [2] [2] = {1, 2, 3, 4} ;

The system correctly interpreted the same and we get result the correct as

product of two matrices. We can actually present the above in another manner as

given below:
int x [2] [2] = {

{1, 2},

{3, 4}

};

In this method, we can indicate the elements closer to a matrix form.  Both the

above definitions are equivalent.  In the latter definition, we can easily visualize a two

dimensional array.  The first row represents first row of the two dimensional array.

The values in the second row represent the second row of the two dimensional array.

To practise the above representation, let us take another example of a two

dimensional array.
x [3] [2] = {10, 20, 30, 40, 50, 60} ;

The same can be represented in the second form as given below:
x [3] [2] = {

{10, 20},

{30, 40},

{50, 60}

};

Note that there is no comma at the end of the last row.

Check Your Progress

1. What is an array?

2. How do

multidimensional

arrays operate?
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3.4 FUNCTIONS

A function in a program consists of three characteristics:

(a) Function prototype

(b) Function definition

(c) Function call

3.4.1 Function Declaration

A function prototype is called a function declaration. A function may be declared at

the beginning of the main function.  Function declaration is of the following type:
return data - type  function name  (formal argument 1,

argument 2, ............. );

A function after execution may return a value to the function, which called it.  It

may not return a value at all but may perform some operations instead. It may return

an integer, character, or float. If it returns a float, we may declare the function as
float f1(float arg 1, int arg 2);

If it does not return any  value we may write the above as
void fun2(float arg1, int arg2);    /*void means nothing*.

If it returns a character, we may write
char fun3(float arg1, int arg2);

If no arguments are passed into a function, an empty pair of parentheses must

follow the function name. For example,
char fun4( );

The arguments declared as part of the prototype are also known as formal

parameters. The formal arguments indicate the type of data to be transferred from the

calling function. This is about function declaration.

3.4.2 Function Call – Passing Arguments to a Function

We may call a function either directly or indirectly. When we call the function, we

pass the actual arguments or values. Calling a function is also known as function

reference.

There must be a one to one correspondence between formal arguments declared

and the actual arguments sent. They should be of the same data type and in the same

order. For example,
sum=f1 (20.5, 10); fun4( );

3.4.3 Function Definition

Function definition can be written anywhere in the file with a proper declarator, followed

by the declaration of local variables and statements. Function definition consists of

two parts, namely function declarator or heading and function declarations. The function

heading is similar to function declaration but will not terminate with a semicolon.

The use of functions will be demonstrated with simple programs in this unit.

Suppose you wish to get two integers. Pass them to a function add. Add them

in the add function. Return the value to the main function and print it. The algorithm
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for solving the problem will be as follows:

Main Function

Step 1: Define function add

Step 2: Get 2 integers

Step 3: Call add and pass the 2 values

Step 4: Get the sum

Step 5: Print the value

function add

Step 1: Get the value

Step 2: Add them

Step 3: Return the value to main

Thus, you have divided the problem. The program is as follows:
/*Example 3.4*

Use of function*/

#include <stdio.h>

int main()

{

int a=0, b=0, sum=0;

int add(int a, int b); /*function declaration*/

printf(“enter 2 integers\n”);

scanf(“%d%d”, &a, &b);

sum =add(a, b);   /*function call*/

printf(“sum of %d and %d =%d”, a, b, sum);

return 0’

}

/*function definition*/

int add (int c, int d)   /*function declarator*/

{

int e;

e= c+d;

return e;

}

Result of the program

enter 2 integers

6667  4445

sum of 6667 and 4445 =11112

The explanation  as to how the program works is given below:

On the fifth statement (seventh line), the declaration of the function add is

given. Note that the function will return an integer. Hence, the return type is defined

as int. The formal arguments are defined as int a and int b. The function name

is add. You cannot use a variable without declaring it, as also a function without

telling the compiler about it. Note also that function declaration ends with a semicolon,

similar to the declaration of any other variable. Function declaration should appear at
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the beginning of the calling function. It hints to the compiler that the function is going

to call the function add, later in the program. If the calling function is not going to

pass any arguments, then empty parentheses are to be written after the function name.

The parentheses must be present in the function declaration. This happens when the

function is called to perform an operation without passing arguments. In this case, if

a and b are part of the called function(add) itself, then we need not pass any

parameters. In such a case, the function declaration will be as follows assuming that

the called function returns an integer:
int add  ( ) ;

In Example 3.4, you get the values of a and b. After that you call the function

add and assign the value returned by the function to an already defined int variable

sum as follows:
sum  =  add ( a , b );

Note that add(a, b) is the function call or function reference. Here, the

return type is not to be given. The type of arguments are also not to be given. It is a

simple statement without all the elements of the function declaration. However, the

function name and the names of the arguments passed, if any, should be present in the

function call. When the program sees a function reference or function call, it looks for

and calls the function and transfers the arguments.

The function definition consists of two parts, i.e., the function declarator and

function declarations.

The function declarator is a replica of the function declaration. The only

difference is that while the declaration in the calling function will end with a semicolon,

the declarator in the called function will not end with a semicolon. As in main(), the

entire functions body will be enclosed within braces. The whole function can be

assumed to be one program statement. This means that all the statements within the

body will be executed one after another before the program execution returns to the

place in the main function from where it was called.

The important points to be noted are :

(a) The declarator must agree totally with the declaration in the called function,

i.e., the return data type, the function name, the argument type should all

appear in the same order. The declarator will not end with a semicolon.

(b) You can also give the same name as in the calling function—in declaration

statement or function call—or different names to the arguments in the

function declarator. Here, we have given the names c and d. What is

important; however, is that the type of arguments should appear, as it is in

the declaration in the calling program. They must also appear in the same

order.

(c) At the time of execution, when the function encounters the closing brace

}, it returns control to the calling program and returns to the same place

at which the function was called.

In this program, you have a specific statement return (e) before the closing

brace. Therefore, the program will go back to the main function with the value of e.

This value will be substituted as
sum = (returned value)

Therefore, sum gets the value which is printed in the next statement. This is

how the function works.
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Assume now that the program gets a and b values, gets their sum1, gets c

and d and gets their sum2 and then both the sums are passed to the function to get

their total. The program for doing this is as follows:
/*Example 3.5*

A function called many times */

#include <stdio.h>

int main()

{

float a, b, c, d, sum1, sum2, sum3;

float add(float a, float b); /*function declaration*/

printf(“enter 2 float numbers\n”);

scanf(“%f%f”, &a, &b);

sum1 =add(a, b);   /*function call*/

printf(“enter 2 more float numbers\n”);

scanf(“%f%f”, &c, &d);

sum2 =add(c, d);   /*function call*/

sum3 =add(sum1, sum2);   /*function call*/

printf(“sum of %f and %f =%f\n”, a, b, sum1);

printf(“sum of %f and %f =%f\n”, c, d, sum2);

printf(“sum of %f and %f =%f\n”, sum1,sum2, sum3);

}

/*function definition*/

float add (float c, float d)   /*function declarator*/

{

float e;

e= c+d;

return e;

}

Result of the program

enter 2 float numbers

1.5    3.7

enter 2 more float numbers

5.6    8.9

sum of 1.500000 and 3.700000 =5.200000

sum of 5.600000 and 8.900000 =14.500000

sum of 5.200000 and 14.500000 =19.70000

You have defined sum1, sum2 and sum3 as float variables.

You are calling the function add three times with the following assignment

statements:
sum1 = add( a, b );

sum2 = add( c, d);

sum3 = add( sum1 , sum2 );

Thus, the program goes back and forth between main() and add as given

below:
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int main()

add (a, b)

int main()

add (c, d)

int main()

add (sum 1, sum 2)

int main()

Had you not used the function add, you would have to write statements

pertaining to add 3 times in the main program. Such a program would be large and

difficult to read. In this method, you have to code for add only once and hence, the

program size is small. This is one of the reasons for the usage of functions.

In Example 3.5, you could add another function call by add (10.005,

3.1125); This statement will also work perfectly. After the function is executed,

the sum will be returned to the main() function. Therefore, both variables and

constants can be passed to a function by making use of the same function declaration.

3.5 ARGUMENTS

You know now that an argument is a parameter or value. It could be of any of the

valid types, such as all forms of integers or a float or char. You come across

two types of arguments when you deal with functions:

• formal arguments

• actual arguments

Formal arguments are defined in the function declaration in the calling function.

What is actual argument? Data, which is passed from the calling function to the called

function, is called the actual argument. The actual arguments are passed to the called

function through a function call.

Each actual argument supplied by the calling function should correspond to the

formal arguments in the same order. The new ANSI standard permits declaration of

the data types within the function declaration to be followed by the argument name.

You have used only this type of declaration as it will help students follow the C++

program easily. This helps in understanding one to one correspondence between the

actual arguments supplied and those received in the function and facilitates the compiler

to verify that one to one correspondence exists and that the right number of parameters

have been passed. It may be noted that formal arguments cannot be used for any other

purposes. They only give a prototype for the function. Thus, the names of the formal

arguments are dummy and will not be recognized elsewhere, even in the functions in

which they are defined.

Although, the types of variables in the function declaration, also known as

prototype and function call are to be the same, the names need not be the same. You

have already used this concept in Example 3.10 after defining float a and float

b in the functions prototype, you first called add (a, b), add (c, d) and

then add (sum1, sum2). Thus, the formal arguments defined in the prototype

and the actual arguments were not the same in two of the above cases.

When the actual arguments are passed to a function, the function notes the

order in which they are received and appropriately stores them in different locations.

Check Your Progress

3. What are the

characteristics of a

function in a

program?

4. Exemplify function

declaration.

5. Describe a function

definition.
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You must note that even if you use a and b in the add function, they will be stored in

different locations. They will have no relationship with a and b of the main function.

Therefore, even if a and b are assigned different values in the called function, the

corresponding values in the calling function would not have changed. You will verify

this point in the program in the next section.

3.6 LOCAL AND GLOBAL VARIABLES

The scope of the variable is local to the function, unless it is a global variable. For

instance,
int function1(int I )

{ int j=100;

double  function2 (int j) ;

function2 (j) ;

}

double function2 (int p)

{   double m;

return m;

}

The variable j in function1 is not known to function2. You pass it to

function2 through the argument j. This will be assigned as equal to int p.

Similarly, m in function2 is not known to function1. It can be made known to

function1 through the return statement. This makes the scope rules of variables

in function quite clear. The scope of variables is local to the function where defined.

However, global variables are accessible by all the functions in the program if they

are defined above all functions.
/*Example 3.6*

To demonstrate that the scope of a

variable is local to the function*/

#include <stdio.h>

int main()

{

float a=100.250, b=200.50;

void change (float a, float b);

change(a, b);

printf(“a= %f b= %f\n “, a, b);

printf(“these are the original values”);

return 0;

}

/*function definition*/

void change (float a, float b)  /*function declarator*/

{

a +=1000;

b-=200.5;

}

Result of the program

a= 100.250000 b= 200.500000

these are the original values

Check Your Progress

6. What is an

argument?

7. What are the two

types of arguments

in a function?
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We passed a = 100.25 and b = 200.5 to the function. In the function,

you modified a as 1100.25 and b as zero. However, when you print a and b in

the main function, you get the same old values. This confirms that variables are local

to the function unless otherwise specified.

Notice; however, that in the calling function, the type declaration of formal

parameters is symbolic and used only to indicate the format. You will notice, for

example in Example 3.8, that the int a has been declared and assigned a value of

0. This has no relationship with int a in the function declaration. You could even

omit the variable name and declare as int add(int, int). It will still work.

Here a and b have been given for better readability.

This is the reverse in the case of a called function. In the same program, int

c and int d are explicitly defined in function add, in the declarator. The variables

are used further in the function add. This is not the case with the variables in the

declaration statement or prototype of the calling function, which will never be used

further.

This method of invoking a function is called call by value, i.e., you call the

functions with values as arguments.

3.7 RETURN VALUES

The return data type is declared in the function declaration in the main() function or

the calling function and the declarator is indicated in the first line of the function

definition. If no value is to be returned, the return data type void is specified. Void

simply means NULL or nothing. Therefore, it does not fall in any other data types,

such as integer or float or char.

The return value as you have seen is the result of computation in the called

function. You return a value, which is stored in a data type in the called function. The

return value means that the value, thus stored in the called function is assigned or

copied to a variable in the main() or calling function. Therefore, to receive the

result, a data type should have been declared and preferably initialized in the calling

function.

The return statement can be any of the following types:
return (sum) ;

return V1;

return  “ true” ;

return ‘Z’ ;

return 0;

return 4.0 + 3.0;

In some examples, you have returned variables whose values are known when

they are returned and in other examples, you return constants. You can even return

expressions. If the return statement is not present, it means the return data type is

void.

You can also have multiple return statements in a function. However, for every

call, only one of the return statements will be active and only one value will be returned.
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Arrays and Functions

There is no restriction in passing any number of values to a function; the restriction is

only in the return of values from a function. Therefore, arrays can be passed to a

function without any difficulty, one element at a time, as follows:
#include <stdio.h>

int main()

{

int a[]={1,2,3,4,5};

int j;

int func(int a);

for (j=0; j<=4; j++)

func (a[j]);

..........

}

int func(int c)

{

......

}

Here, func has been declared as a function passing a single integer. Note here

that the declaration or the prototype gives only the format of the parameters passed.

The values are only indicative and are not actual values. They are the formal values.

Therefore, the parameters declared inside the parentheses act only as a checklist.

They cannot be used in the main function elsewhere without actually declaring them

on top of the function. But, for this rule, there would have been a conflict between

a[] which is an array and a which is a simple variable. Here, no conflict arises

because a is not recognized in the main function. It is only a checklist to see that

whenever the function calls func, an integer has to be passed. If we try to pass a

float, the compiler will detect an error. This is not so in the case of variables

defined in the function declarator above the functions body, as they are recognized as

actual names. In this case, int c is declared as a variable in func. The initial value

will be the same as passed by the calling function. Thus, since a is used in the function

declaration, only one integer can be passed to the function func. Actually, the entire

array can be passed to a function irrespective of its size, by suitable declaration, as the

following example indicates.
/*Example 3.7*/

To find the greatest number in an array*/

#include <stdio.h>

int main()

{

int array[]= {8, 45, 5, 911, 2};

int size=5, max;

int fung(int array[], int size);

max=fung(array, size);

printf(“%d\n”, max);

}
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int fung(int a1[], int size)

{

int i, j, maxp=0;

for (j=0; j<size; j++)

{

if (a1[j] > maxp)

{

maxp=a1[j];

}

}

return maxp;

}

Result of the program

911

The objective of Example 3.7 is to find the greatest number in an array. In the

program, an array called array is initialized with 5 values as given below:

int array[]= {8, 45, 5, 911, 2}; size is declared as 5 and a

function called fung has been declared. It will pass an array and an integer to the

called function. The array size has been kept open and the called function will return

an integer. The next statement calls fung and passes all elements of the array and an

integer 5 equal to size. The function gets the actual values and size=5. The

maximum value in the array is found in the for loop and stored in maxp. The value

maxp is returned to the main function and printed there. Thus, the function is called

by value.

Call by Value

In this section, you have been calling functions by passing values. For example, function

calls in some of the above programs are as follows:
change(a, b);

rev = reverse(num);

The values passed to the function change are a & b which are known. Similarly,

while calling function reverse, we pass num. This is called call by value. When

you call functions by value, the called functions can return only one value.

Call by Reference

You can enable a function to return more than one value. One way of accomplishing

it is  by call by reference.

3.8 RECURSIVE FUNCTIONS

3.8.1 Basic Concept

The previous section dealt with the concept of a function calling another function, as

well  as multiple functions, being called by a number of functions. A function calling

itself is called recursion and the function may call itself either directly or indirectly.

Check Your Progress

8. How is a return

value obtained?

9. Where is the

restriction in value

transmission in a

function?
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This concept is difficult to understand unless explained through examples. Every

program can be written without using recursion but the reverse is not true. Some

problems; however, are suitable for recursion. For instance, the factorial problem can

be solved using recursion as shown in program below:
/* Example 3.8*

To find the factorial of a given number*/

#include <stdio.h>

int main()

{

int n;

long int result;

long int fact(int n);

printf(“Enter the number whose “);

printf(“factorial is to be found\n”);

scanf(“%d”, &n);

result=fact(n);

printf(“result=%ld”, result);

return 0;

}

long int fact(int n)

{

if (n<1) return 0;

else

if (n==1) return 1;

else

return (n*fact(n-1));

}

Result of the program

Enter the number whose factorial is to be found

10

result=3628800

Now, let us analyse how the program proceeds. You get an integer n from the

keyboard. In order to find factorial n, you call fact(n), where fact is the

function for finding the factorial of number n. The recursion takes place in function

fact. Assume that n=1. The main function calls fact(1), which will be assigned

to result in the main function after return from the function. In the function, since

n is equal to 1, 1 is returned and printed in main().

Next, assume you want to find out the factorial of say, 2 and fact(2) is

called. In the function fact, since n is not equal to 1, n * fact(n-1) is returned,

i.e., 2 * fact (1) is returned to result.  Result = 2 * fact(1). This

intermediate result is stored somewhere and can be called stack. Stack is an array

which stores values and gives the last element first. The writing into stack is popularly

called push and getting information from stack is called pop. You have not defined

any stack and therefore, you can assume that the system does this for you. After

pushing the intermediate result into stack, the program calls fact(1), which returns
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1. Now, the intermediate result is popped and the value of fact 1 is substituted to

get the factorial of 2 as 2.

Now call factorial 5. You call fact and get back,
result = 5 * fact(4) [1]

Now, fact(4) is called to get 4 * fact(3.)  Substituting this in

equation [1], we get
result = 5 * 4 * fact(3)

fact(3) again is called to get 3 * fact(2) and so on till we get fact(1)

which will be returned as 1. Therefore, we get factorial 5 as 5 x 4 x 3 x

2 x 1. Such repetitive calling of the same function is called recursion. The calls are

recursive calls. The result and function fact has been declared to be of type

long so as to take care of large numbers. If the fact function were not called

repeatedly, the program size would have become very large. Thus, recursion keeps

the program size small but understanding recursion is not easy. If the program can be

visualized as recursive, it will result in compact code. Recursive functions can easily

become infinite loops. Therefore, the functions should have a statement with if so

that the program will definitely terminate. In the factorial program, assume for a

moment that the first statement in fact function is absent. Then we have to end the

program only when n becomes 1. What will happen, if by chance, n is entered as a

negative number? The program will get into an endless loop. Therefore, to avoid such

eventualities, you can either have a statement as follows:
If (n<1) exit().

Or you could do this by the statement  if (n<1) return 0, as has been

done here.

This will ensure that if either 0 or a negative number is entered, you get the

factorial as 0 and the program will terminate gracefully.

You should also note that recursive programs simulate the use of stack. You

write to the stack and retrieve information from the stack. Writing to stack is called

push and retrieving or reading or getting value from the stack is known as pop. The

feature of stack is last in, first out and therefore, you get the value of the data entered

last first, as illustrated in the following example.

You push or pop only through the top of the stack. Assume that you want to

push a, b & c,  one at a time. You push ‘a’.  It will be on top of the stack.

When you push b, a will be pushed to the next lower location  and b will occupy the

top of the stack. Next, when you push ‘c’, ‘c’ will occupy the top of the stack,

‘b’ one location before and ‘a’ one location before ‘b’. Thus, you can push data

till the stack becomes full. If you pop the stack now, it will eject ‘c’, then ‘b’ and

so on. Thus, you pop on a last-in-first-out basis.

Reconsider the factorial program in which you were storing intermediate results

in a stack-like manner and popping LIFO. Take the example of finding the factorial of

4. On the first call, you get 4 * fact(3). You push this into the stack and in the

next call, you get 3 * fact(2). Again, you push the intermediate result to stack

and evaluate fact(2) to get 2 * fact(1). This is also put to stack. Now, you

pass fact 1 and get fact(1) as 1, after which you get the value of fact(2)

by popping fact(2) as 2 * fact(1). The popping continues till the result is

obtained. Such a conceptualization will help you to understand recursion easily.
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3.8.2 Implementation of Euclid’s gcd Algorithm

Euclid’s gcd algorithm is quite suitable for recursion. The modified algorithm, which

uses recursion, is as follows:

Algorithm using recursion

Main function
Step 1 Read two integers m and n

Step 2 Call function gcd (m, n)

Step 3 Print gcd

Function gcd (m, n)
Step 1 if (n==0) return m;

else

return (gcd(n, m%n));

Step 3 End

When two integers are received, the main function calls gcd function. In the

gcd function, it is checked whether n equals zero. If so, m is the gcd  if not, the

function calls gcd again by changing the arguments as follows:
m=n

n=m%n

See the clarity in the above function.

You can easily observe that by using recursion, even the number of steps in the

program has gone down.  But, it requires a little skill to convert the program into a

recursive function. The program  implementing the above algorithm is as follows:
/*Example 3.9*

Euclid’s GCD*/

#include <stdio.h>

int main()

{

int m, n;

int gcd(int m, int n);

printf(“Enter 2 integers\n”);

scanf(“%d %d”, &m,&n);

printf(“GCD of %d and %d=%d”, m, n, gcd(m,n));

return 0;

}

int gcd(int m, int n)

{

if (n==0) return m;

else

return (gcd(n, m%n));

}

The program was executed twice and the result of the program is as follows:

Result of the program

First Time

Enter 2 integers

Check Your Progress

10.  What is push and

pop in a recursive

function?

11.  What is the

resultant of

recursive functions

becoming a loop?
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12 256

GCD of 12 and 256=4

Second Time

Enter 2 integers

1225 625

GCD of 1225 and 625=25

You can even enter the first number to be lower than the second number as

executed during the first time.  The program works all right because in one iteration,

the numbers get reversed namely the first number is larger than the second number

after iteration.  Thus, recursion is quite suitable for solving this problem.

3.9 AUTOMATIC VARIABLES

Any variable declared in a function is assumed to be an automatic variable by default.

Automatic Variables:

(i) Storage location: Except for register variables, the other three types will

be stored in memory.

(ii) Scope: Auto variables are declared within a function and are local to the

function. This means the value will not be available in other functions.

Any variable declared within a function is interpreted as an auto variable,

unless a different type of storage class is specified.

Auto variables defined in different functions will be independent of each

other, even if they have the same name.

Auto variables are local to the block in a function. If an auto variable is

defined on the top of the function after the opening brace, then it is available for the

entire function. If it is defined later in a block after another opening brace, it will be

valid only till the end of the block, i.e., up to the corresponding closing brace.

The following program illustrates the concept.
/*Example 3.10*

To demonstrate the use of auto variable*/

#include <stdio.h>

int main()

{

auto int x=10;

void f1(int x);

int f2(int x);

    {

auto int x =20;

printf(“x = %d in the first block\n”, x);

x=f2(x);/*20 is passed to f2 and returned value

assigned to x*/

printf(“x = %d after the return from f2\n”, x);

    }

    printf(“x = %d after the first block\n”, x);
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    {

auto int x=30;

printf(“x = %d in the second block\n”, x);

    }

    printf(“x = %d after the second block\n”, x);

    f1(x);/*x=10 is passed to the function f1*/

    printf(“x = %d after return from function will be

10\n”, x);

    }

    void f1(int a)

    {

auto float x=5.555;/*integer x will be lost*/

printf(“x = %f in the function\n”, x);

    }

int f2(int x)

    {

auto int y=100;

y+=x; /*y  will be 120*/

printf(“y = %d in the function\n”, y);

return y;

    }

return 0;

}

Execute the program and you will get the following results:

Result of the program

x = 20 in the first block

y = 120 in the function

x = 120 after the return from f2

x = 10 after the first block

x = 30 in the second block

x = 10 after the second block

x = 5.555000 in the function

x = 10 after return from function will be 10

This gives a clear idea about the scope of the auto variables.

(iii) Initial values: The auto variable will contain some garbage values unless

initialized. Therefore, they must be initialized before use.

(iv) Life: How long will the value stored in the auto variable last?

It will last as long as the function or block in which it is defined is active. If the

entire function has been executed and the value has been returned, the value of the

auto variables of the functions will be lost. You cannot call it later. This point should

be noted.

Check Your Progress

12. What are the

characteristics of

automatic

variables?

13. Are all variables

declared within a

function considered

auto variables?
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3.10 STATIC VARIABLES

The initial value of static variables is zero unless otherwise specified. This is also

stored in memory. Static variables are declared as follows:
static  int  x,  y,  z ;

static char  a ;  etc.

Static variables are local to the functions and exist till the termination of the

program. Therefore, when the program leaves the function, the value of the static

variable is not lost. If the program calls the function again, the static variable will

execute the function with the value it already possesses. Assume that f1 is a function

containing a static variable as given below:
main ()

{

int f1 (—);

f1 (—);

}

int f1 ( —)

{

static int var = 0 ;

}

When f1 is called the first time, var will be initialized to zero. If var is

finally assigned the value 10 at the end of f1, then var = 10 will remain till the

program stops execution and if  main calls f1 again, the value of var will not be

initialized to 0 again but will remain as 10. The initialization var = 0 will not have

any effect. However, var can further be modified depending on the statements in

f1. Had it been an auto variable, var would have been initialized each time to

zero. This is essentially due to the value of auto variable being lost immediately

after the program leaves the block. This is one of the differences between static

and auto variables.  Static variables; however, will not be known outside the

function, i.e., in other functions, such as main() or any other functions called by

main().

Now, consider the conflict arising out of external variables and local variables

(auto/register, static) having the same names. In such cases, the local

variables take precedence over the external variables. This means that in a function

the local variable of the same name would only be recognized. The function will be

blind to the external variable of the same name. However, the global variables of

other names will be recognized as explained already. All other conditions remain the

same. The value of a local variable does not affect the global variable and vice versa.

The initial value of the local variable will be dependent upon whether it is static or

auto.

3.10.1 External (Global) Static Variable

A static variable can be placed outside all functions. Then, it is called external

static variable. An ordinary external variable is accessible by all functions in any

file. But, the external static variable is accessible by functions in the same file
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where the variable was declared. An external static variable can be defined outside

all functions as follows:
#include <stdio.h>

static int ext_a=10;

int main()

{

===

return 0;

{

Initialization

The importance of initialization was stressed a number of times. It is formally discussed

here.

External and static variables are automatically initialized to zero. On the

other hand, auto and register variables get initialized to garbage values and

should, therefore, be initialized with constants or by expressions. For example,
auto int a  = 10;

auto char ch  =  ‘z’ ;

When it is an expression, the contents of the expression should have been defined

previously. For example,
auto int a = 5;

auto int b = a + a * 5 ;

auto int c = a * b ;

Static and external variables can only be initialized with a constant. For example,
extern char z  =  ‘A’;

static double   = 343.25 ;

Note also that static and external or global variables are initialized only

once, i.e., before program execution. However, in the case of auto variables, the

initialization is carried out every time the function or block is entered. Arrays can also

be initialized with statements like
int Z  [   ]  =  { 1, 2, 3, 4, 5, 6 } ;

Similarly, a string can be initialized as follows:
char string1 [  ]  =  “peter” ;

Multi-file Program

Programs so far seen were contained in one file. Large programs may reside in more

than one file. You may need a global variable to be accessible in all functions in all

files. If such a need arises, you have to write the defining declaration in one file and

referencing declaration in all other files. The defining declaration of the variable should

not use the extern keyword. It can be declared on top of the file without using the

extern keyword as shown below:
/* File 1 Defining Declaration*/

#include <stdio.h>

int ext_a=10;

int main()

{

Check Your Progress

14.  Explain the role of

static variables.

15. What is an external

static variable?
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The other file should also declare the variable by prefixing the extern keyword

as shown below.
/* File 2 referencing Declaration*/

#include <stdio.h>

Extern int ext_a;

sort()

{

/* File 3 referencing Declaration*/

#include <stdio.h>

Extern int ext_a;

int arrange()

{

It should be noted that the initial value can be assigned in the defining declaration

and nowhere else as shown in the above program segments.

3.11 REGISTER VARIABLES

Register variables have characteristics similar to auto variables. The only

difference between  them is that while auto variables are stored in memory,

register variables are stored in the register of the CPU. The initial value will  be

an unpredictable or garbage value; the variables are local to the block and they will be

available as long as the blocks are active.

Why then do you need to declare one more storage class? The CPU registers

respond much faster than the memory. After all, you want to access, store and retrieve

the stored variables faster so that the computing time is reduced. Registers are

faster than memory. Therefore, those variables which are used frequently can be

declared as register variables.

They are declared as,
register  int  i;

A memory’s basic unit may be 1 byte but depending on the size of the variable

even 10 contiguous bytes of memory can be used to store a long double variable.

Such an extension of size is not; however, possible in the case of registers. The registers

are of fixed length like 2 bytes or 4 bytes and therefore, only integer or char type

variables can be stored as register variables. Since registers have many other

tasks to do, register variables may be defined sparingly. If a register variable

is declared and if it is not possible to accept it as a register variable for whatever

reasons, the computer will treat it as an auto variable. Therefore, the programmer

may specify a frequently used variable in a program as a register variable in

order to speed up the execution of the program.

External (Global) Variables

External variables are also known as global variables. What is global? The scope of

external variables extends to all the functions of a program. You have so far created

all the functions in a single file. You can create functions in more than one file. However,

for the sake of simplicity, assume that all the functions are in one file. Global variables

will be declared like other variables with a storage class specifier extern. For

example,
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extern   int  a,  b;

extern   float  c,  d;

The scope of the variables starts from the point of declaration to the end of the

program. The value of the external variable at any point of time is that of the last

assignment. Assume that the main function may assign a = 10. The function z may

then use it and perform a calculation and at the end assign a value 20. If printed at that

point of time, the value will be 20. It may  be called by another function p where its

value may become zero. If, at this point of time, the main function calls or z calls it,

the value will be 0. Thus, external variable is accessible and transparent to all the

functions below it. We will write a program to demonstrate this concept.
/*Example 3.11*

To demonstrate use of external variable*/

#include <stdio.h>

extern int ext_a=10;

int main()

{

int f1(int a);

void f2(int a);

void f3();

printf(“ext_a = %d in the main function\n”, ext_a);

f1(ext_a);

printf(“ext_a = %d after the return from f1\n”, ext_a);

f2(ext_a);

printf(“ext_a = %d after the return from f2\n”, ext_a);

ext_a*=ext_a;

printf(“ext_a = %d \n”, ext_a);

f3();

printf(“ext_a = %d after return from f3\n”, ext_a);

return 0;

}

int f1(int x)

{

ext_a-=10;

return ext_a;

}

void f2(int x)

{

ext_a+=20;

}

void f3()

{

ext_a/=100;

}
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Result of the program

ext_a = 10 in the main function

ext_a = 0 after the return from f1

ext_a = 20 after the return from f2

ext_a = 400

ext_a = 4 after the return from f3

How does the program work?

ext_a is declared as an external variable with value 10 before main().

Therefore, ext_a will be recognized all through the program .

f1, f2  and  f3  are functions.

f1 returns an integer and f2 returns void, i.e., it does not return a value.

f3 neither receives nor returns any value.

In the first printf(), we get ext_a = 10.

Now f1 is called. In f1 ext_a = 10 is passed  as an argument.

The value of ext_a is 0 now in function f1. The second printf in main

prints  ext_a  =  0

Now f2 is called .

ext_a becomes 20 now. It does not return any value. However, the third

printf prints the value as 20. How does this happen? It is because the current

value of ext_a is known to main even without f2 passing it.

We discussed that a function can return only one value. However, by using a

global variable, you can overcome this limitation as follows:

You square ext_a, i.e., ext_a = 400 now.

The 4th printf() statement confirms this. Now, you call f3. In spite of the

fact that you neither passed an argument nor returned any value from f3, ext_a is

known to f3 as 400. Then, 100 divides ext_a. Therefore, ext_a will be 4 as

confirmed by the fifth printf() statement.

This program illustrates the concept of external variables in simpler situations

where the name of the global variable is not assigned to the function’s local variables.

It is perfectly legal to use the same name for different local variables in a function.

We can even use the name and declare it as another data type.

For example, you can define ext_a as a float in another function f1. Then

how is the conflict to be resolved? You will reserve the answer to the question for a

few minutes.

You should be careful while handling external variables because the variables

may be disturbed in a remote corner inadvertently. Global variables when declared on

top of main() can be identified easily and therefore, the storage class specifier

extern need not be specified in such situations. If it cannot be easily recognized by

declaration elsewhere in the program, it should be specified clearly.

The initial value of an external variable is zero, if not assigned. The life of the

variable is till the termination of program execution. The scope extends from the

point of declaration till the end. It will be stored in memory.

Check Your Progress

16. What is the

difference between

register variables

and auto variables?

17. Give another name

for external

variables.

18. What is the scope

of external

variables?
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3.12 STRUCTURES AND UNIONS

A structure is synonymous with a record. A structure, similar to a record, contains a

number of fields or variables. The variables can be of any of the valid data types. In

order to use structures, you have to first define a unique structure. The definition of

the record book, which you call a structure, is as follows:
struct book

{

char title [25];

char author [15];

char publisher [25];

float price ;

unsigned year;

};

struct is a keyword or a reserved word of ‘C’. A structure tag or name follows

which is book in this case. This is not a must but giving a tag to structure will

improve the reader’s understanding. The beginning of the structure is indicated by an

opening brace. Thereafter, the fields of the record or data elements are declared one

by one. The variables or fields declared are also called members of the structure.

Structure consists of different types of data elements which is different from an array.

Let us now look at the members of struct book.

The title of the book is declared as a string with width 25; similarly, the

author and publisher are arrays of characters or strings of the specified width. The

price is defined as a float to take care of the fractional part of the currency. The

year is defined as an unsigned integer.

Note carefully the appearance of a semicolon after the closing brace. This is

unlike other blocks.  The semicolon indicates the end of the declaration of the structure.

Thus, you have to understand the following when you want to declare a structure:

(a) struct is the header of a structure definition.

(b) It can be followed by an optional name for the structure.

(c) Then the members of the structure are declared one by one within a block.

(d) The block starts with an opening brace but ends with a closing brace

followed by a semicolon.

(e) The members can be of any data type.

(f) The members have a relation with the structure; i.e., all of them belong to

the defined structure and they have identity only as members of the

structure and not; otherwise. Therefore, if you assign a name to the author,

it will not be accepted. You can only assign values to book.author.

3.12.1 Declaration

The structure definition given above is similar to the prototype in a function in so far

as memory allocation is considered. The system does not allocate memory as soon as

it finds the structure definition, which is for information and checking consistency

later on. The allocation of memory takes place only when structure variables are

declared. What is a structure variable? It is similar to other variables. For example,

int I means that I is an integer variable.  Similarly, the following is a structure

variable declaration:
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struct book s1;

Here s1 is a variable of type structure book. Suppose, you define,
struct book s1, s2 ;

This means that there are two variables s1 and s2 of type struct book.

These variables can hold different values for their members.

Another point to be noted is that the structure declaration appears above all

other declarations. An example which does nothing but defines structure and declares

structure variables is as follows:
main( )

{

struct book

{

char title [25];

char author [15];

char publisher [25];

float price;

unsigned year;

};

struct book s1, s2, s3 ;

}

If you want to define a large number of books, then how will you modify the

structure variable declaration? It will be as follows:
struct book s[1000];

This will allocate space for storing 1000 structures or records of books. However,

how much storage space will be allocated for each element of the array? It will be the

sum of storage spaces required for each member. In struct book, the storage

space required will be as follow:
title 25 + 1 (for NULL to indicate end of string)

author 15 + 1

publisher 25 + 1

price 4

year 2

Therefore, the system allots space for 1000 structure variables each with

the above requirement. Space is allocated only after seeing the structure variable

declaration.

Look at another example to make the concept clear. You know that the bank

account of each account holder is a record. Now, define a structure for it.
struct account

{

unsigned number;

char name [15];

int balance ;

} a1, a2;
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Instead of declaring separate structure variables, such as struct account

a1, a2; we can use coding as in the example given above. Here, the variables are

declared just after the closing brace of the structure declaration and terminated with a

semicolon. This is perfectly correct. The declaration of the members of the structure

is clear; the balance has been declared as an integer instead of a float to make it

simple. This means that the minimum transaction is a rupee.

3.12.2 Processing a Structure

The structure variable declaration is of no use unless the variables are assigned values.

Here, each member has to be specifically accessed for each structure variable. For

example, to assign the account number for variable a1, you have to specify as follows:
a1.number = 0001 ;

There is a dot operator between the structure variable name and the member

name or tag.

Suppose, you then want to assign account no.2 to a2, it can be assigned as

follows:
a2.number = 2;

If you want to know the address where a2 number is stored, you can use
printf (“ %u “ , & a2.number) ;

This is similar to other data types. The structure is a complex data type and

therefore, you have to indicate which structure variable to which the member belongs

as; otherwise, the number is common to all the structure variables, such as a1, a2,

a3, etc., Therefore, it is necessary to be specific. Assuming that you want to get the

value from the keyboard, you can use scanf() as follows:
scanf ( “ % u “, & a1.number ) ;

You can also assign initial values directly as follows:
struct account a1 = { 0001, “Vasu”, 1000};

struct account a2 = { 0002, “Ram”, 1500 };

All the members are specified. This is similar to the declaration of initial values

for arrays. However, note the semicolon after the closing brace. The struct a1

will, therefore, receive the values for the members in the order in which they appear.

Therefore, you must give the values in the right order and they will be accepted

automatically as follows:
a1 .  number  =  0001

a1 . name      =  Vasu

a1 . balance   =  1000

Note too that if the initial values are assigned as above, inside a function, they

will be treated as static variables. If they are declared before main, they will be

treated as global variables.

Let us write a program to create a structure account, open 2 accounts with

initial deposits in the accounts. Deposit Rs 1000 to Vasu’s account, withdraw 500

from Ram’s account and print the balance. The following example demonstrates the

above.
/*Example 3.12 - structures*

#include<stdio.h>
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int main()

{

struct account

{

unsigned number;

char name[15];

int balance;

};

static struct account a1= {001, “VASU”, 1000};

static struct account a2= {002, “RAM”, 2000};

a1.balance+=1000;

a2.balance-=500;

printf(“A/c No:=%u\t Name:=%s\t Balance:=%d\n”,

a1.number, a1.name, a1.balance);

printf(“A/c No:=%u\t Name:=%s\t  balance:=%d\n”,

a2.number, a2.name, a2.balance);

return 0;

}

Result of the program

A/c No:=1        Name:=VASU      Balance:=2000

A/c No:=2        Name:=RAM       balance:=1500

A simple program was written for a bank transaction.  For a deposit, we write
a1 . balance  =  a1 . balance + 1000 ;

Therefore, the balance is updated.  Similarly, when an amount is withdrawn,

the balance is adjusted. However, in practice, the user cannot write a program for

each credit and deposit. You will develop a program soon which will not require the

user to do programming.

3.12.3 User Defined Data Type

A structure is also a data type. It is not a basic type defined in C language like int,

float, etc. But, it is defined by the programmer. Hence, it is called a user defined

data type.

Array of Structures

Let us now create an array of structures for the account. This is nothing but an array

of accounts, declared with size. Let us restrict the size to 5. The records will be

created by using keyboard entry. The program is given below:
/*Example 3.13 - To demonstrate structures*

#include<stdio.h>

int main()

{

struct account

    {

unsigned number;

char name[15];
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int balance;

    }a[5];

int i;

for(i=0; i<=4; i++)

{

printf(“A/c No:=\t Name:=\t Balance:=\n”);

scanf(“%u%s%d”, &a[i].number, a[i].name,

&a[i].balance);

}

for(i=0; i<=4; i++)

{

printf(“A/c No:=%u\t Name:=%s\t Balance:=%d\n”,

a[i].number, a[i].name, a[i].balance);

}

return 0;

}

Result of the program

A/c No:= Name:= Balance:=

1 suresh 5000

A/c No:= Name:= Balance:=

2 Lesley 3000

A/c No:= Name:= Balance:=

3 Ahmed 5500

A/c No:=    Name:= Balance:=

4 Lakshmi 10900

A/c No:= Name:= Balance:=

5 Thomas 29000

A/c No:=1        Name:=suresh    Balance:=5000

A/c No:=2        Name:=Lesley    Balance:=3000

A/c No:=3        Name:=Ahmed     Balance:=5500

A/c No:=4        Name:=Lakshmi   Balance:=10900

A/c No:=5        Name:=Thomas    Balance:=29000

The structure array has been declared as a part of structure declaration as a[5].

The individual elements of the 5 accounts are scanned and printed in the same order.

Note that when you scan a name, you do not give the address but the actual name of

the variable as in a[I].name, since it is a string variable. Remember this uniqueness.

This program basically gets the 5 structures or records pertaining to 5 account holders.

Thereafter, the details of the 5 accounts are printed using the for statement. The first

half of the result was typed by the user and the last 5 lines are the output of the

program.

3.12.4 Structure Elements passing to Functions

Structures can be copied individually, member wise as well as at one go.

For example, let a3 and a1 be struct account. The following are valid:
a3.number = a1.number;
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a3.balance = a1.balance;

Here, the members of a1 are copied into a3, one by one.

You can also write  a3=a1; when all the elements of a1 will be copied to a3.

The latter coding can be used if all the elements are to be copied and the former, if

some members are to be copied selectively.

Note that structures cannot be compared as: for example if (a4 == a2).

This is not a valid operation.

3.12.5 Structure passing to Functions

Passing each member of the structure is a tedious job. The entire structure can instead

be passed to the function making for easy handling. The above example can be altered

by passing an entire structure, as follows:
/*Example 3.14 - Passing entire structure to function*/

#include<stdio.h>

struct account

{

    unsigned number;

    char name[15];

    int balance;

};

int main()

{

static struct account a1= {001, “Vasu”, 1000};

struct account credit(struct account x);

printf(“A/c No:=%u\t Name:=%s\t Balance:=%d\n”,

a1.number, a1.name, a1.balance);

a1=credit(a1);

printf(“A/c No:=%u\t Name:=%s\t Balance:=%d\n”,

a1.number, a1.name, a1.balance);

return 0;

}

struct account credit(struct account y)

{

int x;

printf(“enter deposit made”);

scanf(“%d”, &x);

y.balance+=x;

return y;

}

Result of the program

A/c No:=1        Name:=Vasu      Balance:=1000

enter deposit made  6700

A/c No:=1        Name:=Vasu      Balance:=7700

If you want to pass a structure, the called function should also know the structure

and hence, the structure has to be declared before the main function. Therefore,

structure account has been declared as a global structure. The function credit

is declared with return data type structure as follows:
struct account credit(struct account x);
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Thus, you pass and return struct account. Then, credit is called by

simply passing structure a1. In the called program, the deposit is added to the balance

and updated. This is returned to the main() where the updated record is printed.

3.12.6 Structure within Structure

You have been nesting if statement and loops so far. You can now create structures

within structures. Here, a structure defined earlier can become a member of another

structure. For example, you can create a structure called deposit using other data

types and structure account. The declaration of the basic structure should precede the

desired structure as follows:
struct  account

{

Unsigned number ;

char name [15];

int balance ;

};

struct deposit

{

struct account ac ;

int amount;

int years;

};

You can write a program to demonstrate the concept.
/*Example 3.15 - Structure within structure*/

#include <stdio.h>

int main()

{

struct account

{

unsigned number;

char name[15];

int balance;

};

struct deposit

{

struct account ac;

unsigned amount;

int years;

}d2;

static struct deposit d1= {001, “VASU”, 1000, 50000,

3};

d2=d1; /*structure copy*/

printf(“A/c No:=%u\t Name:=%s\t

Balance:=%d\tdeposit=%u\tterm=%d\n”,

d2.ac.number, d2.ac.name, d2.ac.balance, d2.amount,
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d2.years);

return 0;

}

A/c No:=1        Name:=VASU      Balance:=1000  deposit=50000

term=3

You have created the structure account. Then, you have created another

structure deposit. In the deposit structure, struct account ac is one of the

members and 2 more members, amount and years have been declared.

Next structure deposit d1 is initialized. The first 3 elements pertain to the

members of struct account and the last two for amount and years,

respectively.

Now d1 is copied to d2 in a simple manner and the deposit details of d2 are

printed.

Whenever members of included structures are accessed, you will find two

dots, instead of the usual one dot. This is essential since d1.name is invalid. Since

name is in ac, you have to access it as d1.ac.name.

However, nesting can be up to any level. You can create one more level of

nesting as shown:
struct account

{

unsigned number;

char name [15];

int balance;

};

struct deposit

{

struct account ac;

int amount;

int years;

};

struct loan

{

struct deposit dep;

int amount;

char date[10];

};

You see that struct deposit is included as a member of loan.

Let us declare:
struct loan loan1;

Now, to access loan amount, we have to specify:
loan1.amount

To access deposit amount, we have to specify:
oan1.dep.amount
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To access the balance, we have to specify:
loan1.dep.ac.balance

Therefore, usage of the same variable name amount has not resulted in a

conflict since it has to be seen in which context it is defined. Thus, structures can be

used within structures without difficulty.

Structure containing Arrays

You saw some members of structures being arrays. You used them to represent an

array of characters. You can also have integer, float arrays as members of structures.

For example,
struct fixed_deposit

{

unsigned Ac_Number;

char name[25];

double deposit[4];

}rama;

Here, you have defined a structure fixed_deposit and declared a variable

rama of the same type. In the structure definition, you have a member deposit as

an array of double of size 4. This is called array within structure.

You can access the first deposit of rama by the following:
rama.deposit[0]

The last deposit of rama can be accessed by:
rama.deposit[3]

Application of Structures

Structures as you know, can be used for database management. They can be used in

several applications, such as libraries, departmental stores, banking, etc. Structures

are also used in C++. The syntax of structures is similar to classes in C++. Structures

contain data but classes contain data and functions.

Structures are also used in a variety of other applications, such as:

• Graphics

• Formatting floppy discs

• Mouse movement

• Payroll

Thus, a structure is a very useful construct.

3.12.7 UNION

Union is a variable, which holds at a common assigned area different data types of

varying sizes at different points in time. Assume that a program, at different points in

time of execution uses a double, a float,  an integer and  a string. In the

normal course, you would have to allocate memory space for each data type. Assuming

that you want to use only one of them at any time and if you do not mind losing the

values, you can save a lot of memory space by declaring a common area for storing

them. If you use dedicated memory for each variable, the space would remain unutilized

most of the time during program execution. This common storage area can be declared

as a union as shown here:
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union uname

{

double d;

float f;

char s[ ];

int i ;

} un1 ;

See the resemblance between structure declaration and union declaration.

The common properties are :

(i) They can have a name optionally, such as uname.

(ii) They can contain members of varying data types.

(iii) The declarations end with a semicolon.

(iv) These union members can be accessed in the same way  as structure

members, as shown:
union_name.member or union_pointer->member

(v) A union can be assigned to another union, such as
un2=un1;

where the structure of un1 along with its members are copied to un2.

However, the difference is:

(i) The memory size of the structure variable is the sum of the sizes of its

members, whereas in union, it is the largest size of its members.

(ii) It is the programmer’s responsibility to keep track of which type is currently

in use unlike in structure where no member is lost.

(iii) In structures, all members can be initialized, whereas a union can only

be initialized with a value of the type of its first member.

A program  using union to store either an int value or float value is

given as follows:
/* Example 3.16 – Demonstrate union */

#include <stdio.h>

#include <conio.h>

union sel

{ int n;

float f;

};

 int main()

{ union sel m1;

void printval(union sel *m1,char type);

char type =‘p’;

char cont =‘y’;

while(cont==‘y’)

{

printf(“\nWant to enter Integer Or Float (i/f):”);

type=getche();

if(type==‘i’)

{

printf(“\nEnter Integer Value :”);
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scanf(“%d”,&m1.n);

}

else

{

printf(“\nEnter Float Value :”);

scanf(“%f”,&m1.f);

}

printval(&m1,type);

printf(“\nWant to continue- enter (y/n):”);

cont=getche();

    }

return 0;

}

void printval(union sel *m1,char type)

{

if(type==‘i’)

printf(“Integer Value Is %d\n”,m1->n);

else

printf(“Float Value Is %f\n”,m1->f);

}

Result of the program

Want to enter Integer Or Float (i/f):i

Enter Integer Value :456

Integer Value Is 456

Want to continue- enter (y/n):y

Want to enter Integer Or Float (i/f):3

Enter Float Value :300.30

Float Value Is 300.299988

Want to continue- enter (y/n):n

The union sel is declared before main, with two members int n and

float f.  A function printval is also declared. Depending upon whether the

user wants an integer value or float value, type is set to i or f. If type is i,

integer value is received and if it is f, a float value is received. The value received

is printed in the function printval. Note carefully how the pointer to union is

declared in the function prototype and header. You have to declare  union whenever

you pass a union to a function. It is declared as union sel * m1. As you would

have declared int * i, the type here is union sel.

If you have perused the result, you would find that the program asks for float

value, although 3 has been typed instead of f. It is because of the design of the

program. It will ask for float value when a character other than i is typed. You can

take this as an exercise to correct the program to ask for float value only when ‘f’ is

typed.

Now, consider another example.

In the case of an employee database, you would like to store either the father’s

name (in the case of men and unmarried women), the husband’s name in the case of

married women or the guardian’s name. This can be represented as a union as

shown below:
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Union guardian

{

char father [10];

char husband [10];

char guardian [10];

} e ;

You have defined a union guardian of employees. By using this, you can

save memory space.  The memory required will be 10 bytes. Had you considered this

as a structure, you would have used 30 bytes and all three variables will be used. This

is not required since only one value will be present at any time and union is useful

in such cases.

You can now define a structure for an employee database with union

embedded. You have to declare union above structure since union will be one of

the members of the structure. You can define it as follows :
union guardian

{ char father [10];

char husband [10];

char guardian [10];

} u;

struct employee

{ char name [15];

float basic;

char birthdate [10];

union guardian u;

} emp [2] ;

You know how to refer to members of structures, for example, you can refer to

the name of the employee’s father as: emp[0]. u . father.

3.13 TYPEDEF STATEMENT

The keyword typedef is used to create a new data type name. It does not really

create a new type but only gives a new name to an existing type.

For example,

typedef long double   LD;

LD x , y;

Here, long double is given a new name LD. Wherever LD appears, the

compiler will take it as a long double. For example,

typedef void (FN) (int , int);

Here, FN represents a function with two integer arguments and returns nothing.

This can be used for any other function having the same property, i.e., it passes two

integer arguments and nothing is returned from the function. Later on, in the same

program you may declare,

FN  f1 , f2;

Check Your Progress

19. Define the term

structure.

20. What is a union?
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This serves as a declarator for f1 and f2, which are of the same type. The

program  below explains the concept.
/*Example 3.17*/

Program to demonstrate calling

muliple functions*/

#include <stdio.h>

int main()

{

long nummul=0;

long num=0, rev=0, add_digit=0;

/*good practice to inialize all variables*/

typedef long FN(long );

FN reverse; /*see simplification*/

FN mult;

FN sum_digit;

printf(“enter unsigned number\n”);

scanf(“%lu”, &num);

if (num%2) /*remainder 1*/

{

rev =reverse(num);

printf(“number is odd\n”);

printf(“number entered=%lu\n number reversed=%lu\n”,

num, rev);

}

else

{

nummul=mult(num);

printf(“number is even\n”);

printf(“number=%lu\n its multiple=%lu\n”, num,

nummul);

}

if (num%3 ==0)

{

add_digit= sum_digit(num);

printf(“number evenly divisible by 3\n”);

printf(“sum of digits =%lu”, add_digit);

}

return 0;

}

long reverse(long n)

{

long r=0;

while (n>0)

{

r=r*10+(n%10);
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n=n/10;

}

return r;

}

long mult(long p)

{

long sq;

sq=2*p;

return sq;

}

long sum_digit(long num)

{

long sum=0;

while (num >0)

{

sum=sum+(num%10);

num=num/10;

}

return sum;

}

Result of the program

enter unsigned number

234

number is even

number=234

its multiple=468

number evenly divisible by 3

sum of digits =9

In the union guardian declaration we can add the following :

typedef    union    guardian    UN;

UN    u1,  u2;

Here, UN will be substituted by union guardian at the time of compilation.

Thus, the usage of typedef helps in reducing typing and considered to improve

readability. This can be used to make short-hand notations for the existing data types

as well as user-defined variables, such as structures.

3.14 DATA TYPE CONVERSIONS

You have been declaring the data types of all constants and variables used in a program

before their use. In various expressions, you have used operands of the same type. If

the operands are of different types, the compiler does conversion. For example, if p is

an integer and b is a float, what happens when you multiply p and b? The rules for

conversion when different data types are encountered in an expression are described

as follows:
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3.14.1 Arithmetic Conversion

• If one of the operands is a long double, the other will be converted into a long

double.

• else

If one of the operands is a double, the other will be converted into a double.

• else

If one of the operands is a float, the other will be converted into a float.

This can be explained by the following two examples:

A part of a program is given below:

long double m;

int b;

In this case, if we use m and b as operands together in an expression, b will also be

promoted to a long double.

double  c, d;

float e;

c = d + e;

In this case, e will be promoted to a double.

In short, you are converting the narrower operand, i.e., an operand occupying

lesser space in the memory into a wider one without losing information.

In general, in the +, –, * and / operations involving two operands, the lower

or narrower operand will be converted into a higher or wider type before the operation

takes place. The result will also be of a higher storage type. However, during

assignments, the type of Right Hand Side (RHS) is converted into the type of Left

Hand Side (LHS).

The following examples will make the concept clear.

The conversions when two operands of different types are thrown together in

an operation are summarized as follows:

Binary Operations

OPERAND 1 OPERAND 2 RESULT

char int int

char long int long int

char double double

int long int long int

int float float

long int float float

long int double double

float double double

long int long double long double

The rule is simple. If one of the operands is of a type, which occupies lesser

number of bytes than the other, it will be converted into the other type, which occupies

higher memory space automatically. You need only to remember the size of the various

types. Compare the size of the operands. If one is of size 2 and the other’s size is 10,

then naturally, the one with size 2 will also be converted into size 10. You do not have
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to memorize the above table. In assignment operations, the size of the variable on the

LHS is the final size. Here both promotions and demotions take place depending on

LHS. If LHS is of a higher size, then the promotion of RHS takes place; otherwise, if

LHS is lower than RHS, then the demotion of RHS takes place to match the size of

LHS.

A question may arise as to what happens if there is a mixing of types in an

expression and if it is assigned to another variable, for example, if we have declared

p and q as a float and r as a long double, we have the following statement:
p = (q + r);

In this case, q will be upgraded as a long double. Since we have declared

p as a float, the result will be stored as a float in p.

3.15 TYPE CASTING

The programmer can force the compiler to convert into the appropriate class at selected

places. Prefixing the conversion to the data type specifies this. This is known as

typecasting. The following set of statements is required for typecasting process:

int x;

float y = 2.5;

x = (int) y + 5;

Here (int) y will convert y into integer 2. Therefore, x will be equal to 7.

15.0/int (3.14) will be equal to 5.0 since int (3.14) will be equal to 3.

Since the expression is in the mixed mode, the result will be a float.

Again,

Z = float (5/2 * 2);

You would expect Z to be 5.0, but it will be 4.0.

Since cast operator has a lower precedence, the expression within parentheses

will be evaluated first; 5/2 = 2 * 2 = 4

It will be typecast as 4.0.

However, typecasting is only applicable in statements where typecasting appears.

The data type is not redefined permanently, but continues to be of the type already

defined.

int x;

float y;

x = (int) y;

x = y;

Here both the assignment statements will convert y into an integer truncating

the fractional part. However, the assigned value of y will remain as a float. The

following program confirms the same:
/*Example 3.18*/

To demonstrate typecasting */

#include <stdio.h>

int main()
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{

int x;

float y = 10.67;

x=(int)y;

printf(“x = %d in the first method\n”, x);

x = y;

printf(“x = %d in the second method also\n”, x);

printf(“the value of y remains as %f\n”, y);

return 0;

}

Result of the program

x = 10 in the first method

x = 10 in the second method also

The value of y remains as 10.670000

3.16 CHARACTER STRINGS AND STRING

MANIPULATION

Characters can be scanned through the scanf() function and printed through the
printf() function as given in Example 3.19.

/*Example 3.19*/

Input and output of character through scanf() and printf()*/

#include <stdio.h>

int main()

{

char alpha;

printf(“Enter a character\n”);

scanf(“%c”, &alpha);

printf(“\n The character typed by you is:- %c\n”,

alpha);

return 0;

}

The program is simple to understand.

A variable alpha is declared of type char. The message directs the user to
enter a character. The scanf() function uses the conversion character %c since we
have to scan a character type variable. The (ampersand) &alpha indicates the address
where the scanned character is to be stored.

There are two points to be noted here. We have to specify the format as %c and

after entering the character, we have to hit the Return key. The interaction with the

computer while executing the program was captured and given below:
Enter a character

S

The character typed by you is:- S

Check Your Progress

21.  What is the

purpose of the

typedef

keyword?

22. What are the

characteristics of

arithmetic

conversions?

23. What is type

casting?
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3.16.1 Strings—gets() and puts()

A string is an array of characters. The functions  gets() and puts()  are appropriate

when strings are to be received from the screen or sent to the screen without errors.

Standard Library for Strings

There are a number of library functions for string manipulation as given below:

strlen (CS)—returns the length of string CS.

char *strcpy (s, ct)—copy string ct to string s, including NULL

and return s.

char *strcat (s, ct)—concatenate string ct to end of string s; return s.

int strcmp (cs, ct)—compare string cs to string ct; return < 0 if cs

< ct,
0 if cs = = ct  or  > 0 if cs > ct

char * strchr (cs, c)—returns the pointer to the first occurrence of

c in cs or NULL if not present.

There are some more string functions.

If these are to be used, <string.h>header file should be included before the

main function.

Use of gets() and puts()

One can use scanf() to receive strings from the screen. The program using

scanf() for reading a name is as follows:
char name [25];

scanf (“%s”, name);

Strings can be declared as an array of characters as shown above. In the

scanf() function, when we get the array of characters as a string, it is enough to

indicate the name of the array without a subscript. When we get a string, there is no

need for writing ‘&’ in the scanf() function. We can indicate the name of the

string variable itself.

Strings may contain blanks in between. If you use a scanf() function to get

the string with a space in between such as ‘Rama Krishnan’, Krishnan will not be

taken note of since space is an indicator of the end of entry of the input. But gets()

will take all that is entered till the [ENTER] key is pressed. Therefore, after entering

the full name, the [ENTER] key can be pressed. Thus, using gets() is a better

way for strings. We can get a string in a much simpler way using gets(). The

syntax for gets is, gets(name);

Similarly puts() can be used for printing a variable or a constant as given

below:
puts(name);

puts(“Enter the word”);

However, there is a limitation. printf() can be used to print more than one

variable and scanf() to get more than one variable at a time in a single statement.

However, puts() can output only one variable and gets() can input only one

variable in one statement. In order to input or output more than one variable, separate

statements have to be written for each variable. As you know that gets() and
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puts() are unformatted I/O functions, there are no format specifications associated

with them.

We will take another interesting example. If a word is a palindrome, we will

get the same word when we read the characters from the right to the left as well.

Examples are : nun

                        malayalam

These words when read from either side give the same name. We will write a

program to check whether a word is a palindrome or not.

This program uses a library function called strlen(). The function

strlen(str) returns the size or length of the given string. Now let us look at the

program.
/*Example 3.20*/

to check whether a string is palindrome*/

#include <stdio.h>

#include <string.h>

#define FALSE 0

int main()

{

int flag = 1;

int right, left, n;

char w[50]; /* maximum width of string 50*/

puts(“Enter string to be checked for palindrome”);

gets(w);

n=strlen(w)-1;

for ((left = 0, right = n); left <= n/2; ++left,

– —right)

{

if (w[left]!=w[right])

{

Flag = FALSE;

break;

}

}

if(flag)

{

puts(w);

puts(“is a palindrome”);

}

else

printf(“%s is NOT a palindrome”);

return 0;

}

Result of the program

Enter string to be checked for palindrome

palap

palap

is a palindrome
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If strlen() or gets() or puts() are used in a program, we have to

include <string.h> before the main().

The concept of palindrome can be explained by the following two steps:

Step 1

Now let us analyse the functioning of the above example.

We are defining a symbolic constant FALSE as 0.

We initialize flag as 1. We define a string w as an array of 50 characters.

gets(w);  returns the word typed and stores it from location &w [0]

Let us assume that we typed ‘nun’ and analyse what happens in the program.

strlen  (w)  will return the length of the word typed. In this case

strlen (w) = 3.

We subtract this by 1 to get the subscript of the rightmost character. The subscript

of the leftmost character is obviously 0.

We are initializing the for loop with the following:

left = 0 right = n = 2

flag = 1

We check whether left < = n/2 and

Since it is so, we check whether w [0]! = w [2].

The condition is false since w[0] = w[2] = ‘n’.

Therefore, the groups of statements following if are skipped : flag remains 1.

Step 2

Now left is incremented to 1 and right is decremented to 1.

Again w[1] ! = w[1] is false, flag remains 1.

Therefore, control returns to the for statement.

Now,     left = 2 right = 0

Since left is greater than n/2, control comes out of the for loop. Now the

statement if (flag) will be executed.

It will check whether flag is true. In this case, flag is still true.

Therefore, the computer prints that the word is palindrome. If the word is not a

palindrome, then what happens?

Let us now assume that we typed ‘book’ and see what happens in the program.

To start with, left = 0 right = 3

w [left] ! = w[right],

Therefore, the statements within the { } will be executed, flag will be set to

false and then the break statement will be executed.

The statement break causes immediate exit from the loop. Now flag is

false. Therefore, the else statement is executed to say that the word is NOT a

palindrome.

Check Your Progress

24. What are the

functions through

which the

characters can be

scanned?

25. What is a string?
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3.17 SUMMARY

• An array is a collection of homogeneous elements. The elements are arranged

in contiguous blocks of memory.

• An array is a vector defined as a simple data structure. It holds a fixed number

of equal size data elements of the same data type.

• Multidimensional arrays operate on the same principle as single dimensional

arrays.

• A function in a program consists of three characteristics - Function prototype,

Function definition and Function call.

• A function prototype is called a function declaration. A function may be declared

at the beginning of the main function.

• We may call a function either directly or indirectly. When we call the function,

we pass the actual arguments or values. Calling a function is also known as

function reference.

• Function definition can be written anywhere in the file with a proper declarator,

followed by the declaration of local variables and statements.

• Function definition consists of two parts, namely function declarator or heading

and function declarations. The function heading is similar to function declaration

but will not terminate with a semicolon.

• The function definition consists of two parts, i.e., the function declarator and

function declarations.

• The function declarator is a replica of the function declaration. The only

difference is that while the declaration in the calling function will end with a

semicolon, the declarator in the called function will not end with a semicolon.

• Although, the types of variables in the function declaration, also known as

prototype and function call are to be the same, the names need not be the same.

• The return data type is declared in the function declaration in the main()

function or the calling function and the declarator is indicated in the first line of

the function definition.

• The return value as you have seen is the result of computation in the called

function.

• There is no restriction in passing any number of values to a function; the

restriction is only in the return of values from a function.

• Any variable declared in a function is assumed to be an automatic variable by

default.

• The initial value of static variables is zero unless otherwise specified. This

is also stored in memory.

• A static variable can be placed outside all functions. Then, it is called external

static variable. An ordinary external variable is accessible by all functions

in any file.

• Register variables have characteristics similar to auto variables. The only

difference between them is that while auto variables are stored in memory,

register variables are stored in the register of the CPU.
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• A memory’s basic unit may be 1 byte but depending on the size of the variable

even 10 contiguous bytes of memory can be used to store a long double

variable. Such an extension of size is not; however, possible in the case of

registers.

• External variables are also known as global variables.

• A structure is synonymous with a record. A structure, similar to a record, contains

a number of fields or variables.

• The structure variable declaration is of no use unless the variables are assigned

values.  Here, each member has to be specifically accessed for each structure

variable.

• A structure is also a data type. It is not a basic type defined in C language like

int, float, etc. But, it is defined by the programmer. Hence, it is called a

user defined data type.

• Union is a variable, which holds at a common assigned area different data

types of varying sizes at different points in time.

• The keyword typedef is used to create a new data type name. It does not

really create a new type but only gives a new name to an existing type.

• The programmer can force the compiler to convert into the appropriate class at

selected places. Prefixing the conversion to the data type specifies this. This is

known as typecasting.

• Characters can be scanned through the scanf() function and printed through

the printf() function.

• One can use scanf() to receive strings from the screen.

• If strlen() or gets() or puts() are used in a program, we have to

include <string.h> before the main().

3.18 KEY TERMS

•••• Array: It is a vector defined as a simple data structure

•••• Argument: It is a parameter or value and could be of any of the valid types,

such as all forms of integers or a float or char

•••• Actual argument: Data, which is passed from the calling function to the called

function, is called the actual argument

•••• Formal parameters: The arguments declared as part of the prototype are

known as formal parameters

•••• Call by value: The method of invoking a function is called call by value, i.e.,

you call the functions with values as arguments

•••• Push: The writing into stack is popularly called push

•••• Function reference: Calling a function is known as function reference

•••• External static variable: It is a static variable that can be placed outside all

functions

•••• Structure: It is similar to a record and contains a number of fields or variables

•••• Union: It is a variable, which holds at a common assigned area different data

types of varying sizes at different points in time
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•••• Typecasting: The programmer can force the compiler to convert into the

appropriate class at selected places. Prefixing the conversion to the data type

specifies this

3.19 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. An array is a vector defined as a simple data structure.

2. Multidimensional arrays operate on the same principle as single dimensional

arrays.

3. A function in a program consists of three characteristics:

(a) Function prototype

(b) Function definition

(c) Function call

4. A function prototype is called a function declaration. A function may be declared

at the beginning of the main function.  Function declaration is of the following

type:
return data - type  function name  (formal argument 1,

argument 2, ............. );

5. Function definition consists of two parts, namely function declarator or heading

and function declarations. The function heading is similar to function declaration

but will not terminate with a semicolon.

6. An argument is a parameter or value. It could be of any of the valid types, such

as all forms of integers or a float or char.

7. You come across two types of arguments when you deal with functions:

• Formal arguments

• Actual arguments

8. The return value as you have seen is the result of computation in the called

function.

9. There is no restriction in passing any number of values to a function; the

restriction is only in the return of values from a function.

10. The writing into stack is popularly called push and getting information from

stack is called pop.

11. Recursive functions can easily become infinite loops. Therefore, the functions

should have a statement with if so that the program will definitely terminate.

12. Automatic Variables:

(i) Storage location: Except for register variables, the other three types will

be stored in memory.

(ii) Scope: Auto variables are declared within a function and are local to the

function. This means the value will not be available in other functions.

13. Any variable declared within a function is interpreted as an auto variable, unless

a different type of storage class is specified.

14. Static variables are local to the functions and exist till the termination of the

program. Therefore, when the program leaves the function, the value of the

static variable is not lost. If the program calls the function again, the static

variable will execute the function with the value it already possesses.
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15. A static variable can be placed outside all functions. Then, it is called external

static variable.

16. Register variables have characteristics similar to auto variables. The only

difference between them is that while auto variables are stored in memory,

register variables are stored in the register of the CPU.

17. External variables are also known as global variables.

18. The scope of the variables starts from the point of declaration to the end of the

program.

19. A structure, similar to a record, contains a number of fields or variables.

20. Union is a variable, which holds at a common assigned area different data

types   of varying sizes at different points in time.

21. The keyword typedef is used to create a new data type name. It does not

really create a new type, but only gives a new name to an existing type.

22. The following are the characteristics of arithmetic conversions:

If one of the operands is a long double, the other will be converted into a

long double.

 else

If one of the operands is a double, the other will be converted into a double.

else

If one of the operands is a float, the other will be converted into a float.

23. The programmer can force the compiler to convert into the appropriate class at

selected places. Prefixing the conversion to the data type specifies this. This is

known as typecasting.

24. Characters can be scanned through the scanf() function and printed through

the printf() function.

25. A string is an array of characters. The functions gets() and puts()  are

appropriate when strings are to be received from the screen or sent to the screen

without errors.

3.20 QUESTIONS AND EXERCISES

Short-Answer Questions

1. What is an array?

2. What is a function?

3. Describe the characteristics of automatic variables.

4. What points should be considered when declaring a structure?

5. What is the difference between structure declaration and union declaration?

6. What is the prime characteristic of a static variable?

7. What is the other name for a global variable?

8. Write any two applications of structure in C language.

9. Define type casting.

10. Write the syntax to define structure within structure.
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Long-Answer Questions

1. Explain the used multidimensional arrays with the help of a suitable program.

2. Illustrate the implementation of Euclid’s GCD algorithm.

3. How are structure elements passed to functions? Explain.

4. Explain the importance and purpose of the typedef statement.

5. Explain the differences between structure and union.

6. Write a program using the struct keyword to find out the name and account

balance amount as per values that have been input.

7. Two variables int x; and float y; are declared in C coding. Write the

code to define type casting of predefined variables.

8. Write a C program that accepts input and output of character through scanf()

and printf() functions.

9. Write a program to check whether an string that has been input is palindrome

or not.

10. Write a program to develop a simple pay roll package with the following

structure:

Name of employee

Designation

Basic pay

Total Allowances

Total deductions

Net pay

The database should print a monthly summary employee-wise and as per head

of account. The program should run till a specified key is pressed, i.e., the menu will

appear till you want to quit.
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UNIT 4 POINTERS AND FILE

HANDLING
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4.0 Introduction

4.1 Unit Objectives

4.2 Pointers
4.2.1 How does the Program Work?

4.3 Operations on Pointers
4.3.1 Pointer to void

4.3.2 NULL Pointer

4.3.3 Pointer Arithmetic

4.3.4 Comparison of Pointers

4.3.5 Call by Reference

4.4 Pointers and Arrays
4.4.1 Array and Pointers Relationship
4.4.2 Multidimensional Arrays

4.5 Pointers and Functions

4.6 Pointers and Structures
4.6.1 Passing Structure by Reference

4.6.2 Array of Pointers

4.6.3 Pointer to Pointer

4.7 Dynamic Allocation of Memory

4.8 Input and Output

4.9 Character I/O

4.10 Formatted I/O

4.11 Unformatted I/O

4.12 File I/O

4.13 FOEF

4.14 fopen and fclose Functions

4.15 stdin, stdout and stderr

4.16 Exit Function

4.17 NULL Statement

4.18 goto Statement

4.19 Command Line Arguments
4.19.1 Creation of a Utility to Search for a given String in a File

4.20 Summary

4.21 Key Terms

4.22 Answers to ‘Check Your Progress’

4.23 Questions and Exercises

4.24 Further Reading

4.0 INTRODUCTION

In this unit, you will learn about the concept of pointers and file handling. A pointer is

a variable that contains the address of another variable. In the declaration part, you

have declared div as a function passing two pointer variables and getting back void

or none. There are times when you write a function but do not know the data type of

the returned value. When this is the case, you can use a void pointer. You will also

learn about the operations on pointers, and other components regarding pointers such
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as arrays, structures and functions. You can visualize elements of a two-dimensional

array as an array of arrays. Each row is an array and you have three such arrays. You

will learn about the dynamic allocation of memory and other features related to input-

output such as character, formatted, unformatted and file.

You will also learn about the foef, fopen and fclose functions as well

as stdin, stdout and stderr. We will discuss the usage of files for storing

data, popularly known as data files. Data files stored in secondary or auxiliary storage

devices such as hard disk drives or floppy disks are permanent unless deleted. The

Exit function and statements such as NULL and goto will also be explained in

this unit.

4.1 UNIT OBJECTIVES

After going through this unit, you will be able to:

• Understand the concept of pointers and its operations

• Know about arrays, structures and functions related to pointers

• Describe the dynamic allocation of memory

• Explain input-output regarding character, formatted and unformatted

• Learn the foef, fopen and fclose functions

• Define NULL and goto statements

• Understand command line arguments

4.2 POINTERS

A pointer is a variable that contains the address of another variable. As you know, any

variable has the following four properties:

(a) Name

(b) Value

(c) Address

(d) Datatype

For instance, consider the following declaration of a simple integer:

int var = 10;

The name here is var and its value is 10. Its address is not declared here since

you want to give flexibility to the compiler to store it wherever it wants. If you specify

an address, then the compiler must store the value at the same address. Specifying

actual address is carried out during machine language programming. However, this

is not required in High-Level Language (HLL) programming and by printing the

value of &var, you can find out the address of the variable. When the statement to

find the address is executed at different times, different addresses will be printed.

What is important is that the compiler allocates an address at runtime for each variable

and retains this till program execution is completed. This is not strictly so in the case

of auto variables. The compiler forgets the address of a variable when the program

comes out of the block in which the variable is declared. At this point, you may also
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recall that in the case of function declarations in the calling function, the compiler

does not allocate memory to the variables in the declaration. That is the reason why

the parameters in the declaration part are not recognized in the calling function. It is

only a prototype.

The fourth feature of a variable is its datatype. In the above example, var is an

integer. A pointer has all the four properties of variables. However, the datatype of

every pointer is always an integer because it is the value of the memory address.

Memory addresses are integers. They cannot be floats or any other datatype. They

may point to an integer or a float or a character or a function, etc. They have a name.

They have a value. For instance, the following is a valid declaration of a pointer to an

integer.

int * ip;

Here, ip is the name of a pointer. It points to or contains the address of an

integer, which is the value. It will also be stored in another location in memory like

any other variable. The pointer itself is an integer even though it is not declared as

such.

4.2.1 How does the Program Work?

In the declaration part, you have declared div as a function passing two pointer

variables and getting back void or none. You call div(&a, &b). You do not pass

the values but reference to the values. You actually pass the address of a and b to

function div.

The function div receives the reference, i.e., addresses of a & b.
px = &a;

py = &b;

px points to a and py points to b. Hence, *px gets the value of a and *py

gets the value of b. Now, the contents of *px and *py, i.e., a and b are copied to

temp1 and temp2.

You divide temp1 by temp2 and place the result in variable *px whose

address is known to both the main and the function div. In the main function, the

address corresponds to a and in the function it corresponds to *px. Therefore, the

address of the quotient is returned to the main function indirectly. Similarly, *py

contains the remainder. It will be stored in b through the reference. Thus, the values

of the quotient and remainder are stored in locations &a and &b and you have

indirectly returned two values to the main through call by reference. The concept,

though, may seem hazy at this point, will become clear as you see more examples.

Some more points are to be noted carefully.

The function declaration indicates that there is a function div, which returns

nothing. It passes two pointers to integers. The pointers are declared as int*p and

int*q. You will notice that they are not declared in the main function and that,

therefore, p and q have no significance except to indicate that they are pointers to

integers. They also indicate that the addresses of two integers are to be passed while

calling the function.

Check Your Progress

1. What are the

properties of

variables?

2. How is specifying

the actual address

carried out in

pointers?
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4.3 OPERATIONS ON POINTERS

4.3.1 Pointer to void

A pointer to void can be declared as you declare any other pointer, such as pointer

to integer, float, etc.
void* void_pointer;

Note that void is a keyword and it means ‘nothing’. Note also that

void_pointer also points to a memory address and hence, it is also an integer

like any other pointer. The void_pointer points to nothing. Then what is the use

of this pointer?

If you try to assign the address of an integer variable to a float pointer or any

other type of pointer other than a pointer to an integer, then there will be an error. This

rule applies to the address of variables of others, such as double variable, char

variable, etc. However, there is an exception to the rule and that is where the void

pointer is useful. You can assign address of any datatype to the pointer to void. For

instance, you can declare as follows:
void* void_pointer;

int int_var;

void_pointer= & int_var;

The above assignment of address of an integer variable to the pointer to void

is permissible. Similarly, you can assign a pointer of any type, such as float, double,

etc. to a void pointer.

There are times when you write a function but do not know the datatype of the

returned value. When this is the case, you can use a void pointer. A void pointer is

a special type of pointer that has flexibility of pointing to any datatype. However,

there is one limitation in the use of void pointers as compared to pointers of other

types, namely direct dereferencing of void pointer is not permitted. The programmer

must change the pointer to void as any other pointer type that points to a valid

datatype, such as int, char and float and then dereference it. Then, conversion

of the pointer to some other valid datatype is achieved by using the concept of type-

casting.

4.3.2 NULL Pointer

The concept of NULL pointer is different from the above concept of void pointer.

NULL pointer is a type of pointer of any datatype and generally takes a value as zero.

This is however, not mandatory. This denotes that a NULL pointer does not point to

any valid memory address.

For example:

int* var;

var =0;

The above statement denotes var as an integer pointer type that does not

point to a valid memory address. This shows that var has a NULL pointer value.

The difference between void pointers and NULL pointers:
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A void pointer is a special type of pointer of void and denotes that it can

point to any datatype. NULL pointers can take any pointer type but do not point to any

valid reference or memory address. It is important to note that a NULL pointer is

different from a pointer that is not initialized.

4.3.3 Pointer Arithmetic

Take a look at some examples involving pointers:

Example 4.1

int dat = 100;

int * var;

var = &dat;

Here, dat is an integer variable. Its value is 100; and it will be stored in

memory in a location with an address.

The next declaration means that var is a pointer to an integer and is a

variable. It is an integer and will be stored at a location in memory with an address.

The value of var is the address of the integer variable it points to. We do not

know as yet which integer it points to. It can; however, be made to point to any

integer we like, by a proper declaration.

Now, look at the next assignment. The variable var is assigned the value of

&dat. This means var has the same value as the address of dat. By taking into

consideration the previous statements, we can conclude that var is a pointer and it

points to dat.

Now, if you specify dat or * var, they point to the same value 100.

Similarly, if you specify &dat or var it is the address or to be precise, the starting

address of dat or * var.

Example 4.2

int * var

* var = 100

The above statements declare var as a pointer to an integer and later

propose to assign 100 to the integer variable. We do not know or do not want to

make public the name of the variable. However, we can always access the variable as

* var. This works well in Borland C++ compilers but could lead to runtime errors in

other compilers.

Both the statements cannot be combined into one as int * var = 100. This

will be flagged as an error even in the Borland C++ compiler. Therefore, it is not

possible to combine both the declaration and assignment insofar as a pointer variable

and integer constant are concerned. It would be safer to make var point to

another variable as given in Example 4.1.

Example 4.3

int * var;

* var = 100;

Note: If this gives an error while compiling or while running the program, modify

this as in Example 4.1 already given.
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What will be the value of the output of the following statements after the

execution of the following statements?
printf (“%d”, * var);

printf (“%d”, (* var) ++);

printf (“%d”, * var);

printf (“%d”, var);

You can easily guess that the first printf will give the value of * var as

100.

What is the significance of the parentheses and the increment operation,

in the second statement? As the bracket or parentheses has precedence over other

operators, the value of * var will be printed as 100. After printing, it will be

incremented as 101 Because the increment is postfix, the value of * var after

execution of the statement will be 101. The next statement will confirm this when it

prints 101.

The fourth printf case printed the address of var. It printed 1192 when I

executed the program. You are unlikely to get the same address on execution. The

location where the variable is stored will not vary till the execution of the program is

completed. If you try the program again, you will get a different address. Don’t worry.

It does not affect our work. However, you may note down the value and substitute it

for the values mentioned here for understanding the concept of pointers.

Remember to enclose the pointer variable within parenthesis as given in the

example. The postfix of the increment operator, enables increment of the variable

after printing.

Example 4.4

After execution of the above four printf statements, you execute the following

statements:
printf (“%d”, * var ++);

printf (“%d”, * case);

What happens? The value of * var, i.e. 101 is the first to be printed out

and then var will be incremented, i.e. instead of incrementing the value as

desired, the address is incremented and therefore, var now points to the next

location. Remember var was pointing to 1192. Will it go to 1193? No. Since var

is an integer, 1192 and 1193 (2 bytes) are already used. Hence, var now

points to 1194. The next statement prints the value of * var. You had stored 101

in location 1192. You don’t know what is contained in 1194. Hence, the next

printf will print garbage value. Note carefully what happened. You wanted to

increment * var in the first statement of example 4.4. However, the compiler has

assumed that you wanted to increment thc address, which underlines the importance

of parenthesis. Also note that whenever you use a postfix notation, the postfix

operation is effective only after execution of the statement.

Is everything lost now? Can you not go back to address 1192? Yes, you can as

the following indicates. Note that the following statements are executed in continuation

of all the above statements.
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Example 4.5

printf (“%d”, var) ;

printf (“%d”, – – var) ;

printf (“%d”, * var) ;

The first statement in this example prints the address of the location in memory

pointed to by var. As expected, the pointer is at location 1194. The second statement

carries out two operations in the sequence show:

(a) Decrement the pointer

(b) Print the new address

Decrementing takes place before printing because it is a prefix operator. Now,

it prints 1192; the original address is restored. Now the third statement prints the

value of * var or the value stored in location 1192, i.e., 101.

Note that prefix carries out the increment or decrement before printing or

any desired operation, whereas postfix does that after printing. Note that the

fundamentals of pointers are being discussed and that they should be understood

clearly before you proceed further.

You now have 101 stored in address 1192 and pointed to by var. Let us see

what happens on execution of the following statements, in continuation.

4.3.4 Comparison of Pointers

The addresses or pointers can be stepped up or stepped down. For example,
float *fp;

float f;

fp = &f;

fp++;

If the original address of fp was 1000, fp++ will take the pointer to 1004

since it is a float pointer.

What happens when fp = fp + 2; is executed? It will skip 2 locations or 8

locations. You can verify this for yourself.

Similarly, fp = fp - 4; is also valid. Two pointers of the same type can also

be compared Assuming that we declare float * fp1,

we can compare their relationship with if statements given below:
if (fp == fp1) ...

or if (fp < fp1) ...

Thus, when we say we are comparing pointers, we are comparing their

addresses.

4.3.5 Call by Reference

You have been calling functions and passing actual values to them. When you call

functions, you pass actual arguments as per the list provided in the declaration. These

are all values, which are passed to a function and this method is called call by value.

In call by value, you can return only one value from a function and therefore it puts

restrictions on the usage of functions. Global variables help by facilitating the indirect

return of more than one value but their excessive usage reduces understanding of the
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program and increases the chance of errors in coding. This can be overcome by using

call by reference, where any number of values can be indirectly returned without

taking the help of global variables. Call by reference can be implemented by using

pointers as the example below:

Assume that you want to pass a and b to a function, divide a by b and return

both the quotient and remainder to the main function. It is not possible to do this by

call by value. Call by value can return only a single value, either the quotient or

remainder but not both. This can be achieved by call by reference as the following

example demonstrates:
/*Example 4.6*/

/* To demonstrate function call by reference*/

#include <stdio.h>

int main()

{

int a=100, b=13;

void div(int *p, int *q);/*indicates call by reference*/

div(&a, &b);/*addresses of a and b are passed*/

printf(“quotient= %d remainder= %d\n “, a, b);

return 0;

}

/*function definition*/

void div(int *px, int *py) /*function declarator*/

{

int temp1, temp2;

temp1=*px;

temp2=*py;

*px=temp1/temp2;

*py=temp1%temp2;

}

Result of the program

quotient= 7 remainder= 9

4.4 POINTERS AND ARRAYS

4.4.1 Array and Pointers Relationship

At this point, you must note another way of representing the elements of the array.

The address of the 0th element is stored at location p2 or address p2 +0. The

element with a subscript 1 of the array will be at a location one above or at p2 + 1.

Thus, the address of the nth element of this array *p2 will be at address p2 + n. If

you know the value of the pointer variable, i.e. the address of pointer, then it would be

easy to express its value. The value of the integer stored at the nth location can be

represented as * (p2 + n) just as the value at address (p2+0) is *(p2 + 0) or

* p2. This notation is, therefore, quite handy.

Check Your Progress

3. What is a void

pointer?

4. What is the

purpose of a NULL

pointer?
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Pointer to Array

If you now declare
int a [ 5 ];

nt * ip;

ip = &a[0];

You have defined an array of integer a with 5 elements. When you assign

the address of a[0], i.e., the 0th element of a to ip, ip will point to the array. The

system will automatically assign addresses for the other elements in the array by

noting the datatype of the array and size occupied by each element.

Finding the Greatest Number in An Array

The example below also explains the concept of a function returning a pointer.
/* Example 4.7 To find the greatest number in an array*/

#include <stdio.h>

int main()

{

int array[]= {8, 45, 5, 131, 2};

int size=5, * max;

int* fung(int *p1, int size);/*function retuns

pointer to int*/

max=fung(&array[0], size); /*max is a pointer*/

printf(“%d\n”, *max);

}

int * fung(int *p2, int size)

{

int i, j, maxp=0;

for (j=0; j<size; j++)

{

if (*(p2+j) > maxp)

{

maxp=*(p2+j);

i=j;

}

}

return (p2+i); /*pointer returned*/

}

Result of the program

131

The example above involved arrays and pointers. The usage of a pointer made

the passing of an array to a function, a simple task. You define array as an integer.

However, in order to pass an address, the prototype was defined with a pointer argument

int * p1. This means an address will be passed to the function while calling it. No

distinction was made between a simple integer variable and an integer array. int *

p1 can be a single valued integer or an array. This is possible because arrays are
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stored contiguously in memory. If the address of the 0th element is known and the

datatype is known, it would not be difficult to calculate the address of any element in

the array. Therefore, it is enough if the address of the 0th element is passed to a

function. *p1 refers to the address of a variable or to the 0th element of an array. Note

the flexibility of arrays in ‘C’ and how intelligently the language uses pointers.

The called function returns the address of the greatest number in the array.

Look at the function declaration. The function returning a pointer is indicated by the

following (a star mark between the return datatype and function name):
int * fung(...)

The address of array[0] is received by fung() and stored in *p2. Or, in

other words, p2 points to the 0th location of the array.

While calling a function, the address has to be passed and this is achieved in

the above example by passing & array[0].

In the called program, *p2 is treated as an array without any additional efforts.

By adding the index to p2, you get the address of the various elements in the array.

Getting value is achieved by placing * before the address.

The if statement compares maxp with *(p2 + j) or p2 [j]or array

[j]. You will easily understand the logic as to how we get the maximum or the

greatest number in * (p2 + j). At the end of the iterations, * (p2 + j) which

is stored at location p2 + j contains the maximum value in the array and therefore,

we are returning an address or reference to the called function. In this example, (p2

+ 3) is the address of the greatest number in the array. After returning from the

function, max gets the value of p2 + j. In the printf, *max which is the value

stored in max is printed. We have already defined max as a pointer to an integer in

the main function. Thus, the function fung returns the address of a value or a

pointer and by returning the address; the value is retrieved automatically by the main

function.

4.4.2 Multidimensional Arrays

You may represent a two dimensional array conventionally as a[i][j].

The elements of a two-dimensional array of size 3x3 can be represented

symbolically as follows:
a00 a01 a02

a10 a11 a12

a20 a21 a22

You can, then visualize this as an array of arrays. Do not get puzzled. Each row

is an array and you have three such arrays. Thus, a two-dimensional array can be

considered as an array of one-dimensional arrays. Therefore, you can expect the

following type of memory allocation by the system:
0 1 2 0 1 2 0 1 2

a[0][0] a[1][0] a[2][0]

This means all the elements of the 0th row are stored contiguously. a[0][0]

is stored first, followed by all elements of the 0th row. Next, the first row starts

with the first element a[1][0]. At the end of the first row, the second row starts



Self-Instructional

Material 169

Pointers and File

Handling

NOTES

with a[2][0]. Try to visualize how the elements of a two-dimensional array are

stored contiguously.

You know that
a[i] = * (a+i)

where a + i is the address of the ith element.

You also know that

a [0] = *a and its address is stored in location a.

You can now transform a two-dimensional array into this convenient form.

You can visualize **b[0], **b[1] and **b[2] to represent the values of

row one elements which are stored at locations *b[0], *b[1] and *b[2] as given

below:
 0 1 2 0 1 2 0 1 2

 Address*b[0] *b[1] *b[2]

** indicates pointer to pointer. This is acceptable since the row pointers in turn

point to column pointers. If you assume the row one elements as pointers, then the

addresses of elements of the two-dimensional arrays can be addressed by simple

arithmetic.

*b points to the value in the one-dimensional array. Then, **b refers to the

value in the two-dimensional array. All the elements of the two-dimensional array are

stored contiguously. From the storage pattern we declare the following:

**b refers to the value at the 0th row of a two-dimensional array. Naturally,

the address of the 0th row will be *b.

**(b+1) refers to the value of the 0th element in the 1st row. Its address will

be *(b+1)

In general, the 0th element in ith row contains value **(b+i) and its address

is *(b+i).

You have only talked about the 0th element in each row, i.e. where the row

starts conceptually. How do you address the other elements? You know that an element

b[i][j] is the jth element in the ith row.

You know the address of the 0th element. It is * (b+i). Therefore, the

address of the jth element in ith row will be (* (b+i) + j). Note j is the offset.

Therefore, the value at this location can be expressed as * (*(b+i)+j). You have

just added a star outside the address.

Now the address of the 2nd element in the 2nd row will be

(*(b+2+2)

Its value will be

*(*(b+2)+2)

What will be the address of the 0th element in the second row?

(*(b + 2 ))

What will the value be?

*( * ( b + 2 ))

Note the parentheses and *. To understand this clearly, execute the following

program.
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/*Example 4.8 To understand pointers to 2 dimensional array*/

#include <stdio.h>

int main()

{

int i,j;

int a[3][3];

printf(“Enter the values of 3x3 matrix\n”);

for (i=0; i<=2; i++)

for(j=0; j<=2; j++)

scanf(“%d”, (*(a+i)+j));

for (i=0; i<=2; i++)

{

for (j=0; j<=2; j++)

{

printf(“address=%d\n”, (*(a+i)+j));

printf(“value=%d\n”, *(*(a+i)+j));

}

}

return 0;

}

Result of the program

Enter the values of 3x3 matrix

00 01 02

10 11 12

20 21 22

address=9098

value=0

address=9100

value=1

address=9102

value=2

address=9104

value=10

address=9106

value=11

address=9108

value=12

address=9110

value=20

address=9112

value=21

address=9114

value=22

This example helps us to understand that how a two-dimensional array is stored

in memory. The array has been declared in the normal way without pointers but the
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array elements have been received, stored and printed using pointer notation. When

you execute the above program, you can type the numbers in any one of the ways

given below:

• Enter one integer at a time followed by Return keystroke

• Enter all integer in a row with spaces between them and finally hit Return

keystroke

• Enter three integer in a row as the result of the program indicates.

4.5 POINTERS AND FUNCTIONS

The function call using pointers is known as call by reference. Here, the address of

the variable is passed. Note that calling by reference has to be indicated in the function

declaration, such as these:
fun (int *p, char *cp, float *fp, int *array);

This is an indication that the function is to be called by reference for those

parameters, which are pointers. A mixed declaration could also be used as given

below:
fun1(int a, char *cp);

Here, you are indicating that an integer is passed by value and a character

variable is passed by reference. In the above example, while you can either pass a

character array (string) or a character through the second declaration, you can only

pass one integer variable through the first parameter.

The function declarator above the function body has to match the declaration.

Hence, when fun1 is called, an integer followed by an address of character will be

passed. In the function fun1, you may have a declarator as follows:
fun1(int d, char * ch)

Here, the value of the integer variable will automatically get assigned to d and

the ch will be assigned the address of the character variable. This means both ch and

the address of the character variable in the calling function will point to the same

location. Thus, both in the calling function and in the called function, the variable is

accessible, although under different names. Any modification made to the character

variable either in the calling function or the called function affects both.

While calling by reference, you have to pass the address of the variable, if the

variable is declared by value, such as int a, then you have to pass &a. If it was

declared as a pointer to say, an integer, such as int * ip, then ip has to be passed.

So far, we have seen functions returning only a value, irrespective of whether they

were called by value or by reference. Functions can also return references or pointers.

Whenever a function is to return a pointer, this has to be indicated by the

following:

Declare the function as returning pointers. For instance,
int * fun1() ;

char * fun2() ;

float * fun3 (int a, float * b, char * c) ;

The difference is the insertion of pointer(*) between the return datatype and

the function name.

Check Your Progress

5. How can a two-

dimensional array

be represented?

6. What is call by

reference in a

defined function?

7. What condition is

to be kept in mind

while calling by

reference?
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This will be in the same format as the prototype or function declaration. For instance,
float * fun3 (int a, float * b, char * c)

to match the third function declaration in the above example.

You may call,
fun3 (x, &y, z) ;

Here, x is a variable and &y is an address. Although z looks like a value, it is

in fact, a reference to character since prototype has the declaration char * c.

The program will obviously return an address or pointer.

4.6 POINTERS AND STRUCTURES

You know how to declare pointers to various datatype and arrays. Similarly, pointers

to structures can also be declared. For instance, in the case of the structure account,

you can declare a pointer as follows:

struct account a1 = { 1, “Vasu”, 1000 };

struct account * sp;

struct sp = &a1 ;

Now, sp is a pointer to structure. Therefore, if you assume structure as another

basic datatype, declaring it as an array and declaring it as a pointer, etc. follow the

same rules. Structure is in fact, a user defined datatype.

Access to individual elements of a structure defined in the form of a pointer is

similar but instead of dot, we use an arrow pointer - >. Arrow pointer is formed by

typing minus followed by the greater sign. However, on to the left of the arrow operator,

there must be a pointer to a structure. The following example will clarify the point:
/*Example 4.9- Structure pointers */

#include <stdio.h>

int main()

{

struct account

{

unsigned number;

char name[15];

int balance;

}a5;

static struct account a1= {001, “VASU”, 1000};

struct account *sp;

sp=&a1;

printf(“A/c No:=%u\t Name:=%s\t Balance:=%d\n”,

sp->number, sp->name, sp->balance);

a5=*sp;

printf(“A/c No:=%u\t Name:=%s\t Balance:=%d\n”,

a5.number, a5.name, a5.balance);

}
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Result of the program

A/c No:=1 Name:=VASU Balance:=1000

A/c No:=1 Name:=VASU Balance:=1000

In this program, sp is a pointer to structure account and therefore, sp is

assigned the address of structure a1. Then, the contents of structure *sp are printed.

The elements of *sp are copied to a5 and then, printed (to demonstrate copying of

structures). Note the difference between the notations when accessing elements of a

structure and a structure pointer.

4.6.1 Passing Structure by Reference

Structures can be passed by reference. Remember; however, that the structure should

be defined as a global variable. The following passes structure by reference and

withdrawal of money is processed in the called function.
/*Example 4.10 - Structure pointers & functions*/

#include <stdio.h>

struct account

{

unsigned number;

char name[15];

int balance;

 };

int main()

{

static struct account a1= {001, “VASU”, 1000};

struct account debit(struct account *sp, int y);

int deb;

printf(“Enter amount to be withdrawn”);

scanf(“%d”, &deb);

debit(&a1, deb);

printf(“A/c No:=%u\t Name:=%s\t Balance:=%d\n”,

a1.number, a1.name, a1.balance);

}

struct account debit(struct account *x, int y)

{

x->balance-=y;

return *x;

}

Result of the program

Enter amount to be withdrawn299

A/c No:=1 Name:=VASU Balance:=701
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Note that the address of a1 is passed. The prototype declares passing structure

by reference and the amount of debit by value. In the called program, debit is adjusted.

Note the pointer notation in subtracting the debit amount from the balance.

Now, look at some more examples to understand structure pointers but before

that you must know now to allocate dynamic memory allocation for structures.

Let us say, struct cycle * cp; then to allocate memory dynamically,

we can write:

cp = (struct cycle * ) malloc (size of (struct cycle ) * n)) ;

where, n is the number of structure variables of type struct cycle.

In the above, you have treated structure similar to other datatype. The size of

the structure is not fixed like basic datatype. However, you can use the sizeof

operator to get the size of the structure variable.

4.6.2 Array of Pointers

It was discussed that a pointer to a one dimensional array can be denoted as*b and

two dimensional array can be denoted as **b. In this section, an array of pointers

will be discussed.

As you know, names of students in a class can be denoted by a two-dimensional

array like b[50][20], with the second subscript denoting the width of the names

and the first 50 denoting the number of students. There may be insufficient space for

names longer than 20 characters, leading to truncation. If the name is short, it will

lead to wastage of space. By using an array of pointers, we can declare

char * name [50] as an array to store the names of 50 students. The

number of students in a class is definitely known. Here, name is an array and points

to character. Thus, it is an array of 50 pointers to charcters. Actually, what happens is

that 50 addresses are stored in the array name [50], name [0] corresponds to the

address of the first name, name [1] to the address of the second name and so on.

Using this concept, a program is developed to sort names. It is given below:
/* Example 4.11 - For sorting character strings */

#include <stdio.h>

#include <string.h>

#include <alloc.h>

#define N 5 /*5 names sorted*/

int main()

{

int ret,i,j,p=0;

char *name[N], t[50];

for(i=0;i<N;i++)

{

printf(“Enter name size\n”);

scanf(“%d”, &p);

name[i]=(char *)(malloc(p*1));

printf(“Enter name\n”);

scanf(“%s”,name[i]);
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}

for(i=0;i<N-1;i++)

for(j=i+1;j<N;j++)

{

ret=strcmp(name[j],name[i]);

if (ret<0)

{

strcpy(t,name[i]);

strcpy(name[i],name[j]);

strcpy(name[j],t);

}

}

printf(“\nSorted Names Are :\n”);

for(i=0;i<N;i++)

printf(“%s\n”,name[i]);

return 0;

}

Result of the program

Enter name size

5

Enter name

Raman

Enter name size

5

Enter name

Gopal

Enter name size

6

Enter name

Sharma

Enter name size

7

Enter name

Ramanan

Enter name size

4

Enter name

Basu

Sorted Names Are :

Basu

Gopal

Raman

Ramanan

Sharma



Self-Instructional

176 Material

Pointers and File

Handling

NOTES

Here, the user is asked to first enter the number of characters in a name to be

entered. After that, the name is entered. This helps in allocating the right size to each

name, no space more or less.

You call strcmp and pass references to names being compared. The function

strcmp returns 0 if the strings are equal; <0 if string 1 is less than string 2 in ASCII

value; >0 if string 1 is greater than string 2. Thus, names will be exchanged if

*name[j] is less than *name[i]. The string comparison starts from the first

character of each word. If they are equal, it will go to the next character and so on, till

they are unequal or NULL is reached in either of them. Then, the difference in the

ASCII values of the characters compared last is returned. This is what you wanted in

arranging the names alphabetically. Key in the program and you will find that it works

correctly.

4.6.3 Pointer to Pointer

You know that pointer is an integer variable that contains the address of any variable

of any valid datatype. The variable can itself be another pointer. In this case, you have

a pointer which contains the address of another pointer. For instance, let us declare

the following:
double dv=3.6;

int *p;

int **pp;

Now, we assign the following:
P=&dv;

pp=&p;

Assume that p =1000. Then, address of dv denoted by &dv will also be

1000. Then, the value of *pp will also be 1000.

Assume that the address of p, i.e. &p is 3000. Then, the address of p denoted

by *pp will also be 3000.

The value of dv, denoted by *(&dv) equals 3.6 in the above.

The same can also be obtained by stating *p which is also 3.6.

The same can be obtained by double dereferencing of pp as **pp i& also

equal to 3.6. Thus, pp is a pointer to pointer p.

4.7 DYNAMIC ALLOCATION OF MEMORY

The dimension or array size declaration of an array is an important subject. Array

dimension is to be declared before compiling. For instance, some valid declarations

are:
char name[25] ;

int mark[40] ;

You have not come across any problem since you were initializing the arrays

and hence, the array size was known. If you were to get the array elements at runtime,

sometimes you could give either a lesser number of elements or more elements. In

the former case garbage values will be stored in the empty spaces in the array

misleading the user. In the latter case, the elements will be lost. To avoid this problem,

Check Your Progress
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reference?
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you may think that you can specify marks[n] and give the value of n later at runtime.

However, this will not work and the compiler will force you to give the actual

dimension. Hence, dynamic memory allocation is useful. malloc and calloc serves

to specify the actual dimension at runtime and hence, enable memory allocation

dynamically. Next time when you execute the program, you can specify any value for

n. It will definitely work.

The functions malloc and calloc allot memory dynamically. The

specifications are as follows:

The statement
void * malloc (n*size n );

returns the pointer to n bytes of memory or NULL if allotment is not possible.

Since it returns a pointer, you have to specify the array as a pointer variable as shown:
int *b ; / * array declared * /

b = (int *) malloc (x * 2) ;  / * x is the array size * /

Similarly, the calloc is defined as void  * calloc (sizen,

size_size). Here, the number of arguments are two. The first one is the array

size and the second one is the bytes occupied per element, i.e., the storage space

required for the datatype. The function returns a pointer allocating space for an array

of size sizen, of datatype size but the array contents will be initialized to zero.

In malloc, the initial contents will be garbage values. We can use it as follows:
int * b

b = (int *) calloc (x, 4);

Here, 4 indicates the array of type float and space is allocated to store x

floats. When you use calloc or malloc, you must include alloc.h.

Program using Dynamic Memory Allocation

A program to demonstrate malloc and calloc is given below:
/* Example 4.12 To do string concatenation by using dynamic allocation of memory*/

#include <stdio.h>

#include <alloc.h>

#include <string.h>

int main ()

{

char *newstrcat(char *dest, char *src);

char *name1, *name2;

int n1, n2;

printf(“Enter size of 2 names:\n”);

scanf(“%d%d”, &n1, &n2);

name1 = (char *) calloc(n1, 1);

name2 = (char *) calloc(n2, 1);

printf(“Enter 2 names\n”);

scanf(“%s%s”, name1, name2);

printf(“New name:%s\n”,newstrcat(name1,name2));

return 0;

}
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char *newstrcat(char *dest, char *src)

{

char *w;

int i,len,len1,cnt=0;

len=strlen(dest);

len1=strlen(src);

w=(char *)malloc(len+len1+1);

for(i=0;i<len;i++)

w[cnt++]=dest[i];

for(i=0;i<len1;i++)

w[cnt++]=src[i];

w[cnt]=0;

return(w);

}

Result of the program

Enter size of 2 names:

4 4

Enter 2 names

Rama samy

New name:Ramasamy

calloc is used to allot memory to name1 and name2. The function

newstrcat is called while printing. In the called function malloc is used to allot

space equal to the size of name1, name2 +1. The additional space is for placing

NULL. The string is concatenated by copying one character at a time using two for

statements. Finally, the concatenated string is returned to the main function where it

is printed.

The memory allocated using malloc, calloc can also be freed, when it is

no longer necessary by using the function free( ). For instance, in the main( )

of the above example, after the last statement we can add the following statements;
free(name1);

free(name2);

These statements will deallocate the memory space allocated to them after the

job of printing the concatenated string is over. Thus, dynamic allocation of memory as

per the exact need and freeing it after use is quite useful for conserving memory. This

concept is used by professional programmers when they develop commercial software

products. Memory saved is more than money saved in such product development.

4.8 INPUT AND OUTPUT

We are familiar with reading and writing. So far we were reading from and writing to

standard input/output. Therefore, we used functions for the formatted I/O with stdio

such as scanf() and printf(). We also used unformatted I/O such as getch(),

putch() and other statements. When dealing with files, there are similar functions

for I/O. The functions getc(), fgetc(), fputc() and putc() are unformatted

file I/O functions similar to getch() and putch(). We will consider the formatted

Check Your Progress
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12.  What is used to

allot space equal to

the name?



Self-Instructional

Material 179

Pointers and File

Handling

NOTES

file operations in this section. When it pertains to standard input or output, we use

scanf() and printf(). To handle formatted I/O with files, we have to use

fscanf() and fprintf().

We can write numbers, characters, etc. to the file using fprintf(). This

helps in writing to the file neatly with a proper format. In fact, any output can be

directed to a file instead of the monitor. However, we have to indicate which file we

are writing to by giving the file pointer. The following syntax has to be followed for

fprintf():

fprintf (filepointer, “format specifier”, variable

names);

We are only adding the file pointer as one of the parameters before the format

specifier. This is similar to sprintf(), which helps in writing to a buffer. In the

case of sprintf(), buffer was a pointer to a string variable. Here, instead of a

pointer to a string variable, a pointer to a file is given in the fprintf() statement.

Like the string pointer in sprintf(), the file pointer should have been declared in

the function and should be pointing to the file.

Before writing to a file, the file must be opened in the write mode. You can

declare the following:

FILE * fp ;

fp = fopen (“filename”, “wb”);

You have to write wb within double quotes for opening a file for writing in the

binary mode. Therefore, fopen() searches the named file. If the file is found, it

starts writing. Obviously the previous contents will be lost. If a file is not found, a

new file will be created. If unable to open a file for writing, NULL will be returned.

We can also append data to the file after the existing contents. In this manner,

we will be able to preserve the contents of a file. However, when you open the file in

the append mode, and the file is not present, a new file will be opened. If a file is

present, then writing is carried out from the current end of the file. After writing is

completed either in the write mode or the append mode, a special character will be

automatically included at the end of the text in case of text files. In case of binary files,

no special character will be appended. This can be read back as EOF. Usually it is –

1, but it is implementation-dependent. Hence, it is safer to use EOF to check the end

of the text files.

4.9 CHARACTER I/O

Character I/O refers to the file handling concept in which file is read and written once

it is opened. You can open a file for writing, close it and reopen it for reading, then

close it, and open it again for appending, etc. Each time you open the file, you could

use the same file pointer or you could use a different one. The file pointer is simply a

tool that you use to point to a file and you decide what file it will point to. The two

prime operations are handled in character I/O and they are described as follows:

Reading a file

Once the file has been opened for reading using fopen() function in C language,

the content of file is brought into memory and a pointer points to the very first character.

To read the file’s contents from memory, a function called fgetc()is coded in the

following way:
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ch = fgetc(fp) ;

The C function fgetc( ) reads the character from current pointer position,

advances the pointer position so that it now points to the next character and returns

the character that is read, which is collected in the variable ch.  Once the file has

been opened, you refer to the file through the file pointer fp. The function

fgetc()reads character until it reaches to the end of file, which is signified by a

special character in the file, while the time of creating the file. This character can also

be generated from the keyboard by typing [CTRL+ Z] simultaneously. While reading

from the file, when fgetc() function encounters this special character, instead of

returning the character that it has read, it returns the macro EOF. The EOF macro is

defined in the file <stdio.h>. In place of the function fgetc(), the macro

getc() is used with the same effect. The file is opened by using the function

fopen()and if file is opened in “r” mode, it reads the content of file. Similarly,

while opening the file for writing, fopen()sometimes fail to open due to a number

of reasons. One of the reasons could be that disk space sometimes might be insufficient

to open a new file or the disk may be ‘write−protected’. Therefore, it is important for

any program that accesses disk files to check whether a file has been opened

successfully before trying to read or write to the file. If the file opening fails due to

any of the several reasons mentioned above, the fopen() function returns a value

NULL, which is defined in “stdio.h” as #define NULL 0. The following

program shows how file is opened in read mode with the help of  “r” mode and

pointer:

#include “stdio.h”

main()

{

         FILE *fp ;

         fp =fopen(“PR1.C”, “r”) ;

         if(fp == NULL)

         {

               puts(“Cannot open file”) ;

               exit() ;

         }

Various modes are available in C for file handling operations. The “r” mode is one

of the several modes in which you can open a file for reading purpose. The following

piece of code shows how various functions are used to read a character in a specified

file:

#include <stdio.h>

/* character input */

int fgetc(FILE *stream);

int getc(FILE *stream);

int getchar(void);

int ungetc(int c, FILE *stream);

In the above piece of code, the next character is obtained from the input stream in

each case. It is treated as an unsigned char and then converted to an int,

which is the return value. The constant EOF is returned, and the end-of-file indicator
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is set for the associated stream. On error, EOF is returned, and the error indicator is

set for the associated stream. Successive calls will obtain characters sequentially.

The functions, if implemented as macros, might evaluate their stream argument more

than once. There is also the supporting ungetc routine, which is used to push back

a character on to a stream, causing it to become the next character to be read. This is

not an output operation and can never cause the external contents of a file to be

changed. The functions, such as fflush, fseek or rewind operation on the

stream work between the pushback and the read operations and hence will cause the

pushback to be forgotten. Only one character of pushback is guaranteed and attempts

to pushback EOF are ignored. Pushing back a number of characters then read or even

discard them leaves the file position indicator unchanged. The file position indicator

is decremented by every successful call to ungetc for a binary stream, but unspecified

for a text stream or a binary stream which is positioned at the beginning of the file.

Table 4.1 displays the list of all possible modes in which a file can be opened:

Table 4.1 List of Modes in File Handling

Mode Function 
r This mode is used to read the content of a file. If the file exists, 

loads it into memory and sets up a pointer, which points to the first 

character in it. If the file does not exit it returns NULL. 

w This mode is used to write to the file. If the file exists, its contents 

are overwritten. If the file does not exit, a new file is created. It 

returns NULL, if file is unable to open. 

a This mode is used to append the content at the end of the file. If 

the file exists, loads it into memory and sets up a pointer which 

points to the first character in it. If the file does not exist, a new 

file is created. It returns NULL, if file is not opened. 

r+ This mode is used to read the existing content of a file and also 

modify the content of the file that already exists in the file. If it 

exists, loads it into memory and sets up a pointer which points to 

the first character in it. If file doesn’t exist it returns NULL. 

w+ This mode is used to write new content of a file, read and modify 

the existing content of a file. If the file exists, its contents are 

destroyed. If the file does not exist a new file is created. It returns 

NULL, if unable to open file. 

a+ This mode is used to read and append both with the existing 

content of a file. It also appends new contents to end of file, but it 

can not modify the existing contents of the file. If the file exists, 

loads it in to memory and sets up a pointer which points to the first 

character in it. If the file does not exist, a new file is created. 

Returns NULL, if unable to open file. 

After knowing all types of mode, you are able to write a C program in which you can

read the charter of specified file. When you run the following program, you will not

get any output to the monitor because it does not generate output. After running it,

look at your directory for a file named TEXT_FILE.TXT and type it, i.e., where

your output will be. The following program reads characters from the file:

#include <stdio.h>

void main( )

   {

     FILE *fp;

     char c;
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     fp=fopen(“TEXT_FILE.TXT”, “r”);

     //File is

     if (fp == NULL)

printf(“File does not exist\n”);

else

   {

do

{

     c = getc(fp);  /* get one character from the file */

     putchar(c);    /* display it on the monitor */

}while(c != EOF);   /* repeat until EOF (end of file)*/

   }

   fclose(fp);

}

In the above program, it is checked whether the specified file exists or not, and if it

does, the main body of the program is executed. If the file does not exist a message is

printed and then loop come out from the main function. It is also possible that if the

file does not exist, the system will set the pointer equal to NULL which we can test.

The main body of the program is limited within ‘do … while’ loop in which a

single character is read from the file and output to the display unit until an end of file

(EOF) is detected from the input file. The file is then closed and the program is

terminated. The variable returned from the getc function is a character, so you can

use a char variable for this purpose. There is a problem that could develop here if you

use an unsigned char because C usually returns a minus one for an EOF, i.e., an

unsigned char type variable and is also not capable of containing the content. An

unsigned char type variable can only have the values of 0 to 255, so it will

return a 255 for a minus one in C. After compiling and running the program name of

TEXT_FILE.TXT can be changed and run the program again to see that the NULL

test actually works as stated in the program. Reading character in a specified file, the

data is entered through the keyboard and the program writes it character by character,

to the file input until it reaches to EOF.

Writing character to a File

The fputc() function is similar to the putch() function, in the sense that both

output the characters. The putch() function always writes to the visual display

unit, whereas fputc() writes to the file. Here, file is the same file, which is signified

by ft pointer. The writing process continues till all characters from the source file

have been written to the target file, following which the while loop terminates. The

function fgetc()reads characters from a file. The function fputc() also writes

characters to a file. The usage of these character I/O functions is completed in the

way so that you can copy the contents of one file into another, as declared in the

following program. The following program takes the contents of a text file and copies

them into another text file, character by character:

#include <stdio.h>

Void main()

{

Check Your Progress
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        FILE *fs, *ft ;

        char ch ;

        fs = fopen(“pr1.c”, “r”);

        if (fs == NULL)

        {

               puts(“Cannot open source file”);

               exit( ) ;

        }

        ft = fopen (“pr2.c”, “w”) ;

        if(ft == NULL)

        {

               puts(“Cannot open target file”);

               fclose(fs);

               exit() ;

        }

        while (1)

        {

               ch = fgetc(fs);

               if(ch == EOF)

                  break;

               else

                  fputc ( ch, ft )  ;

        }

        fclose(fs) ;

        fclose(t);

}

Function fclose is used in the above coding because once you have finished

reading the content of a specified file, you need to close the file in the following way:

fclose(fp);

The fclose() function deactivates the file and hence it can no longer be accessed

using getc(). The following program shows how file is opened for reading and

writing operations simultaneously:

#include <stdio.h>

void main()

{

file *f1;

printf(“Data input output”);

    f1=fopen(“Input”, “w”); /*Opening file in writing mode*/

 while((c=getchar())!=EOF)
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/*get a character from key board*/

       putc(c,f1); /*write a character to input*/

       fclose(f1); /*close the file input*/

       printf(“nData output\n”);

   f1=fopen(“INPUT”, “r”); /*Reopening the file in reading

mode*/

  while((c=getc(f1))!=EOF)

       printf(“%c”,c);

       fclose(f1);

}

4.10 FORMATTED I/O

You are familiar with reading and writing. So far you were reading from and writing

to standard input/output. Therefore, you used functions for the formatted I/O with

stdio, such as scanf() and printf(). We also used unformatted I/O, such

as getch(), putch() and other statements. When dealing with files, there are

similar functions for I/O. The functions getc(), fgetc(), fputc() and putc()

are unformatted file I/O functions similar to getch() and putch(). You will

consider the formatted file operations in this section. When it pertains to standard

input or output, you use scanf() and printf(). To handle formatted I/O with

files, you have to use fscanf() and fprintf().

You can write numbers, characters, etc. to the file using fprintf(). This

helps in writing to the file neatly with a proper format. In fact, any output can be

directed to a file instead of the monitor. However, you have to indicate which file you

are writing to by giving the file pointer. The following syntax is used for fprintf():

fprintf (filepointer, “format specifier”, variable

names);

You are only adding the file pointer as one of the parameters before the format

specifier. This is similar to sprintf(), which helps in writing to a buffer. In the

case of sprintf(), buffer was a pointer to a string variable. Here, instead of a

pointer to a string variable, a pointer to a file is given in the fprintf() statement.

Like the string pointer in sprintf(), the file pointer should have been declared in

the function and should be pointing to the file.

Before writing to a file, the file must be opened in the write mode. You can

declare the following:

FILE * fp ;

fp = fopen (“filename”, “wb”);

You have to write wb within double quotes for opening a file for writing in the

binary mode. Therefore, fopen() searches the named file. If the file is found, it

starts writing. Obviously the previous contents will be lost. If a file is not found, a

new file will be created. If unable to open a file for writing, NULL will be returned.

You can also append data to the file after the existing contents. In this manner,

we will be able to preserve the contents of a file. However, when you open the file in

the append mode, and the file is not present, a new file will be opened. If a file is

present, then writing is carried out from the current end of the file. After writing is

completed either in the write mode or the append mode, a special character will be
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automatically included at the end of the text in case of text files. In case of binary files,

no special character will be appended. This can be read back as EOF. Usually it is –

1, but it is implementation-dependent. Hence, it is safer to use EOF to check the end

of the text files.

4.11 UNFORMATTED I/O

After having worked with the formatted I/O, let us now look at the unformatted I/O.

If you want to read a character from the file, you can use the getc() or fgetc()

functions. If alpha is the name of the character variable, you can write,

alpha = fgetc (fp);

This means the character pointed to by fp is read and assigned to alpha. A summary

of header files and functions are given in Annexure 2. You can also go to the help

screen of the ‘C’ language system to get more details as well as search for help on

any of the library functions. The help screen gives the syntax of the functions and also

provides examples in which the function or command is used. Even after reading this

book or any other book on ‘C’, you will not be able to use all the functions. Hence, the

best way is to take the help from the help screen whenever other functions are to be

used.

fgetc() reads the character pointed to by fp. It then increments fp so that

fp points to the next character. We can keep on incrementing fp till the end of file,

i.e., end of data is reached. When a file is created in the text mode, the system inserts

a special character at the end of the text. Therefore, while reading a file, when the last

character has been read and the end of the file is reached, EOF is returned by the file

pointer. The following program reads one character at a time till EOF is reached from

an already created text file, ss.txt. The program is implemented using the

do...while statement.

/* Example 4.13 - reading characters from a file */

#include <stdio.h>

int main()

{

int alpha;

FILE *fp;

fp=fopen(“ss.txt”, “r”);

do

{

alpha=fgetc(fp);

putchar(alpha);

} while(alpha!=EOF);

fclose (fp);

return 0;

}

Result of the program

After executing example 4.13, you are able to read the content of ss.txt file. If we

were to read from a binary file, EOF may not be recognized. Therefore, a counter can

be set up to read a predefined number of characters as given in the previous examples.
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4.12 FILE I/O

We are familiar with reading and writing. So far we were reading from and writing to

standard input/output. Therefore, we used functions for the formatted I/O with stdio,

such as scanf() and printf(). We also used unformatted I/O such as getch(),

putch() and other statements. When dealing with files, there are similar functions

for I/O. The functions getc(), fgetc(), fputc() and putc() are unformatted

file I/O functions similar to getch() and putch(). We will consider the formatted

file operations in this section. When it pertains to standard input or output, we use

scanf() and printf(). To handle formatted I/O with files, we have to use

fscanf() and fprintf().

We can write numbers, characters, etc. to the file using fprintf(). This

helps in writing to the file neatly with a proper format. In fact, any output can be

directed to a file instead of the monitor. However, we have to indicate which file we

are writing to by giving the file pointer. The following syntax has to be followed for

fprintf():

fprintf (filepointer, “format specifier”, variable

names);

We are only adding the file pointer as one of the parameters before the format

specifier. This is similar to sprintf(), which helps in writing to a buffer. In the

case of sprintf(), buffer was a pointer to a string variable. Here, instead of a

pointer to a string variable, a pointer to a file is given in the fprintf() statement.

Like the string pointer in sprintf(), the file pointer should have been declared in

the function and should be pointing to the file.

Before writing to a file, the file must be opened in the write mode. You can

declare the following:

FILE * fp ;

fp = fopen (“filename”, “wb”);

You have to write wb within double quotes for opening a file for writing in the

binary mode. Therefore, fopen() searches the named file. If the file is found, it

starts writing. Obviously the previous contents will be lost. If a file is not found, a

new file will be created. If unable to open a file for writing, NULL will be returned.

We can also append data to the file after the existing contents. In this manner,

we will be able to preserve the contents of a file. However, when you open the file in

the append mode, and the file is not present, a new file will be opened. If a file is

present, then writing is carried out from the current end of the file. After writing is

completed either in the write mode or the append mode, a special character will be

automatically included at the end of the text in case of text files. In case of binary files,

no special character will be appended. This can be read back as EOF. Usually it is –

1, but it is implementation-dependent. Hence, it is safer to use EOF to check the end

of the text files.

4.13 FOEF

The function feof() returns a non−zero value if the end of the given file stream has

been reached. The syntax for feof() function is written as follows:

#include <stdio.h>

int feof( FILE *stream );

Check Your Progress

16. What functions

operate between

pushback and read

options?

17.  What is the

purpose of feof

function?



Self-Instructional

Material 187

Pointers and File

Handling

NOTES

Function feof() checks for end of file on the indicated file. It is implemented as a

macro. When the data is being read from a terminal, the terminal user can generate an

end of file condition by entering a line consisting of [CTRL-\] and here you need to

hold down the CTRL key and then press the backslash, followed immediately by a

carriage return. Table 4.2 how feof() function is used in various ways:

Table 4.2 Usage of feof() Function

int  feof (FILE *stream) 

int  feof_unlocked (FILE *stream) 

int  ferror (FILE *stream) 

int  ferror_unlocked (FILE *stream) 

int  fileno (FILE *stream) 

int  fileno_unlocked (FILE *stream) 

In Table 4.2 function clearerr clears the end-of-file and error indicators for

the stream pointed to by stream. The function feof tests the end-of-file indicator

for the stream pointed to by stream, returning non-zero if it is set. The end-of-file

indicator can only be cleared by the function clearerr. The function ferror

tests the error indicator for the stream pointed to by stream, returning non-zero if it

is set. The error indicator can only be reset by the clearerr function. The function

fileno examines the argument stream and returns its integer descriptor. The

clearerr_unlocked, feof_unlocked, ferror_unlocked and

fileno_unlocked functions are equivalent to clearerr, feof, ferror

and fileno respectively, except that the caller is responsible for locking the stream

with flockfile before calling them. These functions may be used to avoid the

overhead of locking the stream and to prevent races when multiple threads are operating

on the same stream. The feof function has been used to test for EOF. The following

program is used to open the specified text file ‘Text_File.txt’ in the current

directory and read each character in it until the EOF symbol is encountered.
#include <stdio.h>

int main()

{

  FILE *in;

  if (in = fopen(“Text_File.txt”, “rt”))

  {

    for (char c; !feof(in); fscanf(in, “%c”, &c));

    fclose(in);

  }

  return 0;

}

The result of the above program is that it opens ‘Text_File.txt’ file and checks

the content until it reaches EOF. This function should not fail and do not set the

external variable errno.
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4.14 FOPEN AND FCLOSE FUNCTIONS

Any file has to be opened for any further processing, such as reading, writing or

appending, i.e., writing at the end of the file. The characters will be written or read

one after another from the beginning to the end, unless otherwise specified. You have

to open the file and assign the file pointer to take care of further operations. Hence,

you can declare,

FILE * fp;

fp = fopen (“filename”, “r”);

The filename is the name of the file, which you want to open. You must give the path

name correctly so that the file can be opened. ‘r’ indicates that the file has to be

opened for reading purposes.

fp = fopen (“Ex1.C”, “r”); will enable opening file Ex1.C.

Therefore, the arguments to fopen() are the name of the file and the mode

character. Obviously w is for write, a for append, i.e., adding at the end of the file.

If these characters are specified, the operations as indicated can be performed after

opening the file. It is, therefore, essential to indicate the operations to be performed

before opening the file. When the file is opened in the ‘w’ mode, the data will be

written to the file from the beginning. This means that if the named file is already in

existence, the previous contents will be lost due to overwriting. If the file does not

exist, then a file with the assigned name will be opened. When the append mode is

specified, the writing will start after the last entry, or in other words, previous contents

of the file will be preserved.

FILE provides the link between the operating system and the program currently

being executed. FILE is a structure containing information about the corresponding

files, including information such as:

• The location of the file

• The location of the buffer

• The size of the file

After the command is executed in the read mode, the file will be loaded into the

buffer if it is present. If the file is absent, or the file specification is not correct, then

the file will not be opened. If the opening of the file is successful, the pointer will

point to the first character in the file, and if not, NULL is returned, meaning that the

access is not successful. The fopen() function returns a pointer to the starting

address of the buffer area associated with the file and assigns it to the file pointer, fp

in this case.

After the operations are completed, the file has to be closed. The syntax for

closing file is given below:

fclose(filepointer);

fclose() also flushes or empties the buffer. The function fputc() performs

putting one character into a file. If for every fputc(), the computer prints a character

to a file, then it will get tired. Therefore, it collects all the characters to be written onto

a file in the buffer. When the buffer is full or when fclose() is executed, the buffer

is emptied by writing to the hard disc drive in the assigned file name.
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4.15 STDIN, STDOUT AND STDERR

We have been including program files in our programs. We have been including

<stdio.h> ritually in every file. This file is essential for any program to read from

standard input device or to write to the standard output device. The file <stdio.h> has

declarations to the pointers to three files, namely stdin, stdout and stderr. It means

that the contents of these files are added to the program when the program executes.

Each of the files performs an essential task as given below:

(a) stdin facilitates usage of the standard input device for program execution,

and normally  points to the keyboard which is the default input device.

(b) stdout facilitates the usage of a standard output device where program output

is displayed, and points to the video monitor.

(c) stderr facilitates sending error messages to the standard device that is again

the monitor.

The stdin, stdout and stderr are pointers or file pointers and are

declared in <stdio.h>. So far we have been using stdin and stdout for input

and output. In this unit we will learn to use either the hard disk drive or the floppy disk

drive as the input/output medium. In day to day usage of large applications the standard

input/output is neither convenient nor adequate to handle large volumes of data and

hence the disk drives only serve as I/O devices. We will discuss the usage of files for

storing data, popularly known as data files. Data files stored in secondary or auxiliary

storage devices such as hard disk drives or floppy disks are permanent unless deleted.

In contrast, what is written to monitor is only for immediate use. The data stored in

disk drives can be accessed later and modified, if necessary.

The standard streams are for input, output and error output. By default, standard

input is read from the keyboard, while standard output and standard error are printed

to the screen. The following Table 4.3 shows the stream pointers that are available to

access the standard streams:

Table 4.3 Stream Pointers

Pointer  Stream  

stdin Standard input 

stdout Standard output 

stderr Standard error 

These pointers can be used as arguments to functions. Some functions, such as

getchar and putchar, stdin and stdout are useful. These pointers are

constants and cannot be assigned new values. The freopen function can be used to

redirect the streams to disk files or to other devices. The operating system allows you

to redirect a program’s standard input and output at the command level. The following

code shows how stdin, stdout and stderr used in a C program:

/* FILENO.C: This program uses _fileno to obtain

 * the file handle for some standard C streams.

 */
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#include <stdio.h>

int main()

{

   printf(“The file handle for stdin is %d\n”, _fileno(

stdin) );

   printf(“The file handle for stdout is %d\n”, _fileno(

stdout) );

   printf(“The file handle for stderr is %d\n”, _fileno(

stderr) );

return 0;

}

After executing the above program, the following result appears on the screen:

The file handle for stdin is 0

The file handle for stdout is 1

The file handle for stderr is 2

The output stream, called stderr, is assigned to a program in the same way that

stdin and stdout are. Output written on stderr normally appears on the

screen even if the standard output is redirected.

#include <stdio.h>

   /* cat:  concatenate files */

   main(int argc, char *argv[])

   {

       FILE *fp;

       void filecopy(FILE *, FILE *);

       char *prog = argv[0];  /* program name for errors

*/

       if (argc == 1 ) /* no args; copy standard input */

           filecopy(stdin, stdout);

       else

           while (—argc > 0)

  if ((fp = fopen(*++argv, “r”)) == NULL)

  {

      fprintf(stderr, “%s: can not open %s\n”,

prog, *argv);

                   exit(1);

               }

  else

               {

                   filecopy(fp, stdout);

                   fclose(fp);

               }

       if (ferror(stdout))

 {

           fprintf(stderr, “%s: error writing stdout\n”,

prog);
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           exit(2);

 }

      exit(0);

 }

The above coding signals errors in two ways. First, the diagnostic output produced

by fprintf goes to stderr, so it finds its way to the screen instead of disappearing

down a pipeline or into an output file. If you include argv[0] in the message, the

source of an error is identified. Second, the program uses the standard library function

exit that terminates program execution when it is called. The argument of exit is

available to whatever process called this one, so the success or failure of the program

can be tested by another program that uses this one as a sub-process. Conventionally,

a return value of 0 signals that all is well; non-zero values usually signal abnormal

situations. The exit function calls fclose function for each open output file to

flush out any buffered output. The function ferror returns non-zero if an error

occurred on the stream fp.  The code written for ferror is as follows:

int ferror(FILE *fp)

4.16 EXIT FUNCTION

The exit() function is used to exit the program as a whole. In other words, it

returns control to the operating system. Once program exits, all memory and temporary

storage areas are all flushed out and control goes out of program. In other words it

returns control to the operating system.In contrast, the return statement is used to

return from a function and return control to the calling function. Also in a program,

there can be only one exit() statement but a function can have number of return

statements. In other words there is no restriction on the number of return statements

that can be present in a function. In C language, exit() function causes the program

to end and supplies a status code to the calling environment. This function is found in

stdlib.h library file. Its prototype is defined as void exit(int status);

and the function exit has the advantage that it can be called from other functions

that calls to it can be found with a pattern-searching program. The syntax used for it

as follows:

int main()

{

            exit(0); /* Clean exit */

      return 0;

}

4.17 NULL STATEMENT

The NULL statement is used in situations in which C syntax requires a statement but

no statement is logically needed. For example, a NULL statement can be used as a

body of the while loop as follows:

while ((c=getchar()) == BLANK)

Check Your Progress

18.  What is the

purpose of the

exit function?

19. What is the

function of the

NULL statement?

20. What are the

functions of the

goto statement?
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In the above coding, the first non−blank character is skipped, where BLANK is

a user-defined constant. The NULL statement performs no operation. The form of

NULL statement is that it can hold the label of a labeled statement or complete the

syntax of an iterative statement. No other operations are required. The following

example initializes the elements of the array price because the initializations occur

within for loop, and statement is only needed to finish for syntax:
for (i = 0; i < 3; price[i++] = 0);

The following code shows how a NULL statement can be used when a label is

needed before the end of a block statement:

void func(void)

{

    if(error_detected)

    goto depart;

    /* further processing */

    depart: ;  /* null statement required */

}

The concept of NULL keyword is little bit different from a character or pointer value.

If it is a pointer, then the pointer variable does not reference any object, i.e., a pointer

to nothing. It is usual for functions which return pointers to return NULL if they

failed in some way. NULL is returned by input commands if they are try to read

beyond the end of an input file. Where it is used as a character, NULL is commonly

written as ‘\0’. It is the string termination character which is automatically appended

to any strings in your C program. However, it sometimes makes a useful target to

terminate a string search. The concept of NULL pointer is different from the above

concept of void pointer. NULL pointer is a type of pointer of any data type and generally

takes a value as zero. This is, however, not mandatory. This denotes that NULL

pointer does not point to any valid memory address. The difference between void

pointers and NULL pointers is that a void pointer is a special type of pointer of void

and denotes that it can point to any data type. NULL pointers can take any pointer

type, but do not point to any valid reference or memory address. NULL pointer is

also different from a pointer that is not initialized.

4.18 GOTO STATEMENT

The goto statement in C refers to structured programming principles. This statement

leads to ‘spaghetti’ code, which is difficult to understand. The syntax of code is written

as follows:

Goto Syscrash

//Other statement

Syscrash:

//Control will begin here following goto

The label is always terminated by a colon. The goto statement is a jump statement,

which jumps from one point to another point within a function. This keyword is marked

by label statement. Label statement can be used anywhere in the function above or
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below the goto statement. The following C code displays the list of numbers from 0

to 9. For this, you need to define the label statement loop above the goto statement.

The given program declares a variable n initialized to 0. The n++ increments the

value of n by 1 till the loop reaches 10. Then on declaring the goto statement, it

will jump to the label statement and prints the value of n. The code is written in the

C language as follows:

#include <stdio.h>

#include <conio.h>

int main()

{

   clrscr(); //Clear the screen  

   int n = 0;

   loop: ;

     printf(“\n%d”, n);

     n++;

   if (n<10)

  {

    goto loop;

  }

    getch();

    return 0;

}

The result of above code is as follows:

0

1

2

3

4

5

6

7

8

9

A goto statement causes your program to unconditionally transfer control to

the statement associated with the label specified on the goto statement. Because,

the goto statement can interfere with the normal sequence of processing, it makes a

program more difficult to read and maintain. Often, a break statement, a continue

statement, or a function call can eliminate the need for a goto statement. If an active

block is exited using a goto statement, any local variables are destroyed when

control is transferred from that block. You cannot use a goto statement to jump over

initializations.
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4.19 COMMAND LINE ARGUMENTS

These are called command line arguments. You have so far been passing arguments

to functions other than the main function. You can also pass arguments to main function,

but since this is the first function to be executed, the arguments are to be supplied

before calling it. When do you call main? You call main when you execute the program

itself. If the program is executed under a DOS environment, i.e., at C> prompt, then

you can run the executable file of the program and pass the arguments. For example,

you can create prg. exe. When you execute this prg, the main function of prg

will be executed. If you want to pass arguments then you can pass it to main along

with the command itself. For example,

C > prg. exe 100, 200, 300

You type the above mentioned command at the C prompt in DOS shell. The

name of file containing the program is to be followed by the arguments or values to be

passed to the program, i.e., the main function. In this way you can pass arguments to

the main function in the command line. The main function is always called with two

arguments, neither more nor less. The first is called argc and the second argument

is called agrv. It is the convention to call the command line arguments such as these

as argc and agrv. The argc stands for argument count. It is an integer type argument

and contains the total number of arguments passed. The second is called the argument

vector, conventionally called agrv, and is a pointer to an array of strings that contain

the arguments. Each argument will be a string. If you want to pass 4 argument then

argc will contain 4 and agrv will point to the array of 4 strings, i.e., the address of

the first string. agrv[0] will always point to the name of the program. In the above

example, prg. exe will be stored in agrv[0]. 100, 200 and 300 will be stored as

strings agrv [1], agrv [2] and argv [3] respectively. If argc = 1, there is only

one string, i.e., the program file. Therefore there are no other command line arguments.

The following program prints the contents of the agrv. For this to happen the program

has to be executed in DOS mode and arguments are to be supplied in the command

line. An example of the program is given below:
/*Example 4.14*/

/* To demonstrate argc, agrv*/

#include <stdio.h>

int main(int argc, char *agrv[])

{

int j;

for (j=0; j<argc; j++)

printf(“%s\n”, agrv[j]);

return 0;

}

The names argc and agrv are conventional, but any other name could be

used as well. Compile the program. When successful, go to DOS Shell. Type the

program name, followed by whatever strings you want. It will reproduce whatever

was typed in the C prompt.

Output of the Program when the file name followed by the arguments.
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Result of the program

D:\CPROG1\BX62.EXE

100

200

300

400

We did not give argc explicitly, and the compiler counted the number of

arguments and assigned the value for argc. Do not look for the same type of result,

since this will depend on the arguments and file name actually given.

This demonstrates the command line arguments passed to the main function

at run time.

This can be used to copy a file to another file. Assume that the first named file

is to be copied to the second named file. We may write a program and convert it into

an executable file, specifying the argument in the DOS command line.

We may specify as follows at the C> prompt:

C > prgname . exe f1.cpp f2.cpp

This means that we want to copy the contents of f1.cpp to f2.cpp. Here, the

number of arguments are 3, and therefore argc will contain value 3.

*agrv[0]= prgname.exe

*agrv[1]= f1.cpp – source to copy from

*agrv[2]= f2.cpp – file where to be copied

A character at a time is to be fetched from f1.cpp and put into f2.cpp.

4.19.1 Creation of a Utility to Search for a given String in a File

Let us write a program sfind. The program has to be stored in this name after

compilation, and executed in the command line. The argument agrv[0] is the name

of the file. The string to be searched in the file is given as agrv[1]. The file where

to be searched is given as agrv[2]. Thus there will be three arguments as given

below:

sfind exe swamy ws.doc

When this is typed the program should find whether swamy is in ws.doc; if so it

should return the string, and if not, say so. The program sfind.exe is given below:

/* Example 4.15 - Finding given string in file */

#include <stdio.h>

#include<string.h>

int main(int argc, char *agrv[])

{

char alpha[80];

FILE *fr;

fr=fopen(agrv[2], “rb”);

while

( fgets(alpha,79, fr)!=NULL)

{

Check Your Progress

21.  Name the

functions that are

useful as arguments

to functions.

22.  Which symbol is

used to terminate

the label?
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if(strstr(alpha, agrv[1])!=NULL)

{ printf(“String %s found”, agrv[1]); }

else

puts(“string not found”);

}

fclose (fr);

return 0;

}

Result of the program
C:\BORLANDC\BIN>sfind.exe Delhi ws.doc

String Delhi found

The main() is passed the arguments. The file ws.doc is opened. The contents are

brought, line after line to the buffer and the matching of strings checked by using the

library function strstr. If the result is NULL, the string is not found. If it is not

NULL, then the string supplied as agrv[1] is found in the file.

When this program is available we need not specify the actual names of the

string and file to be scanned in the program file. The file name and string name can be

typed from the keyboard at run time. Thus this program has become a general purpose

program.

4.20 SUMMARY

• A pointer is a variable that contains the address of another variable.

• A pointer to void can be declared as you declare any other pointer, such as

pointer to integer, float, etc.

• The concept of NULL pointer is different from the above concept of void

point.

• NULL pointer is a type of pointer of any data type and generally takes a value as

zero. This is however, not mandatory.

• A void pointer is a special type of pointer of void and denotes that it can point

to any datatype.

• NULL pointers can take any pointer type but do not point to any valid reference

or memory address. It is important to note that a NULL pointer is different from

a pointer that is not initialized.

• Global variables help by facilitating the indirect return of more than one value

but their excessive usage reduces understanding of the program and increases

the chance of errors in coding. This can be overcome by using call by reference,

where any number of values can be indirectly returned without taking the help

of global variables.

• The function call using pointers is known as call by reference.

• Structures can be passed by reference.

• Pointer is an integer variable that contains the address of any variable of any

valid data type. The variable can itself be another pointer.

• The dimension or array size declaration of an array is an important subject.

Array dimension is to be declared before compiling.
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• The functions getc(), fgetc(), fputc() and putc() are unformatted

file I/O functions similar to getch() and putch().

• Character I/O refers to the file handling concept in which file is read and written

once it is opened.

• Once the file has been opened for reading using fopen() function in C language,

the content of file is brought into memory and a pointer points to the very first

character.

• The C function fgetc( ) reads the character from current pointer position,

advances the pointer position so that it now points to the next character and

returns the character that is read, which is collected in the variable ch.

• The fputc() function is similar to the putch() function, in the sense that both

output the characters.

• The putch() function always writes to the visual display unit, whereas fputc()

writes to the file.

• fgetc() reads the character pointed to by fp. It then increments fp so that

fp points to the next character.

• The functions getc(), fgetc(), fputc() and putc() are unformatted

file I/O functions similar to getch() and putch().

• The function feof() returns a non-zero value if the end of the given file stream

has been reached.

• FILE provides the link between the operating system and the program currently

being executed.

• fclose() also flushes or empties the buffer. The function fputc() performs

putting one character into a file. If for every fputc(), the computer prints a

character to a file, then it will get tired.

• stdin facilitates usage of the standard input device for program execution,

and normally  points to the keyboard which is the default input device.

• The exit() function is used to exit the program as a whole. In other words, it

returns control to the operating system.

• The NULL statement is used in situations in which C syntax requires a statement

but no statement is logically needed.

• The goto statement in C refers to structured programming principles.

4.21 KEY TERMS

•••• Pointer: A pointer is a variable that contains the address of another variable

•••• Void pointer: A void pointer is a special type of pointer that has flexibility of

pointing to any data type

•••• Call by reference: The function call using pointers is known as call by reference

Character I/O: Character I/O refers to the file handling concept in which file

is read and written once it is opened

•••• Goto statement: The goto statement in C refers to structured programming

principles
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4.22 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Any variable has the following four properties:

(a) Name

(b) Value

(c) Address

(d)  Datatype

2. Specifying actual address is carried out during machine language programming.

3. A void pointer is a special type of pointer that has flexibility of pointing to any

data type.

4. A void pointer is a special type of pointer of void and denotes that it can point

to any data type. NULL pointers can take any pointer type but do not point to

any valid reference or memory address. It is important to note that a NULL

pointer is different from a pointer that is not initialized.

5. A two dimensional array can be conventionally represented as a[i][j].

6. The function call using pointers is known as call by reference.

7. While calling by reference, you have to pass the address of the variable, if the

variable is declared by value, such as int a, then you have to pass &a.

8. Access to individual elements of a structure defined in the form of a pointer is

similar but instead of dot, we use an arrow pointer →.

9. Arrow pointer is formed by typing minus followed by the greater sign.

10. The structure should be defined as a global variable before it is passed by a

reference.

11. Array dimension is to be declared before compiling.

12. In the called function, malloc is used to allot space equal to the size of name1,

name2 +1.

13. Character I/O refers to the file handling concept in which file is read and written

once it is opened. You can open a file for writing, close it and reopen it for

reading, then close it, and open it again for appending, etc.

14. The syntax of ungetc() function is written as follows:

int ungetc(int c, FILE *stream);

15. The “r” mode is one of the several modes in which you can open a file for

reading purpose.

16. The functions, such as fflush, fseek or rewind operation on the stream

work between the pushback and the read operations.

17. The function feof() returns a nonzero value if the end of the given file stream

has been reached.

18. The exit() function is used to exit the program as a whole. In other words,

it returns control to the operating system.

19. The NULL statement is used in situations in which C syntax requires a statement

but no statement is logically needed.

20. A goto statement causes your program to unconditionally transfer control to
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the statement associated with the label specified on the goto statement.

Because, the goto statement can interfere with the normal sequence of

processing, it makes a program more difficult to read and maintain.

21. Some functions, such as getchar and putchar, stdin and stdout are

useful as arguments to functions.

22. Label is terminated by colon (:) symbol.

4.23 QUESTIONS AND EXERCISES

Short-Answers Questions

1. What is a pointer? What are its properties?

2. What is a NULL pointer?

3. What is the relation between an array and a pointer?

4. Which two functions are frequently used to allocate memory dynamically?

5. What does character I/O refer to?

6. Write the syntax of feof() function.

7. Which header file is required to run exit() function?

8. How is the exit function useful? Explain.

9. Write the syntax of the goto statement.

Long-Answer Questions

1. How does a program work in relation to pointers? Explain.

2. How can a structure be passed by a reference? Explain with an example.

3. Write a note on pointer arithmetic.

4. What is a multidimensional array? Write a small program to show the use of

pointers in a two-dimensional array.

5. Discuss the various modes used in file handling.

6. Write a program to check the EOF condition using feof() function.

7. Write a program to that passes argc, and argv arguments in the main()

function.

8. What will be the value of the output of the following statements after the

execution of the following statements?
#include <stdio.h>

int main()

{

   printf(“The file handle for stdin is %d\n”, _fileno(

stdin) );

   printf(“The file handle for stdout is %d\n”, _fileno(

stdout) );

   printf(“The file handle for stderr is %d\n”, _fileno(

stderr) );

return 0;

}
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9. Write a C program that displays the following result:

0

1

2

3

4

5

6

7

8

9

10. Write the uses of FILE structure.
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5.0 INTRODUCTION

During the late 1980s and early 1990s, OOP began to replace the more traditional structured
programming techniques. This explosion led to the development of many new languages
including C++, which supports programming with objects. C++ has become one of the
most popular commercial programming languages since its development. Its popularity
encouraged several vendors to develop their independent versions of C++. Thus, there
was an urgent need for standardization of C++. Therefore, C++ had to undergo a lengthy
process of standardization and was declared as an ANSI/ISO standard in 1998.

This unit begins with a brief history of C++, provides features of C++ and then
goes on to explain its concepts that lay the foundation for harnessing the features and
capabilities of this language. In addition, you will learn how programs are created and
executed in C++.

5.1 UNIT OBJECTIVES

After going through this unit, you will be able to:

• Understand the evolution of C++

• Explain the features of C++
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• Describe the various applications of C++

• Understand the structure of a C++ program including headers, class definition,

member functions definitions and main() function

• Discuss input and output operators used in C++ and their cascading

• Create and execute C++ programs including creating the source code, compiling

the programs and linking and executing the programs

• Get familiar with Borland C++ Builder, a rapid application development (RAD)

environment used for writing C++ programs

5.2 EVOLUTION OF C++

C++ was developed and implemented by Bjarne Stroustrup at AT&T Bell Laboratories

in the early 1980s. C++ (pronounced ‘see plus plus’) is a high-level programming language

having low-level facilities. It is not an entirely new language. This language is based on

two existing languages, namely C and Simula. C++ includes the flexibility and efficiency

of C and the object-oriented programming features of Simula. Consequently, it was

initially named ‘C with Classes’. However, on the suggestion of Rick Mascitti, the name

was eventually changed to C++ in 1983. The ‘++’ in the name is the C increment

operator that refers to an incremented and enhanced version. Thus, C++ is an incremented

variant or a superset of the C language.

Besides C and Simula, C++ is also influenced by Basic Combined Programming

Language (BCPL), the predecessor of C, for using comments. C++ incorporated the

concept of operator overloading from ALGOL 68 (short for ALGOrithmic Language

1968), and the concept of exception handling and templates from Ada 83 and CLU.

Concepts, such as multiple inheritance, pure virtual functions and namespaces have

evolved with the duration of time. In addition, C++ has inspired languages like Ada 95,

C#, Java, PHP, etc.

5.2.1 Features of C++

Some of the features of C++ are:

• Data is more important than procedures.

• Models the real world very well by binding data and associated functions together

under a single unit.

• The data of one object can be accessed by the associated functions of that object

only.

• The objects of the entire system can interact with each other by sending messages

to each other.

• The programs written in C++ are easy to maintain and extend, as new objects

can be easily added to the existing system, whenever required, without

modifying the other objects.

• C++ follows the bottom-up approach for designing programs. Thus, first

objects are designed and then these objects are combined to form the entire

program.
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5.2.2 Applications of C++

Bjarne Stroustrup has given a list of systems, applications and libraries that are completely

or mostly written in C++. Some of them are given here:

• Adobe systems like Photoshop and ImageReady, Illustrator, Acrobat, etc.

• CAD systems

• E-commerce software, such as Amazon.com, etc.

• Firefox browser, that is, Mozilla

• Image systems like TrackEye and TEMA

• K Desktop Environment (KDE) from Linux

• Macintosh systems

• Medimage products

• Mentor Graphics applications, such as Calibre, FastSCAN, FlexTest,

TestKompress, etc.

• Most of the Unix based server applications, such as car reservation, TCP/IP

front-end, etc.

• MySQL Server and MySQL Cluster

• Three-dimensional effects that are included in movies, such as Spider Man,

Star Wars Episode I, Lord of the Rings, Stuart Little, etc.

• Nullsoft products such as Winamp, NSI, etc.

• Web search engines, such as Google

C++ is extensively used for developing applications, such as editors, compilers,

databases, word processing programs, telecommunication, banking, insurance,

trading and other complex real-time application systems.

5.3 STRUCTURE OF A C++ PROGRAM

Programs are a sequence of instructions or statements. These statements form the

structure of a C++ program. C++ program structure is divided into various sections,

namely headers, class definition, member functions definitions and main() function

(as shown in Figure 5.1).

C++Headers

Class definition

Member functions definitions

Main function

Fig. 5.1 Structure of a C++ Program
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Note that C++ provides the flexibility of writing a program with or without a class

and its member functions definitions. A simple C++ program (without a class) includes

comments, headers, namespace, main() and input/output statements as shown in Figure

5.2.

// A simple C++ program

#include<iostream> Header

using namespace std; This tells the compiler to use std namespace

This is a comment and is ignored by the compiler

int main()
{

}

Count<< “First C++Program”;
return 0;

main Function

This is the body of main().
It contains the executable code

Fig. 5.2 A Simple C++ Program (Without a Class)

5.3.1 Comments

Comments are a vital element of a program that is used to increase the readability of a

program and to describe its functioning. Comments are not executable statements and,

hence, do not increase the size of a file.

C++ supports two comment styles: single line comment and multiline comment. Single

line comments are used to define line-by-line descriptions. Double slash (//) is used

to represent single line comments.

To understand the concept of single line comment, consider this statement:

// An example to demonstrate single line comment

It can also be written as

// An example to demonstrate

// single line comment

Multiline comments are used to define multiple lines descriptions and are

represented as /* … */. For example, consider this statement.

/* An example to demonstrate

        multiline comment */

Note: Multiline comment cannot contain another multiline comment. However, it may contain

single line comment. This implies that /*……./*…….*/……*/ is not valid whereas /*….//…….*/

is valid.

Generally, multiline comments are not used in C++, as they require more space on

the line. However, they are useful within the program statements where single line

comments cannot be used.  For example, consider this statement:

for(int i=0; i<10; //loop runs 10 times i++)

A compiler ignores everything written after the single line comment and,

hence, an error occurs. Therefore, in this case, multiline comments are used. For

example, consider this statement.

for(int i=0; i<10; /*loop runs 10 times */ i++)
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5.3.2 Headers

Generally, a program includes various programming elements, such as built-in functions,

classes, keywords, constants, operators, etc., that are already defined in the standard

C++ library. In order to use such pre-defined elements in a program, an appropriate

header must be included in the program. The standard headers contain information,

such as prototype, definition and return type of library functions, data type of constants,

etc. As a result, programmers do not need to explicitly declare (or define) the pre-

defined programming elements. Standard headers are specified in a program through

the preprocessor directive #include. In Figure 5.2, the iostream header is used.

5.3.3 iostream Header File

When a compiler processes the instruction #include<iostream>, it includes the

contents of iostream in the program. This enables a programmer to use standard

input, output and error facilities that are provided only through the standard streams

defined in <iostream>. These standard streams process data as a stream of

characters, that is, data is read and displayed in a continuous flow. The standard streams

defined in <iostream> are listed here.

• cin (pronounced ‘see in’): It is the standard input stream that is associated with

the standard input device (keyboard) and is used to take the input from users.

• cout (pronounced ‘see out’): It is the standard output stream that is associated

with the standard output device (monitor) and is used to display the output to

users.

• cerr (pronounced ‘see err’): It is the standard error stream that is associated

with the standard error device (monitor) and is used to report errors to the users.

The cerr object does not have a buffer (temporary storage area) and, hence,

immediately reports errors to users.

• clog (pronounced ‘see log’): It is the buffered error stream that is associated

with the standard error device (computer screen) and is used to report errors to

users. Unlike cerr, clog reports errors to users only when the buffer is full.

Note: The letter c in cin, cout, cerr and clog stands for ‘console’.

For many years, C++ applied C-style headers, that is, .h extension in the headers.

However, the standard C++ library introduced new-style headers that include only header

name. Hence, most modern compilers do not require any extension, though they support

the older .h extension.  Some of the C-style headers and their equivalent C++ style

headers are listed in Table 5.1.
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Table 5.1 C-Style and C++Style Headers

C-Style Header C++ Style Header 

<assert.h> <cassert> 

<ctype.h> <cctype> 

<float.h> <cfloat> 

<fstream.h> <fstream> 

<iomanip.h> <iomanip> 

<iostream.h> <iostream> 

<limits.h> <climits> 

<math.h> <cmath> 

<stdio.h> <cstdio> 

<stdlib.h> <cstdlib> 

<string.h> <cstring> 

<time.h> <ctime> 

5.3.4 Namespace

Since its creation, C++ has gone through many changes by the C++ Standards Committee.

One of the new features added to this language is namespace. A namespace permits

grouping of various entities, such as classes, objects, functions and various C++ tokens,

etc., under a single name. Different users can create separate namespaces and, thus,

can use similar names of the entities. This avoids compile-time error that may exist due

to identical-name conflicts.

The C++ Standards Committee has rearranged the entities of the standard library

under a namespace called std. In Figure 5.2, the statement using namespace

std informs the compiler to include all the entities present in the namespace std. The

entities of a namespace can be accessed in different ways which are listed here:

•••• By specifying the using directive:

using namespace std;

cout<<“Hello World”;

•••• By specifying the full member name:

std::cout<<“Hello World”;

•••• By specifying the using declaration:

using std::cout;

cout<<“Hello World”;

Note: All the entities of a namespace are public.

As soon as the new-style header is included, its contents are included in the std

namespace. Thus, all modern C++ compilers support these statements:

#include<iostream>

using namespace std;
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However, some old compilers may not support these statements. In that case, the

statements are replaced by this single statement:

#include<iostream.h>

5.3.5 main() Function

The main() is a startup function that starts the execution of a C++ program. All C++

statements that need to be executed are written within main(). The compiler executes

all the instructions written within the opening and closing curly braces ‘{}’ that enclose

the body of the main(). Once all the instructions in the main()are executed, the

control passes out of the main()terminating the entire program and returning a value

to the operating system.

By default, the main()in C++ returns an int value to the operating system.

Therefore, the  main() should end with the return 0 statement. A return value

zero indicates success and a non-zero value indicates failure or error.

Note: Every C++ program must have one and only one main() function, and it is automatically

called by the compiler.

5.4  INPUT/OUTPUT OPERATORS

In C++, input and output (I/O) operators are used to take input and display output. The

operator used for taking the input is known as the extraction or get from operator

(>>), while the operator used for displaying the output is known as the insertion or

put to operator (<<).

5.4.1 Input Operator

The input operator, commonly known as the extraction operator (>>), is used with the

standard input stream, cin. As stated earlier, cin treats data as a stream of characters.

These characters flow from cin to the program through the input operator. The input

operator works on two operands, namely the cin stream on its left and a variable on its

right. Thus, the input operator takes (extracts) the value through cin and stores it in

the variable.

Note: A variable refers to a memory location used to store a value that can be modified in the

program.

To understand the concept of an input operator, consider this example.

Example 5.1:

A program to demonstrate the working of an input operator:

#include<iostream>

using namespace std;

int main()

{

int a;        // variable declaration

cin>>a;       // input operator

a=a+1;

return 0;

}

Check Your Progress

1. By default, the  main() in

C++ returns ____________

function value to the

operating system.

2. Which of these is the

standard input stream?

(a) cerr (b) cout

(c) cin (d) clog

3. All the entities of a

namespace are public.

(True or False)

4. C++ was initially named

‘C with Classes’.

(True or False)

5. Multiline comments cannot

contain single-line

comments.

(True or False)
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In this example, the statement cin>>a takes an input from the user and stores it in the

variable a.

Note: Always include iostream header in a program in order to use the basic input and output

facilities.

5.4.2 Output Operator

The output operator, commonly known as the insertion operator (<<), is used with the

standard output stream cout. Like cin, cout also treats data as a stream of characters.

These characters flow from the program to cout through the output operator. The

output operator works on two operands, namely the cout stream on its left and the

expression to be displayed on its right. The output operator directs (inserts) the value to

cout.

To understand the concept of output operator, consider this example.

Example 5.2:

A program to demonstrate the working of an output operator:

#include<iostream>

using namespace std;

int main()

{

int a;

cin>>a;

a=a+1;

cout<<a; // output operator

return 0;

}

This example is similar to Example 5.1. The only difference is that the value of the

variable a is displayed through the instruction cout<<a.

5.4.3  Cascading of Input/Output Operators

The cascading of the input and output operators refers to the consecutive occurrence of

input or output operators in a single statement.

To understand the concept of cascading of the input/output operator, consider

these examples.

Example 5.3:

A program without cascading of the input/output operator:

#include<iostream>

using namespace std;

int main()

{

int a, b;

cin>>a;

cin>>b;

cout<<“The value of a is : “;
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cout<<a;

cout<<“The value of b is : “;

cout<<b;

return 0;

}

In this example, all cin and cout statements use separate input and output operators

respectively. However, these statements can be combined by cascading the input

and output operators accordingly as shown in this example.

Example 5.4:

A program with cascading of the input/output operator:

#include<iostream>

using namespace std;

int main()

{

int a, b;

cin>>a>>b;  //cascading of input operators

cout<<“The value of a is : “<<a;   //cascading of

cout<<“The value of b is : “<<b;   //output operators

return 0;

}

In this example, the cascaded input operators wait for the user to input two values

and the cascaded output operator first displays the message: The value of a is

: and then displays the value stored in a. Similar is the case for the next statement.

It can be observed that cascading of the input/output operator improves the

readability and reduces the size of a program.

5.5 CREATION AND EXECUTION OF C++

PROGRAMS

Generally, C++ programs are created by writing instructions with the help of a text

editor. Once the instructions are written and saved in a file (known as source file).

The file is compiled and then executed to get the required output. A compiler

translates programs written in a high-level language (such as C++) to the machine

language. For executing a program, one or more files containing the compiled code

need to be linked (using a linker) to produce a single executable program.

All the three steps, namely writing the source code, compiling the programs,

and linking and executing the programs are discussed here.

•••• Creating the source code: Source code is a set of instructions that are written

in a source file using the text editors. Text editors are software that allow

creating and editing source files. Nowadays, there are several text editors

available for writing programs, for example, computers running on the Unix

operating system use either the vi or the ed editor. Those running on the DOS

operating system use the edlin editor; whereas those running on the Microsoft

Windows operating system use either Notepad or Wordpad. On the other hand,
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some C++ compilers do not require a separate text editor rather they provide an

interface known as the integrated development environment (IDE) to create,

edit, compile, link, execute and debug C++ programs.

•••• Compiling programs: As stated earlier, compiling a program is to translate the

source code into its machine language. However, before the translation, the

preprocessor phase (see Figure 5.3) is executed. Note that the preprocessor

phase is not an autonomous phase; it is a part of compilation and occurs each

time a source file is compiled.

Source File
(.cpp)

Preprocessor
Phase

Compiler

Translation Object File
(.obj)

Source File with
the contents of

Preprocessor Directive

Fig. 5.3 Compilation Process

The preprocessor phase prepares the source file for its translation into the machine

language by replacing all the preprocessor directives with the appropriate content.

Preprocessor directives are the instructions used to include headers, define symbolic

constants, provide conditional compilation, etc. A preprocessor directive is preceded

by a # and must appear on a single independent line, generally at the beginning of

the source file.

After the preprocessor phase, the source file is translated into its machine

language. This machine language, also known as the object code, is stored in an

object file that has the .obj extension.

•••• Linking and executing the programs: Though the source file is translated

into its equivalent object file after compilation, it cannot be executed. This is

because the definitions of certain pre-defined programming elements, such

as library functions are not present in the headers. The definitions of such

programming elements are stored in the form of their object code in the

standard library. Thus, to create an executable program, the file containing

the object code of these definitions must be linked with the object file. The

executable program is stored in a file that has .exe extension. Note that the

executable file is loaded into the primary memory before the execution of

programs, and this process is known as loading.

5.6 INTEGRATED DEVELOPMENT ENVIRONMENT

An IDE is entirely menu-driven and provides all the tools, such as text editor, compiler

and debugger in a single unit. It is incorporated into a software application to develop

software. Hence, it is integrated into compilers, such as Turbo C++, Borland C++ Builder

and Microsoft Visual C++ to create, edit, compile, link, execute and debug C++

programs.

Check Your Progress

6. Linking of several object

files results in an executable

file with the

______extension.

7. Loading is a process that

loads an executable file into

________ before the

execution of programs.

8. The consecutive occurrence

of input or output operators

in a single statement refers

to the cascading of input

and output operators.

(True or False)

9. _________ is an interface

that is used to create, edit,

compile, link, execute and

debug C++ programs.
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5.6.1  Borland C++

Borland C++ is a rapid application development (RAD) environment that provides an

interface known as IDE for writing C++ programs. It has a graphical user interface

(GUI) builder into its IDE that enables to write a source code, compile and link and

execute programs. Borland C++ Builder is widely used to create and execute C++

programs due to its relatively easy availability. In Windows XP, Borland C++ Builder can

be invoked by performing these steps:

(i) Click Start, select All Programs and then click Borland C++.

(ii) Click Borland C++ (see Figure 5.4).

Fig. 5.4 Invoking Borland C++

5.6.2 Borland C++ IDE Screen

When Borland C++ is invoked, the IDE screen (as shown in Figure 5.5) will be displayed.

This screen is divided into five parts:

(i) Menu bar

(ii) Editor window

(iii) Project manager

(iv) Message window

(v) Status bar
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Fig. 5.5 Borland C++ IDE Screen

Menu bar

The menu bar helps to access the functionality of the IDE. Each menu contains various

commands that provide one or more options to work in the IDE. These commands are

necessary for the creation and execution of the program. The menu bar can be activated

through a mouse or by pressing the F10 key. Different menus along with their description

are listed in Table 5.2.

Table 5.2.  Menus and their Description

Menu Description 

File Provides commands to create, open, save, close, print files and projects, and 

also to exit Borland C++ IDE. 

Edit Provides commands to perform editing functions like undo, redo, cut, copy, 

paste and select portions of a program written in the editor window. 

Search Provides commands to search for text and to make replacements in the 

program. 

View Provides commands to select the windows to be displayed in the IDE. 

Project Provides commands to open and close projects, make, build or compile 

programs. 

Script Provides commands to run script commands, load or unload modules, and 

compile and execute the scripts. 

Tool Provides commands to show standalone programs (like Turbo Debugger, 

Grep or an alternate builder), and window and message viewer (like 

WinSight), to run programs, tools and utilities without leaving the IDE. 

Debug Provides commands to run and load programs, to begin, halt, reset and stop 

debugging sessions and to set breakpoints and watch expressions 

Options Provides commands to change default settings for both project and IDE, 

install or modify tools, create edit style sheets, and save IDE settings for a 

file. 

Window provides the way to manage window commands like cascade, tile horizontal, 

arrange icons, etc. 

Help Provides online help for the entire Borland IDE, Borland C++ language, 

libraries, etc. 

Note: All the menus can also be selected by pressing the Alt key with the corresponding hotkey.

For example, the File menu can be selected by pressing Alt+F (hotkey).
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Editor window

The editor window is the area where the source code is written in a source file. A

temporary name, that is, NONAME00.CPP is assigned to this source file until the

file is saved with a different name. In order to save a file, only the file name needs

to be typed, and it is automatically saved with the .cpp extension.

Project manager

A project is a collection of one or more source files and other related files. These files in

the project are organized in a hierarchical manner by the project manager. A temporary

name Proj0001.ide is assigned to the project until the project is saved with a

different name. The name of the currently used project, that is, Proj0001 along with

the name of the C++ compiler (Borland C++) is displayed on the title bar of the IDE.

Note: It is optional to group the source files in a project.

The hierarchical structure is known as project tree that depicts source files in a

project as the nodes of the tree. To write a program, the first step is to create a new

project. The steps to create a new project are given here.

1. Click File, and select New.

2. Click Project. A New Target dialog box appears (see Figure 5.6).

3. Enter the Project Path and Name.

4. Select other appropriate options, such as Target Type, Platform, etc., and

Click OK.

 Fig. 5.6 New Target Dialog Box

Message window

The message window depicts the information related to status, warnings and errors

generated by the compiler. It contains three tabs as listed in Table 5.3.
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Table 5.3 Tabs and their Description

Tab Description 

Buildtime compiles and links the program 

Runtime runs and debugs the program 

Script runs a script 

Status bar

The status bar displays the contextual information as well as information related to the

on-going actions on the IDE screen. Whenever a menu command or dialog box item, for

example,  is selected, single line information related to the menu or the dialog box appears

in the status bar.

5.6.3 Creating Source Codes

As explained earlier, the editor window is used to write the source code and this source

code is saved in a source file. The steps to write the source code are given here as

follows:

(i) Click File, select New and then click Text Edit [as shown in Figure 5.7(a)]. A

blank Editor window with the name NONAME00.CPP appears [as shown in

Figure 5.7(b)].

(ii) Start writing the source code at the place where the cursor blinks.

           

(a) File Menu (b) Editor Window

Fig. 5.7 Creating the New File

An example of writing a source code is given here.

Example 5.5:

A program to demonstrate the writing of the source code:

#include<iostream>

using namespace std;

int main()

{

   int a, b;

   cout<<“Enter first number : “;

   cin>>a;

   cout<<“Enter second number : “;
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   cin>>b;

   cout<<“Sum of two numbers is : “<<(a+b);

   return 0;

}

Once the source code is written, the Editor window will look like as shown in the

Figure 5.8.

Fig. 5.8 Editor Window with the Source Code

5.6.4 Saving Programs

Now to save the source code in a source file, follow these steps:

• Click File and then click Save as. The Save File As dialog box appears (as shown

in Figure 5.9).

• Provide an appropriate name to the source file, say FirstFile.cpp.

Fig. 5.9 Save As Dialog Box
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5.6.5 Compiling Programs

Compiling the program involves the execution of preprocessor and translation phase. To

compile the program in a source file FirstFile.cpp, in Example 5.5, perform any

one of these steps.

• Click the Project menu and then click Compile (as shown in Figure 5.10).

• Press Alt+F9.

Fig. 5.10 Project Menu

Once either of these steps is performed, the source file FirstFile.cpp, shown in

Example 5.5 is compiled. During the compilation, a preprocessor directive

#include<iostream> is processed and mapped to the namespace std to replace

the contents of the iostream header. After including the contents of iostream

header in FirstFile.cpp, it is translated into FirstFile.obj. After this

translation, a dialog box (as shown in Figure 5.11) is displayed that highlights the status

of compilation (success or failure), the name of the source file, etc. In case any error or

warning occurs, the message window appears that shows the errors or warnings.

Fig. 5.11 Source File Compilation
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5.6.6 Linking and Executing Programs

To execute programs in Borland C++, perform any one of these steps.

• Click the Debug menu and then click Run (as shown in Figure 5.12).

• Press Ctrl+F9.

Fig. 5.12 Debug Menu

Once either of these steps is performed, the object code is linked to certain pre-defined

programming elements, such as library functions. In example 5.5, the object code of

FirstFile.cpp and the library files are linked together to create the executable file

FirstFile.exe. Once the executable file is created, the entire program is executed

and the output of the program is displayed in the MS-DOS command prompt (see Figure

5.13).

Fig. 5.13 Program Execution

Check Your Progress

10. A_________translates

programs written in a high-

level language (such as

C++, etc.) to the machine

language.

11. ________organizes the

source files and other

related files in the project in

a hierarchical manner.

12. The script command in

the menu is used to run and

load programs and to set

breakpoints and watch

expressions. (True or False)

13. In C++, object files

generally have the .obj

extension. (True or False)
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5.7 SUMMARY

In this unit, you have learned that:

• C++ (pronounced ‘see plus plus’) is a high-level language that has been derived

from the C language. C++ was developed and implemented by Bjarne

Stroustrup at AT&T Bell Laboratories in the early 1980s.

• C++ was initially named ‘C with Classes’. However, on the suggestion of

Rick Mascitti, the name was eventually changed to C++ in 1983.

• C++ supports essentially every desirable feature of the language C and also

provides general language improvements as well as OOP capability.

• C++ is extensively used for developing applications, such as editors, compilers,

databases, word processing programs, telecommunication, banking, insurance,

trading and other complex real-time application systems.

• Programs are a sequence of instructions or statements. These statements form

the structure of a C++ program.

• C++ supports two comment styles: (i) single line comment (//) and

(ii) multiline comment (/*…*/).

• Standard headers are specified in a program through the preprocessor directive

#include.

• A namespace permits grouping of various entities, such as classes, objects, functions

and various C++ tokens, etc., under a single name.

• Every C++ program must have one and only one main()function, and it is

automatically called by the compiler.

• The operator used for taking the input is known as the extraction or get from

operator (>>), while the operator used for displaying the output is known as

the insertion or put to operator (<<).

• Text editors are used to write instructions (also known as source code) in a

source file.

• A compiler translates programs written in a high-level language (like C++)

to the machine language.

• A preprocessor directive is preceded by a # and must appear on a single

independent line, generally at the beginning of the source file.

• An Integrated Development Environment (IDE) is entirely menu driven and

provides all the tools, such as text editor, compiler and debugger in a single

unit.

• Borland C++ Builder is widely used to create and execute C++ programs due

to its relatively easy availability.

5.8 KEY TERMS

• Programs: These are a sequence of instructions or statements

• Comments: These are a vital element of a program that is used to increase the

readability of a program and to describe its functioning
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• cin:  The standard input stream that is associated with the standard input device

(keyboard) and is used to take the input from users

• cout:  The standard output stream that is associated with the standard output

device (monitor) and is used to display the output to users

•  main(): A startup function that starts the execution of a C++ program

• Input operator: Commonly known as the extraction operator (>>); it is used

with the standard input stream, cin

• Output operator: Also known as the insertion operator (<<); it is used with the

standard output stream cout

• Source code: A set of instructions that are written in a source file using the text

editors

• Text editors: Software applications that allow creating and editing source files

• Borland C++: A rapid application development (RAD) environment that provides

an interface known as IDE for writing C++ programs

• Project: A collection of one or more source files and other related files

5.9 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Integer

2. (c)

3. True.

4. True.

5. False.

6. exe

7. Primary memory

8. True.

9. Integrated Development Environment

10. Compiler

11. Project manager

12. False.

13. True.

5.10 QUESTIONS AND EXERCISES

Short-Answer Questions

1. What does ‘++’ stand for in ‘C++’? Why was there a need to have a standardized

version of C++?

2. Why are headers required in C++ programs?

3. What is the preprocessor phase and why is #include directive required?

4. What is the relevance of linking in the execution of C++ programs?

5. What is a namespace? How can the entities of a namespace be accessed?
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Long-Answer Questions

1. Explain the standard streams defined in the iostream header.

2. Why are cin, cout, cerr and clog called standard streams? What is the

difference between cerr and clog?

3. Explain the structure of a C++ program.

4. Write a program to accept basic salary from the user, calculate dearness

allowance as 40 per cent of basic salary, house rent allowance as 20 per cent

of basic salary and gross salary.

5. Identify the errors in the following program:
#include<iostream>

int main()

{

   int a

   cin<<a;

   /*Output/*//cout<<“Double of a is <<(a+a)”;

};
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Annexure 1

ASCII Values of Characters

ASCI I

Value
Character

ASCI I

Value
Character

ASCI I

Value
Character

ASCI I

Value
Character

000 NUL 032 Blank 064 @ 096 ,

001 SOH 033 ! 065 A 097 a

002 STX 034 " 066 B 098 b

003 ETX 035 # 067 C 099 c

004 EOT 036 $ 068 D 100 d

005 ENQ 037 % 069 E 101 e

006 ACK 038 & 070 F 102 f

007 BEL 039 ' 071 G 103 g

008 BS 040 ( 072 H 104 h

009 HT 041 ) 073 I 105 i

010 LF 042 * 074 J 106 j

011 VT 043 + 075 K 107 k

012 FF 044 , 076 L 108 l

013 CR 045 _ 077 M 109 m

014 SO 046 . 078 N 110 n

015 SI 047 / 079 O 111 o

016 DL E 048 0 080 P 112 p

017 DC1 049 1 081 Q 113 q

018 DC2 050 2 082 R 114 r

019 DC3 051 3 083 S 115 s

020 DC4 052 4 084 T 116 t

021 NAK 053 5 085 U 117 u

022 SYN 054 6 086 V 118 v

023 ETB 055 7 087 W 119 w

024 CAN 056 8 088 X 120 x

025 EM 57 9 089 Y 121 y

026 SUB 058 : 090 Z 122 z

027 ESC 059 ; 091 [ 123 {

028 FS 060 < 092 \ 124 |

029 GS 061 = 093 ] 125 }

030 RS 062 > 094 ^ 126 ~

031 US 063 ? 095 - 127 DEL

Note:  The first 32 characters and the last character are control characters; they cannot be printed.
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Annexure 2

Operator Precedence

Operator Associativity

( ) [ ] –>  . (dot) Left to right

!    ~  ++  —  (unary) + - * &(address)  sizeof Right to left

*   /   % (modulus) Left to right

(binary)+  - (subtract) Left to right

<<  >> Left to right

<   <=    >  >= Left to right

= =  != Left to right

& (bitwise and) Left to right

^ Left to right

| Left to right

&& Left to right

|| Left to right

?: Right to left

=   +=   -=   *=   /=    %= &=  ^= |=   < <=  >  >= Right to left

, (comma) Left to right
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Annexure 3

Summary of Library Functions

int fflush(FILE *stream)

On an output stream, fflush causes any buffered but unwritten data to be written;

fflush(NULL) flushes all output streams.

int fclose(FILE *stream)

flushes any unwritten data for stream, discards any unread buffered input, frees any

automatically allocated buffer, then closes the stream.

int remove(const char *filename)

removes the named filel. It returns non-zero if the attempt fails.

int rename(const char *oldname, const char *newname)

changes the name of a file; it returns non-zero if the attempt fails.

CHARACTER INPUT AND OUTPUT FUNCTIONS

int fgetc(FILE *stream)

returns the next character of stream as an unsigned char(converted to an int), or EOF if end

of file or error occurs.

char *fgets(char *s, int n, FILE *stream)

reads at most the next n-1 characters into the array s, stopping if a newline is encountered;

the newline is included in the array, which is terminated by ‘\0’..

int fputc(int c, FILE *stream)

writes the character c on stream. It returns the character written, or EOF for error.

int fputs(const char *s, FILE *stream)

writes the string s on stream

int getchar(void)

getchar is equivalent to getc(stdin).

char *gets(char *s)

reads the next input line into the array s; it replaces the terminating newline with ‘\0’.

int putchar(int c)

Putchar(c) is equivalent to putc(c,stdout).

int puts(const char *s)

writes the string s and a newline to stdout.

int ungetc(int c, FILE *stream)

pushes c  back onto stream. Only one character of pushback per stream is guaranteed.

FILE POSITIONING FUNCTIONS

int fseek(FILE *stream, long offset, int origin)

fseek sets the file position for stream;

void rewind(FILE *stream)

moves the file pointer to the first character in the file.
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CHARACTER CLASS TESTS: < CTYPE.H>

The header <ctype.h> declares functions for testing characters. The function return non-zero

(true) if the argument c satisfies the condition described, and zero if not.

isalnum(c) is c alphanumeric?

iscntrl(c) control character

isgraph(c) printing character except space

islower(c) lower-case letter

isprint(c) printing character including space

ispunct(c) printing character except space or letter or digit

isspace(c) space, formfeed, newline, carriage return, tab, vertical tab

isupper(c) upper-case letter

isxdigit(c) hexadecimal digit

isalpha(c) alphabets

isdigit(c) decimal digit

In addition, there are two functions that convert the case of letters:

int tolower(int c) convert c to lower case

int toupper(int c) convert c to upper case

If c is an upper-case letter, tolower(c) returns the corresponding lower-case letter; otherwise it

returns c. If c is a lower-case letter, toupper(c) returns the corresponding upper-case letter; oth-

erwise it returns c.

STRING FUNCTIONS: <STRING.H>

char * strcpy (s, ct) copy string ct to string s, including ‘\0’; return s.

char *strncpy(s,ct,n) copy at most n characters of string ct to s; return s. Pad

with’\0’s if it has fewer than n characters.

char *strcat(s, ct) concatenate string ct to end of string s; return s.

int strcmp(cs, ct) compare string cs to string ct; return < 0 if cs < ct, 0   if

cs==ct, or >0 if cs>ct.

char *strchr(cs, c) return pointer to the first occurrence of c in cs or NULL if

not present.

char *strrchr(cs,c) return pointer to the last occurrence of c in cs or NULL if

not present.

char *strstr(cs, ct) return pointer to the first occurrence of string ct in cs, or

NULL if not present.

size_t strlen(cs) return length of cs.

MATHEMATICAL FUNCTIONS: <MATH.H>

The header <math.h> declares mathematical functions and macros. Angles for trigonometric

functions are expressed in radians.

sin(x)

cos(x)

tan(x)

asin(x)

acos(x)

atan(x)
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sinh(x)

cosh(x)

tanh(x)

exp(x) exponential function ex

log(x) natural logarithm ln(x), x>0

log10(x) base 10 logarithm log10(x), x>0

pow(x,y) xy. .

sqrt(x) x ,

fabs(x) absolute value |x|

UTILITY FUNCTIONS: <STDLIB.H>

The header <stdlib.h> declares functions for number conversion, storage allocation, and

similar tasks.

void *calloc(size_t nobj, size_t size)

void *malloc(size_t size)

void free(void *p)

free deallocates the space to p; p is a pointer to the space  allocated by calloc, malloc.

void exit(int status)

exit causes normal program termination. How status is returned to the environment is

implementation-dependent, but zero is taken as successful termination.

int abs(int n)

abs returns the absolute value of its int argument.

long labs(long n)

labs returns the absolute value of its long argument.

DATE AND TIME FUNCTIONS: <TIME.H>

The header <time.h> declares types and functions for manipulating date and time.

int tm_hour; hours since midnight

int tm_mday; day of the month

int tm_mon; months since January

int tm_year; years since 1900

int tm_wday; days since Sunday

int tm_yday; days since January 1

clock_t clock(void)

Clock returns the processor time used by the program since the beginning of execution,

time_t time(time_t *tp)

Time returns the current calendar time or -1 if the time is not available.

double difftime(time_t time2, time_t time1)

difftime returns time2-time1 expressed in seconds.
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